International Journal of

Molecular Sciences
Article

Expression of the OAS Gene Family Is Highly
Modulated in Subjects Affected by Juvenile
Dermatomyositis, Resembling an Immune Response
to a dsRNA Virus Infection
Giuseppe Musumeci 1,† , Paola Castrogiovanni 1,† , Ignazio Barbagallo 2 , Daniele Tibullo 3 ,
Cristina Sanfilippo 1,4 , Giuseppe Nunnari 5 , Giovanni Francesco Pellicanò 5 , Piero Pavone 6 ,
Rosario Caltabiano 7 , Roberto Di Marco 8 , Rosa Imbesi 1 and Michelino Di Rosa 1, *
1

2
3
4
5
6
7
8

*
†

Department of Biomedical and Biotechnological Sciences, Human Anatomy and Histology Section, School of
Medicine, University of Catania, 95131 Catania, Italy; g.musumeci@unict.it (G.M.); pacastro@unict.it (P.C.);
cri.sanfilippo@gmail.com (C.S.); roimbesi@unict.it (R.I.)
Department of Drug Sciences, University of Catania, 95100 Catania, Italy; ignazio.barbagallo@unict.com
Department of Biomedical and Biotechnological Sciences, University of Catania, 95131 Catania, Italy;
danieletibullo@gmail.it
IRCCS Centro Neurolesi Bonino Pulejo, Stada Statale 113, C.da Casazza, 98124 Messina, Italy
Department of Clinical and Experimental Medicine, Unit of Infectious Diseases, University of Messina,
98122 Messina, Italy; gnunari@hotmail.it (G.N.); pellicano@unime.com (G.F.P.)
Division of Pediatrics and Pediatric Emergency, University-Hospital “Policlinico-Vittorio Emanuele”,
University of Catania, 95131 Catania, Italy; ppavone@unict.com
Department “G.F. Ingrassia”, Section of Pathologic Anatomy, University of Catania, 95131 Catania, Italy;
rosario.caltabiano@unict.com
Department of Medicine and Health Sciences “V. Tiberio”, University of Molise, 86100 Campobasso, Italy;
roberto.dimarco@unimol.it
Correspondence: mdirosa@unict.it
These authors contributed equally to this work.

Received: 23 July 2018; Accepted: 14 September 2018; Published: 17 September 2018




Abstract: Background: Juvenile dermatomyositis (JDM) is a systemic, autoimmune, interferon
(IFN)-mediated inflammatory muscle disorder that affects children younger than 18 years of age.
JDM primarily affects the skin and the skeletal muscles. Interestingly, the role of viral infections has
been hypothesized. Mammalian 20 -50 -oligoadenylate synthetase (OAS) genes have been thoroughly
characterized as components of the IFN-induced antiviral system, and they are connected to
several innate immune-activated diseases. The main purpose of the paper is to define the potential
interrelationship between the OAS gene family network and the molecular events that characterize
JDM along with double-stranded RNA (dsRNA) molecular pathways. Methods: We analyzed three
microarray datasets obtained from the NCBI in order to verify the expression levels of the OAS gene
family network in muscle biopsies (MBx) of JDM patients compared to healthy controls. Furthermore,
From GSE51392, we decided to select significant gene expression profiles of primary nasal and
bronchial epithelial cells isolated from healthy subjects and treated with polyinosinic-polycytidylic
acid (poly(I:C)), a synthetic analog of double-stranded RNA (dsRNA), a molecular pattern associated
with viral infection. Results: The analysis showed that all OAS genes were modulated in JDM
muscle biopsies. Furthermore, 99% of OASs gene family networks were significantly upregulated.
Of importance, 39.9% of modulated genes in JDM overlapped with those of primary epithelial cells
treated with poly(I:C). Moreover, the microarray analysis showed that the double-stranded dsRNA
virus gene network was highly expressed. In addition, we showed that the innate/adaptive immunity
markers were significantly expressed in JDM muscles biopsies. and that their levels were positively
correlated to OAS gene family expression. Conclusion: OAS gene expression is extremely modulated
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in JDM as well as in the dsRNA viral gene network. These data lead us to speculate on the potential
involvement of a viral infection as a trigger moment for this systemic autoimmune disease. Further
in vitro and translational studies are needed to verify this hypothesis in order to strategically plan
treatment interventions.
Keywords: OAS1; OAS2; OAS3; OASL; muscles biopsies; dsRNA; JDM

