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ABSTRACT                            
Rheumatoid arthritis and idiopathic inflammatory myopathies are rheumatic disorders typically 
displaying infiltrating T cells in the affected organs. Yet, despite much effort, the contribution 
and antigen specificity of these T cells in association to disease manifestations has not been 
clearly delineated. In peripheral blood of patients with rheumatoid arthritis, as well as in other 
chronic inflammatory disorders characterized by infiltrates of CD4+ T cells, oligoclonally 
expanded CD4+ T cells lacking the costimulatory molecule CD28 are found with increased 
frequencies. These cells are often referred to as CD4+CD28null T cells and display a 
proinflammatory profile with secretion of IFN-γ and TNF, as well as cell-mediated cytotoxicity. 
Expanded populations of the corresponding subset of CD8+ T cells are found in most individuals 
and are described as effector memory cells associated with latent virus infections.  
The aims of this thesis were to perform functional characterization of CD4+CD28null T cells in 
the two rheumatic diseases, rheumatoid arthritis and idiopathic inflammatory myopathies, as well 
as to investigate their presence in the inflamed tissue and correlation to clinical manifestations. In 
idiopathic inflammatory myopathies also CD8+CD28null T cells were investigated.    
In rheumatoid arthritis, we found circulating CD4+CD28null T cells in 30% of patients. Screening 
for natural killer (NK) cell receptors on these cells revealed that CD4+CD28null T cells express a 
wide variety of both inhibiting and activating NK receptors. Functionally, a selection of these 
receptors could synergistically costimulate CD4+CD28null T cells after suboptimal T-cell receptor 
(TCR) stimulation. Thus, costimulation of CD4+CD28null T cells via NK receptors might permit 
activation via less specific or lower avidity TCR-MHC interactions.  
Despite the increased frequencies of CD4+CD28null T cells in peripheral blood of patients with 
rheumatoid arthritis, CD4+CD28null T cells were only scarcely found in the synovial membrane 
and fluid of the inflamed joints. Interestingly in approximately half of the patients that displayed 
an increased frequency of CD4+CD28null T cells in peripheral blood, the dominant TCR-Vβ 
subsets from peripheral blood were not present in synovial fluid. This indicates a selected 
migration of CD4+CD28null T cells to the joint. Still, ex vivo synovial CD4+CD28null T cells were 
functional and displayed a similar response to stimulation as the corresponding cells from 
peripheral blood. The frequencies of CD4+CD28null T cells in the circulation or synovial fluid did 
not correlate with erosive arthritis, neither to seropositivity for anti-citrullinated proteins/peptides 
antibodies. This is not surprising given the low frequency of these cells in the joint. Instead, there 
was a strong correlation to seropositivity for cytomegalovirus (CMV). These data indicate that 
CD4+CD28null T cells are not associated with erosive disease in rheumatoid arthritis, but are 
potentially involved in CMV-related manifestations elsewhere than the joint.  
In contrast to rheumatoid arthritis, CD4+CD28null T cells and CD8+CD28null T cells dominated 
the muscles infiltrates of patients with idiopathic inflammatory myopathies. The frequency of 
CD8+ T cells was strongly correlated with disease activity in a subset of patients. Circulating 
CD28null T cells of both the CD4+ and CD8+ lineages were more common in patients compared 
to healthy controls. Interestingly, the frequency decreased with increased disease duration. Like 
in rheumatoid arthritis, the presence of CD28null T cells was associated to CMV infection. These 
results imply that CD28null T cells are important effector T cells in idiopathic inflammatory 
myopathies, and that CMV could be involved in the pathogenesis in a subset of patients.  
As CD28null T cells are regulated partly by other mechanisms than conventional T cells, display 
an instant inflammatory response, and might be involved in defense to CMV infection as well as 
in pathogenic mechanisms of rheumatic diseases a better understanding for these cells are 
important for future therapeutic approaches. 



 

 

POPULÄRVETENSKAPLIG SAMMANFATTNING 
 
Det finns upp emot en miljon patienter med reumatism i Sverige, de flesta av oss känner någon. 
Oftast talar vi om reumatism som ledgångsreumatism, reumatoid artrit (RA), men också ett stort 
antal andra sjukdomar räknas som reumatiska. De flesta av dessa kan beskrivas som 
inflammatoriska sjukdomar i rörelseapparatens organ, till exempel i muskler, senor och leder, 
men även andra organ kan drabbas. Inflammationen kan leda till förstörelse av de drabbade 
vävnaderna och smärta, vilket på sikt kan orsaka nedsatt funktion och begränsad rörelseförmåga.  
 
RA och reumatisk inflammatorisk muskelsjukdom (myosit) är två reumatiska sjukdomar som 
framförallt orsakas av inflammation i leder respektive muskler. Undersöker man dessa organ ser 
man inflammatoriska celler, vita blodkroppar, och tecken på skadad vävnad. Dessa vita 
blodkroppar består framför allt av T-celler och makrofager som kan skada vävnaden. Resultat 
från flera olika studier tyder på att T-celler har en viktig roll i sjukdomsmekanismerna både vid 
RA och myosit, men trots många års forskning vet man fortfarande inte vad som orsakar varken 
RA eller myosit, inte heller vad som aktiverar T-cellerna eller vilka T-celler som bidrar till 
sjukdom. Man vet dock att patienter med RA har en ökad andel av en viss sorts T-celler i blodet. 
Dessa T-celler kallas CD28null-T-celler och kan producera signalsubstanser, tex TNF, som har 
visat sig ha betydelse för ledinflammationen i RA. Om CD28null-T-celler finns i leden vid RA är 
inte helt klart och det är också osäkert om de bidrar till nedbrytning av brosk och ben. Ingen 
studie har ännu undersökt dessa celler i myosit. 
 
Syftet med denna avhandling var därför att öka förståelsen av CD28null-T-celler och undersöka 
om de bidrar till ledinflammation i RA och muskelinflammation vid myosit.  
 
Vi fann att CD28null-T-celler är ovanligt lättstimulerade till inflammatorisk aktivitet och att de 
dessutom kan aktiveras via receptorer som vanliga T-celler saknar. Hos patienter med myosit var 
CD28null-T-celler anrikade både i blodet och i musklerna. Andelen T-celler i muskel var starkt 
kopplad till sjukdomsaktivitet i vissa patienter. Till skillnad från myosit fanns endast få CD28null-
T-celler i leden vid RA, trots att de fanns i ökat antal i blodet. Inte heller kunde andelen 
CD28null-T-celler i RA kopplas till en mer agressiv ledsjukdom. Vi kunde dock visa att andelen 
CD28null-T-celler i båda sjukdomarna är starkt kopplat till ett vanligt förekommande virus, 
cytomegalovirus (CMV), och att det kunde aktivera CD28null-T-celler.  
 
Utfrån våra resultat vill vi föreslå att CD28null-T-celler är direkt inblandade i 
muskelinflammationen vid myosit, medan de i patienter med RA inte framför allt bidrar till 
ledsjukdom utan möjligtivis till CMV-relaterade symptom i annan vävnad.  
 
CD28null-T-celler regleras annorlunda än vanliga T-celler, har tydliga inflammatoriska 
egenskaper, är troligtivs viktiga för vårt försvar mot CMV, och även i sjukdomsförloppet vid 
myosit. Det är därför viktigt att öka förståelsen för dessa celler för att hitta nya terapier mot 
reumatiska sjukdomar.  
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1 GENERAL INTRODUCTION 
 
Most of us know someone who has rheumatism. If you know more than one you may 
have seen that it can manifest differently. Rheumatism, or the group of rheumatic 
diseases, includes a number of different chronic inflammatory disorders typically 
involving organs used in movement e.g. joints and muscles, but also other tissues such 
as skin or blood vessels. Some diseases are more painful, visible and have a rapid 
progression, while others manifest by loss of function rather than pain, is invisible, and 
are slowly progressing. 
 
Rheumatoid arthritis and idiopathic inflammatory myopathies are rheumatic disorders 
that if not successfully treated can cause severe pain and tissue destruction of joints and 
muscles, and consequently disability. Histological investigations of the inflamed 
muscles and the synovial membrane of the joints show infiltrates of inflammatory cells 
mainly comprised of T cells and macrophages. These cells can directly harm the tissues 
by release of different toxic substances, and indirectly by a wide range of signaling 
molecules initiating processes that interfere with the normal function of the tissue. 
Pharmacological therapies blocking such signaling molecules have been shown to 
reduce both inflammation and tissue destruction in rheumatoid arthritis.  
 
As T cells have the potential to orchestrate immune responses, they have attracted 
much interest in studies investigating the pathogenesis of inflammatory rheumatic 
diseases. In addition to the substantial T cell infiltrates in both muscle and joint of these 
disorders, most of the genes associated with increased risk for developing disease 
encode proteins involved in the regulation of T cells. Much effort has been made to find 
the antigen specificity and the exact phenotype of contributing T cells in order to better 
understand the pathogenic mechanisms, but so far only with limited success. A subset 
of T cells, called CD28null T cells, has been described to be increased in peripheral 
blood of patients with rheumatoid arthritis compared to healthy controls. So far, the 
presence of these cells in the joint, and their association with joint destruction, is not 
clear. Neither is it known if CD28null T cells are present and important in idiopathic 
inflammatory myopathies. 
 
The aims of this thesis were therefore to investigate the presence of CD28null T cells in 
the rheumatoid joint and the inflamed muscle tissue and peripheral blood of patients 
with idiopathic inflammatory myopathies. These results were analyzed in relation to 
joint destruction and disease activity. Also in vitro studies were performed to 
understand the potential functions of CD28null T cells in these diseases. 
 
Our results are presented and discussed in the context of the existing body of 
knowledge. Suggested mechanisms and hypotheses mirror my personal view and needs 
to be confirmed in future studies. 
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2 BACKGROUND 
 
2.1 CD28null T CELLS 

 
2.1.1 CD28 in T cell activation 

According to the dogma, activation of naïve T cells requires two stimulatory signals. 
One is mediated via the interaction between the MHC:antigen complex on antigen 
presenting cells and the T cell receptor (TCR) on T cells. The other signal is mediated 
through interaction of CD80 and CD86 on the antigen presenting cells and the CD28 
molecule on the T cells (Figure 1). Ligation of CD28 induce intracellular signaling 
cascades amplifying the TCR stimulation and result in sustained proliferation, 
increased survival, cytokine secretion and differentiation [1]. In vitro, stimulation of 
TCR in combination with CD28 has proven functional in activating naïve T cells. In 
vivo, however, a number of other co-stimulatory molecules like CD40L, OX40 as well 
as cytokines like IL-12 and IL-4 also have an important impact on activation, 
differentiation and fine-tuning T cells [2] (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Several receptor-ligand interactions are involved in T cell activation.       
(A) Activation of naïve T cells requires formation of an immunological synapse 
comprised of a number of receptors lined up for interaction with their ligands on APCs.  
Modified from Chapter 6. Antigen Receptors and Accessory Molecules of T 
lymphocytes. In: Cellular and Molecular Immunology. Edited by Abul K Abbas, 
Andrew K Lichtman U.S.A: Elsevier Science;2003:105-125, and  [3-6].  
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2.1.2 Regulation of CD28 expression 

Even though CD28 according to textbooks in immunology is constitutively expressed 
by T cells, 12 hours after initiated activation by monoclonal antibodies cross-linking 
CD3 and CD28, CD28 is transiently downregulated from the cell surface up to 48 hours 
of stimulation [7]. This is likely a mechanism for the T cell to switch off activating 
signals and terminate the activation. In contrast to these transiently CD28-negative T 
cells, in some patients with chronic inflammatory disorders, as well as in some healthy 
individuals, a subset of circulating T cells have permanently downregulated the 
expression of CD28. The molecular mechanism for this has been scrutinized by Vallejo 
and colleagues. Expression of the CD28 gene is regulated by the initiator sequence in 
the 5’untranslated region. This sequence comprises two critical binding sites (α and β) 
for transcription factors [8]. The key transcription factors binding these sites are present 
in both CD4+CD28- and CD4+CD28+ T cells [9].  Nevertheless, in the CD4+CD28- T 
cells the proteins forming the complex binding to the α site, nucleolin and hnRNP-
D0A, have lost their capacity to unite into a functional complex and consequently the 
expression of all known splicing variants of the CD28 protein is vanished [9]. 
 
These CD28-negative T cells are in the literature sometimes referred to as CD28null T 
cells. They can be found within both the CD4+ and the CD8+ T cell populations, 
although more frequent in the latter subset. The following sections in this chapter will 
give some background to these cells. As the thesis is mainly focused on the CD4+ 
subset of CD28null T cell, these cells will be introduced more comprehensively. 
 
 
2.1.3 The phenotype of CD4+CD28null T cells 

CD4+CD28null T cells are highly differentiated CD4+ memory T cells, which have 
gained new effector functions compared to the pool of conventional CD4+CD28+ T 
cells from which they are believed to origin. Several studies have shown a profound 
cytokine secretion by CD4+CD28null T cells in response to stimulation [10, 11], Paper 
I. The cytokines produced are mainly of the Th1 profile and include IFN-γ, TNF, IL-2 
and MIP-1β. Some in vitro-expanded clones might also produce IL-4 [11]. In fact most 
of the knowledge about CD4+CD28null T cells has so far been gained from studies 
investigating in vitro expanded clones, possibly with changed qualities compared to 
primary T cells. Park and colleagues have also shown that these CD4+CD28null T cells 
proliferate vigorously and, as expected, without any further stimulation by CD80 and 
CD86. Despite belonging to the CD4+ T cell population, the CD4+CD28null T cells 
contain perforin, granzyme B and possess the ability to kill target cells by cell-mediated 
cytotoxicity [12-14]. This killing is in most cases activated by TCR stimulation, but 
under certain conditions de novo expressed KIRs, historically described to be 
expression by natural killer (NK) cells, can regulate such effector functions [13, 15]. In 
addition to KIRs CD4+CD28null T cells have in fact been reported to express a number 
of other NK cell receptors, such as CD57, CD56, CD161 and NKG2D (Figure 2) [16-
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18]. Also, ligation of NKG2D has been shown to costimulate in vitro-expanded 
CD4+CD28null T cell clones from peripheral blood of rheumatoid arthritis [17]. 
 
Another interesting feature of CD4+CD28null T cells is their highly restricted TCR 
repertoire  both confirmed with antibodies to TCR Vβ segments and PCR on the CDR3 
region of the TCR [19-21]. This indicates that only a limited number of antigens can 
activate CD4+CD28null T cells in vivo.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. CD4+CD28null T cells selectively display a number of receptors and effector 
functions not normally found among the conventional CD4+CD28+ T cells. 
 
 
2.1.4 What drives expansion of CD4+CD28null T cells? 

What generates expanded populations of CD4+CD28null T cells is still a debate. This 
normally rare subset of CD4+ T cells is found to be increased in patients with 
rheumatoid arthritis, and also in patients with other chronic inflammatory disorders like 
multiple sclerosis, Crohn’s disease and in acute coronary syndromes. Therefore, it has 
been proposed that CD4+CD28null T cells may have a role in the pathogenesis of this 
group of disorders [22-25]. The most likely limited antigen specificity of CD4+CD28null 
T cells also indicates that a limitied number of antigens might stimulate these cells in 
autoimmune/chronic inflammatory disorders. In several studies the frequency of 
CD4+CD28null T cells tend to increase with increasing age both in healthy individuals 
and patients with chronic inflammatory disorders [8, 26, 27] 
 
 
2.1.5 Genes and CD4+CD28null T cells 

Increased frequencies of CD4+CD28null T cells is also associated with short telomere 
lengths, indicating a history of repeated activation and cell divisions [28]. In fact, the 
short telomere length strongly associates with the downregulation of CD28. This 
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observation was first seen in CD8+CD28null T cells, which could be prevented from 
differentiating to CD28null T cells by constitutive expression of the enzyme telomerase, 
maintaining the telomere length in dividing cells [29]. 
 
Schonland and colleagues found that T cells in patients with the HLA-DRB1*04 shared 
epitope haplotype, strongly linked to anti-CCP positive rheumatoid arthritis (see below) 
[30], have shorter telomeres and suggested that this was a consequence of reduced 
thymic output early in life [28]. The lower numbers of T cells might be compensated 
for by a homeostatic proliferation of T cells, with the consequence of increasing 
number of oligoclonally expanded CD4+CD28null T cells. As the shorter telomere 
lengths also was observed in granulocytes, but not in non-hematological progenitor 
cells, it was suggested that the reduced number of  T cells released from thymus could 
be a consequence of reduced production of precursor T cells by the hematopoietic stem 
cells [28]. Thymic involution followed by a reduced thymic output, and shorter 
telomere lengths is normally a feature of older individuals. As this appears to happen 
earlier in age in patients with rheumatoid arthritis, and in healthy individuals with a 
genetic predisposition for the disease, this phenomenon is referred to as patients with 
rheumatoid arthritis display a “premature ageing”. Thus, these observations separate 
chronological age from immunological ageing. 
 
