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T cells in myositis
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Abstract

T cells of both the CD4 and CD8 lineage are commonly
found in affected tissues of patients with idiopathic
inflammatory myopathies, but understanding the
contribution of these cells to immunopathogenesis
remains challenging. Given recent advances in
identifying more myositis-associated autoantibodies
and their putative targets, we suggest that studies

on autoreactive T cells targeting those autoantigens
are one way forward. Another (so far, more frequently
used) approach comes from studies on effector T cells
in the context of myositis. This review summarizes
recent advances and current hypotheses in both of
these contexts.

Background

Idiopathic inflammatory myopathies (IIMs), also known
as myositis, are a group of rheumatic disorders clinically
characterized by muscle weakness, leading to disability,
decreased quality of life, and a reduced life expectancy.
Although this is a relatively rare disease, our under-
standing of risk factors and the underlying immuno-
pathogenesis has increased substantially in recent years.
(See reviews by Betteridge et al. [1], Chinoy et al. [2], and
Rayavarapu et al. [3] published in 2011.)

Myositis shares many features with rheumatoid arthritis
and systemic lupus erythematosus, namely as different
examples of disabling chronic inflammatory syndromes,
which can be reevaluated in the light of distinct genetic
and environmental contributions [4]. Common traits
between these rheumatic disorders include a major histo-
compatibility complex (MHC) class II association, in-
flammatory cell infiltrates in affected tissues, and the
presence of predictive or disease activity-associated
autoantibodies (or both). Taken together, these
observations point to a central role for adaptive immune
reactions in disease manifestation.
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The spectrum of inflammatory myopathies is getting
broader, and the classification criteria for the IIMs,
designed by Tony Amato on behalf of the Muscle Study
Group, proposed the following categories: (i) inclusion
body myositis, (ii) polymyositis (PM), (iii) dermatomyo-
sitis (DM), (iv) non-specific myositis, and (v) immune-
mediated necrotizing myopathy [5]. Some IIMs share
common histopathological features of leukocyte infiltra-
tion, preferentially T cells and macrophages in skeletal
muscle tissue, whereas others display no or spare peri-
vascular and perimysial infiltrates. Novel studies of this
latter group which are based on detailed immuno-
pathology suggest that the predominant abnormal histo-
logical feature is instead membrane attack complex
(MAC) deposition on the sarcolemma in both non-
necrotic and necrotic muscle fibers [5,6]. Many patients
have manifestations besides in the muscles, such as in the
lungs (mostly PM), skin (DM), and sometimes in the
joints. Additionally, some patients display more than one
rheumatic diagnosis, and systemic sclerosis is the most
common connective tissue disease associated with I[IM
[71.

Both CD4* and CD8* T cells have been described to be
present and active in patients with myositis. The presence
of cytotoxic CD8" T cells has been attributed to virus or
intracellular bacterial infections, which would generate
potent effector cells. CD8" T cells are often subdivided
on the basis of their differentiation level, firstly into naive
and activated/memory T cells; the latter subset can be
further subdivided in three groups (central memory
T cells (T,,,), effector memory T cells (T,,)) and T, ..)
on the basis of their surface expression of different lymph
node homing markers [8]. A summary of candidate
infectious agents associated with myositis was published
recently [9].

The presence of CD4* T cells could also be associated
with infectious agents, but in the context of myositis, it is
more likely that these cells develop as a consequence of
an autoimmune reaction [1]. Owing to how immune
responses are orchestrated by CD4 cell-derived cyto-
kines, CD4* T cells are traditionally regarded as helper
cells. Indeed, the most common way of subdividing CD4
T cells is based on secretion of specific cytokines,
together with activity of so-called master transcription
factors. In this fashion, CD4 T cells can be subdivided
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into different T helper subsets such as Thl, Th2, Th9,
Th17, and Th22 and regulatory T (Treg) cells [10]. How-
ever, in recent years, it has become clear that CD4*
T cells can also differentiate into cytotoxic effector cells
reminiscent of CD8 cells and natural killer (NK) cells
[11]. Such cells have been named CD4*CD28null T cells
and fall outside of the classic T helper subsets. They
represent terminally differentiated cells, which in
addition to being potent interferon-gamma (IFNy) and
tumor necrosis factor (TNF) producers have acquired
many NK-related receptors and cytotoxic capacity by
expressing both perforin and granzymes [12].

