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1. Introduction

Polymyositis and dermatomyositis, the most important disease subsets in idiopathic
inflammatory myopathies (IIMs), are heterogeneous conditions classically defined by a wide
clinical spectrum including proximal skeletal muscle weakness, skin lesions and systemic
organ involvement, particularly interstitial lung disease, in conjunction with biochemical
and histopathological background of varying degrees of muscle inflammation
(Gunawardena et al., 2008; Gunawardena et al., 2009; Mimori et al., 2007).

Although the exact etiology is still controversial, there is increasing evidence of aberrant
autoimmunity in both entities, closely linked to different patterns of myositis-specific
(MSAs) and myositis-associated autoantibodies (MAAs) (Gunawardena et al., 2009; Mimori
et al., 2007).

Currently recognized as disease biomarkers, myositis-specific autoantibodies have been
identified as key players in IIMs, promoting several pathogenic pathways as they target
cytoplasmic and nuclear proteins involved in basic cellular processes (protein synthesis,
nuclear transcription and translocation), but also being directly connected to phenotype
disease profiles (Betteridge et al., 2007; Gunawardena et al., 2008; Gunawardena et al., 2009;
Mimori et al., 2007).

While several subsets of myositis-specific autoantibodies targeting both classic (aminoacyl-
tRNA synthetases, ARSs, signal recognition particle, SRP, and Mi-2) and newly identified (M],
PMS1, CADM140, p-155/p-140, SAE) autoantigens have been fully described in polymyositis
and dermatomyositis (Gunawardena et al., 2009; Hengstman et al., 2004; Suber et al., 2008), the
most widespread group of myositis-specific autoantibodies is represented by anti-aminoacyl-
tRNA synthetase autoantibodies (Gunawardena et al., 2008; Gunawardena et al., 2009).
Advancing knowledge in the field of synthetases, either antigenic or non-antigenic subtypes,
has been reflected in critical association between genotype, serotype, clinical phenotype and
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78 Idiopathic Inflammatory Myopathies — Recent Developments

therapeutic potential in IIMs (Gunawardena et al, 2008; Gunawardena et al., 2009;
Mammen, 2010).

In this review we emphasize current concepts regarding the pathogenic role, clinical
significance and potential therapeutic implications of aminoacyl-tRNA synthetases and their
specific autoantibodies in idiopathic inflammatory myopathies.

2. Aminoacyl-tRNA synthetases and their specific autoantibodies

New findings on classical and novel aminoacyl-tRNA synthetases and their corresponding
autoantibodies are analyzed in this section.

2.1 Aminoacyl-tRNA synthetases (ARSs)

The aminoacyl-transfer (t) RNA synthetases (ARSs), one of the major targets for
autoimmune response in IIMs, represent a distinct group of cytoplasmic enzymes that
catalyze the binding of specific aminoacids to their cognate transfer RNAs (tRNAs) in an
energy-dependent manner (Hirakata, 2005; Mimori et al., 2007; Wikipedia, 2011).

The ARSs are functionally-related, ubiquitously expressed enzymes involved in protein
synthesis (Betteridge et al., 2007; Gunawardena et al., 2009, Shirakawa et al. 2005). A unique,
immunologically and enzymatically distinct aminoacyl-tRNA is characteristically assigned
to each of the currently known 20 aminoacids (Hirakata, 2005, Mammen, 2010), transferring
the appropriate aminoacid to an elongated polypeptide chain (Mammen, 2010).

Eight autoantigenic synthetases have been identified so far. Six out of eight are recognized
as classical ARSs and are represented by Jo-1 (histidyl-tRNA synthetase: HisRS), PL-7
(threonyl-tRNA synthetase: ThrRS), PL-12 (alanyl-tRNA synthetase: AlaRS), EJ (glycyl-
tRNA synthetase: GlyRS), O] (isoleucyl-tRNA synthetase: IsoRS) and KS (asparaginyl-tRNA
synthetase: AsnRS) (Hirakata, 2005; 7, Mimori et al, 2007; Shirakawa et al., 2005).
Additionally, two novel subsets of synthetases have been recently described as being
autoantigenic, including Zo (phenylalanyl-tRNA synthetase: PheRS) and YRS or Ha (a and
B chains of tyrosyl-tRNA synthetase: TyrRS), respectively (Betteridge et al., 2007; Mimori et
al., 2007).

Specific autoantibodies targeting the aforementioned synthetases have been commonly
encountered in connective tissue disorders, particularly in 25 to 35% of patients with
polymyositis and dermatomyositis (Hirakata, 2005; Mimori et al., 2007; Park et al., 2008).
Based on distinct enzymatic properties, sequence motifs, molecular structure and the site of
initial aminoacylation, ARSs can be divided in two main classes (Betteridge et al., 2007;
Hirakata, 2005; Woese et al., 2000; Wikipedia, 2011). Class I ARSs comprises a multi-
enzymatic complex with anti-synthetasic specificity for nine different amino acids, whereas
Class II ARSs are typically found free and uncomplexed in the cellular cytoplasm. Since O]
or isoleucyl-tRNA synthase is part of such multi-enzyme complex, specific anti-OJ
antibodies can react also against multiple synthetases; however, the specific anti-OJ pattern
is not shaped (Betteridge et al., 2007; Hirakata, 2005; Woese et al., 2000). On the other hand,
five classical synthetases, both Jo-1 and non-Jol subtypes (PL-7, PL-12, E] and KS), are
further classified as Class Il members.

It is widely accepted that not all synthetases are autoantigenic in patients diagnosed with
either polymyositis or dermatomyositis (Hirakata, 2005). Besides, ARSs are not randomly
targeted as several autoantibodies like anti-Jo-1 are more prevalent than the others
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(Hirakata, 2005, Mimori et al., 2007), perhaps directly related to their accessibility and
expression on the cell surface (Hirakata, 2005).

2.2 Anti-aminoacyl-tRNA synthetases auto-antibodies

Overall, eight different autoantibodies reacting with autoantigenic ARSs have been

recognized, specifically described as anti-Jo-1 and anti-non Jo-1 antibodies. The anti-non-Jo-

1 subtypes refer to us as anti-PL-7, anti-PL-12, anti-O]J, anti-EJ, anti-KS, anti-Zo and anti-YRS

or anti-Ha antibodies (Hirakata, 2005; Mimori et al., 2007; Solomon et al., 2011).