In addition to HLA-DRB1 alleles, another gene that has been associated with increased 
populations of CD4+CD28null T cells and premature ageing is KLOTHO [31]. Humans 
with certain allelic variants of KLOTHO exhibit a premature aging with increased 
prevalence of atherosclerosis and cognitive impairments [32, 33]. KLOTHO encodes a 
protein with β-glucuronidase activity, implying a role in metabolism. The mechanism 
for how this causes the symptoms of physiological aging is not clear. In both 
individuals and patients with rheumatoid arthritis the activity of the KLOTHO gene 
product is reduced with age, but the activity is in all ages significantly reduced in 
patients compared to healthy controls [31]. Additionally, although with relatively few 
investigated individuals, the KLOTHO expression correlated negatively with the 
frequencies of CD4+CD28null T cells in patients with rheumatoid arthritis, but not in 
healthy controls. In patients with rheumatoid arthritis the expression of KLOTHO is 
significantly reduced. One possible mechanism for KLOTHO involvement in the 
expression of CD28 on T cells might be through overlapping transcriptional regulation 
since the KLOTHO and CD28 genes display sequence homology in their regulatory 
regions [31]. 
 
 
2.1.6 Environmental factors and CD4+CD28null T cells 

In parallel with the data showing a genetic association for expanded CD4+CD28null T 
cells, several studies indicate strong associations to cytomegalovirus (CMV) infection 
[14, 34, 35, 36]. In fact, in one study investigating CMV seropositive and seronegative 
elderly healthy individuals, CD4+CD28null T cells was only found in those seropositive 
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for CMV, indicating that CD4+CD28null T cells in healthy subjects is not primarily a 
consequence of ageing, but rather a result of  CMV infection [37]. Since this T cell 
subset was not found in blood donors with other chronic virus infections, like EBV, 
VZV, and HSV, CMV infection appear to be crucial for the occurrence of 
CD4+CD28null T cells [35]. Interestingly, EBV- and HSV-specific CD4+CD28null T 
cells could only be found in CMV seropositive patients. This might indicate that 
CD4+CD28null T cells specific for other antigens than CMV are generated by CMV-
dependent bystander activation [14, 35]. In average, CD4+CD28null T cells represent 
45% and 70% of all CMV-specific CD4+ T cells in young and old population, 
respectively [35]. The CD4+CD28null T cell differentiation start within weeks after the 
peek of viral load and an increase of circulating CMV-specific CD4+ T cells appear 
required for a non-symptomatic primary infection [14, 38]. Genetic variance of HLA-
DRB1 or expression of KLOTHO was not analyzed in these studies, but might have 
influenced the results. 
 
How is CMV infection involved in the differentiation of CD4+ T cells into the CD28null 
T cell subset? Fletcher and colleagues showed that CMV induced IFN-α secretion by 
plasmacytoid dendritic cells (pDCs), and that IFN-α could reduce the telomerase 
activity in CD4+ T cells [35]. In line with this, culture of repeatedly stimulated CD4+ T 
cells in the presence of IFN-α generated CD4+ T cells lacking CD28 with shorter 
telomere lengths than conventional CD28+CD4+ T cell. It is therefore likely that it is 
repeated antigen stimulation in the presence of IFN-α that is responsible for the 
development of CD4+CD28null T cells, and not primarily repeated antigen stimulation 
alone. On a molecular level, the telomere lengths per se, and not the number of cell 
doublings, appear to be critical for the development of CD28null T cells. Thus, in 
situations where the telomere-maintaining activity by telomerase is reduced, fewer 
number of cell divisions is sufficient to induce a switch to the CD28null phenotype. 
 
 
2.1.7 Modulation of CD28 expression 

A number of studies show modulation of CD28 expression by cytokines in the 
microenvironment [39, 40]. One cytokine that has been shown to upregulate CD28 is 
IL-12, since the presence of IL-12 during TCR stimulation of CD4+CD28null T cells 
transiently upregulated CD28 on about half of the clones analyzed [39]. This 
upregulation was mediated by increased binding of transcription factors to the α and β 
initiator of the CD28 promotor. When IL-12 was removed the CD28-negative 
phenotype was restored after 20 days in culture. 
 
In the context of rheumatoid arthritis it is interesting that CD28 can be downregulated 
by TNF in vitro. The molecular mechanisms involved blocking binding of transcription 
factors to the α and β sites of the initiator region [41]. Interestingly, a reduced 
frequency of CD4+CD28null T cells in peripheral blood has been observed as soon as 
one week after the first infusion of anti-TNF (infliximab) [41-43]. 
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Also statins might reduce the frequency of CD4+CD28null T cells [44]. This is 
especially interesting since CD4+CD28null T cells have been described to be involved in 
artery wall inflammation in atherosclerosis, and statins are successfully used as 
treatment thereof [45, 46]. Further studies are however needed to confirm these results. 
 
 
2.1.8 CD8+CD28null T cells 

In most individuals the CD8+CD28null T cells are more frequent in peripheral blood 
than the CD4+CD28null T cells. This is believed to be a consequence of a generally 
more rapid loss of telomerase activity by CD8+ T cells than CD4+ T cells. 
Alternatively, the lack of proteins in one of the two protein complexes regulating CD28 
expression make them more sensitive for downregulation of the other transcription 
factors involved in CD28 reuglation after chronic activation [47, 48]. Particularly large 
expansions of CD8+CD28null T cells are found in patients with latent virus infections by 
HIV, CMV, HSV or EBV [49]. Interestingly, expanded CD8+ T cells specific for each 
of these viruses display different status of differentiation. CD8+ T cells reactive to 
CMV appear to be most differentiated, defined by the lack of both CD28 and CD27 to a 
large extent [49]. 
 
The effector functions of CD8+CD28null are similar to what has been reported for 
CD4+CD28null T cells, including secretion of IFN-γ and TNF, and cytotoxicity by 
granzyme B and FAS-ligand [50]. Recent studies demonstrate that a subset of 
CD8+CD28null T cells isolated from tumors can possess contact-independent suppressor 
activity on T cell proliferation and cytotoxicity by secretion of IL-10 [51]. Most studies 
however still show that the CD8+CD28null T cells are the effector memory population of 
CD8+ T cells and exert proinflammatory effector functions. As for the CD4+CD28null T 
cells, the TCR repertoire of CD8+CD28null T cells is restricted and CD57 is upregulated, 
which confirms the replicative senescence these cells display [52]. Like the 
CD4+CD28null subset, CD8+CD28null T cells express a number of NK receptors, like 
CD94, NKG2A/C/D, KIRs, and CD161, but in contrast to CD4+ T cells, expression of 
these receptors on CD8+ T cells is not strictly limited to the CD28null subset [53, 54]. 
 
 
2.2 RHEUMATOID ARTHRITIS 

 
Rheumatoid arthritis is a systemic chronic inflammatory disorder that per definition 
includes symmetric inflammation in several joints. Many patients also have 
inflammation in other organs, an increased risk for developing lymphoma and 
cardiovascular events, contributing to a reduced life expectancy. Unsuccessfully treated 
patients will suffer from life-long chronic pain, markedly reduced quality of life and 
disability, with following reduced working capability. In addition to the common 
histopathological features of the infiltrates of T cells, B cells and macrophages in the 
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synovial membrane, and most patients display characteristic autoantibody profiles 
useful as prognostic factors. 
 
 
2.2.1 Epidemiology 

The prevalence of rheumatoid arthritis in Western Europe and North America is 
between 0.5-1% and the incidence is 3.4 and 1.4 new cases per 10.000 inhabitants per 
year, for women and men respectively [55, 56]. Thus rheumatoid arthritis is 2-3 times 
more common in women, but after 45 years of age the incidences start to congregate. 
Incidence in the total population continues to increase with increasing age, and the peak 
of onset is around the age of 55-60 [57].  
 
 
2.2.2 Genes 

A genetic influence for the risk of developing rheumatoid arthritis has been known for 
decades. This is also supported by the larger disease concordance of monozygotic twins 
compared to dizygotic twins, 15% and 4% respectively [58]. One of the first genetic 
associations with rheumatoid arthritis was by alleles of HLA-DRB1, which later also 
were included in the shared epitope hypothesis implying that risk alleles of the HLA-
DRB1 gene encode a common amino acid sequence [59]. Still today, with genetic 
analyzes of the whole human genome, this locus generates the strongest associations 
with rheumatoid arthritis [30, 60]. However, Källberg and colleagues clearly showed 
that the HLA-DRB1 shared epitope alleles were only associated with rheumatoid 
arthritis displaying seropositivity for anti-cyclic citrulline peptides (anti-CCP) 
antibodies (discussed below) [61]. Interestingly, the serum titers of anti-CCP antibodies 
appear to be higher in patients with the HLA-DRB1 shared epitope alleles associated 
with disease [62]. This study and previous studies also identifies genetic linkage to 
STAT4, PTPN22, TRAF1 or C5 (which one of the latter two was not distinguishable 
from this study). Of the proteins encoded by these genes, all but C5 might directly 
influence the function of T cells. The gene products of HLA-DRB1 by antigen 
presentation, STAT4 by its importance in signaling in Th1 polarization [63], PTPN22 
regulates responsiveness by both T and B cells [64], and TRAF1 can function as a 
signaling protein that negatively regulate T cell response to stimulation by TNF [30].  
 
None of these genes are associated with anti-CCP antibody seronegative rheumatoid 
arthritis, implying different etiology, and possibly also pathogenesis, in the two disease 
subsets [61, 65]. A recent study show that the dendritic cell immunoreceptor (DCIR) is 
linked to the anti-CCP antibody seronegative rheumatoid arthritis [66]. DCIR is 
expressed by several subsets of leukocytes and might function as an inhibitory receptor 
[67]. Another gene associated with anti-CCP negative rheumatoid arthritis is IRF-5, 
which is part of the signaling pathways in response to TLR-induced secretion of IFN-α 
[68]. Also, certain variants of the MHC molecules are associated with anti-CCP 
negative rheumatoid arthritis. A study by Verpoort and colleagues found HLA-
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DRB1*03 alleles to increase the risk to develop of the anti-CCP negative, but not the 
anti-CCP positive rheumatoid arthritis [69]. 
 
 
2.2.3 Environmental factors influencing the risk for rheumatoid arthritis 

MacGregor and colleagues have estimated environmental factors to contribute to at 
least one-third of the risk for developing rheumatoid arthritis [70]. The observation that 
women more often develop rheumatoid arthritis indicates that there are factors linked to 
gender contributing to disease. However, estrogen might have a protective effect and 
many women report remission during pregnancy, but relapse postpartum [71, 72]. 
 
Studies investigating the contribution of infections in the risk for developing 
rheumatoid arthritis show contradictory results, and no specific bacterial or viral 
infection has consistantly been shown to precede disease. There are some studies 
supporting the involvement of the bacterium proteus mirabilis, which normally 
manifest as urinary tract infection, in the pathogenesis [73]. Also, Epstein-Barr virus 
(EBV) has attracted some attention since it was commonly found in the synovial 
membrane of patients with rheumatoid arthritis but not in osteoarthritis [74, 75]. The 
contribution by CMV infection is less investigated, but a study from Mahraein and 
colleagues has shown presence of CMV in the synovial membrane in about one-third of 
the patients [76]. The onset of rheumatoid arthritis does not seem to follow seasonal 
variations, which somewhat reduces the probability that there is an association to 
infection with any certain pathogen [77]. 
 
It has been suggested that the diet might influence the risk for developing rheumatoid 
arthritis [78]. Some studies show that substantial intake of fish, olive oil, and 
vegetables, preferably boiled, might be protective [78-80]. Additionally, consumption 
of alcohol might at least in animal models have protective effects and can ameliorate 
disease [81]. 
 
There are also studies describing smoking as a risk factor for rheumatoid arthritis [82]. 
Interestingly the risk is further increased in patients with shared epitope alleles, 
indicating interactions between this environmental factor and genetic factors [83]. 
Strikingly, the odds ratios for CCP seropositive rheumatoid arthritis in individuals 
homozygous for shared epitope alleles was by smoking increased from about 5 to 15. 
Thus, smoking is the hitherto strongest risk factor for developing rheumatoid arthritis 
by genetically predisposed individuals. 
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2.2.4 Clinical manifestations 

 
2.2.4.1 Clinical onset and disease course 

Typical symptom of patients with rheumatoid arthritis is symmetric inflammatory 
polyarthritis of primarily the finger joints, but a number of other criteria must be 
fulfilled for the diagnosis. These criteria were stated by the American College of 
Rheumatology 1987 and are summarized in Table 1 [84]. For the diagnosis four of the 
seven criteria must be fulfilled. 
 
 
Table 1. The 1987 American College of Rheumatology classification criteria for 
rheumatoid arthritis [84]. 
 
Criterion Definition 
1. Morning stiffness Morning stiffness in and around joints 

lasting at least one hour a day. 
2. Arthritis of three or more joint areas At least three joint areas simultaneously with 

soft tissue swelling or fluid. 14 possible 
areas: left and right proximal interphalangeal 
(PIP), metacarpo-phalangeal (MCP), wrist, 
elbow, knee, ankle, and metatarsophalangeal 
(MTP) joints. 

3. Arthritis of the hand joints At least one swollen area in a wrist, MCP or 
PIP joint. 

4. Symmetry of arthritis Simultaneous involvement of the same joint 
areas (defined in 2.) on both sides of the 
body PIP, MCP, or MTP joints are 
acceptable without absolute symmetry)  

5. Rheumatoid nodules Subcutaneous nodules over bony 
prominences, extensor surfaces, or juxta-
articular regions. 

6. Rheumatoid factor  Detected by a method positive in less than 
5% of normal controls. 

7. Radiographic changes Typical for rheumatoid arthritis on 
posteroanterior hand and wrist radiographs. 
Must include erosions or unequivocal to the 
involved joints. 

Criteria 1-4 must have been present for at least six weeks. Patients fulfilling at least 
four of the seven criteria are classified as having rheumatoid arthritis. Patients with two 
clinical diagnoses are not to be excluded.  
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The onset of rheumatoid arthritis is in about two-thirds of the patients insidious, over 
weeks to months, with pain, stiffness and swelling of small joints in hands or feet [57, 
77]. In about 10% of the patients the onset comes with attacks (palindrome) lasting up 
to a week which can come and go for months or years before established chronic 
disease [57, 85]. In the other 20% the onset is more acute [77].  
 
The disease course of rheumatoid arthritis can vary considerably between different 
patients. Early remission can occur but is rare, instead established disease usually 
progresses in slower or faster rate [85]. In the beginning one or a few joints might be 
swollen or/and tender, but as the disease progresses more joints will be involved. Any 
synovial lined joint may be affected, but most frequent are metacarpophalangeal (MCP) 
and proximal interfalangeal (PIP) joints of the hand, and metatarsophalangeal (MTP) 
joints of the feet [85]. Joint erosion starts already early in disease and if unsuccessfully 
treated leads to disabling joint malformations. 
 
 
2.2.4.2 Extra-articular manifestations 

In addition to inflammation of the joints, patients with rheumatoid arthritis can also 
suffer from extra-articular manifestations. These includes inflammation in other organs 
than the joints, such as Sjögren’s syndrome (salivary glands) and Felty's syndrome 
(neutropenia and splenomegaly often followed by sometimes lethal severe bacterial 
infections), as well as manifestations related to vasculitis: pericarditis (heart sack), 
pleuritis and pulmonary fibrosis (lungs), and vasculitis of the skin or other organs [86-
88]. Patients with rheumatoid arthritis also have an increased risk for myocardial 
infarction, and stroke, as well as non-Hodgkin’s lymphoma [57, 89, 90]. In fact, the 
reduced life expectancy of patients with rheumatoid arthritis is mostly due to 
cardiovascular disease or pulmonary manifestations [91]. Recently, the extra-articular 
manifestations was estimated to affect 12% of the Swedish patients with rheumatoid 
arthritis [87]. 
 
 
2.2.4.3 Antibody profiles 

Rheumatoid factor (RF), mostly IgM antibodies with specificity for the Fc portion of 
IgG antibodies, is present in about 70% of the patients, but also in 5% of healthy 
individuals. In patients with rheumatoid arthritis, seropositivity for RF is associated 
with erosive disease and extra-articular manifestations [92, 93]. 
 
Also anti-citrullinated protein/peptides antibodies (ACPA), most often analyzed by the 
anti-CCP tests, have been associated with a more erosive disease [94]. The presence of 
these antibodies have a higher specificity for rheumatoid arthritis than RF, about 95% 
[92], but with similar sensitivity, 55-80% [95]. The ACPAs bind citrulline, which is 
synthesized from from posttranslationally modified arginine. This conversion is 
mediated by the enzyme peptidylarginine deiminases (PAD) [95]. Citrullinated proteins 
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are found in the synovial tissue of patients with rheumatoid arthritis, but also in other 
tissues, as well as in patients with other inflammatory disorders. Importantly, only 
patients with rheumatoid arthritis develop ACPA. How, or if, ACPA contribute to the 
rheumatoid arthritis pathology is still unknown, but ACPA seropositivity correlates 
with erosive disease, but in contrast to RF not with extra-articular manifestations [92, 
96-98]. 
 