1. Introduction
Juvenile dermatomyositis (JDM) is a serious pediatric systemic autoimmune disease primarily
affecting the proximal muscles and skin. JDM cutaneous manifestations can be difficult to treat and
may progress to ulcerative diseases or subcutaneous calcifications [1]. The incidence is approximately
three times higher in girls than boys [2,3]. The mean age of onset is seven years old [3]. Extra-muscular
manifestations include arthritis, myocarditis, dilated cardiomyopathy, and vasculopathy [4].
Previous studies indicate that innate immunity plays a pivotal role in the pathogenesis of JDM [5].
Mature dendritic cells (DCs) and macrophages have been identified in inflamed muscles and in the
skin from patients with JDM [6,7]. These cell types are capable of driving type I interferon (IFN)
responses [8]. JDM is characterized by the presence of inflammatory infiltrates especially in the
perimysium, as well as ischemia and pathognomonic perifascicular muscle fiber atrophy [9]. Adaptive
and innate immune mechanisms involving IFN-associated molecules appear to mediate endothelial
tubule-reticular formations and peri-fascicular atrophy [10,11].
The oligoadenylate synthase (OAS) proteins are double-stranded (ds) RNA-activated enzymes
which are induced by IFNs. The OAS family consists of four members, OAS1, OAS2, OAS3,
and OAS-like protein (OASL) [12]. These proteins sense exogenous nucleic acid and initiate antiviral
pathways. The OAS enzyme develops a 20 -50 -linked oligoadenylate (2-5A) activating endoribonuclease,
RNase L, which degrades cellular and viral RNA, and activates cytoplasmic receptors, such as
RIG-I and MDA-5. Although the antiviral activity of the OAS family and 2-5A-RNase L is amply
described [13,14], it has been shown that the RNase L-dependent activity does not always act in the
antiviral functions mediated by the OAS family [15,16]. All of this could indicate that the OAS family
proteins may be involved in pathways regulating viral infections independently by the involvement of
RNase L activation. OAS expression has been strongly related to autoimmune diseases and chronic
infections including, SSc, SLE, RA, and MS [17–20]. Recently, it was shown that OAS1 is upregulated
and OASL downregulated in systemic lupus erythematosus compared to healthy individuals [20].
In this paper, we explored the possible role of OAS genes antiviral response in JDM. The analysis
of the OAS gene family and the genes related to it suggests that dsRNA viral infections could be
involved in the pathogenesis of this disease.
2. Results
2.1. High Expression Levels of the OAS Gene Family in MBx of JDM Patients
The GSE3307 contained 13 groups of datasets of several muscle diseases. The available groups
were: normal human skeletal muscle (n = 20), acute quadriplegic myopathy (AQM; critical care
myopathy) (n = 3), JDM (n = 21), amyotrophic lateral sclerosis (ALS) (n = 9), spastic paraplegia
(SPG4; spastin) (n = 4), fascioscapulohumeral muscular dystrophy (FSHD), Emery Dreifuss muscular
dystrophy (both X-linked recessive emerin forms; autosomal-dominant Lamin A/C form (LMNA) (n =
22), Becker muscular dystrophy (partial loss of dystrophin) (n = 5), Duchenne muscular dystrophy
(complete loss of dystrophin) (n = 10), Calpain 3 (LGMD2A) (n = 9), dysferlin (LGMD2B) (n = 10),
and fukutin related protein FKRP (glycosylation defect; homozygous for a missense mutation) (n = 7).
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2.2. The Network of OAS Genes and Their Possible Roles in JDM
2.2. The Network of OAS Genes and Their Possible Roles in JDM
In order to verify if the OASs genes could be involved in the JDM pathogenesis, we performed a
In order to verify if the OASs genes could be involved in the JDM pathogenesis, we performed
gene network analysis. For this reason, we interrogated the GIANT and STRING online software.
a gene network analysis. For this reason, we interrogated the GIANT and STRING online software.
For the GIANT online tool, we set the tissue menu as skeletal muscles, the network filter with
For the GIANT online tool, we set the tissue menu as skeletal muscles, the network filter with a
a minimum relationship confidence of 0.18, and the maximum number of genes as 50. The list of 54
minimum relationship confidence of 0.18, and the maximum number of genes as 50. The list of 54
genes (including the four OASs genes) obtained was loaded into the multiple sequences search set of
genes (including the four OASs genes) obtained was loaded into the multiple sequences search set of
the STRING software in order to obtain a graphical network representation (Figure 2A).
the STRING software in order to obtain a graphical network representation (Figure 2A).
STRING analysis showed a large number of genes belonging to a specific biological process
STRING analysis showed a large number of genes belonging to a specific biological process
(response to the virus). These results were confirmed by a gene ontology analysis performed with
(response to the virus). These results were confirmed by a gene ontology analysis performed with
FunRich online tools (Supplementary Figure S2).
FunRich online tools (Supplementary Figure S2).
The 54 genes obtained by the GIANT analysis were compared to the significantly upregulated
The 54 genes obtained by the GIANT analysis were compared to the significantly upregulated
genes in GSE3307 (3348 for GPL96 and 1313 for GPL97) (Figure 2B). Among these 54 genes,
genes in GSE3307 (3348 for GPL96 and 1313 for GPL97) (Figure 2B). Among these 54 genes, 52 (96.3%)
52 (96.3%) were common between the JDM and the healthy control upregulated genes (p < 0.0001)
were common between the JDM and the healthy control upregulated genes (p < 0.0001) (Figure 2B).
No significantly common genes to the OASs gene network were observed among the list of
downregulated genes (data not shown). These results were confirmed when we compared the
significantly upregulated genes to the OASs gene network of all three microarray datasets selected
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2.3. dsRNA Genes Expression Profiles Overlap with Transcriptome of JDM MBx
2.3. dsRNA Genes Expression Profiles Overlap with Transcriptome of JDM MBx
In the previous sections, we have shown that OAS pathway is associated with the response
In the previous sections, we have shown that OAS pathway is associated with the response to
to viral infections (String and FunRich analysis). Starting from this result, we decided to
viral infections (String and FunRich analysis). Starting from this result, we decided to overlap the
overlap the transcriptome of GSE51392 composed by primary epithelial cells treated with
transcriptome of GSE51392 composed by primary epithelial cells treated with polyinosinic‐
polyinosinic-polycytidylic acid (poly(I:C)) (20 µg/mL for 24 h) and GSE3307 microarray dataset,
polycytidylic acid (poly(I:C)) (20 μg/mL for 24 h) and GSE3307 microarray dataset, based on JDM
based on JDM MBx. The FDR analysis obtained by GEO2R, produced for GSE51392 a large number of
MBx. The FDR analysis obtained by GEO2R, produced for GSE51392 a large number of significantly
significantly upregulated genes (5515 genes) (Supplementary Table S1). The overlapped with GSE3307,
upregulated genes (5515 genes) (Supplementary Table S1). The overlapped with GSE3307, producing
producing 1736 genes that were significantly upregulated in both (39.9%), and 2617 (60.1%) that were
1736 genes that were significantly upregulated in both (39.9%), and 2617 (60.1%) that were exclusive
exclusive for JDM (chi-square two-tailed with a p-value <0.0001) (Figure 3).
for JDM (chi‐square two‐tailed with a p‐value <0.0001) (Figure 3).
Inside the list of 1736 significantly upregulated genes that overlapped between GSE51392 and
Inside the list of 1736 significantly upregulated genes that overlapped between GSE51392 and
GSE3307, the OAS genes family was still present. Also, the dsRNA genes belonging to the transduction
GSE3307, the OAS genes family was still present. Also, the dsRNA genes belonging to the
pathway, such as RIG-I (also known DDX58), IFIH1, IPS1 (also known MAVS), LGP2 (also known
transduction pathway, such as RIG‐I (also known DDX58), IFIH1, IPS1 (also known MAVS), LGP2
DHX58), CD14, TLR3, TBK1, and IRF, were part of those genes that were significantly modulated in
(also known DHX58), CD14, TLR3, TBK1, and IRF, were part of those genes that were significantly
common, in the two GSE (Figure 4) (Supplementary Figure S4 and Table S1). The expression levels of
modulated in common, in the two GSE (Figure 4) (Supplementary Figure S4 and Table S1). The
expression levels of TRAF6 were an exception. A possible explanation for this event could be the
downregulation of IPS‐1 levels found in our analysis. In fact, it was largely demonstrated that RIG‐
like helicases signaling has been proposed to bifurcate at IPS‐1 in two pathways, the TRAF3‐
dependent IRF activation pathway, and the TRAF6‐dependent NF‐κB activation pathway. The IPS‐1
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0.0001) (Figure 4A), and also CD14 (p < 0.0001) and TLR3 (p < 0.0001) (Figure 4B), in MBx of JDM
patients compared to healthy controls. When TLR3 recognizes dsRNA, it dimerizes, binds to CD14,
and activates the signaling complex assembled by TRIF, TRAF3, TBK1, and IRF3. Moreover, we
found that TRIF (p < 0.01) was significantly downregulated (Supplementary TableS1), whereas
TRAF3 (p < 0.001), TBK1 (p < 0.001), and IRF3 (p < 0.001) were significantly upregulated in JDM vs.
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Similar results were obtained for GSE51392. Indeed, RIG‐I (DDX58), IFIH1, OAS1, OAS2, OAS3,
and OASL resulted significantly modulated and correlated to each other (Supplementary Figure S5
and Table S1).
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Similar results were obtained for GSE51392. Indeed, RIG-I (DDX58), IFIH1, OAS1, OAS2, OAS3,
and OASL resulted significantly modulated and correlated to each other (Supplementary Figure S5
and Table S1).
2.4. The Innate Immunity Genes Markers Are Modulated in JDM Patients’ Biopsies
In order to verify the role played by the innate immunity and its correlation with OAS gene
family expression in JDM patients’ biopsies, we performed an expression analysis of the main
markers involved.
With regards to the innate immunity involvement in JDM, we analyzed cyclophilin A (PPIA,
necrotic marker) [27], CD14, CD11b, CXCR4 (monocyte markers) [28], and CCL2 and CCL8 (monocyte
infiltration markers) [29], in the datasets used for this study. A Z-score analysis of the tree datasets
selected was performed in order to improve the significantly statistic results. We showed that
all markers were significantly upregulated in JDM muscle biopsies compared to healthy subjects
(Supplementary Figure S6).
The expression levels of all markers, excepting CD14, were significantly correlated with OAS
genes family expression levels (Supplementary Table S1A). Furthermore, we analyzed the expression
levels of IFNG [30] and its receptor (IFNGR1) [31] in order to verify whether these molecules play a
role in JDM. The analysis showed that only IFNGR1 was significantly modulated (Supplementary
Figure S7 and Table S1A).
The correlation analysis revealed that IFNGR1 was significantly correlated with OAS gene family
expression. This result was probably due to the fact that the production of IFNG is a prerogative of T
lymphocytes, and not of innate immunity [32,33]. Overall, these results showed that the OAS family
genes were correlated with the monocyte genes markers and with the action of IFNG through the
action of its receptor.
In order to present a complete framework of the situation on the innate immunity activity,
we decided to analyze the expression levels of monocyte activation markers such as IL18 [34],
CD163 [35], LAMP3 [36], and CHI3L1 [37]. We showed that the expression levels of all of the genes
selected were significantly upregulated in JDM muscle biopsies, and its levels positively correlated
with OAS1, OAS2, and OAS3 (an exception was CD163 and CHI3L1 vs. OAS1) (Supplementary
Figure S8 and Table S1B) (for the details of results, see the supplementary section).
All these findings would seem to confirm the involvement of innate immunity in the biopsies of
patients with JDM, and a possible correlation with the OAS family gene expression.
2.5. Adaptive Immunity Seems to Be Involved in JDM
In order to complete the immunological pathways potentially involved in JDM, we decided to
analyze the involvement of adaptive immunity.
In recent years, the role played by Major Histocompatibility Complex MHC class I/II in JDM
has already been studied [38–40]. In our analysis, we decided to measure the expression levels of
MHC class I/II and the principal chemokines involved in the recruitment and activation of T and B