Several characteristics of these anti-ARSs autoantibodies have been emphasized (Betteridge

et al., 2009; Hirakata, 2005; Solomon et al., 2011; Targoff, 2008):

e they focus on functionally related protein enzymes (synthetases) implicated in normal
vital cellular cycle, specifically targeting muscle and lung tissue;

e they are highly selective, each autoantibody being directed to only one synthetase;

e they are mutually exclusive in a given patient, with a few exception only a single anti-
synthetase being typically found;

e they are generally associated with particular phenotypes, a characteristic clinical
syndrome being known as “anti-synthetase syndrome”, although distinct profiles are
defined for each autoantibody; and

e they are associated with particular genotypes.

Even thought to represent only disease biomarkers, it seems that anti-synthetase

autoantibodies are active players in the immunopathogenesis of polymyositis and

dermatomyositis. However, if the anti-ARSs autoantibodies are simply epiphenomena or
directly linked to disease mechanisms remain an open question. Several fascinating
paradigms have been effectively anticipated to explain why and how certain intracellular
proteins, widely originating in all cellular types, are selectively and specifically targeted in

IIMs (Betteridge et al., 2009).

Anti-ARS autoantibodies are associated with anti-synthetase syndrome (ASS), classically

defined by several characteristic clinical features including myositis, interstitial lung disease

(ILD), arthritis, fever, Raynaud’s phenomenon and “mechanic’s hands”, in addition to other

typical skin lesions such as Gottron’s papules and heliotrope rash (Betteridge et al., 2007;

Betteridge et al., 2009; Gunawardena et al.,, 2009; Hirakata, 2005). Moreover, distinct

associations between certain anti-synthetases profile and corresponding clinical pattern

have actually been up-dated.

Specific anti-synthetase autoantibodies detected in polymyositis and dermatomyositis and

their target are listed in Table 1.

Anti-Jo-1 Histidyl-tRNA synthetase 15-20
Anti-non-Jo-1

e anti-PL-7 Threonyl- tRNA synthetase 5-10
e  anti-PL-12 Alanyl- tRNA synthetase <5

e anti-O]J Glycyl - tRNA synthetase 5-10
e anti-EJ Isoleucyl - tRNA synthetase <5

e anti-KS Asparaginyl- tRNA synthetase <5

e anti-Zo Phenylalanyl-tRNA synthetase <1

a and P chains
e  anti-YRS (anti-Ha) tyrosyl- tRNA synthetase <1

Table 1. Anti-synthetase autoantibidies in IIMs: targets and frequencies.
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3. Immunopathogenic significance of aminoacyl-tRNAs in myositis

Recent evidences have highlighted the role of autoantigenic aminoacyl-tRNA synthetases
and their specific autoantibodies in the initiation and progression of myositis. Although
the exact sequence of events still remains under debate, several pathways are actually
proposed including (i) enhanced expression of aminoacyl synthetases in different target
tissues, particularly in muscle and lung, (ii) potential role of proteolytic cleavage
fragments of aminoacyl-tRNA synthetases generated during inflammation and apoptosis
in lesional tissues (muscle and lung), and (iii) autoantigen signaling through chemokine
receptors with subsequent amplification of the inflammatory and autoimmune response
(Hirakata, 2005).

A detailed insight into the ethiopathogenic mechanisms of myostis, along with genetic
susceptibility and adjuvant environmental triggers will be further discussed in this
section.

3.1 Enhanced aminoacyl-tRNA synthetase expression in lesional tissues

Increased synthesis of specific antibodies subsets targeting restricted series of autoantiogens
in myositis has been extensively debated. Recent findings have suggested that the
modification of biochemical structure of different proteins with consecutive augmented
antigenicity is essential in guiding their selection as targets (Howard et al, 2003).

Moreover, posttranslational modification of proteins as well as proteolytic cleavage of
autoantigens by the direct intervention of either caspases or granzyme B leading to
proteolytic fragments with enhanced autoantigenicity might contribute to the initiation and
propagation of autoimmunity (Casciola-Rosen et al., 1999; Darrah & Rosen, 2010;
Gunawardena et al., 2009; Howard et al, 2003).

It can be hypothesized that up-regulation of certain autoantigens in specific target tissues as
muscle and lung play a key role in myositis induction, as the main source of antigens
(Betteridge et al., 2009; Mimori et al., 2007). Additionally, based on augmented expression of
autoantigens in the lung and skeletal muscle, it has been emphasized the potential
significance of distinct microenvironments in determining the specific autoimmune
response in [IMs with or without lung involvement (Betteridge et al., 2009; Levine et al.,
2007).

Current reports have indicated increased expression of autoantigens, both myositis-specific
and myositis- associated subgroups, in muscle fibers from patients with IIMs, particularly in
damaged and regenerating cells (Casciola-Rosen et al., 2005). While most autoantigens are
frequently expressed in a tissue-restricted manner, aminoacyl-tRNA synthetases are
targeted only in autoimmune myositis and, therefore, markedly expressed in injured muscle
(Betteridge et al., 2009; Gunawardena et al., 2008; Gunawardena et al., 2009; Mimori et al.,
2007).

Enhanced ARSs expression was mainly described for histidyl-tRNAsynthetase (Jo-1),
supporting the hypothesis that the presence of challenger autoantigens during reparative
myogenesis promotes aberrant autoimmune response (Betteridge et al., 2009; Gunawardena
et al., 2008; Gunawardena et al., 2009; Mimori et al., 2007).

Concomitant up-regulation of major histocompatibility complex (MHC) class I has been
already reported in the affected muscle cells, while either very low or normal levels of
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myositis-specific and associated antigens are detected in normal skeletal muscle (Betteridge
et al., 2009; Mimori et al., 2007).

3.2 Proteolytic granzyme B cleavage of aminoacyl-tRNA synthetase and intervention
in interstitial lung disease

It is well known that the autoantigenic fragments resulted by the specific intervention of
granzyme B serine protease on aminoacyl-tRNA synthetase substrates are actually essential
for myositis induction and development during IIMs (Betteridge et al., 2009; Casciola-Rosen
et al., 1999; Darrah & Rosen, 2010; Levine et al., 2003; Levine et al, 2007).