 
2.2.5 Histopathology 

 
2.2.5.1 Inflammatory cells in the synovial fluid 

The synovial fluid of the inflamed rheumatic joint can contain a large number of 
inflammatory cells [99]. About 70-90% of these are polymorphonuclear leukocytes 
[99], which can contribute to inflammation and tissue destruction by secretion of tissue 
degrading enzymes like matrix matalloproteinases (MMPs) or cytokines like IL-1 
[100]. T cells and monocytes/macrophages are the second most common cell types, 
while B cells, NK cells, and DCs can be found only in minor populations. 
 
 
2.2.5.2 Distribution of inflammatory cells in the synovial membrane 

Synovial membrane from healthy individuals are normally 2-3 cell layers thick and 
comprised of macrophage- and fibroblast-like synoviocytes. In the inflamed joint of 
patients with rheumatoid arthritis the synovial membrane displays a typical hyperplasia 
with increased vascularization and growth over the cartilage and bone, forming a 
pannus. The activated and proliferating synoviocytes in the synovial membrane 
produce cytokines and chemokines attracting monocytes and lymphocytes. In 
established disease the synovial membrane comprises large numbers of inflammatory 
cells [99]. About 20-50% of these cells are T cells, predominantly of the CD4+ lineage. 
The CD4+ T cells are preferentially distributed in three distinguishable patterns, either 
in germinal centers, perivascular aggregates, or as it seems, randomly scattered [101]. 
Another 30-50% of the infiltrating cells are macrophages mostly found in follicles. The 
remaining cells are mainly comprised of infrequent B cells, plasma cells, NK cells and 
dendritic cells (DCs) [99]. In contrast to synovial fluid, polymorphonuclear cells are 
rarely found in the synovial tissue. 
 
 
2.2.5.3 Cytokines and effector molecules in the synovial membrane 

Many different cytokines can be found in the inflamed synovial membrane: TNF, IL-
1α and IL-1β, IL-15, IL-6, GM-CSF, IFN-γ, and IL-17 [102]. Except for IFN-γ and IL-
17, the main producers of these cytokines are macrophages and synovial fibroblasts 
[103]. In addition to secretion of cytokines, macrophages secrete MMPs which directly 
are involved in the cartilage and tissue degradation. Erosion of bone and cartilage is 
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further enhanced by TNF and IL-1, stimulating tissue-destructive activities by 
chondrocytes, osteoclasts and osteoblasts [102]. 
 
The view of T cell-derived cytokines in the rheumatoid arthritis has been changing over 
the years [103]. The currently most common opinion is that IFN-γ, one of the major 
cytokines produced by Th1 cells, is not a major contributor to the synovial 
inflammation as the expression is relatively limited in the synovial membrane [104]. 
Instead IL-17 is a cytokine that has got much attention recently [105]. It is produced by 
Th17 cells and has been shown to stimulate production of IL-6, IL-8, GM-CSF, TNF 
and IL-1β from fibroblasts and macrophages [105]. Although IL-17 alone has direct 
effects on chondrocytes and osteoblasts leading to bone erosion and cartilage 
destruction, this can be augmented by synergy with TNF and IL-1β [105]. In mice the 
differentiation of Th17 cells is reduced in the presence of IFN-γ and IL-12, and IFN-γ 
knockout mice display a more severe collagen-induced arthritis compared to wild type 
mice [106]. However, the situation might be different in humans since recent studies 
show a subset of T cells producing both IFN-γ and IL-17 in blood and the gut of 
healthy individuals and patients with inflammatory bowel disease [107, 108]. 
Additionally, in contrast to mice, differentiation of human Th17 cells was stimulated by 
IL-6 in combination with IL-1β or IL-23, both commonly found in the inflamed joint of 
patients with rheumatoid arthritis [108-110]. Future studies will be needed to clarify the 
importance of IL-17 in rheumatoid arthritis. 
 
 
2.2.5.4 Hypothetical pathogenesis of rheumatoid arthritis 

It is feasible that the initial events in the synovial inflammation in rheumatoid arthritis 
include activation of APCs. This might happen in the joint, but could theoretically also 
take place in almost any other tissue. Activated APCs migrate to the draining lymph 
node, where they meet and activate T cells reactive for the presented antigen. The 
activated T cells migrate to inflamed tissues including the joint, where they meet cells 
presenting the cognate antigens. The T cells get reactivated and start to produce 
cytokines like IL-17, TNF and IFN-γ, and upregulate cell surface molecules to activate 
B cells, macrophages and fibroblasts, which consequently start to produce mediators 
enhancing and maintaining the initiated inflammation [111]. Some B cells in the 
synovial membrane produce RF and display typical characteristics of hypermutation in 
the nucleotide sequences of the CDR3 in the antigen binding site of the antibodies [95]. 
As hypermutation requires T cell help, this supports interactions between B and T cells 
in the synovial membrane. Activated macrophages secrete a variety of cytokines that 
will augment the inflammation, further stimulate proliferation of fibroblasts, secretion 
of MMPs, and upregulation of RANKL which stimulates bone destruction by 
osteoclasts [111]. (Figure 3) 
 
What initiates these events is not known, but it is possibly different events, and not one 
specific agent, action or infectious pathogen that causes the initiation of rheumatoid 
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arthritis in all patients. There are however a number of possible conceptual scenarios: i) 
the activation might be induced by an infectious agent with antigens mimicking one or 
several self proteins also found in the joint [73]. ii) Alternatively, an infectious agent 
provides signals for danger in parallel with the presentation of self antigens. This could 
trigger autoreactive T cells via bystander activation. iii) It is also possible that tissue 
damage induced danger signals and releases self proteins that normally are concealed, 
but under these conditions are engulfed and presented as autontigens by APCs. iv) 
Perhaps one of the most established hypotheses has been suggested for ACPA-positive 
arthritis. Here the initial events are smoking-induced (or perhaps other types of air 
pollution) modifications of proteins in the lungs by citrullination. The outcome is 
terminated immune tolerance for these antigens. As smoking also enhance antigen 
uptake by macrophages the newly modified antigen can be presented as a foreign 
antigen in genetically predisposed individuals. Inflammation might be directed to the 
joint after a local trauma or infection-induced synovitis [112]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Schematic picture of the joint inflammation in rheumatoid arthritis. The 
synovial membrane attracts T cells (T) which can activate B cells to produce antibodies 
(Y), via IL-17 activate macrophages (M), fibroblasts (F) to secrete cytokines like IL-1 
and TNF and IL.23. IL-1 and TNF stimulate ostoblasts (OB), osteoclasts (OC) and 
chondrocytes (C) to degrade bone and cartilage.IL-6, IL-1 and IL-23 stimulates 
differentiation of T cells to produce IL-17. Osteoclasts are also activated by ligation of 
RANKL. Activated macrophages also secrete matrix metalloproteinases (MMPs) which 
degrade the tissue.  
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2.2.5.5 Pathogenesis of rheumatoid vasculitis 

Vasculitis in patients with rheumatoid arthritis mainly involves small vessels, and 
sometimes medium-sized arteries [113]. The pathogenesis is not completely 
understood, but findings of immune complexes on the affected vessel walls and 
reduced levels of complement factor C4 in serum indicate an involvement of antibody-
complement-dependent mechanisms [87, 114, 115]. The antibody-complement 
complexes are possibly recognized by leukocytes bearing complement or Fc receptors 
and are activated to degranulate and secrete IL-1, TNF and IL-6, as has been 
demonstrated experimentally [115]. What facilitates the binding of the antibody 
complexes to endothelial cells is not know. 
 
 
2.2.6 Medical treatment 

More and more studies emphasize the importance of an intensive medical treatment 
early after disease onset. Early interventions appear to make a major difference for the 
outcome of the disease course and in many cases significantly reduce or stop bone 
erosions and disease activity [116, 117]. 
 
At present the first line medical treatment for most patients newly diagnosed for 
rheumatoid arthritis is drugs classified as disease-modifying anti-rheumatic drugs 
(DMARDs) which ameliorate the disease by interference with inflammatory pathways 
[57]. The most frequently used DMARD is methotrexate. Dependent on the disease 
activity and severity the second line is methotrexate with one or two other DMARDs 
based on chemical compounds or methotrexate with drugs binding TNF. Presently, 
there are three different TNF-blocking agents on the market, infliximab, etanercept, and 
adalimumab. These might at least partly have different modes of actions, including 
sequestration of soluble TNF and complement-dependent killing or interference of cells 
expressing membrane bound TNF on their surface [118]. Many patients respond very 
well to TNF-blockade, and display ceased progression of the joint destruction and in 
some cases even total remission is achieved. However treatment with TNF blockade is 
associated with an increased risk for serious infections, especially tuberculosis [119-
121], but possibly not hematological malignancies [122-124].  
 
About 20-30% of the patients given anti-TNF do not respond at all [125]. Recently a 
third line of medical treatments, also interfering with specific targets in the immune 
system, have been licensed for patients not responding to TNF-blocking agents. One of 
these drugs is rituximab. Rituximab is a monoclonal antibody to CD20, which is 
expressed by most subset of B cells, but not B cell progenitors or the plasma cells 
which contribute to the major production of antibodies [126]. Rituximab most likely 
have effect through depletion of B cells by antibody-dependent cell-mediated 
cytotoxicity (ADCC) [127]. Rituximab also seem to have good effect on patients with 
vasculitis [128, 129]. The other third line drug is abatacept which is a CTLA4-Ig fusion 
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protein with the extracellular domains of CTLA-4 (CD152) joined to an Fc portion of a 
human IgG antibody [125]. CTLA-4 is normally expressed by T cells late during 
activation, and competes with CD28 for the binding of CD80 and CD86 on APC, hence 
reduce the costimulatory signals and consequently the number of activated T cells. 
Thus, the mechanism for abatacept is to block T cell activation. Both rituximab and 
abatacept show good effects on patients who fail to respond to anti-TNF therapies, but 
like anti-TNF therapy also somewhat increase the risk for severe adverse events. 
 
 
2.3 IDIOPATHIC INFLAMMATORY MYOPATHIES 

Inflammatory myopathy is a group of diseases characterized by histopathological 
features of inflammatory infiltrates in the muscles and clinically by muscle weakness 
and muscle fatigue. Inflammatory myopathies can be subcategorized in two groups, one 
includes the virus-induced myopathies with acute onset, which spontaneously go into 
remission, and the other group, the idiopathic inflammatory myopathies, characterized 
by a chronic muscle inflammation, and without known etiology [130]. The three main 
entities of idiopathic inflammatory myopathies, polymyositis, dermatomyositis, and 
inclusion body myositis, are distinguished by a combination of clinical and histological 
features. The criteria for dermatomyositis and polymyositis were first stated by Bohan 
and Peters [131, 132], and 1997 revised by Targoff [133]. The first criteria for inclusion 
body myositis were set by Calabrese and colleagues, and 1995 revised by Griggs and 
colleagues [134, 135] The diagnosis is based on clinical evaluation, and serological and 
histological analyzes (Table 2).  
 
 
 
Table 2. The bases for diagnostic evaluation of idiopathic inflammatory myopathies 
[130] 
 
 
Muscle weakness, reduced muscle endurance in symmetrical proximal muscles 
 
Increased serum titers of muscle enzymes, e.g. creatinephospho kinase (CK)  
 
Myopathic picture with electromyogram (EMG) 
 
Muscle biopsy (inflammation, regenerating/degenerating muscle fibers, MHC 
expression) 
 
Anti-Jo-1 antibodies 
 
Sometimes magnetic resonance imaging (MRI) 
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2.3.1.1 Epidemiology 

Epidemiological studies in idiopathic inflammatory myopathies are limited. These are 
rare disorders with incidences of 7.6 cases of dermatomyositis and polymyositis per 
million per year, and of 4.9 inclusion body myositis cases per million person per year 
[136, 137]. Most studies indicate that dermatomyositis is more common than 
polymyositis. Interestingly, in Sweden there seem to be an opposite situation with a 
higher prevalence of polymyositis than dermatomyositis. A possible explanation for 
these differences in prevalence might be exposure to UV, which seem to dramatically 
increase the risk to develop dermatomyositis [138]. The female to male ratio is 2:1 for 
dermatomyositis and polymyositis, while inclusion body myositis seems to be more 
common in men [139]. In one study the incidence of polymyositis seropositive for anti-
synthetase autoantibodies (discussed below) in white men, but not women or black 
men, was highest in March-April [140]. In contrast, female patients developing 
dermatomyositis and are seronegative for anti-synthetase autoantibodies had a 
significant disease onset in June-July. This overrepresentation of seasonal onset might 
imply a critical role of environmental factors, such as infectious pathogens occurring 
most frequent during certain seasones of the year.  
 
 
2.3.1.2 Clinical manifestations 

Patients with dermatomyositis and polymyositis display common clinical features of 
weakness often in proximal muscles (shoulder, hip and thigh muscle) with symmetrical 
distribution. The onset of polymyositis is normally subacute, over weeks or months, 
while dermatomyositis can develop either more acute (days) or over several months 
with increasing fatigue [141]. In patients with dermatomyositis the muscle 
manifestations are often preceded by skin manifestations, some are more typical for 
dermatomyositis and others are partly overlapping the skin manifestations of systemic 
lupus erythematosus (SLE) [142]. The most common skin manifestation, found in 30% 
of the patients, is Gottron’s papules, purple erythematosus lesions observed over the 
MCP, PIP and distal interfalangeal (PIP) joints, or over larger joints or bony 
prominences [130, 141]. About 25% of the patients develop heliotrope erythematosus, 
a purple-colored skin rash on the eyelids characteristic for dermatomyositis [141]. 
Patients with dermatomyositis and polymyositis can also later in the disease course 
develop weakness in the distal muscles and some  patients display muscle atrophy 
[141]. Muscle pain, myalgia, may accompany muscle weakness, however less 
frequently [142]. 
 
In contrast to dermatomyositis and polymyositis, patients with inclusion body myositis 
generally display weakness and atrophy in the distal muscles, for example finger 
flexors and atrophy of thigh muscles [143]. The disease develops gradually over several 
months or even years [139]. Also muscle groups involved in swallowing, breathing, as 
well as muscles in the neck, resulting in difficulties holdings up the head, can be 
affected in as much as 50% of the patients [141, 143]. 
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While extramuscular manifestations are uncommon in inclusion body myositis, patients 
suffering from dermatomyositis and polymyositis more often display such symptoms. 
Pulmonary symptoms manifested as breathlessness and cough are not seldom a 
consequence of weakness of the thoracic muscles or interstitial lung diseases [141]. 
Interstitial lung disease, including both clinical and subclinical lung disease, was in a 
recent study by Fathi and colleagues diagnosed in 65-79% of the patients with 
dermatomyositis and polymyositis [144, 145]. Interstitial lung disease is strongly 
associated to autoantibodies to aminoacyl-tRNA synthetases. Dominating are 
antibodies binding histidyl-tRNA synthetase, also known as anti-Jo-1, which are found 
in about 20% of the patients with dermatomyositis and polymyositis, and in one study 
in as much as 80% of the patients with polymyositis and interstitial lung disease [130, 
146, 147]. The presence of anti-Jo-1 antibodies in patients with idiopathic 
inflammatory myopathies is not only associated with interstitial lung disease, but also a 
specific disease course which includes an acute disease onset, fever, Raynaud’s 
phenomenon, arthralgia, arthritis and skin lesions of the hands (mechanic’s hands), 
referred to as the anti-synthetase syndrome [148]. 
 
Other extramuscular manifestations are subclinical cardiac involvement (50% of the 
patients) [149], vasculitis in the skin, arthralgias without synovitis or erosive arthritis. 
Especially dermatomyositis is associated with an increased risk for malignancies [142]. 
 
 
2.3.1.3 Histopathology 

The histopathological features are predominantly infiltrates of immune cells 
surrounding muscle fibers or vessels, and by signs of degenerating and regenerating 
muscle fibers in all three subsets of patients. Though, the degree of changes varies 
between individuals. The changes are often patchy and a normal histopathology does 
not preclude an inflammatory myopathy.  
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Figure 4. Typical histopathological pictures from patients with idiopathic 
inflammatory myopathies. (A) Overview of the muscle anatomy (from Wikimedia,  
http://upload.wikimedia.org/wikipedia/commons/c/c0/Skeletal_muscle.jpg).  
CD3 stainings of muscle tissues from patients with idiopathic inflammatory myopathies 
show (B) a typical infiltrate of T cells around a vessel (v) in dermatomyositis, (C) 
characteristic endomysial T cell infiltrates in polymyositis, and (D) endomysial 
infiltrates of T cells and (E) rimmed vacuoles (arrows) in inclusion body myositis.. 
Immunohistochemistry pictures are from Eva Lindroos, Cecilia Grundtman and Sevim 
Barbasso-Helmers,. 
 