lymphocytes. We showed that all MHC class I expression levels were more highly expressed than
MHC class II [38] (Supplementary Figure S9).
Furthermore, the MHC class I expression levels were significantly correlated with OAS gene
expression (Supplementary Table S1C). No correlation was observed between the OAS genes and
MHC class II. These results would seem to confirm a mediated antiviral response to MHC class I
and OAS.
With regard to the analysis of genes referable to recruitment and activation of T and B lymphocytes,
we selected CCL19 [41], CCL3 [42], CCL4 [43], CCL5 [44], and CXCL13 [45]. The expression analysis
of these chemokines in our datasets showed significant increases in JDM patients compared to healthy
subjects (Supplementary Figure S10).
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The correlation analysis between OAS gene expression levels and CCL19 showed significant
results. With regard to CCL4, CCL5, and CXCL13, we observed a significant correlation with OAS1,
OAS2, and OAS3. CCL3 was only positively correlated with OASL (Supplementary Table S1D).
These results could explain the possible recruitment and subsequent activation of adaptive
immunity in the muscular biopsies of patients affected by JDM.
3. Discussion
In this manuscript, we analyzed three different microarray datasets of MBx from patients
with JDM, and we showed that almost 98% of the OAS genes family network was significantly
upregulated. Surprisingly, the microarray analysis showed that the dsRNA virus gene network
was highly expressed in the MBx of JDM patients (Figure 5). These data were confirmed when we
overlapped the transcriptome of primary epithelial cells treated with poly(I:C), a model mimicking
viral infection, and the JDM MBx dataset. Also, the analysis of genes characterizing innate and
adaptive immunity revealed their involvement in JDM, mediated by OAS family gene expression.
Taken together, these results suggest the possible involvement of the dsRNA pathway in the
pathogenesis of the disease.
It has been demonstrated that type 1 IFNs are linked to the pathogenesis of some forms of
myositis [46], although the mechanisms remain still largely unknown. Moreover, TRIs (tubuloreticular
inclusions), which are macromolecular structures that are visible in dermatomyositis muscle
endothelial cells biopsies [47] were identified as markers of type 1 IFN pathway signaling. The OAS
gene family consists of homologous enzymes that are encoded by IFN-stimulated genes [48].
In vitro, the synthesis of the OAS gene family requires cell activation by dsRNA or ssRNA,
with little secondary structure [49]. OAS expression seems to be sufficient to protect cells against
infection with picornaviruses, such as encephalomyocarditis virus EMCV or Mengo viruses [14,50,51].
Moreover, a recent study suggested an important role for OAS genes in the monocytes of Human
Immunodeficiency Virus HIV-infected individuals [52].
Several papers have shown that excessive keratinocyte apoptosis can be responsible for the
development of skin lesions in subjects with dermatomyositis [53]. One of the possible apoptotic
mechanisms could be activated by OAS genes. In fact, it has been shown that the OAS/RNaseL
pathway is a novel effector of BRCA1- and IFN-gamma mediated apoptosis [54].
Furthermore, it is important to highlight that innate immunity could play a predominant role
in the progression of JDM, before the induction of adaptive immune responses [55]. One of the
pathways activated by monocytes to restrain viral infections is OAS/RNase L. Moreover, myocyte
necrosis, which is typically observed in inflammatory myopathies [56,57], could induce monocyte
infiltration [55,56,58], the subsequent maturation and production of chemokines that are able to localize
T lymphocytes [59] with consequent production of gamma IFN [59], and the activation of OAS genes.
This data was partially confirmed during our analysis.
In addition, we found upregulation of the genes produced during extracellular or intracellular
dsRNA viral replication. Recently, several papers have documented the modulation of MDA5 in
JDM muscle biopsies [60]. This molecule is like an intracellular pathogen sensor that is located in the
cytosol, and belongs to the family of RIG-I-like receptors (RLRs), as well as RIG-I [61]. In physiological
conditions, it binds long (>1000 bp) viral dsRNA without any end-specificity. Recently, MDA5 has been
identified as a DM-specific autoantigen that appears to be targeted in patients with DM and mild or
absent muscle inflammation, and with an increased risk of interstitial lung disease [62]. The messenger
RNA (mRNA) increase we observed in MBx may represent a compensatory mechanism in response to
MDA5 inactivation by autoantibodies. Moreover, the inactivation of MDA5 pathways could make
JDM patients more susceptible to dsRNA virus infection.
The hypothesis that the onset of autoimmune rheumatic diseases could be triggered by virus
infection is controversial and based on case reports [63–67]. Several molecular mechanisms have
been proposed to explain the role of infectious agents on the induction of autoimmune diseases
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as a molecular mimic, priming of reactive T cells or superantigenic T cell activation. Structural
homology between infectious and host components or self-antigens that are processed and presented
by Antigen-Presenting Cell APC, leading to priming of self-reactive T cells or viral products,
which cross-link the T cell receptor and the MHC molecule independent of specific antigens, represent
potential mechanisms that are hidden behind the JDM onset.
This paper proposes to explain the role of innate and adaptive immunity in JDM through OAS
gene family action. Our observations led us to think that a plausible explanation of JDM etiogenesis
could be that monocytes that are locally attracted in the muscle of those that are affected by JDM could
transform into activated macrophages by proceeding with the elimination of the causative etiological
agent (hypothetical double-strand virus). Subsequently, the release of chemokines specific for T and B
lymphocytes could determine the polarization and activation (IFNG) of T lymphocytes. Moreover,
the cytotoxic activity of CD8 T lymphocytes mediated by the major histocompatibility complexes of
class I expressed by myocytes could determine the propagation of the disease.
These results are not conclusive. Further studies are needed to investigate the role of the OAS gene
family in the disease mechanism, and whether they contribute to muscle tissue damage in patients
with JDM disorders.
4. Materials and Methods
4.1. Microarray Selection
In this manuscript, we evaluate microarray datasets from the NCBI GEO (http://www.ncbi.nlm.
nih.gov/geo/) (access on 18 January 2018) databank under accession numbers GSE3307 (GPL96/97),
GSE11971, GSE48280, and GSE51392 in order to delineate a correlation between the OAS gene family
network and the molecular events that characterize JDM.
From the GSE3307 microarray dataset, we sorted the data of normal MBx (n = 20) from volunteers
participating in exercise physiology studies, and MBx from patients with JDM (n = 21 female and
n = 4 male). Complete experimental details can be retrieved in the publication by Bakay et al.
and Dadgar et al. [68,69].
To validate the results obtained with GSE3307, we also analyzed two more microarray datasets
(GSE11971 and GSE48280). From the GSE11971 microarray dataset, we selected the data of MBx from
16 girls with JDM not receiving any nonsteroidal or immunosuppressive therapy, and four healthy
age- and sex-matched controls. As for the GSE48280 microarray dataset, we analyzed the data of
MBx from five patients with JDM (all female) and five controls obtained from individuals during hip
replacement surgery. The complete experimental details of the two microarray datasets can be found
in the publications by Chen et al. and Suárez-Calvet et al. [70,71].
From GSE51392, we decided to select significant gene expression profiles of primary nasal and
bronchial epithelial cells isolated from healthy subjects and treated with Polyinosinic-polycytidylic
acid (poly I:C) 20µg/mL for 24 hr. This molecule is a synthetic immunostimulant mimicking a
double-stranded RNA (dsRNA) structure. The poly(I:C) cell treatment is able to activate antiviral
receptors such as TLR3, RIG-I/MDA5, and PKR, with subsequent induction of multiple inflammatory
pathways, such as NF-kB and IRF. For more details refer to the publication by Wagener AH et al. [72].
The Multi-Experiment Viewer (MeV) software was chosen to identify differentially expressed
genes. In cases where multiple probes insisted on the same NCBI GeneID, we selected those with the
highest variance. By restricting the threshold level of significance to p < 0.01, for the GPL96 Platform
of GSE3307, we identified 3348 upregulated and 6480 downregulated genes in JDM MBx vs. healthy
MBx; for the GPL97 Platform, we found 1313 upregulated and 4693 downregulated genes. In order to
exclude the genes redundant in the two platforms GPL96/97, we overlapped the significant up- and
downregulated genes obtained during the analysis. The number unique upregulated genes obtained
was 4353, and the unique downregulated genes was 8018. With regard to GSE11971, we identified 5395
upregulated and 2942 downregulated genes, comparing JDM MBx vs. healthy MBx. For GSE48280,
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we identified 1511 upregulated and 1621 downregulated genes. The analysis of GSE51392 produced
the following results: 5515 upregulated and 6146 downregulated genes (Supplementary Table S1).
In order to identify genes that are commonly modulated in OAS gene network and JDM
MBx, Venn diagrams were drawn using the online utility Venn Diagram Generator (http://www.
bioinformatics.lu) (access on 18 January 2018). Weighted Gene Networks were obtained for the
commonly modulated genes using STRING software (http://string-db.org/) (access on 18 January
2018) and GIANT software (http://giant.princeton.edu/) (access on 18 January 2018). The STRING
combined score was determined with data from Neighborhood in the Genome, Experimental and
Biochemical Data Co-occurrence Across Genomes [73].
The OASs gene pathway was obtained from the GIANT database (http://giant.princeton.edu/)
(access on 18 January 2018), setting the tissue menu to skeletal muscles, the network filter to a minimum
relationship confidence of 0.18, and the maximum number of genes to 50.
GIANT leverages a tissue-specific gold standard to automatically up-weight datasets that are
relevant to a tissue from a large evidence compendium of diverse cell-types and tissues. [74].
GeneMANIA (https://genemania.org/) (access on 18 January 2018) is an online tool that is able to
provide a global view of genes interactions. This information is derived from published experimental
evidence and bioinformatics analysis predictions. Using the available online graphical user interface,
we set the filters to 0 related genes and no related attributes, in order to restrict the gene network.
The results for each gene were obtained by linear regression [75].
4.2. Functional Enrichment Analysis
Biological pathway, biological process, expression site heatmap, and analysis of KEGG pathways
were drawn with the FunRich tool (http://www.funrich.org) (access on 20 January 2018) against the
human FunRich background database [76].
4.3. Statistical Analysis
For statistical analysis and graphical representation, we used the Prism 7 software (GraphPad
Software, 7825 Fay Avenue, Suite 230, La Jolla, CA 92037 USA). The Shapiro–Wilk test was used as the
normality test. Significant differences between groups were assessed using the Mann–Whitney U test,
and the Kruskal–Wallis test was performed to compare data between all groups, followed by Dunn’s
post hoc test. Correlation analyses were determined using Spearman’s ρ correlation [77]. All tests were
two-sided (significant value p < 0.05). A Chi-square with a Yates correction analysis was performed
by GraphPad Prism software for a 2 × 2 contingency table (significant value p < 0.05). The analysis
of the microarray data by a Z-score transformation was used in order to allow for the comparison of
microarray data independent of the original hybridization intensities. [78].
5. Conclusions
In conclusion, our datasets analysis shows that OAS genes are upregulated in the muscle biopsies
of JDM patients (Figure 6).
OASs gene expression could be induced by infiltrating monocytes, activation by dsRNA viruses,
or by necrotic/apoptotic events in muscle myositis. Moreover, the activation of IFNs pathway induced
by viral infections could represent the link between the upregulation of both the OAS gene family and
the dsRNA virus network that we observed in our study.

