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OVERVIEW

Interferons in Autoimmune and Inflammatory Diseases:
Regulation and Roles

Divaker Choubey' and Kamal D. Moudgil®

Several lines of evidence strongly implicate type I interferons (IFN-o and B) and IFN-signaling in the patho-
genesis of certain autoimmune inflammatory diseases. Accordingly, genome-wide association studies have
identified polymorphisms in the type I IFN-signaling pathways. Other studies also indicate that a feed-forward
loop of type I IFN production, which involves sensing of cytoplasmic nucleic acids by sensors, contributes to the
development of immunopathology. In addition, a mutually positive regulatory feedback loop between type I
IFNs and estrogen receptor-o. may contribute to a gender bias, thus resulting in an increased production of type I
IFNs and associated immunopathology in women. Increased levels of type I IFNs have numerous immuno-
modulatory functions for both the innate and adaptive immune responses. Given that the IFN-f also has some
anti-inflammatory roles, identifying molecular links among certain genotypes, cytokine profiles, and associated
phenotypes in patients with autoimmune inflammatory diseases is likely to improve our understanding of

autoimmunity-associated pathogenesis and suboptimal outcomes following standard therapies.

Introduction

SYSTEMIC AUTOIMMUNE DISEASES, which include systemic
sclerosis, rheumatoid arthritis (RA), and systemic lupus
erythematosus (SLE), are antigen-driven heterogeneous
complex disorders (Lahita 1999; Tsokos and Kammer 2000;
Crispin and others 2010). These autoimmune diseases exhibit
moderate to strong sex bias in the development: more in
women than men (Greenstein 2001; Whitacre 2001; Rubtsov
and others 2010; Weckerle and Niewold 2011). Studies in-
dicate that predisposition to the development of systemic
autoimmune diseases, in large part, is genetically inherited in
humans and in mouse models (Graham and others 2009;
Moser and others 2009; Morel 2010). In addition, epigenetic
modifications that may arise from exposure of individuals to
the environment also contribute to the pathology of auto-
immune diseases (Sekigawa and others 2003; Ballestar and
others 2006; Zhao and others 2011). Epigenetic modifications,
which include CpG-DNA methylation, histone modifica-
tions, and microRNAs, influence gene expression and, thus,
various cellular functions. In genetically predisposed indi-
viduals, the immune system attacks tissues of its own, re-
sulting in inflammation, degeneration, tissue destruction,
and organ failure (Lahita 1999). Autoimmune diseases are
defined by the tissue that is being targeted by the immune
system for destruction. Consequently, autoimmune diseases
can be grouped into 2 categories: involving a single organ or
multiple organs. For example, type I diabetes is an autoim-

mune disease that involves a single organ, pancreas: the
immune system targets the beta cells. SLE is an example of
an autoimmune disease that involves multiple organs: the
immune system attacks multiple organs.

Genome-wide association studies involving patients with
SLE have identified multiple loci that are associated with the
disease susceptibility (Moser and others 2009; Graham and
others 2009). Notably, many genetic variations that are
linked to SLE (and autoimmunity) may increase the risk of
the development of the disease by altering the expression of
cytokine and/or cytokine-induced signaling in immune cells
(Baechler and others 2004; Banchereau and Pascual 2006;
Kariuki and Niewold 2010; Apostolidis and others 2011;
Davis and others 2011; Niewold 2011). The altered or de-
regulated cytokine signaling has potential to decrease the
thresholds for both innate and adaptive immune responses
in patients (Banchereau and Pascual 2006; Kariuki and Nie-
wold 2010). Given that SLE and certain other autoimmune
disease are clinically heterogeneous and the expression of
certain cytokines is deregulated, it is likely that a set of cy-
tokine-regulated signaling pathways and genes contribute to
differences in disease manifestations among patients.