 
2.3.1.3.1 Dermatomyositis 

The inflammatory cells in the muscles from patients with dermatomyositis are 
predominanted by CD4+ T cells, macrophages and occasionally by B cells, mainly 
located adjacent to blood vessels (Figure 4B). CD8+ T cells are also present in the 
perivascular space but are fewer than the CD4+ T cells. The CD8+ T cells seem to 
penetrate deeper into the tissue since the CD4/CD8 ratio decrease in the perimysium 
and endomysium, 1.06 and 0.5 respectively. B cells are mostly found in the proximity 
of the CD4+ T cells, but are rare outside the perivascular space [150]. As both IFN-γ 
and IL-17 are found in the inflamed muscle tissue of dermatomyositis, but also in 
polymyositis, the CD4+ effector T cells might be of either or both the Th1 and Th17 
subsets [151, 152]. Interestingly, CD4+ T cells also dominate the infiltrates of the skin 
lesions in patients with dermatomyositis [153]. Perivascular infiltration of B cells and 
CD4+ T cells, together with reduced capillary density and increased thickness of 
endothelial cells in dermatomyositis implicate a vascular component with B and CD4+ 
T cells as effector cells in the pathogenesis [142, 154]. This is further supported by the 
presence of membrane attack complexes (C5b-9, MAC) on the activated endothelium 
[155].  

A

Polymyositis

B C D E

v
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2.3.1.3.2 Polymyositis 

The histology of polymyositis is characterized by focal infiltrates of mononuclear cells, 
predominantly by CD8+ T cells and macrophages in the endomysial space (Figure 4C) 
[150]. CD4+ T cells are also present, but B cells are scarce. A few studies have 
suggested direct cytotoxic attacks on the muscle fibers by CD8+ T cells [156, 157], 
which also might be supported by increased expression of MHC class I on muscle 
fibers. However, this has never convincingly been demonstrated.  
 
NK cells express receptors interacting with MHC class I molecules. A study by Arahata 
and colleagues, however, suggests that NK cells only have a minor role in the 
pathogenesis of polymyositis. This conclusion was based on data showing that 90% of 
the Leu-7+ (HNK-1, CD57; previously suggested to be a specific marker for NK cells, 
in this thesis referred to as CD57) cells in the inflamed muscle tissue were also 
expressing CD4 or CD8, and therefore considered as immature NK cells with lower 
cytotoxic activity [158-160]. Since then only a few studies have investigating the 
presence and potential role of NK cells in the idiopathic inflammatory myopathies. 
However, several more recent studies have shown CD57 expression on both CD4+ and 
CD8+ T cells, indicating that CD57+CD4+ or CD57+CD8+ cells in the muscle tissue 
might be T cells and not immature NK cells [161-163]. 
 
 
2.3.1.3.3 Inclusion body myositis 

Also in inclusion body myositis focal endomysial infiltrates by mononuclear cells with 
a predominance of CD8+ T cells and macrophages is also typical (Figure 4D). The 
most prominent histolopathological difference compared to polymyositis is the 
vacuolated muscle fibers, so called rimmed vacuoles, containing accumulated proteins 
similar to plaques in Alzheimer’s disease [150, 164]. Therefore, there are studies 
suggesting that the pathogenesis of inclusion body myositis is related to structural 
changes in proteins of the muscles as a consequence of aging. A connection between 
the amyloid deposits and activation of inflammatory cells is however not yet clear 
[164]. The fibers with the rimmed vacuoles appear do not to be the main target for 
cytotoxic attacks by CD8+ T cells, instead the non-vacuolated fibers are invaded by 
CD8+ T cells accompanied by CD4+ T cells and macrophages [150, 165]. 
 
 
2.3.1.3.4 Comparison of histopathology in the idiopathic inflammatory myopathies 

All three entities of idiopathic inflammatory myopathies share some histopathological 
findings. There is an upregulation of MHC class I molecules in muscle fibers in all 
disease subsets [166, 167]. Interestingly the classical co-stimulatory molecules CD80 
and CD86 are not expressed by muscle fibres, indicating restrictions in the capability of 
activating T cells [168, 169]. Some studies describe expression of another 
costimulatory molecule of the CD80/CD86 family, BB1, to be expressed in the 
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inflamed muscle tissue [169]. Recent studies however, demonstrate that such receptor 
does not exist, the reported findings are instead a result of cross-reactivity of the BB1 
antibody to the MHC class II-interacting molecule CD74 [170]. 
 
The over all pattern of expressed cytokines seems to be similar, but not identical, in the 
different subsets of inflammatory idiopathic myopathies, with IL-1α, IL-1β, TNF, 
TGF-β, GM-CSF, and IFN-γ expressed in most patients [152, 171, 172]. IFN-α is one 
cytokine recently getting much attention. It was first primarily described to be present 
in the muscle tissue in patients with dermatomyositis. More recently, the IgG fraction 
from patients positive for anti-Jo-1 and anti-Ro52 autoantibodies were found to be 
potent inducers of IFN-α in the presence of RNA [173]. Similar mechanisms have 
previously also been described in SLE [174].  Interestingly, there are also a few reports 
of patients with melanoma that during treatment with IFN-α developed 
dermatomyositis or polymyosits [175, 176]. 
 
 
2.3.1.3.5 Virus and idiopathic inflammatory myopathies 

Viruses are known to induce IFN-α production by pDCs [177]. Several different 
viruses have indirectly been associated to chronic and acute inflammatory myopaties; 
coxackie viruses have a tropism for the muscle tissue and RNA from Coxackie virus 
has been detected in patients with dermatomyositis and polymyositis [178]. Parvovirus 
B19 has been reported in one case where two muscle biopsies taken after 5 and 10 
months of disease were positive for DNA from parvovirus B19, but negative in a third 
biopsy during a disease relapse [179]. There are several reports on HIV patients 
displaying histopathological and clinical symptoms of polymyositis, still HIV virus has 
so far not been found in the muscle tissue [180, 181]. Infection by human T cell 
leukemia virus type 1 (HTLV-1) has as well been associated with polymyositis, but to 
date the presence of the virus has not been demonstrated in the muscle fibers of either 
dermatomyositis, polymyositis or inclusion body myositis [180, 182]. Occasional 
HTLV-1 or HIV positive endomysial macrophages were however found in both 
patients with polymyositis and inclusion body myositis associated with infections by 
these viruses [183, 184]. 
 
At least one study implicate CMV infection in the clinical onset of a patient with 
dermantomyositis [185]. A possible association between CMV and dermatomyositis 
(which likely include vascular involvement in the pathogenesis) is especially interesting 
since CMV infection has been associated with a number of vascular disorders, 
atherosclerosis, vasculitis, and cardiac allograft arteriosclerosis in chronic graft 
rejection [186-189]. Interestingly, a number of studies also associate CMV to lung 
manifestations in patients with dermatomyositis. One case report describes a CMV-
induced interstitial pneumonitis developed during immunosuppressive treatment, which 
was immediately resolved by treatment with ganciclovir [190]. In another study CMV 
was detected with both in situ hybridization and PCR in the lung specimen from two 
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out of nine dermatomyositis and polymyositis patients with progressive interstitial 
pneumonitis [191]. In the same study EBV was found with both techniques in the lung 
tissue from three of the nine patients. Chronic active EBV infection have in some 
reported cases developed into polymyositis infiltrated by EBV infected T cells [192, 
193, Shirasaki, 2002 #91] However, as for CMV, EBV has not been reported in the 
muscle cells neither in dermatomyositis nor polymyositis.  
 
Taken together, virus infections have been associated with several cases of idiopathic 
inflammatory myopathies, but so far no study have convincingly demonstrated the 
presence of any virus in the muscle tissue of these patients. However, in the context of 
EBV there is an interesting study by Poole and colleagues hypothesizing epitope 
spreading from the EBV antigen EBNA-1 to autoantigens in SLE [194, 195]. After 
autoreactivity by autoantibodies has been established the autoimmunity can progress 
with further epitope spreading to autoantigens in the absence of EBV. Intriguingly, 
molecular mimicry has been described between histidyl-tRNA synthetase, which is 
proposed to be one of the major antigens for autoantibodies in idiopathic inflammatory 
myopathies, and proteins encoded by EBV [196]. It is therefore possible that a similar 
mechanism could occur in the subsets of idiopathic inflammatory myopathies, where 
such autoantibodies are detected.  
 
 
2.3.1.3.6 Oligoclonally expanded CD8+ T cells infiltrate the inflamed muscle  

As CD8+ T cells are believed to play an important role in the defense to viruses, their 
presence in the muscle tissues of polymyositis and inclusion body myositis might 
suggest a role for viruses in these disorders. In HIV-1- and HTLV-1-associated 
polymyositis CD8+ T cells invade MHC class I-expressing muscle fibres. These T cells 
however, were not specific for HIV-1 or HTLV-1 antigens [142]. 
Interestingly, the TCR repertoires of these muscle infiltrating CD8+ T cells have 
frequently been reported to be restricted in polymyositis and inclusion body myositis, 
but not in dermatomyositis [197, 198]. The same CD8+ T cell clones found in the 
inflamed muscle tissue are as well found to dominate the CD8+ T cells in peripheral 
blood, and persists over several years in both compartments [199-201]. Interestingly, 
the T cells in muscle infiltrates from different patients with inclusion body myositis, 
even patients from different studies, displayed similar amino acid sequences in the 
CDR3 region of the TCR, strengthening the notion of common antigens in different 
patients also with different geographical origin [201-203]. Moreover, in a recent study, 
Englund and colleagues showed that T cells with similar TCR-Vβ chains were found in 
both lung and muscle in polymyositis patients with anti-Jo-1 antibodies and interstitial 
lung disease, possibly indicating shared disease-driving antigens in the two 
compartments [204]. 
 
Previously, the Jo-1 antigen has been described to be overexpressed in muscle tissue in 
both dermatomyositis and polymyositis patients, and interestingly, also found in a more 
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immunogenic conformation in the lung [205, 206]. Together these reports might 
indicate a primary exposure of the Jo-1 antigen to T cells in the lung, which later 
migrate and get reactivated to generate an inflammatory response in the muscle. 
 
 
2.3.1.4 Medical treatment 

Most patients with dermatomyositis and polymyosits respond to glucocorticosteroids in 
combination with an immunosuppressive treatment such as methotrexate, azatioprin or 
cyclosporin A [139]. Whereas patients with inclusion body myositis respond poorly to 
immunosuppressive therapy. 
 
The number of biological treatments based on antibodies or soluble receptors to 
cytokines or cellular receptors is increasing. The effect of TNF blockade on patients 
with idiopathic inflammatory myopathies is most often reported to be poor [207-209]. 
Another treatment promising for rheumatoid arthritis is B-cell depletion by anti-CD20 
antibodies (rituximab). So far only limited reports are available and they show varying 
results in patients with dermatomyositis and anti-synthetase syndrome polymyositis 
[210, 211]. Ongoing trials are investigating the effects of blocking IL-1 by soluble IL-1 
receptor antagonists. 
 
 
2.3.2 Cytomegalovirus 

Cytomegalovirus (CMV, human herpes virus 5) causes one of the most common latent 
infections. In Sweden about 70-100% of the population has IgG antibodies to CMV and 
40% is infected during the first year of life [212]. Most often the infection in 
immunocompetent adults is non-symptomatic, but might manifest as mononucleosis 
(increased number of circulating mononuclear cells) including spiking fever, 
splenomegaly, malaise or pneumonia [213]. Fibroblasts, endothelial cells, smooth 
muscle cells, epithelial cells, and monocytes/macrphages appear to be the main infected 
cell types during the primary (lytic) infection, and monocytes and endothelial cells 
might be most important for the spread of CMV in the body [214]. Reactivation of 
latent viruses in monocytes requires activation and differentiation into macrophages, 
which occur during inflammation and stress from severely critical situations [213]. 
Such differentiation of macrophages seems to be dependent on TNF and IFN-γ, 
preferentially produced by T cells. Accordingly, elevated serum levels of TNF seem to 
increase the risk for reactivation. 
 
In order to maintain an environment that is permissive for viral replication, CMV 
induces secretion of proinflammatory cytokines, such as TNF, IL1-β and IL-6, from its 
host cells. Hence, in a tissue with chronic, perhaps autoimmune, inflammation such 
activities from CMV might augment the inflammation [213]. The presence of CMV in 
inflamed tissue of chronic inflammatory disorders, for example rheumatoid arthritis, 
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multiple sclerosis and atherosclerosis has only been confirmed to some extent [213, 
215]. 
 
While CMV requires activation of the immune system for replication, it has also 
developed strategies for immune evasion [216]. These include mechanisms that for 
example interfere with antigen presentation, hampering recognition by T cells and NK 
cells, and production of cytokines that regulate both innate and adaptive immune 
system [216]. These immune evasion strategies require a number of viral proteins, 
which are possibly also one reason for the relatively large genome, comprising about 
250 different open reading frames (ORF) [217]. The large viral genome also opens up 
for many possible antigens to be recognized by the immune system. A study from 
Sylvester and colleagues showed that about 70% of the investigated ORFs were 
recognized by either CD4+ or CD8+ T cells [218]. Furthermore, in median 4-5% of the 
total CD4+ (0-20%) and CD8+ (0-37%) T cells pools from healthy seropositive donors, 
secreted IFN-γ in response to stimulation by peptides covering all ORFs, implying that 
a significant population of the T cells even in non-symptomatic carriers might be 
involved in the immune response to CMV [218]. 
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3 AIMS 
 
The papers included in this thesis were performed with the overall aim to increase the 
knowledge about CD28null T cells in rheumatic disorders, with the ambition to increase 
the understanding for the disease mechanisms. 
 
The more specific aims were: 
 

• To investigate the cell surface phenotype, functional characteristics and clinical 
relevance of CD4+CD28null T cells in peripheral blood of patients with 
rheumatoid arthritis (Paper I). 

 
• To study the presence and functional properties of CD4+CD28null T cells in the 

inflamed joint in patients with rheumatoid arthritis, and how the presence of 
these cells associate with erosive disease (Paper II). 

 
• To examine the presence of CD28null T cells in peripheral blood and muscle 

tissue from patients with dermatomyositis and polymyositis, what effector 
functions they exert, and how the presence of these cells correlate to clinical 
features (Paper III). 

 
• To analyze the expression and functional contribution of NK cell receptors on 

CD4+CD28null T cells in rheumatoid arthritis (Paper IV). 
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4 RESULTS AND DISCUSSION 
 
Below, selected results from the manuscripts included in this thesis will be described 
and discussed together with related preliminary unpublished data. The results are 
present in the context of previous studies, in order to speculate and build hypotheses for 
how the findings presented in this thesis might be implicated in disease mechanisms of 
rheumatic disorders. 
 
 
4.1 CHARACTERIZATION OF CD4+CD28null T CELLS IN PATIENTS 

WITH RHEUMATOID ARTHRITIS (PAPER I) 

CD4+CD28null T cells have previously been described to be increased in frequency in 
patients with rheumatoid arthritis [219]. Also, this subset of T cells display atypical cell 
surface receptors and an increased proinflammatory phenotype compared to 
conventional CD4+CD28+ T cells, possibly explaining the reported correlation to a 
more aggressive disease course with regard to joint destruction [16, 220]. The aim of 
Paper I was to perform a comprehensive characterization of the cell surface phenotype 
and function of circulating CD4+CD28null T cells in patients with rheumatoid arthritis, 
and to investigate how the presence of these cells correlates with disease activity. 
 