Int. J. Mol. Sci. 2018, 19, 2786
Int. J. Mol. Sci. 2018, 19, x

11 of 16
11 of 16

Figure
Figure 6.
6. Hypothetical gene signaling pathways activated by dsRNA and viruses
viruses in
in JDM
JDM muscle
muscle
biopsies.
biopsies. Extracellular
Extracellular or intracellular
intracellular dsRNA produced
produced during
during viral replication
replication can
can activate different
different
signaling
oror
mitochondria
RIG-I
/MDA5.
TLR3
dimerizes,
binds
to
signalingpathways,
pathways,such
suchasasendosome
endosomeTLR3
TLR3
mitochondria
RIG‐I
/MDA5.
TLR3
dimerizes,
binds
CD14
and activates
TRIF, which
in turn, TRAF3
and TRAF3
TBK1, and
leads
to IRF3
to CD14
and activates
TRIF, activates
which activates
in turn,
and
TBK1,
andphosphorylation.
leads to IRF3
The
activated transcription
factors
translocate from
thetranslocate
cytoplasmfrom
to thethe
nucleus,
bindto
to the
the nucleus,
cognate
phosphorylation.
The activated
transcription
factors
cytoplasm
sites
of the
genes (OASs),
induce
their
transcription.
As for
thetranscription.
cytoplasmic
bindin
tothe
thepromoters
cognate sites
in target
the promoters
of theand
target
genes
(OASs),
and induce
their
RNA
helicases
RIG-I and MDA5,
they recognize
and usethey
the mitochondrial
membrane-bound
As for
the cytoplasmic
RNA helicases
RIG‐I dsRNA
and MDA5,
recognize dsRNA
and use the
protein
IPS1 asmembrane‐bound
the specific adaptor.
IPS1IPS1
functions
TRIFadaptor.
activateIPS1
the functions
same transcription
factors,
mitochondrial
protein
as the like
specific
like TRIF activate
leading
to transcription
the induction factors,
of similar
genes. to
Colored
thermometer
indicates
the Colored
significance
values of
the same
leading
the induction
of similar
genes.
thermometer
genes
(red:the
high
significance
level;
significance
level; grey:
noblue:
significance
level). For
the
indicates
significance
values
ofblue:
geneslow
(red:
high significance
level;
low significance
level;
genes
depicted
in
the
figure,
refer
to
Supplementary
Table
S1.
grey: no significance level). For the genes depicted in the figure, refer to Supplementary Table S1.