Besides, it has been demonstrated that the susceptibility of these antigenic synthetases to
cleavage by granzyme B is highly predictive of autoantigen status in myositis (Casciola-
Rosen et al., 1999). Not only histidyl-tRNA, but also two other synthetases, isoleucyl-tRNA
and alanyl-tRNA synthetases, are cleaved by granzyme B leading to the release of
autoantigenic epitopes (Betteridge et al., 2009; Casciola-Rosen et al., 1999; Levine et al, 2007).
Current reports support also the hypothesis that the expression of different autoantigens is
not uniformly defined across all tissues and may be modified in disease-specific milieu such
as inflamed muscle and lung in patients with polymyositis and dermatomyositis (Levine et
al, 2007).

Interestingly, two isoforms of autoantigenic His-RS with different susceptibility to cleavage
by proteolytic enzymes, and, subsequent, distinct immunogenic properties have been
recently identified (Katsumata et al, 2007; Levine et al, 2007, Mammen, 2010); the granzyme
B cleavage site has been detected only in the novel described conformation. Furthermore,
although the overall expression of His-RS/Jo-1 in specific target tissues (muscle, lung) is the
same, the novel isoform is highly expressed in the epithelium of the lung and may be one
factor that generates auto-immunity at this level (Labirua & Lundberg, 2010; Lundberg &
Grundtman, 2008; Mammen, 2010). Cleavage with granzyme B result in the generation of
cryptic Jo-1 fragments with increased antigenicity and subsequent immune response
(Shirakawa et al., 2005).

As a consequence, the aforementioned paradigm that distinct microenvironments may
influence disease expression was highlighted with the identification of high expression of
this new Jo-1 conformation resulted by proteolytic cleavage in the lung (Casciola-Rosen et
al., 1999; Darrah & Rosen, 2010; Labirua & Lundberg, 2010; Levine et al, 2007; Lundberg &
Grundtman, 2008).

Furthermore, it has been proposed that the initiating target tissue for the autoimmune
response in the anti-Jo-1 syndrome is the lung with secondary attack of muscle
(Gunawerdana et al., 2009). In addition, a modification of aminoacyl-tRNA synthetases in
the lung could lead to production of autoantibodies (antisynthetase antibodies), a second,
event being required for the immune reaction to direct against muscle or other organs
(Gunawardena et al., 2008). How the anti-Jo-1 immune response originating in the lung
might be redirected to skeletal muscle cells still remain an open question (Mammen, 2010).

3.3 Pro-inflammatory and chemo-attractant properties of autoantigenic aminoacyl-
tRNA synthetases

Aminoacyl-tRNA synthetases and their proteolytic fragments as a result of inflammatory
and apoptotic processes seem to hold chemo-attractant properties, inducing specific
autoimmune response in [IMs (Hirakata, 2005).

Recent works have demonstrated that enhanced expression of autoantigenic ARSs as well as
specific cytokines and chemokines pattern are broadly involved in the initial recruitment
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and amplification of muscle-specific inflammatory response, since ARSs exhibit significant
pro-inflammatory and specifically chemo-attractant potential (Betteridge et al. 2007;
Betteridge et al. 2009; Howard, 2006).

Furthermore, the chemo-attractant properties of ARSs might contribute to their selection as
targets in myositis, not only in muscle but also in lung tissue (Howard et al., 2002). This may
therefore suggest a role for tRNA synthetases in the pathogenesis of myositis and interstitial
lung disease itself (Betteridge et al., 2007, Betteridge et al., 2009; Howard, 2006).

Advanced studies on the ability of aminoacyl-tRNA synthetases to induce leukocyte
migration have revealed distinct profiles according to the ARSs subset (Howard et al, 2003).
Therefore, histidyl-, asparaginyl- and tyrosyl-tRNA syntetases feature chemo-attractant
properties and promote CD4+ and CD8+ lymphocytes, interleukin (IL)-2-activated
monocytes and immature dendritic cells migration through the intervention of CCR5 and
CCR3 receptors. Indeed, while His-RS specifically functions as a nonchemokine chemo-
attractant for cells expressing CCR5 (Howard et al, 2003; Mammen, 2010), Asn-RS is known
to generate the migration of CCR3-bearing cells (Howard et al, 2003; Kron et al., 2005).
Additionally, both aminoacyl-tRNA synthetases hold the potential to attract immature
dendritic cells, participating in the initiation of an adaptive immune response with
subsequent autoantibody synthesis and perpetuation of autoimmune-mediated muscle
damage (Howard et al, 2003; Mammen, 2010). In fact, most autoantigens are chemotactic for
immature dendritic cells, enhancing their ability to connect the innate and the adaptive
immune systems (Howard, 2006).

Further, both His-tRNA and Asn-tRNA synthetases induce the activation and subsequent
migration of newly cells expressing their chemokine receptor. In turn, these leukocytes
perpetuate the vicious circle by releasing a wide range of other chemokines and activating
other immune cells leading to magnification of inflammatory process during IIMs (Howard,
2006).

Conversely, neutrophils, mature dendritic cells and unstimulated monocytes are not
influenced by the presence of ARSs (Gunawardena et al., 2009; Howard et al, 2006).

On the other hand, non-antigenic aspartyl- and lysyl-tRNA synthetases do not exert
proinflammatory chemo-attractant properties, as such ARSs do not activate chemokine
receptors (Gunawardena et al., 2009; Howard et al, 2003; Howard et al, 2006).

Finally, there is now increase evidence that the local abundance of pro-inflammatory
autoantigenic ARSs (perhaps liberated from damaged and regenerating muscle cells) may
not only provide the reason for autoantibody synthesis, but also may expand the
inflammatory process and immune-mediated muscle damage (Howard et al, 2003; Kron et
al., 2005; Mammen, 2010).

3.4 Anti-Jo-1 autoantibodies

It was already emphasized that not only antigenic synthetases, but also their specific
autoantibodies might contribute to IIMs pathogenesis (Gunawerdana et al., 2008). This
model has been validated for anti-Jo-1 autoantibodies, particularly for the association
between anti-SSA/Ro-52 (and not anti-SSA/Ro-62) and anti-Jo-1, recognized as
endogeneous type 1 IFN-inducer (Betteridge et al., 2009; Gunawerdana et al., 2008; Labirua
& Lundberg, 2010).

The co-existence of anti-SSA/Ro with anti-Jo-1 has been reported in up to 60% of anti-Jo-1
positivity cases and seems to be essentially involved in promoting IFN synthesis (Betteridge
et al., 2009; Eloranta et al., 2007; Gunawerdana et al., 2008). Moreover, up-regulation of type-
1 IFN-induced genes has been depicted in IIMs (Betteridge et al., 2009; Walsh et al., 2007).
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On the other hand, it is well known that IFN type 1 plays a role in the pathogenesis of
myositis, being fundamentally related to disease propagation (Betteridge et al., 2009).