 
4.1.1 Clinical associations 

In Paper I we retrospectively investigated a cohort of 78 patients with rheumatoid 
arthritis for the presence of CD4+CD28null T cells in peripheral blood and how these 
cells correlated with disease activity. We could demonstrate that about one-third of the 
patients with rheumatoid arthritis display a CD4+CD28null T cell population larger than 
5% of the circulating CD4+ T cells. In some patients they constituted up to 50% of all 
CD4+ T cells. Earlier studies have shown that increased percentages of CD4+CD28null T 
cells were associated with a more aggressive disease course [219, 220]. We intended to 
investigate this further by analyzing how the disease activity status including CRP, 
swollen joint count and tender joint count, was related to the frequency of 
CD4+CD28null T cells in peripheral blood. We found, however, no association with 
these parameters. It is though possible that the lack of correlation with disease activity 
not exclude a role in the pathogenesis, since it is likely that the major effector functions 
by CD4+CD28null T cells not take place in the circulation but at the site of 
inflammation. Moreover, their prevalence in peripheral blood might not necessarily 
mirror their frequencies in inflamed tissues. 
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4.1.2 CD4+CD28null T cells display a restricted TCR repertoire 

We found a trend for an increasing frequency of CD4+CD28null T cells with increasing 
age (Figure 5). Such trends, but to my knowledge no significant correlation, have been 
reported previously [221, 222]. The increased frequencies of these TCR-restricted 
CD4+CD28null T cell subsets over years can potentially be explained by the following 
mechanisms. 
i) A higher avidity for the TCR restricted CD28null clones to HLA-antigen complexes 
compared to the other memory populations [223]. This could lead to a competitive 
advantage and outgrowth of the CD4+CD28null T cell subset at the expense of less 
competitive T cell subsets. 
ii) Alternatively, or in combination with high avidity, a more ubiquitous expression of 
the cognate HLA-antigen complex, could possibly also generate a more frequent 
repeated stimulation, leading to clonal T cell expansions and finally switch to CD28null 
T cell phenotype after a critical number of doublings [48]. 
iii) A third hypothesis for these oligoclonal expansions suggested by Wagner and 
colleagues is that there is a flexibility in the backbone of the β-chain of the TCR, which 
could allow a small diversity in the antigen specificity of CD28null T cells despite a 
restricted TCR-Vβ usage, even with an identical CDR3 region [21]. The data in Paper 
I however do not imply the usage of the same or a couple of TCR-Vβ chains in 
different patients, which was indicated in the study from Wagner and colleagues [21]. 
The antigen specificity might therefore be more diverse than previously suggested.  
iv) It is also possible that the same, or the same few, antigens driving T cell expansion 
into CD28null T cell could be presented by different MHC class II molecules and 
recognized by TCRs using different TCR Vβ chains in different patients, thus 
theoretically permitting one antigen to drive an oligoclonal expansion of T cells. Taken 
together, circulating CD4+CD28null T cells in patients with rheumatoid arthritis use a 
restricted TCR repertoire, implying limited antigen specificity and possibly generating 
a competitive advantage relative other T cell clones. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The frequencies of CD4+CD28null T cell in peripheral blood of patients with 
rheumatoid arthritis tend to increase with increasing age. 
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Schoenland and colleagues have suggested a strong association between the HLA-
DRB1*04 allele haplotypes and increased levels of CD4+CD28null T cells [28]. We 
therefore investigated the presence of these alleles in a fraction of patients with 
increased CD4+CD28null T cell frequencies [28]. HLA-DRB1*04 shared epitope alleles 
were found in eight out of ten investigated patients, implying that these alleles were 
common but not obviously a prerequisite for the development of CD4+CD28null T cells. 
Interestingly the two patients lacking HLA-DRB1*04 alleles were both in the upper 
range with regard to the frequencies of CD4+CD28null T cells, 15% and 30% 
respectively. 
 
 
4.1.3 The memory phenotype in patients with CD4+CD28null T cells 

Investigations of cell surface receptors on CD4+CD28null T cells displayed a distinct 
phenotype of de novo expressed markers. In addition to the cell surface phenotype of 
CD4+CD28null T cells we also analyzed these markers on CD4+CD28+ T cells from 
patients with and without expanded CD4+CD28null T cell populations (Paper I). The 
most striking finding in this comparison was that the population of memory 
CD4+CD28+CD45R0+ T cells in patients with CD4+CD28null T cells is significantly 
larger than in patients without CD4+CD28null T cells (Figure 6). This would fit with the 
hypothesis that CD4+CD28null T cells arise from repeated activation, and that there is a 
generally increased activation/differentiation of T cells in patients with CD4+CD28null T 
cells [224]. Alternatively, the increase of CD4+ memory T cells in patients with 
CD4+CD28null T cell populations could be a result of a premature decrease in thymic 
output early in life, which has been suggested for patients with rheumatoid arthritis 
[225]. Thus, extension of this hypothesis with our data implies that such reduced 
thymic output is primarily found in patients with increased populations of 
CD4+CD28null T cells. 
 
 
 
 
 
 
 
 
 
 
Figure 6. Increased frequency of memory CD4+ T cells in patients with 
CD4+CD28null T cells. Patients displaying or lacking significant populations of 
CD4+CD28null T cells were analyzed for the expression of CD45R0 in the CD4+CD28+ 
T cells population. The differences were investigated statistically by Mann-Whitney 
test. 
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Thiel and colleagues have reported a subset of CD31-CD45RA+CD4+ T cells 
responding to PMA/ionomycin by secretion of IFN-γ to be a memory population that 
have lost CD45R0 and regained expression of CD45RA [226, 227]. In Paper I we 
described a CD45RA+ (CD45R0-) subset of CD4+CD28null T cells in peripheral blood 
of patients with rheumatoid arthritis, and demonstrated that these cells are not naïve, as 
the expression of CD45RA indicates. Instead we suggest that they comprise a subset of 
effector memory CD4+CD28null T cells with reduced proliferative capacity but retained 
cytokine secretion and CD43hi expression. The latter is confined to fully mature 
effector memory T cells easily triggered to secrete cytokines [228]. Our results are in 
analogy with the previously described findings of terminally differentiated effector 
memory CD45RA+ (EMRA) CD8+CD28null T cells displaying proliferative senescence 
with retained cytokine secretion and cytotoxicity [229, 230].  
Interestingly, our preliminary data suggest that CD31 is heterogeneously expressed by a 
median of 20% (5-36%, n=6) of the CD4+CD28null T cells, but not co-segregate with 
the expression CD45RA. This opens up for the possibility that the IFN-γ-secreting 
CD31-CD45RA+CD4+ T cells described by Thiel and colleagues might have been 
CD4+CD28null T cells. Thus, with the basis in the studies by Thiel and colleagues and 
Rufer and colleagues demonstrating the EMRA subset of CD8+ T cells, together with 
the results in Paper I, I would like to suggest that CD4+CD28null T cells expressing 
CD45RA is not naïve but terminally differentiated CD4+ T cells.  
 
 
4.1.4 Functional characteristics of clones and primary CD4+CD28null T cells 

In Paper I we also demonstrate that in vitro expanded clones of CD4+CD28null and 
CD4+CD28+ T cells in general retain the same proliferatory capacity and cytokine 
profile as primary CD4+CD28null T cells. This stability will permit consistent studies 
based on CD4+CD28null T cell clones where the access to primary cells is limited. Some 
precautions must however be taken since a few CD4+CD28null T cell clones produced 
IL-4, which to my knowledge never has been reported from primary CD4+CD28null T 
cells. This might therefore indicate a possible infrequent shift in the cytokine profile 
during the in vitro expansion. Although, the vast majority of expanded CD4+CD28null T 
cell clones retained their cytokine profile, this is important to confirm before use in in 
vitro assays. 
 
 
4.1.5 Summary of Paper I 

CD4+CD28null T cells are present in one-third of the patients with rheumatoid arthritis. 
In contrast to previous associations to a more aggressive disease course, the frequencies 
of CD4+CD28null T cells did not correlate with disease activity in this retrospective 
study. CD4+CD28null T cells use a restricted TCR repertoire, but are not constrained to 
the same TCR-Vβ usage in different patients. CD45RA-positive CD4+CD28null T cells 
are not naïve, but most likely terminally differentiated effecter memory cells. 
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4.2 CD4+CD28null T CELLS ARE RARE IN THE INFLAMED JOINT IN 

RHEUMATOID ARTHRITIS (PAPER II) 

Many studies indicate associations between increased frequencies of circulating 
CD4+CD28null T cells and extra-articular manifestations, mainly including 
cardiovascular events [219, 220, 231]. However, the presence of CD4+CD28null T cells 
in the joint and the role for these cells in joint inflammation, leading to local tissue 
destruction, is not clear [45, 219, 220, 232]. The hypothesis investigated in Paper II 
was that the increased frequencies of CD4+CD28null T cells in peripheral blood in 
patients with rheumatoid arthritis mirrored the importance, and possibly also an 
accumulation of this subset in the inflamed joints. The intention with Paper II was 
therefore to carefully scrutinize the presence of CD4+CD28null T cells in the inflamed 
join and to use these data to investigate the association between these cells and erosive 
disease. 
 
 
4.2.1 The presence and effector functions of CD4+CD28null T cells in the joint 

One hundred and twenty-eight patients with rheumatoid arthritis were investigated for 
the frequencies of CD4+CD28null T cells in synovial fluid and peripheral blood. The 
presence of CD4+CD28null T cells in the synovial biopsies was investigated in 11 of 
these patients. Our results show that CD4+CD28null T cells are frequent in peripheral 
blood of a subgroup of patients. Still, in these patients the presence of CD4+CD28null T 
cells in the inflamed synovial membrane and fluid was limited. 
 
Data from in vitro experiments indicate that the cytokines present in the synovial fluid 
can modify the CD28 expression. TNF stimulation of isolated CD4+CD28+ T cells has 
been shown to temporarily downregulate the CD28 expression [40]. However, in the in 
vivo synovial compartment the opposite effect might also occur. IL-12 can in vitro 
stimulate a subset of CD4+CD28null T cells to temporarily upregulate CD28 [39]. 
CD4+CD28null T cells that had temporarily upregulated CD28 after IL-12 stimulation, 
however, retained the expression the NK cell receptors CD161 and CD158b, while 
CD4+CD28+ T cells stimulated with IL-12 remained CD28 positive and negative for 
CD158b (Table 3) [39]. As our analyzes of CD4+CD28null T cells in the synovial fluid 
were based on screening for CD3+CD4+CD28- cells, the influence on CD28 expression 
by TNF and IL-12 could generate misleading frequencies of CD4+CD28null T cells in 
the synovial fluid. However, in our study this was most likely not a major problem 
since there was no over-representation of synovial CD4+CD28+ T cells expressing the 
TCR-Vβ chains that were preferentially expressed by CD4+CD28null T cells. 
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Table 3. Expression of markers used for identification of CD4+CD28null T cells. 

Marker CD4+CD28null T cells CD4+CD28+ T cells NK cells 

CD3 +++ +++ - 

CD4 +++ +++ -/+a  [233] 

CD158b +b [16, 39] - [16] (Paper IV) ++ [234] 

CD161 ++a [16, 39] ++b [16, 39] ++ [234] 

CD244 +++c (Paper II/IV) +c (Paper II/IV) +++ [235] 

Perforin +++ (Paper III) - (Paper III) ++ [236] 
a Expressed/increased upon activation/by IL-12; b No changed expression after 
stimulation by IL-12; c No changed expression after 3-5 days  in vitro stimulation (our 
preliminary data) 
 
The presence of CD4+CD28null T cells in the synovial membrane was analyzed by triple 
immunostaining with CD3, CD4 and CD244, and thereby avoiding the problems with 
inclusion of false CD4+CD28+ T cells and NK cells as CD4+CD28null T cells. 
CD4+CD28nullCD244+ T cells were rare in the synovial membrane, with an 
approximate occurrence in the same range as in the synovial fluid. Two previous 
studies have investigated the presence of CD4+CD28null T cells in the synovial 
membrane [16, 237]. Both these studies suggest higher frequencies of CD4+CD28null T 
cells in the synovial membrane (up to 47% of the CD4+ T cells) compared to our 
results. In both studies two-color immunohistochemical stainings with CD4 in 
combination with either of two NK cell related markers, CD161 and intracellular 
perforin, were used to identify CD4+CD28null T cells. The use of these markers was 
motivated by an expression of CD161 and perforin respectively by CD4+CD28null T 
cells from peripheral blood, which is in agreement with our previous results [238]. 
However, the higher frequencies, in relation to our results, in the study using CD161 as 
a marker for CD4+CD28null T cells might be explained by the expression of CD161 also 
on a subset of conventional CD4+CD28+ T cells [16, 238]. The explanation for the 
similar high numbers of CD4+CD28null T cells in the synovial membrane when using 
CD4 in combination with perforin could be explained by the recent finding of CD4 
expression by activated NK cells by Bernstein and colleagues [233]. By the expression 
of CD4, CD161 and perforin on NK-cells, and CD161 on CD4+CD28+ T cells, we 
propose that the previous data on the frequencies of CD4+CD28null T cells in the 
synovial membrane might be overestimated. Instead, the triple immunostaining of the 
synovial membrane with CD3, CD4 and CD244 allows a more accurate analyzes of the 
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presence of CD4+CD28null T cells in the synovial membrane, with lower risk of 
inclusion of other cell subsets than CD4+CD28null T cells. 
 
The results from our analyzes of CD4+CD28null T cells in the synovial membrane 
showed that, despite significant populations in peripheral blood, CD4+CD28null T cells 
were rarely found in paired inflamed synovial membrane and synovial fluid. Our 
findings also demonstrate that the presence of CD4+CD28null T cells in the synovial 
fluid from one joint also reflected the situations in other joints, as shown for knees, 
shoulders and elbows. The CD4+CD28null T cells from peripheral blood and synovial 
fluid displayed the same hyperresponsive phenotype to polyclonal stimulation (anti-
CD3). We can, however, not exclude that the microenvironment in the joint, 
comprising inflammatory cytokines and activated accessory cells, might influence these 
effector functions in situ. 
 
 
4.2.2 Association to erosive disease and cytomegalovirus 

The associations between joint manifestations and CD4+CD28null T cells in peripheral 
blood and synovial fluid were analyzed both in relation to radiographic evaluation and 
the presence of anti-CCP antibodies, a predictor for joint destruction. We found no 
associations between the presence of CD4+CD28null T cells, neither in the circulation 
nor synovial fluid, to erosive disease. Accordingly, the frequency of CD4+CD28null T 
cells did not differ in anti-CCP seropositive and seronegative patients. It would also 
have been interesting to investigate the presence of extra-articular manifestations, but 
we did not have that information as the patients were retrospectively included in this 
study. 
 
Previous studies have indicated that increased frequencies of circulating CD4+CD28null 
T cells are linked to infection by CMV [34, 239]. In order to investigate if the 
association to CMV also was valid for CD4+CD28null T cells in the inflamed synovial 
joint of patients with rheumatoid arthritis, we analyzed the patients for anti-CMV IgG 
and IgM antibodies as indicators for chronic and recent active infection, respectively. 
Despite generally lower frequencies of CD4+CD28null T cells in the synovial fluid 
compared to peripheral blood, the strong association between this cell subset and anti-
CMV IgG was valid also for this compartment. 
 
To my knowledge, no study has hitherto compared the frequencies of CD4+CD28null T 
cells in CMV seropositive patients and seropositive controls. Our preliminary data from 
such analyzes indicate a significantly increased frequency of CD4+CD28null T cells in 
patients compared to healthy controls (Figure 7). This implies that there are additional 
factors in rheumatoid arthritis patients which in combination with CMV seropositivity 
influence the frequency of CD4+CD28null T cells. 
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We found no further increased frequencies of CD4+CD28null T cells in peripheral blood 
or synovial fluid in the 7 (15% of IgG seropositive) IgM seropositive patients. This 
might appear contradictory since the frequency of circulating CMV-specific 
CD4+CD28null T cells has been described to increase within weeks after detectable 
viremia during primary infection [38, 240]. One likely explanation for the difference in 
time is that the occurrence of IgM-anti-CMV antibodies is normally delayed four to 
seven weeks after infection, and furthermore, can persist up to one year, which is in 
contrast to most IgM responses in other virus infections [241].  
 
The association between CD4+CD28null T cells in peripheral blood and synovial fluid to 
CMV is further strengthened by antigen specificity for CMV-derived peptides, since a 
CMV response was primarily detected in the CD4+CD28null T cells population. The 
frequencies might appear low, but comparable to previous studies displaying similar 
magnitudes [14, 242]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. CMV seropositive patients display larger CD4+CD28null T cells populations 
compared to CMV seropositive healthy controls. Median ages in the two groups were 
55.5 years and 52 years for patients with rheumatoid arthritis (RA) and healthy 
controls (HC), respectively. 
 
 
4.2.3 Skewed distribution of CD4+CD28null T cells in patients with rheumatoid 

arthritis 

Another intriguing finding in Paper II is that there seems to be a restriction in TCR-Vβ 
subsets of the CD4+CD28null T cells that are allowed to traffic the inflamed joints. In 
most patients up to 20-50% of the circulating CD4+CD28null T cells express one single 
TCR-Vβ. The skewed distribution of CD4+CD28null T celsl in peripheral blood and 
synovial fluid is probably due to the expression of homing receptors directing 
lymphocytes to distinct tissues overlapping, or not overlapping, with the homing 
receptor profile attracting cells to the joint. CMV has been detected in the synovial 
membrane of about one-third of the patients with rheumatoid arthritis patients, and 
about 20% of the patients displayed reactivated infection [76]. Therefore, 
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CD4+CD28null T cells migrating to the synovial joint might be activated in situ. 
However, CD4+CD28null T cells do not seem to accumulate in the inflamed joint, in 
contrast to the situation in the inflamed muscles of patients with dermatomyositis and 
polymyositis (Paper III), which will be discussed below.  
 