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/xxx/s1.
Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/19/9/
2786/s1.
Author Contributions: Conceptualization, M.D.R. and G.M.; Methodology, M.D.; Software, M.D.; Validation,
P.C. andContributions:
I.B.; Formal Analysis,
C.S.; Investigation,
D.T.,G.M.;
G.N. Methodology,
R.I. and G.F.P.;M.D.;
Resources,
M.D.;
DataValidation,
Curation,
Conceptualization,
M.D.R. and
Software,
M.D.;
Author
P.C.
and
I.B.; Formal Analysis,
C.S.; Investigation,
D.T., G.N., R.I.&and
G.F.P.;P.P.
Resources,
Data Curation,
M.D.;
Writing‐Original
Draft Preparation,
M.D.; Writing‐Review
Editing,
and R.C.;M.D.;
Visualization,
M.D.;
M.D.;
Writing-Original
M.D.; Writing-Review
& Editing,
P.P. and M.G.
R.C.; Authorship
Visualization,
M.D.;
Supervision,
M.D. and Draft
G.M.; Preparation,
Project Administration,
R.D.M.; Funding
Acquisition,
must
be
Supervision,
M.D.
and
G.M.;
Project Administration,
Funding
Acquisition, M.G. Authorship must be
limited to those
who
have
contributed
substantially toR.D.M.;
the work
reported.
limited to those who have contributed substantially to the work reported.
Funding: “This
“This research
research was
was funded
funded by
by University
University Research
Research Project
Project Grant
Grant (Triennial
Research Plan
Plan 2016–2018),
2016–2018),
Funding:
(Triennial Research
(BIOMETEC),University
Universityof
ofCatania,
Catania,Italy.”
Italy.”
Department of
of Biomedical
Biomedical and
and Biotechnological
Biotechnological Sciences
Sciences(BIOMETEC),
Department
Acknowledgments:
Iain
Halliday
forfor
commenting
andand
making
corrections
to the
Acknowledgments: The
Theauthors
authorswould
wouldlike
liketotothank
thank
Iain
Halliday
commenting
making
corrections
to
paper.
Also,
we
would
like
to
show
our
gratitude
to
the
authors
of
microarray
datasets
made
available
online,
the paper. Also, we would like to show our gratitude to the authors of microarray datasets made available online,
for
for consultation
consultation and
and re-analysis.
re‐analysis.
Conflicts of Interest: The authors declare no conflict of interest
Conflicts of Interest: The authors declare no conflict of interest

Abbreviations
OAS2
OAS1
OAS3
OASL
dsRNA

2′‐5′‐oligoadenylate synthetase 2
2′‐5′‐oligoadenylate synthetase 1
2′‐5′‐oligoadenylate synthetase 3
2′‐5′‐oligoadenylate synthetase‐like
double‐stranded RNA

Int. J. Mol. Sci. 2018, 19, 2786

12 of 16

Abbreviations
OAS2
OAS1
OAS3
OASL
dsRNA
IPS1
MDA5
MS
RIG-I
RA
MBx
SLE
Sc
TBK1/IKKE
TRIF
TLR3
IRF3
TRAF3

20 -50 -oligoadenylate synthetase 2
20 -50 -oligoadenylate synthetase 1
20 -50 -oligoadenylate synthetase 3
20 -50 -oligoadenylate synthetase-like
double-stranded RNA
also known as VISA: IFN-β-promoter stimulator 1
melanoma differentiation associated protein 5
multiple sclerosis
retinoic acid-inducible gene I
rheumatoid arthritis
skeletal muscle biopsies
systemic lupus erythematosus
systemic sclerosis
TANK-binding kinase
TLR adaptor molecule 1
Toll-like receptor 3
transcription factor IFN regulatory factor 3
tumor necrosis factor (TNF) receptor-associated factor 3

References
1.
2.
3.
4.

5.

6.

7.

8.

9.
10.

11.

Martin, N.; Li, C.K.; Wedderburn, L.R. Juvenile dermatomyositis: New insights and new treatment strategies.
Ther. Adv. Musculoskelet. Dis. 2012, 4, 41–50. [CrossRef] [PubMed]
Feldman, B.M.; Rider, L.G.; Reed, A.M.; Pachman, L.M. Juvenile dermatomyositis and other idiopathic
inflammatory myopathies of childhood. Lancet 2008, 371, 2201–2212. [CrossRef]
Symmons, D.P.; Sills, J.A.; Davis, S.M. The incidence of juvenile dermatomyositis: Results from a nation-wide
study. Br. J. Rheumatol. 1995, 34, 732–736. [CrossRef] [PubMed]
Constantin, T.; Ponyi, A.; Orban, I.; Molnar, K.; Derfalvi, B.; Dicso, F.; Kalovics, T.; Muller, J.; Garami, M.;
Sallai, A.; et al. National registry of patients with juvenile idiopathic inflammatory myopathies
in Hungary–Clinical characteristics and disease course of 44 patients with juvenile dermatomyositis.
Autoimmunity 2006, 39, 223–232. [CrossRef] [PubMed]
Preusse, C.; Allenbach, Y.; Hoffmann, O.; Goebel, H.H.; Pehl, D.; Radke, J.; Doeser, A.; Schneider, U.;
Alten, R.H.; Kallinich, T.; et al. Differential roles of hypoxia and innate immunity in juvenile and adult
dermatomyositis. Acta Neuropathol. Commun. 2016, 4, 45. [CrossRef] [PubMed]
Lopez de Padilla, C.M.; Vallejo, A.N.; McNallan, K.T.; Vehe, R.; Smith, S.A.; Dietz, A.B.; Vuk-Pavlovic, S.;
Reed, A.M. Plasmacytoid dendritic cells in inflamed muscle of patients with juvenile dermatomyositis.
Arthritis Rheum. 2007, 56, 1658–1668. [CrossRef] [PubMed]
Wakiguchi, H.; Hasegawa, S.; Hirano, R.; Kaneyasu, H.; Wakabayashi-Takahara, M.; Ohga, S. Successful
control of juvenile dermatomyositis-associated macrophage activation syndrome and interstitial pneumonia:
Distinct kinetics of interleukin-6 and -18 levels. Pediatr. Rheumatol. Online J. 2015, 13, 49. [CrossRef] [PubMed]
Lopez De Padilla, C.M.; Vallejo, A.N.; Lacomis, D.; McNallan, K.; Reed, A.M. Extranodal lymphoid
microstructures in inflamed muscle and disease severity of new-onset juvenile dermatomyositis.
Arthritis Rheum. 2009, 60, 1160–1172. [CrossRef] [PubMed]
Pestronk, A.; Schmidt, R.E.; Choksi, R. Vascular pathology in dermatomyositis and anatomic relations to
myopathology. Muscle Nerve 2010, 42, 53–61. [CrossRef] [PubMed]
Cappelletti, C.; Baggi, F.; Zolezzi, F.; Biancolini, D.; Beretta, O.; Severa, M.; Coccia, E.M.; Confalonieri, P.;
Morandi, L.; Mora, M.; et al. Type I interferon and Toll-like receptor expression characterizes inflammatory
myopathies. Neurology 2011, 76, 2079–2088. [CrossRef] [PubMed]
Greenberg, S.A.; Pinkus, J.L.; Pinkus, G.S.; Burleson, T.; Sanoudou, D.; Tawil, R.; Barohn, R.J.; Saperstein, D.S.;
Briemberg, H.R.; Ericsson, M.; et al. Interferon-alpha/beta-mediated innate immune mechanisms in
dermatomyositis. Ann. Neurol. 2005, 57, 664–678. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2786

12.
13.
14.
15.