It is well established that T cells can be found at all of
the different sites of disease manifestations in patients
with myositis. But the importance of the presence of
these cells is still a matter of debate, as is their antigen
specificity. In recent years, an increasing number of
myositis-associated and myositis-specific autoantibodies
have been identified. The targets of those autoantibodies
might represent different candidate autoantigens [1].
Clearly, such data implicate antigens that could also be
studied with regard to T-cell function. Below, we will
discuss T cells in the three major affected tissues in
patients with myositis rather than in subgroups according
to the classic disease sub-entities PM, DM, and IBM.

Muscle-infiltrating T cells

The main manifestations, shared by all three subsets of
myositis, are proximal muscle weakness and muscle
fatigue. Some patients have persistent cellular infiltrates,
which are associated with sustained muscle weakness.

How do the first T cells migrate to muscle?

There have been ample efforts in dissecting how and
which T cells (and other inflammatory cells) migrate into
muscle. Here, chemokines govern the migration of leuko-
cytes to sites of inflammation (Figure 1), and several
studies have addressed this issue and demonstrated
expression of the a-chemokines CXCL9 and CXCL10
and the B-chemokines CCL2, CCL3, CCL4, CCL19, and
CCL21 in IIM muscle. The chemokines can be produced
by infiltrating inflammatory cells but potentially also by
muscle fibers themselves. The reason why muscle fibers
would express chemokines could be infection, trauma,
and genetic predisposition.

Although many studies have investigated mRNA from
muscle biopsies, making it difficult to elucidate the cellular
source of the chemokines, there are data that IIM muscle
fibers themselves can produce chemokines. In this context,
CCL2 expression has been demonstrated by immuno-
histochemical staining of muscle biopsies [13,14] and in
myoblast cell cultures in which co-stimulation with IL13
leads to elevated CCL2 mRNA levels [15]. CCL2 is a
chemoattractant for CCR2- and CCR4-expressing cells,
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Figure 1. Chemokines regulate the migration of infiltrating
cells. Stressed or damaged muscle fibers secrete chemokines, which
will attract inflammatory cells. The infiltrating cells will also secrete
chemokines attracting even more cells and creating a loop. DC,
dendritic cell; Th1, T helper 1.

including monocytes, memory T cells, and dendritic
cells. Additional chemokines are interesting in this context,
such as CCL3 and CCL4, which are chemoattractants for
macrophages and T cells, and CCL3 is a potent regulator
of Thl-committed T cells. Indeed, a significant
upregulation of CCL3 had been demonstrated in IBM
myofibers. Both CCL3 and CCL4 are present in muscle-
infiltrating mononuclear cells in DM, PM, and IBM [16].

Similarly to the traffic via high endothelial venules into
lymph nodes, CCR7-CCL19 interaction has been sug-
gested to contribute to amplifying/sustaining T-cell traffic
to sites of inflammation. Also, muscle fibers positive for
this chemokine and infiltrating lymphocytes positive for
the receptor have been demonstrated [17]. Further
dissection for extranodal lymphoid microstructures has
been performed, and indeed such structures can be
found [18]. The existance of such lymph node structures
indicates that lymphocyte activation and differentiation
could take place within the muscle, and there is support
from studies of B cells, plasma cells, and immunoglobulin
sequences that plasma cell differentiation can take place
in this location [19].

A common observation in biopsies of affected muscle
from patients with IIM is the focal distribution of the in-
flammatory infiltrates. The reasons behind this have not
yet been delineated, but it is tempting to speculate that
migration of the first cells into muscle is a rare event.
Once a few inflammatory cells have entered the muscle, a
feedback loop is started because of chemokine produc-
tion by the inflammatory cells.

Which T cells are found in affected muscles?

A long-standing dogma has been that CDS8 cells are more
common in PM and IBM but that CD4 cells are more
pronounced in DM. T-cell receptor (TCR) profiling by
performing CDR3 spectratyping of the TCR Vf chains
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for CD8* T cells in PM and IBM demonstrated that CD8
T cells (potentially autoreactive) are clonally expanded
and can persist for years [20-22]. A strong bias of Vf
expression in the IBM muscle as compared with the
corresponding blood further suggests that the T cells are
clonally expanded in situ, or are specifically recruited to
the muscle, and may be driven by muscle-specific auto-
antigens [20]. However, within the V[ subfamilies, there
was a high variability in clonal restriction between
patients for both PM [23,24] and IBM [25,26], possibly
suggesting the presence of several local autoantigens and
epitope spreading. For CD4* T cells, in contrast, CDR3
spectratyping has revealed much more polyclonal
patterns [21]. This, together with the observation that
many muscle-infiltrating cells express perforin or gran-
zyme B or both, could be seen as evidence for an exclu-
sively cytotoxic CD8 T cell-mediated immunopathology.
However, CD4 T cells have been less studied, but it has
been demonstrated that CD4* T cells can be a major part
of the muscle infiltrate [12], so more studies are needed
to fully evaluate this. Moreover, today we know that
CD4*CD28null T cells predominate the infiltrate in
affected muscle and those cells express cytotoxic effector
substances [12,27], allowing us to reevaluate older find-
ings in a new context.