 
4.2.4 Possible pathogenic mechanisms by CD4+CD28null T cells in rheumatoid 

arthritis 

As CD4+CD28null T cells are strongly linked to CMV infection, the pathogenic role for 
CD4+CD28null T cells is likely to be located to tissues exposed to such infections. There 
are findings of accumulated CD4+CD28null T cells in the unstable atherosclerotic 
plaques, as well as in small abdominal aortic aneurysms [243, 244], which could 
suggest a primary migration of these cells to the arterial wall also in patients with 
rheumatoid arthritis. Interestingly several studies also report the engagement of CMV 
in cardiovascular events, including vasculitis [186-189]. Additionally, CD4+CD28null T 
cells from patients with acute coronary syndrome have been demonstrated to respond to 
HSP60, a major candidate antigen in atherosclerosis [46]. Intriguingly, a recent study 
by Steptoe and colleagues show antibody cross reactivity between HSP60 and CMV-
derived proteins [245]. As we could not find any correlation between CD4+CD28null T 
cells and joint manifestations, but other studies indicate a strong correlation between 
these cells and rheumatoid vasculitis [246], it is tempting to speculate that 
CD4+CD28null T cells are involved in the pathogenesis of rheumatoid vasculitis 
associated with CMV infection. However, the response from CMV-activated 
CD4+CD28null T cells might not only be important in rheumatoid vasculitis, but also in 
atherosclerosis leading to myocardial infarction which is found with increased 
prevalence in patients with rheumatoid arthritis [89]. 
 
The increased risk for vascular inflammation, possibly partly connected to CMV 
infection in chronic inflammatory disorders like rheumatoid arthritis, might be due to 
the fact that inflammation facilitates CMV reactivation and dissemination [247]. 
Likewise, CMV also carries genes encoding proteins believed to enhance 
inflammation. 
 
A recent study indicates a strong association between the HLA-C3 genes and 
rheumatoid arthritis with extra-articular manifestations, with particularly strong 
associations to rheumatoid arthritis-associated vasculitis [248]. The expression of one 
of the receptors for HLA-C, KIR, by CD4+CD28null T cells, was first believed to be the 
link between CD4+CD28null T cells, HLA-C3 and vasculitis. A study from Saulquin and 
colleagues, however, shows that HLA-C3 is not likely the ligand for the KIR subtype 
preferentially expressed by CD4+CD28null T cells, KIR2DS2 [246], [249] and Paper 
IV. Instead, I here would like to speculate in an alternative mechanism for how HLA-
C3 might be important in the activation of CD4+CD28null T cells in vasculitis. It might 
be a coincidence, or not, that this hypothesis is based on a study involving CMV. 
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Ulbrecht and colleagues show that the CMV encoded protein UL40 mimics the HLA-
C3 leader sequence, and that it is presented by the ubiquitously expressed HLA-E 
molecules [250]. Moreover, they also show that this complex in vitro can regulate 
cytotoxic killing by NK cells via the NKG2 receptors. It is therefore particularly 
interesting that we in Paper IV could show that CD4+CD28null T cells express NKG2 
receptors with a predominance of the activating subtypes (NKG2C). It is however 
likely that in CMV seropositive patients not only the endogenous leader sequence, but 
also the corresponding CMV-derived peptide can generate these activating signals. 
Thus, I would like to suggest that the association between HLA-C3 gene, 
CD4+CD28null T cells and vasculitis is through the presentation of the leader sequence 
of HLA-C3 by HLA-E molecules to CD4+CD28null T cells, which when activated can 
contribute to vascular inflammation. Interestingly, Mazzarino and colleagues have 
shown that target cells expressing HLA-E with the UL40 peptide can activate CD8+ T 
cells in a HLA-E dependent manner [251]. However, future studies are needed to verify 
whether CD4+CD28null T cells in rheumatoid arthritis can contribute to vasculitis with 
similar HLA-E-dependent mechanisms. 
 
The knowledge of the existence and a possible clinical importance of CD4+CD28null T 
cells in rheumatoid arthritis might have direct implications when developing new 
medical treatment. As mentioned in the section about medical treatment in rheumatoid 
arthritis, a new biological treatment for rheumatoid arthritis, abatacept, blocking the 
stimulation of CD28, was recently released on the Swedish market [252]. Clinically, 
abatacept has an efficacy on arthritis activity comparable with the more established 
TNF blocking agents. Since CD4+CD28null T cells lack the expression of CD28, they 
are not likely to be directly regulated by abatacept. It will therefore be especially 
interesting to follow the effect of abatacept on extra-articular manifestations, which are 
possibly mediated by CD4+CD28null T cells. 
 
Overall, our data indirectly suggest that CD4+CD28null T cells are involved in the extra-
articular manifestations in rheumatoid arthritis rather than in the joint inflammation 
driving local tissue damage. Instead, the main contribution of CD4+CD28null T cells to 
disease in rheumatoid arthritis might be in CMV-driven extra-articular manifestations. 
 
 
4.2.5 Summary of paper II 

In conclusion CD4+CD28null T cells are rarely found in the inflamed joint of patients 
with rheumatoid arthritis, despite being enriched in peripheral blood. Accordingly, 
CD4+CD28null T cells do not associate with erosive disease. Our data instead indirectly 
support a major role in extra-articular manifestations, which has been proposed 
previously. Wherever these extra-articular sites might be, CD4+CD28null T cells are 
very potent effector T cells and might have a significant impact on the local 
inflammation. Still, the CD4+CD28null T cells that are found in the joint are very 
restricted, suggesting that they did not get there by chance. It would be interesting to 
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further define them with regard to homing molecules etcetera. CMV is likely to be a 
trigger for CD4+CD28null T cells and treatment with drugs reducing the CMV load 
could possibly lead to a reduced activation of CD4+CD28null T cells, and perhaps also 
certain extra-articular manifestations.  
 
 
 
4.3 CD4+CD28null AND CD8+CD28null T CELLS DOMINATE MUSCLE 

INFILTRATES IN IDIOPATHIC INFLAMMATORY MYOPATHIES 

(PAPER III) 

 
Idiopathic inflammatory myopathies are characterized by T cell infiltrates in the 
inflamed muscle. The functional phenotype and their association to disease are poorly 
understood. In paper III we addressed these questions and found the CD28null subsets 
of the CD4+ and CD8+ T cell populations to dominate T cell infiltrates in the inflamed 
muscle and correlate with clinical parameters. 
 
 
4.3.1 Increased frequencies of CD28null T cells in patients with idiopathic 

inflammatory myopathies 

 
CD4+CD28null and CD8+CD28null T cells were found with increased frequencies in 
peripheral blood of patients with both dermatomyositis and polymyositis, as compared 
to healthy subjects. Preliminary data indicate that CD4+CD28null T cells, but not CD8+ 
CD28null T cells, are increased also in patients with inclusion body myositis (Figure 8). 
 
In addition, we also found a significant decrease of circulating CD4+CD28null and 
CD8+CD28null T cells with increased disease duration. I strongly believe that these 
results together point to a role for CD28null T cells in the pathogenesis of 
dermatomyositis and polymyositis. This significant decrease with increased disease 
duration in patients with dermatomyositis and polymyositis was for CD4+CD28null T 
cells only seen in the group of CMV seropositive patients.  
 
 
4.3.2 CD28null T cells dominate the muscle infiltrates 

Interestingly, and in contrast to the low numbers of CD4+CD28null T cells in the 
inflamed joint of patients with rheumatoid arthritis (Paper II), both CD4+CD28null and 
CD8+CD28null T cells were the dominating T cell subsets in the inflammatory muscle 
infiltrates in patients with dermatomyositis and polymyositis. Moreover, the frequency 
of CD8+ T cells, dominated by the CD28null subset, was strongly correlated with global 
disease activity in polymyositis. Since only four patients with dermatomyositis were 
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investigated for CD28null T cells in the inflamed muscles, the data did not allow 
conclusions about the correlation between infiltrating CD4+ or CD8+ T cells and 
disease activity in this disease.  More patients have to be analyzed for conclusive 
results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. The frequency of CD4+CD28null T cells is increased in patients with 
dermatomyositis, polymyositis and also in patients with inclusion body myositis. 
Statistical analyzes were done by Kruskal-Wallis ANOVA 
 
 
An interesting study on healthy individuals by Bruunsgaard et al, shows that 
immediately after physical exercise there is a significant increase in the circulation of 
CD28null T cells, both CD4+ and CD8+ [253]. Together with the accumulating data 
demonstrating beneficial effects of exercise on idiopathic inflammatory myopathies 
[254, 255], it is tempting to speculate that CD28null T cells can be exudated to the blood 
from peripheral organs, like the muscles. Maybe this could be one contributing 
mechanisms ameliorating disease activity after exercise. 
 
 
4.3.3 CD28null T cells are not associated with HLA genotypes 

It has been suggested that leukocytes from individuals with the rheumatoid arthritis-
associated HLA-DRB1*04 alleles had shorter telomere lengths in their leukocytes and 
accordingly also displayed increased frequencies of CD4+CD28null T cells [28]. The 
suggested mechanism includes premature telomere erosion possibly as a consequence 
of increased replicative stress of hematopoietic stem cells early in life. As we find a 
significant correlation between circulating CD4+CD28null and CD8+CD28null T cells in 
patients with dermatomyositis and polymyositis, this might indicate common factors 
contributing to the development of the two CD28null T cell subsets. In order to 
investigate whether HLA-DRB1*04 contributed to the increased CD4+CD28null and 
CD8+CD28null T cell populations in our patient material, we investigated the relation 
between these factors. The results are shown in Figure 9 A and B and show no 
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association with the size of the CD28null T cell populations. Neither was there any 
association with HLA-DRB1*03 alleles (Figure 9 C, D), which recently have been 
suggested to represent the gene with the largest impact on susceptibility for idiopathic 
inflammatory myopathies [256]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Increased frequencies of CD28null T cells in patients with dermatomyositis 
and polymyositis are not associated with candidate HLA-DRB1 alleles. Statistical 
analyzes were done by Mann Whitney test 
 
 
4.3.4 CMV infection is strongly associated with increased populations of 

CD28null T cells 

Possible explanations for the co-variation of the CD28null T cell subsets could be a 
repeated exposure of antigens that can stimulates both CD4+ and CD8+ T cells, via 
direct interactions or indirectly via bystander activation. It is known that CD4+ T cells 
are necessary to maintain a response by CD8+ T cells in latent virus infection by CMV 
[257]. Furthermore, symptomatic primary CMV infection was characterized by the lack 
of an early increase of CMV-specific CD4+ T cells, which was found in patients having 
non-symptomatic primary infections [38]. About 10-30 weeks post primary CMV 
infection significant frequencies of CD4+CD28null T cells arise [14, 36]. The majority of 
such CMV reactive T cells are of the CD28null phenotype [35, 49]. These studies 
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support our results of correlations between the increased populations of circulating 
CD4+CD28null and CD8+CD28null T cells and CMV seropositivity in patients with 
dermatomyositis and polymyositis. Extended analyzes comparing CMV seropositive 
patients with CMV seropositive healthy controls still reveals significantly increased 
frequencies in of CD4+CD28null T cells patients with dermatomyositis and 
polymyositis, or tendencies thereof  (Figure 10).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Increased CD4+CD28null T cell populations in CMV seropositive patients 
with dermatomyositis compared to CMV seropositive healthy controls. Statistical 
analyzes were done by Kruskal-Wallis ANOVA. 
 
We also found a significant decrease, independently of age, in circulating 
CD4+CD28null and CD8+CD28null T cells with increased disease duration. I believe that 
these results together point to a role for CD28null T cells in the pathogenesis of 
dermatomyositis and polymyositis. This significant decrease with increased disease 
duration in patients with dermatomyositis and polymyositis was for CD4+CD28null T 
cells only seen in the group of CMV seropositive patients. Therefore the trends of 
associations between CD4+CD28null T cells and disease duration or age found in 
patients with rheumatoid arthritis in Paper I, might as well be significant for the subset 
of CMV seropositive patients with rheumatoid arthritis. 
 
 
4.3.5 What drives CD28null T cells in patients with dermatomyositis and 

polymyositis? 

Hitherto I have described that CD28null cells are the major T cell subsets in inflamed 
muscle tissue in patients with dermatomyositis and polymyositis. Although a distinct 
link was identified between circulating CD28null T cells and CMV seropositivity, the 
CD28null subset also dominated the T cell infiltrates in CMV seronegative patients who 
lack increased CD28null populations in peripheral blood. It is therefore likely that there 
are different mechanisms and triggers for the development of CD28null T cells in the 
two compartments. However, several studies imply the importance of IFN-α-producing 
pDCs in these mechanisms [35, 258]. Interestingly, as outlined above, several recent 
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studies also indicate a role for IFN-α in the pathogenesis in dermatiomyositis and 
polymyositis [173, 259]. I will now briefly discuss possible mechanism for the 
generation of CD28null T cells in patients with dermatomyositis and polymyositis. 
 
 
4.3.5.1 CMV infection could maintain the local muscle inflammation. 

CMV virions in muscle tissue could be taken up and presented by local immune cells 
like pDCs, concomitantly secreting IFN-α. Such mechanisms can at least partly, be 
supported by the results from our pilot experiments which indicate the presence of 
CMV-infected cells in the inflamed muscle tissue. CMV positive cells were found in 
the muscle tissues by immunohistochemistry detecting both the immediate early (IE-1) 
antigen, a transcription regulator expressed by the virus early after infection, and/or 
phosphoprotein 65 (pp65), a protein found in the virus tegument. Out of 14 investigated 
patients with dermatomyositis and polymyositis, including five seronegative patients, 
muscle tissue from all but one patient showed positive cells (n=1-20 with the intensity 
of 0.13-1.9 positive cells/mm2) (Figure 11). Interestingly, also one of five healthy 
controls displayed three positive cells (0.32 positive cells/mm2). Noticeable, positive 
CMV staining was not detected in muscle fibers, but in cells that morphologically 
resembled infiltrating inflammatory cells. Nested PCR done on muscle biopsy 
homogenate revealed the occurrence of viral DNA in two out of seven investigated 
patients, but in none of the three healthy controls. A PCR method used in clinical 
practice did however not detect any CMV-DNA in the same lysates. This investigation 
of CMV in the inflamed muscles will be continued. 
 
In addition, our results of CMV-specific CD28null T cells from the circulation, together 
with data showing that oligoclonal T cells in the muscle also are present in peripheral 
blood [260], imply a presence of CMV-specific T cells in the inflamed muscle. The 
frequencies of CD28null T cells in peripheral blood specific for the investigated antigens 
were however relatively low. The remaining CD28null T cells have unkown specificities 
which might include reactive to other CMV antigens, structurally similar autoantigens 
or to antigens from other latent viruses, partly supported by a study from Fletcher and 
colleagues [35]. On the other hand, since CMV also could be found in one healthy 
control and in CMV-IgG seronegative patients, these data are not conclusive. A larger 
patient material and analyses of muscle tissue with complimentary methods, such as in 
situ hybridization, are needed to improve the support for this hypothesis. 
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Figure 11. CMV-infected cells in muscle tissue of patients with dermatomyositis and 
polymyositis. Immediate early (IE-1), pp65, and control immunostainings of 
consecutive sections of muscle tissue from one patient with dermatomyositis (upper 
panel) and one patient with polymyositis (lower panel). In collaboration with Cecilia 
Söderberg-Nauclér. Immunostaing done by Afsar Rahbar. 
 
 
4.3.5.2 Immune complex mediated IFN-α production 

A second pathway for an IFN-α-driven expansion of CD28null T cells in the muscle 
tissue finds support from a study by Eloranta and colleagues. They proposed that 
immune complexes of anti-Jo-1 or anti-Ro-52 antibodies together with RNA from 
necrotic cells can induce IFN-α production from PBMCs, and that this is a possible 
trigger for local IFN-α production by pDCs in the muscle. Release of RNA might 
initially happen due to muscle fiber damage, a consequence of a daily-life work with a 
heavy load, or during exercise, and concomitantly during muscle inflammation. 
 
In patients with anti-Jo-1-autoantibody positive polymyositis, MHC class I is mainly 
found in the muscles fibers also expressing the Jo-1 antigen [206]. Additional support 
for the involvement of autoantibodies to Jo-1 in the pathogenesis is that i) serum levels 
of anti-Jo-1 antibodies correlate with disease activity [261], ii) mice develop interstitial 
lung disease and myositis-like symptoms after immunization with the Jo-1 antigen 
[262], and iii) anti-Jo-1 reactive human T cells have been demonstrated [263]. Thus, it 
is possible that CD28null T cells are generated by IFN-α from pDCs activated by anti-
Jo-1 antibody-RNA immune complexes. In this scenario the local IFN-α production 
might turn off the telomerase activity in the infiltrating T cells reactive to antigens 
presented on the muscle and lead to successive differentiation into the CD28null 
phenotype. 
 
 

IE-1 pp65 Isotype control
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4.3.5.3 Bystander differentiation by DNA-induced IFN-α production 

A recent study from Lande and colleagues identifies a new antimicrobial peptide, 
LL37, which together with self-DNA build a complex and stimulate IFN-α secretion 
from pDCs [264]. This complex was shown to be expressed in skin lesion in psoriasis. 
It would be interesting to investigate if LL37 also is expressed in the muscle tissue of 
patients with dermatomyositis and polymyositis, or in skin in dermatomyositis. If 
present, this could be a potential pathway for a DNA-dependent induction of IFN-α in 
contrast to the RNA-dependent pathway of Jo-1 or Ro52 antibodies. CD28null T cells 
could then be generated by similar pDC/IFN-α-dependent mechanisms as described 
above. 
 