16.

17.

18.
19.

20.

21.
22.
23.

24.

25.

26.
27.
28.

29.
30.

31.

13 of 16

Sadler, A.J.; Williams, B.R. Interferon-inducible antiviral effectors. Nat. Rev. Immunol. 2008, 8, 559–568.
[CrossRef] [PubMed]
Hovanessian, A.G.; Wood, J.N. Anticellular and antiviral effects of pppA(20 p50 A.)n. Virology 1980, 101, 81–90.
[CrossRef]
Chebath, J.; Benech, P.; Revel, M.; Vigneron, M. Constitutive expression of (20 -50 ) oligo A synthetase confers
resistance to picornavirus infection. Nature 1987, 330, 587–588. [CrossRef] [PubMed]
Kristiansen, H.; Scherer, C.A.; McVean, M.; Iadonato, S.P.; Vends, S.; Thavachelvam, K.; Steffensen, T.B.;
Horan, K.A.; Kuri, T.; Weber, F.; et al. Extracellular 20 -50 oligoadenylate synthetase stimulates RNase
L-independent antiviral activity: A novel mechanism of virus-induced innate immunity. J. Virol. 2010,
84, 11898–11904. [CrossRef] [PubMed]
Kajaste-Rudnitski, A.; Mashimo, T.; Frenkiel, M.P.; Guenet, J.L.; Lucas, M.; Despres, P.
The 20 ,50 -oligoadenylate synthetase 1b is a potent inhibitor of West Nile virus replication inside infected cells.
J. Biol. Chem. 2006, 281, 4624–4637. [CrossRef] [PubMed]
De Freitas Almeida, G.M.; Oliveira, D.B.; Botelho, L.M.; Silva, L.K.; Guedes, A.C.; Santos, F.P.;
Bonjardim, C.A.; Ferreira, P.C.; Kroon, E.G. Differential upregulation of human 20 50 OAS genes on systemic
sclerosis: Detection of increased basal levels of OASL and OAS2 genes through a qPCR based assay.
Autoimmunity 2014, 47, 119–126. [CrossRef] [PubMed]
Croze, E. Differential gene expression and translational approaches to identify biomarkers of interferon beta
activity in multiple sclerosis. J. Interferon Cytokine Res. 2010, 30, 743–749. [CrossRef] [PubMed]
Preble, O.T.; Rothko, K.; Klippel, J.H.; Friedman, R.M.; Johnston, M.I. Interferon-induced 20 -50 adenylate
synthetase in vivo and interferon production in vitro by lymphocytes from systemic lupus erythematosus
patients with and without circulating interferon. J. Exp. Med. 1983, 157, 2140–2146. [CrossRef] [PubMed]
Hertzog, P.J.; Emery, P.; Cheetham, B.F.; Mackay, I.R.; Linnane, A.W. Interferons in rheumatoid arthritis:
Alterations in production and response related to disease activity. Clin. Immunol. Immunopathol. 1988,
48, 192–201. [CrossRef]
Mamyrova, G.; Rider, L.G.; Haagenson, L.; Wong, S.; Brown, K.E. Parvovirus B19 and onset of juvenile
dermatomyositis. JAMA 2005, 294, 2170–2171. [PubMed]
Bowie, A.G.; Unterholzner, L. Viral evasion and subversion of pattern-recognition receptor signalling.
Nat. Rev. Immunol. 2008, 8, 911–922. [CrossRef] [PubMed]
Borden, E.C.; Sen, G.C.; Uze, G.; Silverman, R.H.; Ransohoff, R.M.; Foster, G.R.; Stark, G.R. Interferons at
age 50: Past, current and future impact on biomedicine. Nat. Rev. Drug Discov. 2007, 6, 975–990. [CrossRef]
[PubMed]
Rothenfusser, S.; Goutagny, N.; DiPerna, G.; Gong, M.; Monks, B.G.; Schoenemeyer, A.; Yamamoto, M.;
Akira, S.; Fitzgerald, K.A. The RNA helicase Lgp2 inhibits TLR-independent sensing of viral replication by
retinoic acid-inducible gene-I. J. Immunol. 2005, 175, 5260–5268. [CrossRef] [PubMed]
Yoneyama, M.; Kikuchi, M.; Matsumoto, K.; Imaizumi, T.; Miyagishi, M.; Taira, K.; Foy, E.; Loo, Y.M.;
Gale, M., Jr.; Akira, S.; et al. Shared and unique functions of the DExD/H-box helicases RIG-I., MDA5,
and LGP2 in antiviral innate immunity. J. Immunol. 2005, 175, 2851–2858. [CrossRef] [PubMed]
Komuro, A.; Horvath, C.M. RNA- and virus-independent inhibition of antiviral signaling by RNA helicase
LGP2. J. Vir. 2006, 80, 12332–12342. [CrossRef] [PubMed]
Christofferson, D.E.; Yuan, J. Cyclophilin A release as a biomarker of necrotic cell death. Cell Death Differ.
2010, 17, 1942–1943. [CrossRef] [PubMed]
Pilling, D.; Fan, T.; Huang, D.; Kaul, B.; Gomer, R.H. Identification of markers that distinguish
monocyte-derived fibrocytes from monocytes, macrophages, and fibroblasts. PLoS ONE 2009, 4, e7475.
[CrossRef] [PubMed]
Deshmane, S.L.; Kremlev, S.; Amini, S.; Sawaya, B.E. Monocyte chemoattractant protein-1 (MCP-1):
An overview. J. Interferon Cytokine Res. 2009, 29, 313–326. [CrossRef] [PubMed]
Wong, D.; Kea, B.; Pesich, R.; Higgs, B.W.; Zhu, W.; Brown, P.; Yao, Y.; Fiorentino, D. Interferon and biologic
signatures in dermatomyositis skin: Specificity and heterogeneity across diseases. PLoS ONE 2012, 7, e29161.
[CrossRef] [PubMed]
Zahn, S.; Rehkamper, C.; Kummerer, B.M.; Ferring-Schmidt, S.; Bieber, T.; Tuting, T.; Wenzel, J. Evidence
for a pathophysiological role of keratinocyte-derived type III interferon (IFNlambda) in cutaneous lupus
erythematosus. J. Investig. Dermatol. 2011, 131, 133–140. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2786

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.
44.
45.

46.
47.
48.

49.
50.
51.