FOXP3* Treg cells are critical cells in maintaining
immune homeostasis and preventing autoimmune and
chronic inflammatory disease. Therefore, it is appealing
to suspect that patients with IIM may have a numerical
deficit in Treg cells. This was, however, not the case [28],
and similar data exist for other rheumatic diseases. An
alternative hypothesis is that the Treg cells are func-
tionally deficient or that the inflammatory milieu does
not allow Treg cell suppression as indicated in rheu-
matoid arthritis [29]. During investigations of biopsies
before and after glucocorticoid therapy, both the overall
T-cell count and the Treg cell count were reduced after
therapy whereas persistent CD4*CD28null T cells could
be observed [30].

How could T cells perpetuate local disease?

Cytokine staining of muscle biopsies has demonstrated
only modest levels of T cell-derived cytokines. However,
since many cytokines function directly on neighboring
cells, this could be due in part to rapid consumption.
Another interesting effector function is the perforin/
granzyme B axis and its effect on muscle fibers (Figure 2).
We recently started to address whether CD28null T cells
could directly interact with muscle fibers by an autolo-
gous co-culture system, and we have preliminary data in
support of this [31]. A granzyme attack normally would
be expected to induce apoptosis in the affected cell, but
one needs to remember that muscle fibers are multi-
nucleated cells and, as such, may not undergo classic
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Figure 2. Phenotype and effector functions of muscle-infiltrating
T cells. Perforin and granzyme B-positive cells are abundant in
mononuclear cell infiltrates in affected muscle. Not only CD8* but
also CD4+CD28null T cells express these effector molecules. IFN-y,

interferon-gamma; Th1, T helper 1.

apoptosis [32]. Instead, one could think that the common
observation of regenerating fibers could be a result of
such an insult. Such regenerating fibers also express high
levels of Jo-1, one of the candidate autoantigens [33]. In
the context of CD28null T cells, an additional concern is
their longevity, and this subset is the reason why persis-
tent infiltrates are sometimes seen even after aggressive
therapy [30].

Skin-infiltrating T cells

DM is the IIM subtype that affects both skin and muscle.
Historically, this disease has been looked upon as more
CD4-driven than PM and IBM. Granzyme B-expressing
T cells have been found in other rheumatic diseases with
skin involvement (such as systemic lupus erythematosus)
but were found to be low in DM [34]. Also, the degree of
FOXP3* cells has been reported to be low [35,36]. In
contrast, type I IFN appears strong in affected skin of
patients with DM [37] and could lead to accumulation of
CXCR3* lymphocytes. Indeed, enrichment of CXCR3*
cells has been reported in DM skin [38]. Another
interesting T-cell population, CXCR5" T helper cells, has
been studied in peripheral blood of patients with juvenile
DM and found to display Th2 and Th17 activities and to
be associated with disease activity [39].

Lung involvement in myositis

Interstitial lung disease (ILD) is a heterogeneous group of
non-infectious lung disorders characterized by inflamma-
tory cell infiltration and interstitial fibrosis. It remains one
of the greatest contributors to morbidity and mortality in
myositis [40] and is associated with a poor quality of life
for patients with myositis. Myositis-associated ILD is
closely linked to the appearance of autoantibodies raised
against anti-histidyl tRNA synthetase (Jol) and the so-
called anti-synthetase syndrome [41]. In anti-Jo-1*
patients, there are a few reports on T lymphocytes with
specificity toward this particular autoantigen (reviewed in
[42]). Additionally, T cells from bronchoalveolar lavage
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Figure 3. Autoimmunity could be initiated in lung and perpetuated in muscle. Epidemiologic studies suggest cigarette smoking as a key
environmental risk factor. Smoking, or other irritants, could initiate Jo-1 cleavage or modification. Granzyme B-cleaved Jo-1 will attract mononuclear
cells, which can process and present the Jo-1 autoantigen to the immune system. Similarly, Jo-1 is overexpressed in affected muscle and hence a
similar pathway as described for the lung could also perpetuate adaptive immune reactions in the muscle. DC, dendritic cell; NK, natural killer; Th1,
T helper 1.

fluid from patients with myositis-associated ILD showed
a strong bias toward Vbeta3 T-cell receptor expression as
compared with healthy controls, suggesting a specific
role for T cells in the development of ILD [43,44].