 
4.3.5.4 Epitope spreading a la SLE 

In a study by Arbuckle and colleagues it was shown that several years before onset of 
SLE, patients consecutively developed a number of autoantibodies. This was suggested 
to be through epitope spreading starting from EBV antigens [194, 195]. Additionally, 
increased frequencies of CD8+CD28null T cells, or cells displaying features of this 
subset, correlate with disease activity in SLE [265] and are associated with EBV 
infection [266]. In addition, the recent findings that autoantibodies to nuclear antigens 
induce production of IFN-α by pDCs in dermatomyositis and polymyositis displays 
striking similarities to what has been shown in SLE [173, 174]. Therefore an alternative 
explanation for the occurrence of CD28null T cells might be a consequence of infection 
by latent viruses, as suggested by Appay and colleagues and Fletcher and colleagues 
[35, 49]. In our results, and the studies from Fletcher and Amyes, it is clear that 
significant populations of circulating CD4+CD28null T cell are only present in CMV 
seropositive patients, indicating that EBV only in the coexistence of CMV might cause 
circulating CD4+CD28null T cells in patients with dermatomyositis or polymyositis [35, 
267]. It is though possible that potentially EBV-infected cells in the muscle tissue of 
patients with dermatomyositis and polymyositis may attract and mediate differentiation 
of CD8+ T cells into CD28null, and furthermore, that these T cells due to molecular 
mimicry might react to self antigens expressed in the inflamed muscle. Interestingly, as 
mentioned in the introduction, there are a number of reports of EBV-infected T cells in 
the inflamed muscle tissue of patients with symptoms of polymyositis [192, 193, 
Shirasaki, 2002 #91]. 
 
 
4.3.5.5 The CMV and Jo-1 hypotheses are complements rather than conflicting 

The CMV- or Jo-1-based mechanisms do not necessarily need to exclude one another 
since they either can act in concert in the same patient, or be responsible for the IFN-α 
production, and differentiation to CD28null phenotype in different subsets of patients. In 
order to investigate this hypothesis we analyzed the relations between CMV and Jo-1 
seropositivity. The results are presented in Figure 12 A, and show that CMV infection 
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is significantly more common in patients lacking antibodies to the Jo-1 and/or Ro52 
antigens, and that seronegativity and seropositivity for CMV are equal in patients 
having these autoantibodies. This shows that CMV is a pathogen associated with Jo-1 
negative dermatomyositis and polymyositis and might be the possible chronic inducer 
of IFN-α in these patients, meanwhile in patients having the analyzed autoantibodies, 
immune complexes might act alone or in concert with CMV to elicit IFN-α secretion 
by pDCs. According to the strong correlation between circulating CD4+CD28null T cells 
and CMV-IgG seropositivity, the percentage of patients with significant CD4+CD28null 
T cell populations were higher in patients seronegative for the investigated 
autoantibodies (Figure 12 B). As expected, a comparison of CD4+CD28null T cells 
shows less distinct associations since not all CMV seropositive patients for unknown 
reason develop a CD4+CD28null population. Interestingly, there was an equal 
distribution of CD8+CD28null T cells in peripheral blood of patients seropositive and 
seronegative for Jo-1/Ro52 (data not shown). Strikingly, the frequencies of 
CD4+CD28null T cells in patients without the autoantibodies were significantly higher in 
patients with dermatomyositis compared to ditto patients with polymyositis (Figure 12 
C), even though the infection rate was similar in the two disease entities (data not 
shown). This might support a more prominent role for CD4+CD28null T cells in the 
pathogenesis of dermatomyositis compared to polymyositis. This notion is supported 
by previous studies analyzing the ratios of CD4+ and CD8+ T cells in the muscle tissue 
in each entity [150]. Furthermore, in patients with dermatomyositis and polymyositis, 
the viruses might have different tropisms. Since the inflammation is predominantly 
perivascular in dermatomyositis [150, 154], it is noteworthy to mention that several 
studies also suggest CMV infection to be involved in different vascular manifestations 
[187, 189, 268, 269]. 
 
One typical characteristic of the vessels in dermatomyositis is accumulation of 
complement-generated membrane attack complexes (MAC) [270, 271]. Also, 
complement factors are believed to be involved in the pathogenesis of vasculitis [87]. It 
is therefore intriguing that rheumatoid vasculitis also has been associated with 
increased frequencies of CD4+CD28null T cells [246]. Although rather simplistic and 
speculative, these are interesting parallels between the vasculopathy described in 
patients with dermatomyositis and rheumatoid vasculitis. 
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Figure 12. Patients lacking antibodies to Jo-1 and/or Ro52 are more likely to be 
CMV positive and have increased CD4+CD28null T cells. (A) CMV IgG seropositivity 
is more common in patients lacking IFN-α-inducing autoantibodies, p<0.05. (B) 
Accordingly, frequencies of CD4+CD28null T cells larger than 10% was found in the 
patients lacking these antibodies, p<0.05. (C) The 10% cut-off was set according to the 
highest frequency of CD4+CD28null T cells in the lower frequency clusters in both 
groups of patients.  CD4+CD28null T cells in anti-Jo-1 or/and anti-Ro52 antibody 
negative patients were significantly higher in patients with dermatomyositis compared 
to polymyositis.  Statistical analyzes was done by Fisher’s exact test and Mann-Whitney 
test. 
 
 
4.3.6 Phenotypic difference of CD4+CD28null T cells in rheumatoid arthritis, 

dermatomyositis, and polymyositis 

 
Functionally, in idiopathic inflammatory myopathies CD28null T cells of both the CD4+ 
and CD8+ lineage display an effector memory phenotype with rapid production of 
cytokines and stored intracellular perforin, while the proliferative capacity was often 
poor compared to conventional CD28+ T cells. These functional assays were performed 
the same way as in Paper I. Intriguingly, when comparing the functional properties of 
CD4+CD28null T cells in the two disorders there were distinct differences: firstly, while 
CD4+CD28null T cells from patients with dermatomyositis and polymyositis displayed a 
preferential secretion of TNF, the CD4+CD28null T cells from patients with rheumatoid 
arthritis primarily secreted IFN-γ, although always also in combinations with smaller 
amount of TNF and IL-2. Secondly, CD4+CD28null T cells from patients with 
dermatomyositis and polymyositis did not display the pronounced ability to proliferate, 
as was shown for the corresponding cells from patients with rheumatoid arthritis. The 
heterogeneity in the proliferative capacity found within the group of patients with 
dermatomyositis and polymyositis could not be explained by disease subset 
(dermatomyositis or polymyositis), the size of the CD4+CD28null population, disease 
duration, nor treatment up to three months before blood sampling. 
 
Thus, CD4+CD28null T cells in dermatomyositis and polymyositis appear more 
refractory to stimulation compared to the CD4+CD28null T cells from patients with 
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rheumatoid arthritis. Since CD4+CD28null T cells are present in what could be assumed 
to be the major inflammatory sites in dermatomyositis and polymyositis, the muscles, 
but not in the joint in rheumatoid arthritis, a speculative explanation for these 
differences might be that the antigenic pressure for CD4+CD28null T cells is different in 
the two groups of rheumatic disorders. A consequence of this could be generally higher 
frequencies of more recently stimulated CD4+CD28null T cells displaying activation-
induced unresponsiveness to re-stimulation in patients with idiopathic inflammatory 
myopathies. Such effects have previously been described for memory T cells in mice 6-
8 days following stimulation [272]. One might also think that an increased antigenic 
pressure would lead to an increased frequency of CD4+CD28null T cells. Interestingly, 
the frequencies of circulating CD4+CD28null T cells in patients with dermatomyositis 
were increased compared to patients with rheumatoid arthritis (Figure 13). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Patients with dermatomyositis display larger populations of circulating 
CD4+CD28null T cell than patients with rheumatoid arthritis. Kruskal-Wallis 
nonparametric test for multiple comparisons revealed differences between the three 
groups (p<0.05), but the indicated p-values could only be acquired from Mann-
Whitney tests. 
 
Another possible explanation for different proliferative capacities of CD4+CD28null T 
cells in dermatomyositis and polymyositis compared to rheumatoid arthritis might be 
that the CD4+CD28null T cells are more differentiated in dermatomyositis and 
polymyositis compared to rheumatoid arthritis. In order to investigate this possibility 
we have done comparative analyses of the expression of markers for T cell 
differentiation on the CD4+CD28null T cells in the two disease subsets. As we 
demonstrate in Paper I, CD4+CD28null T cells that express CD45RA are totally 
proliferative senescent. We therefore compared the CD45RA (CD45RA-) expression on 
CD4+CD28null T cells in the two groups of patients. As shown in Figure 14A the 
CD45RA expression was equal in both groups, indicating no difference in 
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differentiation into CD45RA+ T cells in patients with dermatomyositis or polymyositis, 
as could have been expected. 
 
CD57 expression has correlated with the expression of CD28, but there are some 
reports of a discordant expression of these markers and accordingly findings of 
CD57lowCD28null T cells in subsets of CD8+ T cells [273]. Different expression of 
CD57 in the CD28null population might distinguish different replicative history and 
capacity where CD57 was expressed on proliferative senescent CD8+CD28null T cells 
[52]. We therefore investigated whether different expression of CD57 in CD4+CD28null 
T cells from the two groups of patients could indicate any difference in the status of 
differentiation possibly explaining the diverging patterns of proliferation. The results 
displayed in Figure 14B, however, indicate no increased expression of CD57 on 
CD4+CD28null T cells in patients with dermatomyositis or polymyositis compared to the 
corresponding cells in patients with rheumatoid arthritis. Interestingly, there is instead a 
tendency of an increased expression of CD57 on CD4+CD28null T cells in patients with 
rheumatoid arthritis (p=0.11). Data on CD8+ T cells demonstrate that the CD27-

CD28null subset have a reduced proliferative capacity compared to the CD27+CD28null 
subset [29, 49]. Though, in CD4+ T cells loss of CD27 might precede downregulation 
of CD28 [35, 267]. Further analyses including expression of CD27 and telomere length 
might be useful for future studies to distinguish differentiation status of CD4+CD28null 
T cells in patients with rheumatoid arthritis and dermatomyositis or polymyositis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. Similar expression of CD45R0 and CD57 on CD4+CD28null T cells in 
patients with dermatomyositis or polymyositis and rheumatoid arthritis. Statistical 
analyzes were done by Mann Whitney test. 
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4.3.7 Summary of Paper III 

In conclusion, we have shown that CD28null T cells are the dominant T cell subset in the 
inflamed muscle tissue of patients with dermatomyositis and polymyositis. The 
frequency of CD8+ T cells in the muscle correlate with disease activity and the sizes of 
both CD4+CD28null and CD8+CD28null T cell populations in blood decrease with 
increased disease duration. In the circulation the frequencies of CD4+CD28null and 
CD8+CD28null T cells were strongly associated with CMV infection. However, CD28null 
T cells were also present in the muscles of patients seronegative for CMV. Therefore, 
different agents might cause the expansion of CD28null T cells in these disorders. Most, 
if not all, might involve IFN-α secretion by pDCs. Possibly, induction of IFN-α could 
be induced by autoantibodies and CMV in different subset of patients. Also, the 
opposite access to the major target organs in dermatomyositis and polymyositis 
compared to rheumatoid arthritis, together with the functional diversity of 
CD4+CD28null T cells in the two groups of diseases, this might indicate different roles 
of CD4+CD28null T cells in different inflammatory disorders. 
 
 
 
4.4 ACTIVATING NK CELL RECEPTORS SYNERGISTICALLY 

COSTIMULATE CD4+CD28null T CELLS IN RHEUMATOID 

ARTHRITIS (PAPER IV) 

 
Several studies have shown that CD4+CD28null T cells (referred to as CD4+CD28- T 
cells in Paper IV) have upregulated the expression of receptors historically associated 
with NK cells [16, 17, 274]. Some of these have also been investigated with regard to 
their activating or inhibiting functions in this subset of T cells [15, 17, 274]. In Paper 
IV we have analyzed CD4+CD28null T cells from patients with rheumatoid arthritis for 
the expression of a broad array of NK receptors and investigated the stimulatory 
properties of a selection of these. 
 
In Paper IV the expression of only a few of the investigated NK receptors are 
presented. The results from the whole screening of receptors are shown in Figure 15. I 
will start this chapter by briefly presenting all NK receptors included in this screening 
and our observations of the expression on CD4+CD28null T cells. Thereafter the focus 
will be on the functional results presented in Paper IV. 
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4.4.1 CD4+CD28null T cells express a selected repertoire of NK receptors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15 Expression of NK cell receptors on CD4+ T cells. The frequencies of (A) 
CD4+CD28null and (B) CD4+CD28+ T cells expressing the indicated receptors. The 
results are based on data from 4-23 screened patients. Only 4 patients were analyzed 
for NKp30, NKp44 and NKp46. 
 
In order to confirm the differentiated phenotype of the CD4+CD28null T cell populations 
investigated in Paper IV we identified these cells as CD57 positive. CD57 is also 
found on NK cells and on highly differentiated CD8+ T cells [52]. The regulatory 
function of CD57 on T cells and NK cells is not clear. 
 
2B4 (CD244) interacts with CD48 and stimulate or inhibit cytotoxicity and IFN-γ 
secretion by NK cells, dependent on their differentiation/activation status [275]. 2B4 
has also been described to be expressed by the CD28 negative population of CD8+ T 
cells, but without activating properties [276, 277]. On CD4+ T cells the expression of 
2B4 has been demonstrated on those cells expressing KIRs, which we and other have 
shown to be the CD28null subset [16, 27], Paper I. The regulatory function of 2B4 on 
CD4+ T cells is however hitherto unknown. In Paper IV we describe 2B4 to be 
expressed by most cells of the CD4+CD28null T cell subset. 
 
DNAM-1 can enhance cytolysis by NK cells and CD8+ T cells when ligated with polio 
virus receptor (PVR, CD155) or Nectin-2 (CD112). Additionally, DNAM-1 has been 
shown to drive Th1 differentiation and proliferation of DNAM-1-transfected naïve 
CD4+ T cells [278-280]. Also a study by Dardalhon and colleagues suggested DNAM-
1 to be a specific marker for Th1 cells in mice [281]. In line with the Th1 profile of 
CD4+CD28null T cells, DNAM-1 was expressed by a majority of these cells, and as 
could be expected, by a fraction of the CD4+CD28+ T cells, possibly displaying a Th1 
phenotype. 
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NKG2D is an activating receptor on NK cells which interacts with the stress-induced 
ligands MHC class I chain (MIC), as MICA, MICB and ULBPs [282, 283]. Previous 
studies have shown enhanced response to TCR stimulation of both CD4+ and CD8+ T 
cells with co-ligation of NKG2D [17, 284]. In the inflamed joint of patients with 
rheumatoid arthritis the only NKG2D-expressing CD4+ T cell subset was the CD28-
negative, and MIC was expressed by synovial fibroblasts [17]. Our results support the 
expression of NKG2D on CD4+CD28null T cells. 
 
CRACC (CD319, CS-1) is a self ligand, hence bind other CRACC molecules, which 
activates natural cytotoxicity by NK cells [285]. It has also been described on CD8+ T 
cells and a small subset of CD4+ T cells. Our results show that CRACC is expressed by 
almost all cells in the CD28null subset of the CD4+ T cells, but not on the pool of 
conventional CD4+CD28+T cells. CRACC would therefore be a good positive surrogate 
marker for CD4+CD28null T cells. The regulatory function of CRACC on T cells is 
unknown. 
 
CD56 but not CD16, as the prototypic markers for NK cells, was expressed but to 
varying extent by CD4+CD28null T cells, with a range from 1-95%. The function of 
CD56 on NK cells is not clear, while CD16 is the Fc gamma receptor III (FcγIIIR) 
involved in ADCC [286, 287]. The very limited expression of CD16, together with no 
convincing reports of the expression of CD32 (FcgRII) and CD64 (FcgRI) on CD4+ T 
cells, imposes that CD4+CD28null T cells are not able to kill target cells by ADCC. 
 
NKG2A and NKG2C form heterodimers with CD94. Ligated with HLA-E, which 
present leader peptides from other MHC class I molecules, NKG2A and NKG2C have 
inhibitory and stimulatory effects on NK cells, respectively. Ligation of NKG2A and 
NKG2C can reduce and inhibit TCR-induced cytotoxicity by CD8+ T cells [288]. 
NKG2A displays similar inhibitory effects on TCR-stimulated cultured CD4+ T cells 
[289], while ligation of NKG2C augmented TNF and IFN-γ production as well as 
proliferation [290]. Our data show that CD4+CD28null T cells from different patients 
express NKG2C and NKG2A to a varying degree. Interestingly, when these receptors 
were expressed, a larger proportion of the CD4+CD28null T cells expressed the 
activating NKG2C than the inhibitory NKG2A, indicating a skewed balance between 
these two receptors. The opposite NKG2C:NKG2A ratio has been shown for CD8+ T 
cells in blood donors considered healthy [291]. It would be interesting to investigate the 
balance between these two receptors on the same cells. 
 