3.5 Cancer, myositis and anti-aminoacyl-tRNA synthetases

Since the relationship between myositis, particularly adult dermatomyositis, and cancers is
well establish, there is increasing evidence for the role of the members of aminoacyl-tRNA
synthetases family as autoantigenic targets in malignancies (Betteridge et al., 2009; Chinoy et
al., 2007; Mimori et al., 2007); while most studies concentrate on the contribution of hystidil-
tRNA, tyrosyl-tRNA, isoleucyl-tRNA, phenylalanyl-tRNA and glycil-tRNA synthetases in
malignancy-associated myositis, recent data focus on preferential expression of the alpha-
chain of phenylalanyl-tRNA synthetase not only in interstiatial lung disease and solid lung
tumours, but also in acute myeloid leukaemia (Betteridge et al., 2009). In addition, Jo-1 is
highly expressed in lung and breast adenocarcinoma (Betteridge et al., 2009; Mimori et al.,
2007).

Furthermore, it has been suggested that there may be a relative increased expression of the
proteolytic enzymes such as granzyme B in carcinoma cells, with subsequent increase in
autoimmune fragments and cryptic epitopes, and aberrant autoimmune response in skeletal
muscle (Betteridge et al., 2009; Mimori et al., 2007). Additionally research is mandatory to
support the cross-reactivity to tumor-related antigens in muscle (Betteridge et al., 2009;
Mimori et al., 2007).

3.6 Environmental factors

It is widely accepted that myositis occurs in genetically susceptible recipients and that
external antigens could trigger an aberrant immune response in target tissues such as lungs
or skeletal muscle (Gunawardena et al., 2009; Mimori et al., 2007). Besides, the paradigm of
myositis with or without interstitial lung disease has been extensively highlighted based on
the link between immunogenetic profiles, autoimmune targets and clinical phenotype
(Betteridge et al., 2009; Labirua & Lundberg, 2010; Targoff, 2008).

Additional evidence is directed towards the key role of infection in the development of
muscular damage, particularly the interaction between myogenic RNA viruses with tRNA-
like structures and ARSs, with consecutive abnormal autoimmunity face to cryptic epitopes
(Betteridge et al., 2009; Gunawardena et al., 2009; Mimori et al., 2007).

Molecular mimicry between myositic autoantigenic ARS substrates and viral proteins with
increasing antigenicity represents an attractive hypothesis that may modulate the immune
response and the development of autoimmune myositis (Mimori et al., 2007).

Also, current data support the role of several geoclimatic variables and seasonal patterns in
the development of specific serologic myositis subsets; thus, in patients with anti-ARS
autoantibodies, particularly anti-Jo-1 positive cases, the onset of myositios seems to peak in
spring (Gunawardena et al., 2009; Sarkar et al., 2005).

4. Clinical significance of aminoacyl-tRNA synthetases and management of
anti-synthetase syndrome

Considerable progress focusing on the striking association between serotype and clinical
phenotype has been made in myositis.

Whereas highly selective, mutually exclusive and associated with particular genotypes with
few exceptions, anti-synthetase autoantibodies are strongest associated with the anti-
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synthetase syndrome, a disease subset characterized by a broad clinical spectrum including
varying degrees of (i) interstitial lung disease (ILD), (ii) myositis, (iii) non-erosive
(poly)arthritis, (iv) fever, (v) Raynaud’s phenomenon and (vi) “mechanic’s hand” meaning
hyperkeratosis with fissuring and hyperpigmentation along the radial and palmar aspects of
the fingers (Betteridge et al., 2007; Hirakata, 2005; Mimori et al., 2007; Solomon et al., 2011).
More detailed clinical features, investigations and specific management of patients with
anti-ARS antibodies have been described in several recent reports (Betteridge et al., 2009;
Hirakata, 2005; Koenig, 2007; Solomon et al., 2011).

Current findings on autoantibodies in anti-synthetase syndrome have already provided
important information about clinical phenotypes, course and prognosis related to anti-ARSs
status (Lundberg & Grundtman, 2008; Labirua & Lundberg, 2010).

Therefore, data about antibody profile may predict the clinical course of interstitial lung
disease in patients with polymyositis and dermatomyositis (Yoshifuji et al., 2006; Labirua &
Lundberg, 2010; Mimori et al., 2007); anti-ARSs positive patients had significantly higher
frequency of lung involvement than negative cases (70-95% versus 40%) (Mimori et al.,
2007). 70% or more of the anti-ARSs positive cases have ILD and only 40-50% muscle
pathology, milder than in anti-ARSs negative patients and even subclinical (Labirua &
Lundberg, 2010; Lundberg & Grundtman, 2008). Moreover, in the majority of anti-ARSs
positive disease, ILD was diagnosed at the same time or before the onset of myositis
(Mimori et al., 2007). There is increasing evidence that ILD is commonly associated with
anti-non-Jo-1 positivity, particularly with the presence of anti-PL-7 and anti-PL-12
antibodies (Labirua & Lundberg, 2010; Targoff, 2008).

Anti-ARSs positivity in patients with ILD and myositis showed more favorable clinical
outcomes with better response to first-line corticosteroids, but developed significant higher
recurrence rate versus anti-ARSs negative cases (Labirua & Lundberg, 2010; Mimori et al.,
2007). Conversely, it seems that the 2-year prognosis of pulmonary function was not
different based on anti-ARSs status (Mimori et al., 2007).

The detection of anti-ARS antibodies is an important predictor for late-onset skeletal muscle
pathology in patients with ILD and the clinical course of ILD in myositis (Mimori et al.,
2007).

Although patients with anti-synthetase syndrome typically develop common clinical signs
and symptoms, there is increasing evidence that autoantibody profile is associated with
particular clinical subgroups (Labirua & Lundberg, 2010; Mimori et al., 2007; Sato et al.,
2007; Targoff, 2008). However, the exact mechanisms responsible for this clinical diversity
are still unknown.

Detailed insights into clinical picture of distinct anti-synthetase syndrome are further
presented and summarized in table 2.