Since ILD often precedes myositis symptoms, it is
suggested that the autoimmune reaction might start in
the lungs (Figure 3). Indeed, it has been demonstrated
that the Jol antigen is highly expressed in the lung com-
pared with other organs [33]. Interestingly, a proteo-
lytically sensitive conformation of Jo-1 is found in the
lungs and leads to cleavage by granzyme B [45].
Granzyme B generates unique fragments of this auto-
antigen. It is suggested that these fragments are taken up
by immature dendritic cells, which get activated, mature
into professional antigen-presenting cells, and stimulate
CD4+* T cells, initiating downstream immune cascades.
Both CD8* T cells and CD4*CD28null T cells may play a
role in cytotoxicity in both the muscle and the lungs.
They could contribute not only to destruction of target
tissues in myositis but also to initiation of autoimmunity
through cleavage of Jol mediated by granzyme B.

The trigger for the initiation of the autoimmune res-
ponse has not yet been clarified. On the one hand, it is
hypothesized that the inflammatory cascade might be
initiated by an infection with an as-yet-unidentified virus
(for example, Coxsackie, influenza, HIV, hepatitis C

virus, and cytomegalovirus) [42]. Those viruses may enter
the respiratory tract, where they may lead not only to cell
death and an associated release of Jo-1 antigen into the
extracellular space but also to a modification of this
enzyme. Another possibility is genetic predisposition to
reduced apoptotic clearance or increased apoptosis in
conjunction with environmental stimuli such as smoking
[46]. The release of Jol and its special conformations into
the extracellular milieu are believed to trigger not only
activation of T cells by antigen-presenting cells but also
migration of cells expressing CCR5, including dendritic
cells and T cells [47], especially Th1 cells that were shown
to express predominantly CCR5 [48]. This may explain an
infiltration of mostly Th1 cells in the lung of patients with
myositis-associated ILD [49]. In addition, it was shown
that there is a disease-specific association between Jo-1,
ILD, and serum levels of CXCL9 and CXCL10 [50], two
IEN-y inducible chemokines attracting CXCR3-express-
ing cells, including NK and Th1 cells, further enhancing
the infiltration of pro-inflammatory Thl cells and
emphasizing a role for these cells in disease pathogenesis.

T cell-independent autoantibodies?

IgG autoantibodies are generally believed to be a conse-
quence of T-cell help but could potentially arise in a
T cell-independent fashion via the cytokines BAFF
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(B-cell activating factor) and IL-21 [51]. Moreover, high
BAFF levels have been found in the circulation of anti-
Jo-1* patients and an even higher concentration of BAFF
is associated with myositis-associated ILD [52]. This
leads to a higher appearance of B cells and plasma cells
that possibly could locally produce autoantibodies. The
autoantibodies are believed to build immune complexes
with Jo-1 fragments and nucleic acid released from dying
cells, which may activate plasmacytoid dendritic cells
(pDCs). These cells are the major source of type I IFN,
and IFN-a can be detected in muscle, skin, and peripheral
blood of anti-Jo-1* myositis patients where pDCs are
highly enriched [53-55]. IEN-« released by pDCs in turn
upregulates expression of BAFF, creating a positive
feedback loop and ultimately leading to a break of
tolerance. In addition, IFN-a upregulates expression of
intercellular adhesion molecule (ICAM) on lung epithe-
lial cells, enhancing recruitment of even more inflamma-
tory cells and further amplifying the inflammatory
cascade, and furthermore may contribute toward CD28
downregulation and thereby the appearance of the
CD28null phenotype [56].

Since the association between autoimmune IIM and
ILD was initially described, 35 years ago, a great deal of
knowledge has been added, especially regarding diag-
nosis and therapy of myositis-associated ILD. The initiat-
ing trigger and detailed pathogenesis of this disease
remain to be elucidated. Having a closer look at how
myositis-associated ILD is initiated and what major key
players are involved at what time point not only will
improve our understanding of disease mechanisms but
also may reveal therapeutic possibilities.

How to continue dissecting T cells in myositis?
Our understanding of T-cell function and regulation is
continually growing. Transferring this knowledge to
clinical settings can allow the identification of new
biomarkers. But to truly understand the contribution of
T cells to myositis, we will need focused studies in which
patient material is first stratified for autoantibodies and
HLA type and in which autoreactive T cells are charac-
terized in detail.

A third, indirect, way of increasing our understanding
of T cells in this disorder involves studies before and after
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different treatment regimes. Assessing T-cell effector
functionality at baseline and after a given time of therapy
can also reveal T-cell involvement. Ultimately, we may be
able to predict which patients with myositis have a
disease influenced by T cells and which do not and thereby
pave the way for individualized treatment strategies.
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