CD161 is expressed by almost all NK cells in peripheral blood and ligation with its 
natural ligand LLT1 on target cells results in a reduced cytotoxic killing [292]. The 
regulatory function of CD161 on T cells might be the opposite, as a study from Exley 
and colleagues showed co-stimulation of anti-CD3 stimulated Vα24+ Vβ11+ invariant 
NK T cells by ligation of CD161 [293]. The impact on TCRαβ T cells is not known. 
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CD161 is known to be expressed by CD4+CD28null T cells but also on CD4+CD28+ T 
cells [16]. Our data show similar distribution of CD161 on both CD4+ T cells subsets. 
 
Another receptor that has inhibitory effects on NK cells is Lir-1/CD85j [294]. 
However, in contrast to the analogy of CD161 displaying the opposite function on T 
cells, Lir-1 also inhibits CD4+ T cell lines [295]. The ligands are a broad range of MHC 
class I molecules (HLA-A,-B,-C,-E,-F,-G) and the CMV coded protein MHC class I 
homologue gpUL18 [296-298]. Our data show that Lir-1 is predominantly expressed by 
the CD28null subset of CD4+ T cells. Together these data imply that CD4+CD28null T 
cells might be blocked to exert effector functions to CMV infected cells expressing 
gpUL18. 
 
KIR are receptors interacting with HLA-A, -B and -C on tissue cells [299]. Different 
KIR isoforms bind different MHC class I allotypes, e.g. KIR2D binds HLA-C, while 
subsets of HLA-B and HLA-A molecules are the ligands for KIR3D receptors [300, 
301]. The receptors can either be inhibitory or activating. The inhibitory receptors 
comprise a long, indicated by “L” in the receptor name e.g. KIR2DL2, intracellular 
domain containing immunoreceptor thyrosine-based inhibition motifs (ITIM) which 
generate inhibitory signals upon ligation. The activating KIRs have a shorter 
intracellular domain, indicated by “S”, which lack ITIM and generate stimulatory 
signals via the intracellular adaptor protein DAP12 [302]. Although there is a wide 
homology between the stimulatory and inhibitory KIRs of the same isoforms, the 
ligand binding properties might not be the same between the two. This has been 
exemplified by the KIR2DL2 and KIR2DS2 receptors, where KIR2DL2 bind HLA-C 
with higher affinity than KIR2DS2 [300, 303]. It is interesting that CD4+CD28null T 
cells in patients with rheumatoid arthritis as well as vasculitis, were shown to express 
KIR2DS2 and that the corresponding inhibitory KIR2DL2 were less expressed by these 
cells [246]. Ligation of KIR2DS2 could mediate a TCR-independent killing of target 
cells by a subset of CD4+CD28nullKIR2DS2+ T cell clones expressing DAP12 [13]. In 
the absence of DAP12, which seems to be the most common phenotype, KIR2DS2 
ligation could only augment IFN-γ secretion after suboptimal anti-CD3 stimulation of 
CD4+CD28null T cells [15]. We have used three different antibodies detecting specific 
KIRs. In line with previous publications, the monoclonal antibodies detecting the set of 
receptors including the KIR2DS2 receptor were overrepresented in our patients with 
rheumatoid arthritis. 
 
The natural cytotoxicity receptors including NKp30, NKp44 and NKp46 act as 
independent activating receptors on IL-2 activated NK cells, and are co-activating on 
primary NK cells [304-306]. The ligands for these receptors are not known. Our results 
demonstrate a complete absence of these receptors in CD4+ T cells and are in line with 
previous studies. 
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Assuming that the inhibitory and stimulatory NK receptors mediate effect with the 
same quality on T cells as for NK cells, the expression patterns on CD4+CD28null T 
cells indicate that these cells can be activated by ligation of 2B4, DNAM-1, NKG2D, 
CRACC, NKG2C or activating KIRs, and inhibited by crosslinking of NKG2A, Lir-1 
and inhibitory KIRs. If so, the ligands regulating cytotoxicity and secretion of IFN-γ by 
CD4+CD28null T cells are amongst others CD48, PVR/Nectin-2, MIC-related 
molecules, CRACC, and MHC class I. 
 
Most studies investigating the regulatory function on NK cells are performed on cells 
cultured in IL-2. A recent study from Bryceson and colleagues shows that there are 
major differences in function and regulation between primary and IL-2-cultured NK 
cells [306]. The few studies investigating how these receptors regulate T cells are also 
based on T cell clones or T cell lines. It is possible that cultured T cells, as for NK cells, 
might display different sensitivity to stimulation compared to primary T cells [15, 17, 
290]. Nevertheless, activating signals for CD4+ T cells by MHC class I, through the de 
novo expressed receptors discussed above, are contrasting to the dogma of a MHC class 
II-restricted activation of CD4+ T cells. This might open up for more promiscuous 
antigen recognition, with a possibility of also receiving stimulatory signal from more 
than one antigen, and antigens not negatively selected for in thymus. 
 
 
4.4.2 NK receptors synergistically costimulate CD4+CD28null T cells 

In order to investigate the inhibitory or stimulatory effects by ligation of NK receptors 
on primary CD4+CD28null T cells we used an assay based on P815 cells expressing 
FcγII receptors coated with monoclonal antibodies to the receptors of interest. The 
presented results summarize data for CD4+ T cells in PBMCs from eight patients with 
rheumatoid arthritis.  
 
None of the receptors alone could activate or costimulate anti-CD3-stimulated T cells. 
However, co-ligation of combinations of 2B4, DNAM-1 and NKG2D could enhance 
the CD28null T cell response to suboptimal TCR stimulation. The increase was between 
45-79% compared to stimulation by anti-CD3 alone. In line with the absence of these 
receptors on the CD4+CD28+ T cell subset, the response from these cells was not 
affected. Apparently, all combinations that mediated co-stimulation included ligation of 
2B4, while cross-linking of DNAM-1 together with NKG2D did not augment the 
response. We therefore suggest 2B4 to be higher in the hierarchy than DNAM-1 and 
NKG2D. A recent study by Bryceson and colleagues investigated the regulatory 
capacity of a number of receptors on NK cells including, NKp46, 2B4, DNAM-1, 
NKG2D and CD2 [306]. With the exception of NKp46, which was not expressed by T 
cells (Figure 16) and CD2 which was not included in our study, the synergy and 
hierarchy in the stimulatory capacity was similar in resting primary human NK cells 
and CD4+CD28null T cells. The hierarchic order of these receptors is (in descending 
order): NKp46, 2B4, DNAM-1, NKG2D and CD2 [306]. 
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One major difference between NK cells and CD4+CD28null T cells remain – NK cells 
can be activated by ligation of these receptors, while T cells are only co-stimulated. 
Hereby, antigen specificity might be maintained and the risk for hazardous T cell 
responses to self-antigens is reduced. We have not shown a lowering of the threshold 
for activation. Instead our results indicate that co-stimulation of suboptimal TCR 
stimulation by the ligands for 2B4, DNAM-1 and NKG2D can increase the response to 
cells displaying a low expression of MHC class II molecules. Downregulation of MHC 
has been shown to be one mechanism for immune evasion by a number of different 
viruses, like CMV [247], herpes simplex virus (HSV-1) [307] and EBV [308], causing 
persistent infections. In fact the expression of many of the ligands for the NK receptors 
displayed in Figure 16, are changed during CMV infection, or mimicked by CMV-
coded proteins: UL40 ligate NKG2A/C [250], UL16 ligate NKG2D [309], UL18 ligate 
Lir-1 [294], and downregulation of CD155 by IL141 [310]. 
 
One might speculate that an increased response to a low or normal expression of MHC 
by healthy tissue, could be elicited by bystander co-stimulation of neighboring cells 
expressing ligands for 2B4 found on most hematopoietic cells, and/or the ligands for 
DNAM-1 expressed by endothelial, epithelial or fibroblast cells found in most tissues. 
[311, 312]. However, with the studies showing the importance of a APC:T cell synapse 
formation in T cell activation, a physical bystander activation from cells in the 
periphery might appear less likely. 
 
 
4.4.3 Qualitative response by CD4+CD28null T cells to costimulation by NK 

receptors 

In addition to the quantitative differences discussed above, we also investigated the 
qualitative changes as a consequence of different levels of TCR stimulation or co-
stimulation by NK receptors. IFN-γ production and cytotoxicity indicated by 
upregulation of CD107a on the cell surface was used as read-outs. We defined a high 
quality response as cells expressing both IFN-γ and CD107a. The highest qualitative 
response was acquired after optimal anti-CD3 stimulation, generating both cytokine 
production and cytotoxicity in about 30% of the CD4+CD28null T cells. Approximately 
40% of the cells only displayed degranulation and the remaining one-third produced 
only IFN-γ. As expected, lower anti-CD3 stimulation generated a lower quantitative 
response, that is, less responding cells. Also, the quality of response was reduced, since 
only 6% displayed multifunctional effector functions, and the frequency of cells 
responding by degranulation now represented a larger fraction of the responding cells, 
70%. 
 
Since ligation of different combinations of NK receptors could costimulate and 
significantly increase the frequencies of responding cells, we also tested whether co-
stimulation by these NK receptors could restore the high quality of response. 
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Surprisingly, the frequency of cells responding by both cytokine secretion and 
cytotoxicity remained the same as for stimulation with suboptimal anti-CD3 alone. 
 
In Paper IV we also demonstrate the significance of CD4+CD28null T cells in the total 
polyclonal response by CD4+ T cells. Despite that the CD28null subset in the CD4+ T 
cell population only constituted of about 15%, still between 80-90% of the responding 
CD4+ T cells in all patients was from the CD28null subset. This was the case after both 
suboptimal and optimal anti-CD3 stimulation. 
 
 
4.4.4 Summary of Paper IV 

To summarize the results from this study, we have demonstrated that CD4+CD28null T 
cells express a wide range of NK receptors, possibly with a skewed balance to the one 
with stimulatory capacity. At least a subset of these receptors is fully functional and 
synergistically co-stimulates suboptimal TCR stimulation of CD4+CD28null T cells in a 
pattern resembling the regulation of NK cells. Together these results suggest that 
CD4+CD28null T cells could function with increased responsiveness even under 
conditions when the TCR stimulation is limited, for example during chronic virus 
infections. 
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5 SUMMARY OF THE THESIS 
 
Expanded subsets of CD4+ T cells with a particular phenotype, referred to as 
CD4+CD28null T cells, have been reported in rheumatoid arthritis and a number of other 
chronic inflammatory disorders which commonly display T cell infiltrates in the major 
target organs [23, 24, 219]. In this thesis we have investigated the functional 
characteristics and clinical relevance of CD4+CD28null T cells in patients with 
rheumatoid arthritis and idiopathic inflammatory myopathies. The CD8+CD28null T cell 
subset was also analyzed in idiopathic inflammatory myopathies since the infiltrates 
typically also contain CD8+ T cells. 
 
Despite increased frequencies of CD4+CD28null T cells in the circulation of patients 
with rheumatoid arthritis, these cells were rarely present in the inflamed joints, neither 
in fluid nor tissue. Interestingly, in half of the investigated patients CD4+CD28null T 
cells in the circulation and the joint displayed a different TCR-Vβ usage. Functionally 
the bulk of CD4+CD28null T cells from peripheral blood and synovial fluid showed a 
similar functional phenotype including rapid secretion of cytokines like IFN-γ and 
TNF, and vigorous proliferative capacity. In peripheral blood we could also identify a 
subset of CD4+CD28null T cells being CD45RA+ and lacking the capacity to proliferate. 
These cells were considered to be the terminally differentiated subset of the 
CD4+CD28null T cell population. 
 
Screening for the expression of NK cell receptors on CD4+CD28null T cells isolated 
from peripheral blood of patients with rheumatoid arthritis revealed a significant 
expression of a number of receptors that are not found on conventional CD4+CD28+ T 
cells. Functional analyses showed that a selection of these receptors were fully 
functional and in a synergistic pattern could costimulate response to suboptimal TCR 
stimulation. Ligation of these receptors did however not influence the quality of the 
response, which despite belonging to the CD4+ T cell population was dominated by 
degranulation corresponding to cell-mediated cytotoxicity. 
 
The frequencies of CD4+CD28null T cells in peripheral blood and in the inflamed joints 
did not correlate with erosive disease or the presence of ACPA. Instead, CD4+CD28null 
T cell were only found in peripheral blood and synovial fluid of patients seropositive 
for CMV. Additionally, CD4+CD28null T cells from both the synovial compartment and 
the circulation displayed antigen-specificity to CMV-derived antigens. 
 
Patients with dermatomyositis and polymyositis also had increased frequencies of 
CD4+CD28null and CD8+CD28null T cells in peripheral blood, but in contrast to patients 
with rheumatoid arthritis, these cells also dominated the T cell infiltrates of the 
inflamed muscle tissue. Moreover, the frequency of CD8+ T cells, predominantly of the 
CD28null subset, was strongly correlated with disease activity. The frequencies of 
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circulating CD28null T cells increased with increasing age, but decreased with 
increasing disease duration, possibly indicating an association to the pathogenesis. The 
strongest association was found between CMV seropositivity and the presence of 
circulating CD28null T cells. In addition, CD28null T cells responded to stimulation by 
CMV-derived peptides. Patients lacking myositis-specific/associated antibodies showed 
a significantly increased frequency of seropostivity for CMV. This indicates that there 
could be at least two different mechanisms initiating the disease, one involving CMV 
and the other characterized by the presence of autoantibodies. In both disease subsets 
CD28null T cells were the dominating T cell subset in the inflamed muscle tissue. 
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6 CONCLUDING REMARKS 
 
CD4+CD28null T cells are potent effector T cells combining features of CD4+ T cells 
and NK cells and contribute to about 80-90% of the early T cell response after 
polyclonal activation. The dominating response is cell-mediated cytotoxicity, followed 
by secretion of cytokines associated with a Th1 immune response. Although expression 
of a wide range of NK receptors, activation of CD4+CD28null T cells is dependent on 
TCR stimulation. Ligation of the NK receptor revealed a costimulatory function which 
can increase response to suboptimal TCR stimulation with up to 80%. The restricted 
TCR repertoire implies specificity to a limited number of antigens, which at least to 
some extent are derived from CMV 
 
The association to CMV is supported by the presence of circulating CD4+CD28null T 
cells only in rheumatoid arthritis patients seropostive for CMV-specific IgG antibodies. 
Despite that CD4+CD28null T cells are frequently found in the circulation of patients 
with rheumatoid arthritis, they are only found in low frequencies in the inflamed joints. 
Additionally, CD4+CD28null T cells are not associated with erosive disease or ACPA 
seropositivity. Based on the studies in this thesis I propose that the role for 
CD4+CD28null T cells in rheumatoid arthritis is in fighting CMV infections situated 
primarily outside the joints. As a growing number of studies indicate a role for 
CD4+CD28null T cells in cardiovascular events, one of these extra-articular sites might 
be CMV-infected artery walls. Thus, a possible pathogenic role for CD4+CD28null T 
cells in patients with rheumatoid arthritis might be in the inflammatory processes of 
vasculitis or atherosclerosis. Further studies are needed to confirm this hypothesis. 
 
Dermatomyositis and polymyositis are characterized by oligoclonally expanded CD8+ 
T cells in peripheral blood and inflamed muscle tissue. The data in this thesis show that 
the muscle-infiltrating T cells are dominated by CD4+CD28null and CD8+CD28null T 
cells. The strong correlation between the frequency of CD8+ T cells in the muscle and 
disease activity in polymyositis strengthen the notion of a role for CD8+CD28null T cells 
in the pathogenesis. Circulating CD28null T cells in both the CD4+ and CD8+ T cell 
populations are associated with infection by CMV, and decrease with increasing 
disease duration. While expanded populations of CD4+CD28null T cells only are found 
in the circulation of CMV seropositive patients, CD28null T cell are present in the 
muscle tissue of both CMV seropositive and seronegative patients, indicating that T 
cells can differentiate into the CD28null phenotype locally in the muscle. The 
overrepresentation of CMV seropositivity in patients without autoantibodies might 
indicate different aetiology in subsets of patients within the same disease entity.  
 
This thesis demonstrates that CD28null T cells might be clinically relevant subsets in 
patients with rheumatoid arthritis and idiopathic inflammatory myopathies. The strong 
correlation between CD28null T cells and CMV implies that clinical manifestations 
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associated with increased frequencies of CD4+CD28null T cells might be resolved by 
antiviral treatment quenching the CMV infection, rather than immunosuppressive 
therapy. The effects of specific elimination of CD4+CD28null T cells are hard to predict. 
While this could lead to a reduced tissue-destructing inflammation mediated by these 
cells, the control of CMV infections will be inhibited, leading to virus dissemination 
and possible more severe tissue damage by other immune mechanisms. 
 
I hope that the results presented in this thesis have generated a basis for future studies 
leading to new therapeutic approaches and less suffering from rheumatic diseases. 
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