Patients with autoinflammatory disorder often have rel-
atively higher levels of proinflammatory cytokines [eg, tu-
mor necrosis factor-o, interleukin (IL)-1, and interferon
(IFN)-v], which may result from aberrant activation of in-
nate immune responses (Aringer and Smolen 2004; Apos-
tolidis and others 2011; Astry and others 2011; Davis and
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others 2011; Niewold 2011). Accordingly, involvement of
Toll-like receptors (TLRs) in autoimmune diseases such as
SLE has been demonstrated in mouse models (Marshak-
Rothstein 2006). In these models, TLR ligands are com-
monly used as an adjuvant to generate organ-specific au-
toimmune diseases such as arthritis and encephalitis.
Moreover, mice with deficiency of negative regulators for
TLR signaling spontaneously develop autoimmune diseases
by aberrant production of inflammatory cytokines and type
I IFNs (Marshak-Rothstein 2006).

The participation of IFN-y in autoimmune diseases, such
as lupus pathogenesis, has been demonstrated in mouse
models (Haas and others 1998; Theofilopoulos and others
2001). Interestingly, the female sex hormone estrogen pro-
motes the IFN-y production by invariant natural killer (NK)
T cells, dendritic cells, and splenocytes (McMurray and
others 1997). Consistent with a role for IFN-y in the devel-
opment of lupus disease, deletion of the IFN-y receptor
(Haas and others 1998) or depletion of IFN-y in lupus-prone
(NZBxNZW)F; mice (Lawson and others 2000) prevents
autoantibody production and glomerulonephritis. In con-
trast, studies have shown that IFN-y can suppress arthritic
inflammation in rat models and also contributes to resistance
against arthritis (Schurgers and others 2011).

Several lines of evidence involving patients with SLE and
certain mouse models strongly suggest that type I IFNs are
intimately involved in the pathogenesis of systemic autoim-
mune diseases (Banchereau and Pascual 2006; Hall and Ro-
sen 2010): (i) IFN immunotherapy in patients is known to
induce autoimmunity; (ii) circulating immune complexes,
which contain nucleic acids, can initiate type I IFN produc-
tion and dendritic cell (DC) maturation; (iii) increased IFN-
induced gene expression (or “IFN-signature”) in patients
with systemic autoimmunity; and (iv) genetic polymor-
phisms in the IFN pathway genes are associated with an
increased risk for the development of systemic autoimmune
diseases.

Certain mouse models of lupus also indicate a role for the
IFN-signaling in the development of disease (Lu and others
2007). For example, mice that are deficient in type I IFN-
signaling do not develop lupus-like disease (Santiago-Raber
and others 2003; Jprgensen and others 2007). Additionally,
increased levels of IFN-o can induce early lethal lupus in
preautoimmune (NZBXxNZW)F; mice. Interestingly, the ge-
netic background of mice appears to play a critical role in
lupus susceptibility (Morel 2010). Accordingly, the type I
IFN suppresses autoimmunity in the MRL/Ipr mice (Hron
and Peng 2004). Moreover, blockade of type I IFN activity in
the B6.Sle2 congenic mice and C57BL/6 control mice in-
creased serum autoantibody levels (Li and others 2005).
Notably, a study using a mouse model of lupus disease
has demonstrated that increased levels of IFN-o also render
mice relatively resistant to therapeutic intervention (Liu and
others 2011). These observations support the genetic back-
ground-dependent roles for type I IFN in the development of
murine lupus disease and its progression.

Gender bias in the development of autoimmune and in-
flammatory diseases has been known (Greenstein 2001;
Whitacre 2001; Rubtsov and others 2010; Weckerle and
Niewold 2011). Studies indicate that, in addition to the
X-chromosomal gene dosage effect (Fish 2008; Sawalha and
others 2009), sex hormones also contribute to sex bias
(Bynoté and others 2008; Cohen-Solal and others 2008;
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Cunningham and Gilkeson 2011). However, sex hormone
levels in female patients with different autoimmune diseases,
including lupus, revealed that the differences in the levels of
sex hormones between patients and the age-matched healthy
individuals were not significant (Verthelyi and others 2001);
thus, suggesting that the female sex hormone levels play a
role in the initiation of SLE (and possibly in other autoim-
mune diseases) and other factors, such as the activation of
type I IFN-signaling by the female sex hormones, contributes
to the overall female bias in the development. Accordingly,
studies have indicated that the expression of certain IFN-
regulating genes such as the murine Irf6 (Shen and others
2010) and IFN-inducible genes (eg, the Ifi200-family genes;
see Choubey and others 2011) is regulated by the sex hor-
mones. Moreover, a mutual positive feedback loop between
type I IFN and the estrogen receptor (ER)-o. may play a role
in gender bias in autoimmune diseases (Panchanathan and
others 2010b).