14 of 16

Fujiyama, T.; Ito, T.; Ogawa, N.; Suda, T.; Tokura, Y.; Hashizume, H. Preferential infiltration of
interleukin-4-producing CXCR4+ T cells in the lesional muscle but not skin of patients with dermatomyositis.
Clin. Exp. Immunol. 2014, 177, 110–120. [CrossRef] [PubMed]
Page, G.; Chevrel, G.; Miossec, P. Anatomic localization of immature and mature dendritic cell subsets
in dermatomyositis and polymyositis: Interaction with chemokines and Th1 cytokine-producing cells.
Arthritis Rheum. 2004, 50, 199–208. [CrossRef] [PubMed]
Shimizu, M.; Ueno, K.; Ishikawa, S.; Kasahara, Y.; Yachie, A. Role of activated macrophage and inflammatory
cytokines in the development of calcinosis in juvenile dermatomyositis. Rheumatology 2014, 53, 766–767.
[CrossRef] [PubMed]
Peng, Q.L.; Zhang, Y.L.; Shu, X.M.; Yang, H.B.; Zhang, L.; Chen, F.; Lu, X.; Wang, G.C. Elevated Serum Levels
of Soluble CD163 in Polymyositis and Dermatomyositis: Associated with Macrophage Infiltration in Muscle
Tissue. J. Rheum. 2015, 42, 979–987. [CrossRef] [PubMed]
Shrestha, S.; Wershil, B.; Sarwark, J.F.; Niewold, T.B.; Philipp, T.; Pachman, L.M. Lesional and nonlesional
skin from patients with untreated juvenile dermatomyositis displays increased numbers of mast cells and
mature plasmacytoid dendritic cells. Arthritis Rheum. 2010, 62, 2813–2822. [CrossRef] [PubMed]
Di Rosa, M.; Malaguarnera, G.; De Gregorio, C.; Drago, F.; Malaguarnera, L. Evaluation of CHI3L-1 and
CHIT-1 expression in differentiated and polarized macrophages. Inflammation 2013, 36, 482–492. [CrossRef]
[PubMed]
Di Rosa, M.; Distefano, G.; Zorena, K.; Malaguarnera, L. Chitinases and immunity: Ancestral molecules with
new functions. Immunobiology 2016, 221, 399–411. [CrossRef] [PubMed]
Sallum, A.M.; Kiss, M.H.; Silva, C.A.; Wakamatsu, A.; Sachetti, S.; Lotufo, S.; Matsumura, N.; Marie, S.K.
MHC class I and II expression in juvenile dermatomyositis skeletal muscle. Clin. Exp. Rheum. 2009,
27, 519–526.
Li, C.K.; Varsani, H.; Holton, J.L.; Gao, B.; Woo, P.; Wedderburn, L.R.; Juvenile Dermatomyositis Research
Group. MHC Class I overexpression on muscles in early juvenile dermatomyositis. J. Rheum. 2004,
31, 605–609. [PubMed]
Yoshida, R.; Imai, T.; Hieshima, K.; Kusuda, J.; Baba, M.; Kitaura, M.; Nishimura, M.; Kakizaki, M.;
Nomiyama, H.; Yoshie, O. Molecular cloning of a novel human CC chemokine EBI1-ligand chemokine that
is a specific functional ligand for EBI1, CCR7. J. Biol. Chem. 1997, 272, 13803–13809. [CrossRef] [PubMed]
Wolpe, S.D.; Davatelis, G.; Sherry, B.; Beutler, B.; Hesse, D.G.; Nguyen, H.T.; Moldawer, L.L.; Nathan, C.F.;
Lowry, S.F.; Cerami, A. Macrophages secrete a novel heparin-binding protein with inflammatory and
neutrophil chemokinetic properties. J. Exp. Med. 1988, 167, 570–581. [CrossRef] [PubMed]
Bystry, R.S.; Aluvihare, V.; Welch, K.A.; Kallikourdis, M.; Betz, A.G. B cells and professional APCs recruit
regulatory T cells via CCL4. Nat. Immunol. 2001, 2, 1126–1132. [CrossRef] [PubMed]
Song, A.; Nikolcheva, T.; Krensky, A.M. Transcriptional regulation of RANTES expression in T lymphocytes.
Immunol. Rev. 2000, 177, 236–245. [CrossRef] [PubMed]
Legler, D.F.; Loetscher, M.; Roos, R.S.; Clark-Lewis, I.; Baggiolini, M.; Moser, B. B cell-attracting chemokine 1,
a human CXC chemokine expressed in lymphoid tissues, selectively attracts B lymphocytes via BLR1/CXCR5.
J. Exp. Med. 1998, 187, 655–660. [CrossRef] [PubMed]
Greenberg, S.A. Type 1 interferons and myositis. Arthritis Res. Ther. 2010, 12, S4. [CrossRef] [PubMed]
Norton, W.L.; Velayos, E.; Robison, L. Endothelial inclusions in dermatomyositis. Ann. Rheum. Dis. 1970,
29, 67–72. [CrossRef] [PubMed]
Hovanessian, A.G.; Justesen, J. The human 20 -50 oligoadenylate synthetase family: Unique interferon-inducible
enzymes catalyzing 20 -50 instead of 30 -50 phosphodiester bond formation. Biochimie 2007, 89, 779–788.
[CrossRef] [PubMed]
Jacobs, B.L.; Langland, J.O. When two strands are better than one: The mediators and modulators of the
cellular responses to double-stranded RNA. Virology 1996, 219, 339–349. [CrossRef] [PubMed]
Williams, B.R.; Kerr, I.M. Inhibition of protein synthesis by 20 -50 linked adenine oligonucleotides in intact
cells. Nature 1978, 276, 88–90. [CrossRef] [PubMed]
Pinzone, M.R.; Di Rosa, M.; Celesia, B.M.; Condorelli, F.; Malaguarnera, M.; Madeddu, G.; Martellotta, F.;
Castronuovo, D.; Gussio, M.; Coco, C.; et al. LPS and HIV gp120 modulate monocyte/macrophage CYP27B1
and CYP24A1 expression leading to vitamin D consumption and hypovitaminosis D in HIV-infected
individuals. Eur. Rev. Med. Pharmacol. Sci. 2013, 17, 1938–1950. [PubMed]

Int. J. Mol. Sci. 2018, 19, 2786

52.

53.
54.

55.

56.
57.

58.
59.

60.

61.

62.

63.

64.
65.
66.
67.
68.

69.

70.