4.1 Anti-Jo-1 positive anti-synthetase syndrome

Anti-Jo-1 (anti-HisRS) autoantibody. Anti-Jo-1 was the first discovered and characterized
autoantibody from the eight currently described anti-synthetases and, in the mean time, the
most common anti-ARSs antibody ( Betteridge et al., 2009; Solomon et al., 2011). Most anti-
Jo-1 positive patients have been diagnosed with polymyositis (20-30%), while only 5 to 10%
of cases have dermatomyositis; overall, nearly 75% of all anti-ARS cases present with anti-
Jo-1 positivity (Labirua & Lundberg, 2010; Mileti et al., 2009) and anti-Jo-1 is found in 15 to
20 % of all myositis patients (Mimori et al., 2007).
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Arthritis (75%); Raynaud (50%);

Anti-Jo-1 Myositis mechanic’s hand (20%)
Interstitial lung disease (up to 100%);
Anti Lung involvement infrequent myositis (40%);
nti-PL-7 . o . o
interstitial pneumonia polymyositis/ scleroderma overlap
syndrome
Interstitial lung disease (70-100%);
Skin involvement pulmonary hypertension; myositis (0-
Anti-PL-12 mechanic’s hands 50% to 60-100%); amyopatic ASS
Gottron’s papules (60%); Raynaud (40-100%); rare

mechanic’s hand

int i 1 " .
Joint involvement Interstitial lung disease (95%); rare

Anti-OJ non erosive "
(poly)arthritis myositis or Raynaudphenomenon
Anti-KS Fever Interstitial lung disease
Severe non-specific interstitial
Anti-Zo Raynaud phenomenon  pneumonia, proximal myopathy,
Raynaud and arthralgia
Anti-YRS/Ha Skin rash, muscle weakness,

interstitial lung disease and arthritis

Table 2. Anti-aminoacyl-tRNA synthetase antibodies, anti-synthetase syndrome and
particular clinical phenotipes.

Certain genotypic, immunological, histopathological and clinical characteristics have been
demonstrated among anti-Jo-1 positive patients, with particular relevance for their
prognosis (Solomon et al., 2011; Zampieri et al., 2005).

Recent studies on the association between anti-Jo-1 levels and myositis activity have shown
the presence of a direct correlation, even if modest, with creatine kinase levels, myositis,
articular and pulmonary disease status (Gunawardena et al.,, 2009; Stone et al., 2007).
Furthermore, it seems that anti-Jo-1 positivity is the strongest predictor of ILD in
polymyositis and dermatomyositis, over 70% of those patients featuring lung disease
(Solomon et al., 2011). The true incidence of myositis in anti-Jo-1 anti-synthetase syndrome
is difficult to evaluate, since either biochemical or clinical significant disease might be
reported (Mileti et al., 2009; Solomon et al., 2011).

A particular subset of anti-Jo-1 positive anti-synthetase syndrome has been described in
patients with the association between anti-Jo-1 and anti-SSA /Ro-52; the clinical phenotype
of such patients showed severe extensive lung pathology (interstiytial lung fibrosis), with
higher activity and damage scores and adverse outcomes, even with aggressive
immunosupresive therapy (Labirua & Lundberg, 2010)

4.2 Anti-Jo-1 negative anti-synthetase syndromes
Anti-PL-7 (anti-ThrRS) autoantibody. Clinical characteristics of anti-PL-7 positive anti-
synthetase syndrome have also been described. Compared to anti-Jo-1 positive ASS, patients
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with anti-PL-7 positivity appear to have a higher incidence of pulmonary disease (up to
100%) associated with a lower incidence of myositis (about 40%) (Labirua & Lundberg, 2010;
Mimori et al., 2007; Solomon et al., 2011). Lower serum muscle enzymes (creatinine kinase)
and milder muscle pathology in Japanese cases, as well as polymyositis-scleroderma
overlap syndrome with idiopathic interstitial pneumonitis, arthritis and sclerodactyly have
been also reported in patients with anti-PL7 autoantibodies (Gunawardena et al., 2009;
Mimori et al., 2007; Sato et al., 2007).

Anti-PL-12 (anti-AlaRS) autoantibodys. It should be noted that the clinical spectrum of
anti-PL-12 positive anti-synthetase syndrome varies from interstitial lung disease (70-100%)
to myositis (earlier reports 60-100%, but recent ones with a smaller proportion of 0-50%) and
Raynaud’s phenomenon (40-100%), but rare mechanic’s hand (Hirakata, 2005; Kalluri et al.,
2009; Labirua & Lundberg, 2010; Solomon et al., 2011; Tzioufas, 2001).

Moreover, compared to anti-Jo-1 positive anti-synthetase syndrome, patients with anti-PL-
12 positivity account for higher incidence of lung and lower incidence of muscle pathology
(Gunawardena et al., 2009; Hervier et al., 2010). In the mean time, anti-PL-12 antibodies
were also revealed in up to 60% of cases presenting with amyopatic anti-synthetase
syndrome and non-specific interstitial pneumonia (Gunawardena et al., 2009; Hirakata,
2005; Solomon et al., 2011).

Reports of higher pulmonary hypertension with hystologically proven intimal proliferation
in the pulmonary arteries, and esophageal involvement have been registered in a limited
number of cases (Hirakata, 2005; Labirua & Lundberg, 2010; Solomon et al., 2011). Finally,
prognosis seems to depend on severity of ILD and the response to immunosuppressive
therapy is variable (Solomon et al., 2011).

Anti-OJ (anti-IsoRS) autoantibody. Anti-O] antibodies are found in up to 2% of
polymyositis and dermatomyositis patients (Sato et al., 2007; Solomon et al., 2011). It is
classically accepted the association between interstitial pneumonia and non-Jo-1 anti-ARS
antibodies including anti-O]J, the reported prevalence being as high as 95%; furthermore, it
seems that patients with lung disease in the absence of clinically apparent myositis are
closely related to anti-OJ subset (Betteridge et al., 2009, Gunawardena et al., 2009; Mimori et
al., 2007).

Additionally, one study conducted in Japanese patients has recently concluded that the
presence of anti-OJ antibodies may distinguish a subtype of anti-ARS syndrome that is more
closely associated with ILD than myositis or Raynaud’s phenomenon (Mimori et al., 2007;
Sato et al., 2007). Moreover, anti-OJ was found to be useful for the diagnosis of patients with
ILD with or without myositis (Sato et al., 2007).