15 of 16

Fagone, P.; Nunnari, G.; Lazzara, F.; Longo, A.; Cambria, D.; Distefano, G.; Palumbo, M.; Nicoletti, F.;
Malaguarnera, L.; Di Rosa, M. Induction of OAS gene family in HIV monocyte infected patients with high
and low viral load. Antiviral Res. 2016, 131, 66–73. [CrossRef] [PubMed]
Pablos, J.L.; Santiago, B.; Galindo, M.; Carreira, P.E.; Ballestin, C.; Gomez-Reino, J.J. Keratinocyte apoptosis
and p53 expression in cutaneous lupus and dermatomyositis. J. Pathol. 1999, 188, 63–68. [CrossRef]
Mullan, P.B.; Hosey, A.M.; Buckley, N.E.; Quinn, J.E.; Kennedy, R.D.; Johnston, P.G.; Harkin, D.P. The 2,5
oligoadenylate synthetase/RNaseL pathway is a novel effector of BRCA1- and interferon-gamma-mediated
apoptosis. Oncogene 2005, 24, 5492–5501. [CrossRef] [PubMed]
Rostasy, K.M.; Piepkorn, M.; Goebel, H.H.; Menck, S.; Hanefeld, F.; Schulz-Schaeffer, W.J.
Monocyte/macrophage differentiation in dermatomyositis and polymyositis. Muscle Nerve 2004, 30, 225–230.
[CrossRef] [PubMed]
Akbaryan, M.; Darabi, F.; Soltani, Z. Dermatomyositis Leading to Necrotizing Vasculitis: A Perfect Response
to Applied Therapy. Int. J. Biol. Sci. 2016, 12, 125–129.
Preusse, C.; Goebel, H.H.; Held, J.; Wengert, O.; Scheibe, F.; Irlbacher, K.; Koch, A.; Heppner, F.L.; Stenzel, W.
Immune-mediated necrotizing myopathy is characterized by a specific Th1-M1 polarized immune profile.
Am. J. Pathol. 2012, 181, 2161–2171. [CrossRef] [PubMed]
Ringel, S.P.; Kenny, C.E.; Neville, H.E.; Giorno, R.; Carry, M.R. Spectrum of inclusion body myositis.
Arch. Neurol. 1987, 44, 1154–1157. [CrossRef]
Fasth, A.E.; Dastmalchi, M.; Rahbar, A.; Salomonsson, S.; Pandya, J.M.; Lindroos, E.; Nennesmo, I.;
Malmberg, K.J.; Soderberg-Naucler, C.; Trollmo, C.; et al. T cell infiltrates in the muscles of patients
with dermatomyositis and polymyositis are dominated by CD28null T cells. J. Immunol. 2009, 183, 4792–4799.
[CrossRef] [PubMed]
Yashiro, M.; Asano, T.; Sato, S.; Kobayashi, H.; Watanabe, H.; Miyata, M.; Migita, K. Anti-MDA5
antibody-positive hypomyopathic dermatomyositis complicated with pneumomediastinum. Fukushima J.
Med. Sci. 2018, 64, 89–94. [CrossRef] [PubMed]
Lian, H.; Zang, R.; Wei, J.; Ye, W.; Hu, M.M.; Chen, Y.D.; Zhang, X.N.; Guo, Y.; Lei, C.Q.; Yang, Q.; et al.
The Zinc-Finger Protein ZCCHC3 Binds RNA and Facilitates Viral RNA Sensing and Activation of the
RIG-I-like Receptors. Immunity 2018. [CrossRef] [PubMed]
Fiorentino, D.; Chung, L.; Zwerner, J.; Rosen, A.; Casciola-Rosen, L. The mucocutaneous and systemic
phenotype of dermatomyositis patients with antibodies to MDA5 (CADM-140): A retrospective study. J. Am.
Acad. Dermatol. 2011, 65, 25–34. [CrossRef] [PubMed]
Yang, S.Y.; Cha, B.K.; Kim, G.; Lee, H.W.; Kim, J.G.; Chang, S.K.; Kim, H.J. Dermatomyositis associated
with hepatitis B virus-related hepatocellular carcinoma. Korean J. Intern. Med. 2014, 29, 231–235. [CrossRef]
[PubMed]
Chevrel, G.; Calvet, A.; Belin, V.; Miossec, P. Dermatomyositis associated with the presence of parvovirus
B19 DNA in muscle. Rheumatology 2000, 39, 1037–1039. [CrossRef] [PubMed]
Tsai, J.; Jayaweera, S.; Bertouch, J. A case of adult dermatomyositis associated with parainfluenza virus
infection and Jo-1 antibody. Int. J. Rheum. Dis. 2017, 20, 1827–1830. [CrossRef] [PubMed]
Bowles, N.E.; Dubowitz, V.; Sewry, C.A.; Archard, L.C. Dermatomyositis, polymyositis, and Coxsackie-Bvirus infection. Lancet 1987, 1, 1004–1007. [CrossRef]
Silva, C.A.; Aikawa, N.E.; Bonfa, E. Vaccinations in juvenile chronic inflammatory diseases: An update.
Nat. Rev. Rheumatol. 2013, 9, 532–543. [CrossRef] [PubMed]
Bakay, M.; Wang, Z.; Melcon, G.; Schiltz, L.; Xuan, J.; Zhao, P.; Sartorelli, V.; Seo, J.; Pegoraro, E.; Angelini, C.;
et al. Nuclear envelope dystrophies show a transcriptional fingerprint suggesting disruption of Rb-MyoD
pathways in muscle regeneration. Brain 2006, 129, 996–1013. [CrossRef] [PubMed]
Dadgar, S.; Wang, Z.; Johnston, H.; Kesari, A.; Nagaraju, K.; Chen, Y.W.; Hill, D.A.; Partridge, T.A.; Giri, M.;
Freishtat, R.J.; et al. Asynchronous remodeling is a driver of failed regeneration in Duchenne muscular
dystrophy. J. Cell Biol. 2014, 207, 139–158. [CrossRef] [PubMed]
Chen, Y.W.; Shi, R.; Geraci, N.; Shrestha, S.; Gordish-Dressman, H.; Pachman, L.M. Duration of chronic
inflammation alters gene expression in muscle from untreated girls with juvenile dermatomyositis.
BMC Immunol. 2008, 9, 43. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2018, 19, 2786

71.

72.

73.

74.

75.

76.

77.

78.

16 of 16

Suarez-Calvet, X.; Gallardo, E.; Nogales-Gadea, G.; Querol, L.; Navas, M.; Diaz-Manera, J.; Rojas-Garcia, R.;
Illa, I. Altered RIG-I/DDX58-mediated innate immunity in dermatomyositis. J. Pathol. 2014, 233, 258–268.
[CrossRef] [PubMed]
Wagener, A.H.; Zwinderman, A.H.; Luiten, S.; Fokkens, W.J.; Bel, E.H.; Sterk, P.J.; van Drunen, C.M.
dsRNA-induced changes in gene expression profiles of primary nasal and bronchial epithelial cells from
patients with asthma, rhinitis and controls. Respir. Res. 2014, 15, 9. [CrossRef] [PubMed]
Szklarczyk, D.; Morris, J.H.; Cook, H.; Kuhn, M.; Wyder, S.; Simonovic, M.; Santos, A.; Doncheva, N.T.;
Roth, A.; Bork, P.; et al. The STRING database in 2017: Quality-controlled protein-protein association
networks, made broadly accessible. Nucleic Acids Res. 2017, 45, D362–D368. [CrossRef] [PubMed]
Greene, C.S.; Krishnan, A.; Wong, A.K.; Ricciotti, E.; Zelaya, R.A.; Himmelstein, D.S.; Zhang, R.;
Hartmann, B.M.; Zaslavsky, E.; Sealfon, S.C.; et al. Understanding multicellular function and disease
with human tissue-specific networks. Nat. Gen. 2015, 47, 569–576. [CrossRef] [PubMed]
Warde-Farley, D.; Donaldson, S.L.; Comes, O.; Zuberi, K.; Badrawi, R.; Chao, P.; Franz, M.; Grouios, C.;
Kazi, F.; Lopes, C.T.; et al. The GeneMANIA prediction server: Biological network integration for gene
prioritization and predicting gene function. Nucleic Acids Res. 2010, 38, W214–W220. [CrossRef] [PubMed]
Pathan, M.; Keerthikumar, S.; Ang, C.S.; Gangoda, L.; Quek, C.Y.; Williamson, N.A.; Mouradov, D.;
Sieber, O.M.; Simpson, R.J.; Salim, A.; et al. FunRich: An open access standalone functional enrichment and
interaction network analysis tool. Proteomics 2015, 15, 2597–2601. [CrossRef] [PubMed]
Leonardi, R.; Rusu, M.C.; Loreto, F.; Loreto, C.; Musumeci, G. Immunolocalization and expression of lubricin
in the bilaminar zone of the human temporomandibular joint disc. Acta Histochem. 2012, 114, 1–5. [CrossRef]
[PubMed]
Cheadle, C.; Vawter, M.P.; Freed, W.J.; Becker, K.G. Analysis of microarray data using Z score transformation.
J. Mol. Diagn. 2003, 5, 73–81. [CrossRef]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