Anti-KS (anti-AsnRS) autoantibody. Clinical and immunogenetic characteristics have
recently focused on interstitial pneumonia that may predominate in ASS with non-Jo-1 anti-
ARS antibodies including anti-KS (Gunawardena et al., 2009; Mimori et al., 2007), but also
on stronger association with ILD than myositis (Hirakata et al., 2007; Sato et al., 2007).
Anti-Zo (anti-PheRS) autoantibody. The newly identified anti-Zo antibodies directed
against autoantigenic alpha and beta chains of PheRS have been recently detected in only
one patient with typical features of ASS, namely severe non-specific interstitial pneumonia,
proximal myopathy, Raynaud’s phenomenon and arthralgia (Betteridge et al., 2009, Mimori
et al., 2007; Solomon et al., 2011), by using proteomic analysis of immunopprecipitation and
immunoblotting.

Anti-YRS or anti-Ha (anti-TyrRS) autoantibody. Another novel antibody targeting TyrRS
has been identified in one case of typical clinical pattern of ASS, particularly the association
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between skin rash, muscle weakness, interstitial lung disease and arthritis (Hashish et al.,
2005; Mimori et al., 2007).

4.3 Therapeutic consideration

Latest findings have clearly demonstrated the association between aminoacyl-tRNA
synthetases and their corresponding specific autoantibodies profiles in patients with IIMs
with clinical and therapeutic implications. Moreover, the prevalence, course and severity of
interstitial lung disease are significantly influenced by the autoantibody pattern.
Accordingly, it seems that crucial decision on possible therapeutic options and subsequent
disease outcomes and prognosis are fundamentally guided by the presence of different
antibodies subsets (Baer, 2006; Labirua & Lundberg, 2010).

Classically, high doses of steroids, as first-line therapy, in association with second-line
immunosuppresors including azathioprine, cyclophosphamide, cyclosporine, mycophenolate
mofetil or tacrolimus could be effective in such patients (Baer, 2006; Hervier et al., 2009;
Labirua & Lundberg, 2010). Aggressive therapy such as intravenous immunoglobulins or
newer biological are controversial, as there are no data to define firmly long-term disease
outcomes in such conditions. Furthermore, advancing knowledge about the potential benefits
of rituximab, an anti-CD20 monoclonal antibody, in life threatening antisynthetase syndrome
provide conflicting data (Ball et al, 2010; Labirua & Lundberg, 2010; Sem et al., 2009;
Vandenbroucke et al., 2009).

An attractive therapeutic approach fundamentally based on antagonists of the targeted
chemokine receptors has already been proposed, but not yet validated; the design of such
intervention was suggested by the paradigm of chemokine receptor mediated cell migration
triggered by autoantigens like aminoacyl-tRNA synthetases (Howard, 2006).

5. Conclusion

There is now emerging evidence supporting the fundamental role of specific aminoacyl-
tRNA synthetases and their corresponding autoantibodies in the initiation, propagation and
expression of myositis spectrum.

Furthermore, detailed insights into the pathways of myostis emphasizes the critical
contribution of up-regulated synthetase expression in target tissues, particularly in muscle
and lung, proteolytic cleavage fragments generated during inflammation and apoptosis in
specific microenvironments and autoantigen signaling through chemokine receptors with
subsequent amplification of the inflammatory and autoimmune response.

The paradigm of distinct anti-aminoacyl-tRNA synthetase autoantibody pattern shaping the
clinical features and course of the generic anti-synthetase syndrome to specific phenotypes
is actually wide accepted.

Considerable progress focusing on the striking association between serotype and clinical
phenotype may be the fundamental for further development of more specific therapeutic
options.

6. References

Baer, A.N. (2006). Advances in the therapy of idiopathic inflammatory myopathies, Curr
Opin Rheumatol, Vol. 18, No.3, pp. 236-241, ISSN 1040-8711

www.intechopen.com



88 Idiopathic Inflammatory Myopathies — Recent Developments

Ball, E.M.; Savage, E.M. & Pendleton, A. (2010). Refractory anti-synthetase syndrome treated
with rituximab. Rheumatology (Oxford), Vol.49, No.5, pp. 1013; online ISSN 1462-
0332, print ISSN 1462-0324

Betteridge, Z.; Gunawardena, H, North, J., Slinn, J. & McHugh, N. (2007). Anti-synthetase
syndrome: a new autoantibody to phenylalanyl transfer RNA synthetase (anti-Zo)
associated with polymyositis and interstitial pneumonia. Rheumatology (Oxford),
Vol.46, pp. 1005-1008, online ISSN 1462-0332, print ISSN 1462-0324

Betteridge, Z.E.; Gunawardena, H. & McHugh, aN.J. (2009). Pathogenic mechanisms of
disease in myositis: autoantigens as clues. Curr Opin Rheumatol, Vol.21, pp. 604-609

Casciola-Rosen, L.; Andrade, F., Ulanet, D.,, Wong, B.W. & Rosen, A. (1999). Cleavage by
granzyme B is strongly predictive of autoantigen status: implication for initiation of
autoimmunity. | Exp Med, Vol.190, No.6, pp. 815-825, Online ISSN: 1540-9538; Print
ISSN: 0022-1007

Casciola-Rosen, L.; Nagaraju, K. & Plotz, P. (2005). Enhanced autoantigen expression in
regenerating muscle cells in idiopathic inflammatory myopathy. | Exp Med, Vol.201,
pp- 591-601; Online ISSN: 1540-9538; Print ISSN: 0022-1007

Chinoy, H.; Fertig, N., Oddis, C.V. (2007). The diagnostic utility of myositis autoantibody
testing for predicting the risk of cancer-associated myositis. Ann Rheum Dis, Vol.66,
pp.1345-1349, ISSN (printed) 0003-4967

Darrah, E. & Rosen, A. (2010). Granzyme B cleavage of autoantigens in autoimmunity. Cell
Death and Differentiation, Vol.17, pp. 624-632, ISSN : 1350-9047

Eloranta, M.L.; Barbarosso Helmers, S., Ulfgren, A.K. (2007). A possible mechanism for
endogenous activation of the type 1 interferon system in myositis patients with
anti-Jo-1 or anti-Ro 52/ anti-Ro 60 autoantibodies. Arthritis Rheum, Vol.56, pp. 3112-
3124, ISSN:1044-2626

Gunawardena, H.; Betteridge, Z.E. & McHugh, N J. (2008). Newly identified autoantibodies:
relationship to idiopathic inflammatory myopathy subsets and pathogenesis, Curr
Opin Rheumatol, Vol.20, pp. 675-680, ISSN 1040-8711

Gunawardena, H.; Betteridge, Z.E. & McHugh, N.J. (2009). Myositis-specific autoantibodies:
their clinical and pathogenic significance in disease expression. Rheumatology
(Oxford), Vol.48, pp.607-612, online ISSN 1462-0332, print ISSN 1462-0324

Hashish, L., Trieu, E.P., Sadanandan, P. & Targoff, LN. (2005).Identification of
autoantibodies to tyrosyl-tRNA synthetase in dermatomyositis with features
consistent with anti-syhthetase syndrome (abstract). Arthritis Rheum, Vol.52,
suppl.9, pp.312, ISSN:1044-2626

Hengstman, G.J.; van Enghelen, B.G. & van Venrooij, W.J. (2004). Myositis specific
autoantibodies: changing insights in pathophysiology and clinical associations.
Curr Opin Rheumatol. Vol. 16, pp. 692-699, ISSN 1040-8711

Hervier, B. ; Masseau, A., Mussini, ].M., Audrain, M. & Hamidou, M.A. (2009). Long-term
efficacy of myciophenolate mofetil in a case of refractory antisynthetase syndrome.
Joint Bone Spine, Vol.76, No.5, pp. 575-576, ISSN:1778-7254

Hervier, B.; Wallaert, B., Hachulla, E., Adoue, D., Lauque, D. & Audrain, M. (2010). Clinical
manifestations of anti-synthetase syndrome positive for anti-alanyl-tRNA
synthetase syndrome (anti-PL12) antibodies: a retrospective study of 17 cases,
Rheumatology (Oxford), Vol.49, No.5, pp. 972-976, online ISSN 1462-0332, print ISSN
1462-0324

Hirakata, M. (2005). Autoantinodies to aminoacyl-tRNA synthetases. Internal Medicine,
Vol.4, no.6, pp. 527-528, ONLINE, ISSN, : 1349-7235. PRINT, ISSN, : 0918-2918.

www.intechopen.com



Aminoacyl-tRNA Synthetases in Idiopathic Inflammatory Myopathy:
An Update on Immune-Pathogenic Significance, Clinical and Therapeutic Implications 89

Hirakata, M.; Suwa, A., Takada, T. (2007). Clinical and immunogenetic features of patients
with autoantibodies to asparagynil-transferRNA synthetase. Arthritis Rheum,
Vol.56, pp. 1295-1303, ISSN:1044-2626

Howard, O.M. Z.; Hui, F.D., Raben, N., Nagaraju, K., Rosen, A., Casciola-Rosen, L.,
Hartelein, M., Kron, M., Yang, D., Yiadom, K., Dwivedi, S. Plotz, PH. &
Oppenheim, ].J. (2003). Histidyl-tRNA synthetase and asparaginyl-tRNA
synthetase, autoantigens in myositis, activate chemokine receptors on T
lymphocytes and immature dendritic cells. ] Exp Med, Vol. 196, No. 6, pp. 781-791
ISSN 0022-1007

Howard,O.M.Z. (2006). Autoantigen signalling through chemokine receptors, Curr Opin
Rheumatol, Vol.18, pp. 642-646, ISSN 1040-8711

Yoshifuji, H.; Fujii, T., Kobayashi, S., Imura, Y., Fujita, Y. & Kawabata, D. (2006). Anti-
aminoacyl-tRNA synthetase antibodies in clinical course prediction if interstitial
lung disease complicated with idiopathic inflammatory myopathies. Autoimmunity,
Vol.39, No.3, pp. 233-241, ISSN 0891-6934

Kalluri, M.; Sahn, S.A., Oddis, K.V., Gharib, S.L., Christopher-Stine, L. & Danoff, S.K. (2009).
Clinical profile of anti-PL12 autoantiabody. Cohort study and review of the
literature, Chest, Vol.135, No.6, pp. 1550-1556, ISSN (Print): 0012-3692. ISSN
(Online): 1931-3543

Katsumata, Y., Ridgway, W.M. & Oriss, T. (2007). Species specific immune response
generated by HisRS immunization are associated with muscle and lung
inflammation. ] Autoimmun, Vol.29, pp.174-186, ISSN: 0896-8411

Koenig, M.; Fritzler, M.J., Targoff, LN. (2007). Heterogeneity of autoantibodies in 100
patients with autoimmune myosiytis: insights into clinical features and outcomes,
Arthritis Res Ther, Vol. 9, R.878, ISSN:1478-6362

Kron, M.A.; Petridis, M., Haertleib, M., Libranda-Ramirez, B. & Scaffidi, L.E. (2005). Do
tissue levels of autoantigenic aminoacyl-tRNA synthetase predict clinical disease?
Medical Hypotheses, Vol. 65, No.6,pp. 1124-1127, ISSN: 0306-9877

Labirua, A. & Lundberg, LE. (2010). Interstitial lung disease and idiopathic inflammatory
myopathies: progress and pitfalls, Curr Opin Rheumatol,Vol. 22, pp. 633-638, ISSN
1040-8711

Levine, S.; Rosen, A. & Casciola-Rosen, L.A. (2003). Anti-aminoacyl tRNA synthetase
immune responses: insights into the pathogenesis of the idiopathic inflammatory
myopathies. Cur Opin Rheumatol, Vol.15, No.6, pp. 708-713, ISSN 1040-8711

Levine, S.M.; Raben, N., Xie, D., Askin, F.B., Tuder, R., Mullins, M., Rosen, A. & Casciola-
Rosen, A. (2007). Novel conformation of histidyl-transfer RNA synthetase in the
lung. The target tissue in Jo-1 autoantibody-associated myositis. Arthritis & Rheum,
Vol.56, No.8, pp. 2729-2739, ISSN:1044-2626

Lundberg, LE. & Grundtman, C. (2008). Developments in the scientific and clinical
understanding of inflammatory myopathies. Arthritis Res Ther, Vol. 10, pp.220,
ISSN:1478-6362

Mammen, A.L. (2010). Anti-Jo-1 and other anti-tRNA synthetases autoantibodies. Ann N Y
Acad Sci, Vol. 1184, pp. 134-153, ISSN 0077-8923

Mileti, L.M.; Strek, M.E.,, Niewold, T.B., Curran, ].J. & Sweiss, N.J. (2009). Clinical
characteristics of patients with anti-Jo-1 antibodies: a single center experience. | Clin
Rheumatol, Vol.15, pp. 254-255, ISSN: 1076-1608. Online ISSN: 1536-7355

Mimori, T.; Imura, Y., Nakashima, R. & Yoshifuji, H. (2007). Autoantibodies in idiopathic
inflammatory myopathy: an update on clinical and pathophysiological significance,
Curr Opin Rheumatol, Vol.19, pp. 523-529, ISSN 1040-8711

www.intechopen.com



90 Idiopathic Inflammatory Myopathies — Recent Developments

Park, S.G.; Schimmel, P. & Kim, S. (2008). Aminoacyl t RNA synthetases and their
connection to disease. Proc Natl Acad Sci USA, Vol. 105, pp. 11043-11049

Sarkar, K.; Weinberg, C.R. & Oddis, C.V. (2005). Seasonal influence on the onset of
idiopathic inflammatory myopathies in serologically defined groups. Arthritis
Rheum, Vol.52, pp. 2433-2438, ISSN:1044-2626

Sato, S.; Kuwana, M. & Hirakata, M. (2007). Clinical characteristics of Japanese patients with
anti-OJ (anti-isoleucyl-tRNA synthetase) autoantibodies. Rheumatology (Oxford),
Vol.46, pp. 842-845, online ISSN 1462-0332, print ISSN 1462-0324

Sem, M.; Molberg, O., Lund, M.B. & Gran, J.T. (2009). Rituximab treatment on the anti-
synthetase treatment. Rheumatology (Oxford), Vol.48, No.8, pp. 968-971, online ISSN
1462-0332, print ISSN 1462-0324

Shirakawa, T.; Nakamura, A., Kohama, K., Hirakata, M. & Ogihara, S. (2005). Class-specific
binding of two aminoacyl-tRNA synthetases to annexin, a Ca2* and phospholipid-
binding protein. Cell Structure and Function, Vol.29, pp. 159-164, ONLINE, ISSN
1347-3700. PRINT, ISSN 0386-7196

Solomon, J; Swigris, J.J. & Brown, K.K. (2011). Myositis-related interstitial lung disease and
antisynthetase syndrome. | Bras Pneumol, Vol. 37, No. 1, pp. 100-109, ISSN 1806-
3713 print version. ISSN 1806-3756 online version

Stone, K.B.; Oddis, C.V., Fertig, N., Katsumata, Y., Lucas, M. & Vogt, M. (2007). Anti-Jo-1
antibody levels correlate with disease activity in idiopathic inflammatory
myopathy. Arthritis Rheum, Vol.56, No.9, pp. 3125-3131, ISSN 1044-2626

Suber, T.L.; Casciola-Rosen, L. & Rosen, A. (2008). Mechanisms of disease: autoantigens as
clues to the pathogenesis of myositis. Nat Clin Pract Rheumatol, Vol.4, pp. 201-209,
ISSN (printed): 1745-8382

Targoff, LN. (2008). Autoantibodies and their significance in myositis. Curr Rheumatol Rep,
Vol. 10, pp.330-340, ISSN (printed): 1523-3774. ISSN (electronic): 1534-6307

Tzioufas, A.G. (2001). Antisynthetase syndrome. Orphanet encyclopedia, November 2001

Vanderbroucke, E.; Gruitters, ] K., Altenburg, J., Boersma, W.G., Borg, E.J. & van den Bosch,
J.M. (2009). Rituximab in life threatening antisynthetase syndrome, Rheumatol Int,
Vol.29, No.12, pp. 1499-1502, ISSN: 0172-8172

Zampieri, S.; Ghirardello, A., laccarino, L., Tarricone, E., Gambari, P.F. & Doria, A. (2005).
Anti-Jo-1 antibodies. Autoimmunity, Vol.38, No.l, pp. 73-78 Zampieri, S.;
Ghirardello, A., Iaccarino, L., Tarricone, E., Gambari, P.F. & Doria, A. (2005). Anti-
Jo-1 antibodies. Autoimmunity, Vol.38, No.1, pp. 73-78, ISSN 0891-6934

Walsh, R.J.; Kong, SSW. & Yao, Y. (2007). Type -1 interferon-inducible gene expression inn
blood is present and reflects disease activity in dermatomyositis and polymyositis.
Arthritis Rheum, Vol.56, pp3784-3792, ISSN 1044-2626

Wikipedia, the free encyclopedia (2011). Aminoacyl tRNA synthetase, Wikipedia, the free
encyclopedia, http:/ /en.wikipedia.org/wiki/ Aminoacyl tRNA_synthetase

Woese, C.R.; Olsen, G.J., Ibba, M. & Soll, D. (2000). Aminoacyl-tRNA synthetases, the genetic
code and the evolutionary process. Microbiology and Molecular Biology Reviews,
pp-202-236, ISSN (printed): 1092-2172

www.intechopen.com



Idiopathic Inflammatory Myopathies - Recent Developments

IDIOPATHIC INFLAMMATORY :
MVOPATHIES Edited by Prof. Jan Tore Gran

RECENT DEVELOPMIENTS

Edged by Jam Tore Gran

ISBN 978-953-307-694-2

Hard cover, 212 pages

Publisher InTech

Published online 15, September, 2011
Published in print edition September, 2011

The term "myositis" covers a variety of disorders often designated "idiopathic inflammatory myopathies".
Although they are rather rare compared to other rheumatic diseases, they often cause severe disability and
not infrequently increased mortality. The additional involvement of important internal organs such as the heart
and lungs, is not uncommon. Thus, there is a great need for a better understanding of the etiopathogenesis of
myositis, which may lead to improved treatment and care for these patients. Major advances regarding
research and medical treatment have been made during recent years. Of particular importance is the
discovery of the Myositis specific autoantibodies, linking immunological and pathological profiles to distinct
clinical disease entities. A wide range of aspects of myopathies is covered in the book presented by highly
qualified authors, all internationally known for their expertice on inflammatory muscle diseases. The book
covers diagnostic, pathological, immunological and therapeutic aspects of myositis.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Codrina Mihaela Ancuta, Eugen Ancuta and Rodica Marieta Chirieac (2011). Aminoacyl-tRNA Synthetases in
Idiopathic Inflammatory Myopathies: An Update on Immunopathogenic Significance, Clinical and Therapeutic
Implications, Idiopathic Inflammatory Myopathies - Recent Developments, Prof. Jan Tore Gran (Ed.), ISBN:
978-953-307-694-2, InTech, Available from: http://www.intechopen.com/books/idiopathic-inflammatory-
myopathies-recent-developments/aminoacyl-trna-synthetases-in-idiopathic-inflammatory-myopathies-an-
update-on-immunopathogenic-signi

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