Increased levels of type I IFN, IFN-o, are known to up-
regulate expression of TLRs and other cytosolic nucleic acids
sensors [eg, the AIM2-like receptor (ALR)-family proteins;
see below], extend the activated T-cell response, enhance
humoral immunity, and promote antigen presentation by
antigen presenting cells (Marshak-Rothstein 2006; Baccala
and others 2007). When unchecked, these responses can be
pathological. Therefore, systemic autoimmune diseases are
likely to result from persistent inflammatory responses that
initiate a feedback amplification loop of autoreactive re-
sponses (Baccala and others 2007, 2009; Bolland and Garcia-
Sastre 2009).

As just noted, a role for type I IFN, IFN-o, in the patho-
genesis of SLE is well documented (Fig. 1). However, its role
is less clear in certain other autoimmune diseases that are
associated with significant inflammation and tissue de-
struction (Hall and Rosen 2010). Although gene expression
analyses of peripheral blood cells from RA and patients with
multiple sclerosis (MS) have revealed an “IFN-signature”
(van der Pouw Kraan and others 2007, 2008; van Baarsen and
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FIG.1. Proposed differential regulation and roles of the IFN-
o and IFN-B in autoimmunity and autoimmunity-associated
inflammatory diseases. pDCs, plasmacytoid dendritic cells;
SLE, systemic lupus erythematosus; MS, multiple sclerosis;
RA, rheumatoid arthritis; IFN, interferon.
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others 2006, 2008), which is somewhat similar to the signa-
ture seen in patients with lupus (Crow and Wohlgemuth
2003), several lines of evidence support an anti-inflammatory
and beneficial role of type I IFN, IFEN-B, in patients with RA
and in murine arthritis models (van der Pouw Kraan and
others 2007, 2008). Similarly, some patients with MS also
respond to recombinant IFN-B therapy (van Baarsen and
others 2006, 2008). These observations suggest different roles
for IFN-o and IFN-f in autoimmune and inflammatory dis-
eases (Fig. 1; see below). In this issue, several articles describe
how new insights concerning the regulation and roles of
IFNs and other cytokines in autoimmune rheumatic diseases
might help identify new approaches to diagnose and treat
these diseases.

The IFNs

The IEN family includes 3 distinct classes of IFNs: type I,
type II, and type III. These IFNs mediate multiple biological
functions (Stark and others 1999; Hall and Rosen 2010). Both
Type I IEN (eg, IFN-o, IFN-f, IFN-w, IFN-¢, and IFN-x) and
type III IFN (IEN-A) are produced by nucleated cells. Both
types of IFNs activate essentially same signaling pathways,
which result in the transcriptional activation of an over-
lapping set of genes. Moreover, both types of IFNs are
known to mediate the antiviral effects. Interestingly, the re-
ceptor for type I IFNs is ubiquitously expressed, whereas the
type III IEN receptor appears to have a limited distribution
[mainly endothelial cells and plasmacytoid dendritic cells
(pDCs)] (Hall and Rosen 2010). Type II IFN (IFN-y) is pro-
duced by NK cells, NK T cells, and T-cell populations. The
IFN-y signals through the IFN-y receptor, which activates the
signaling pathways that are shared with type I and III IFNs
(Stark and others 1999; Hall and Rosen 2010). The primary
role of the IFN-y appears to depend on the immune context:
regulation of the development and activity of Th17 cells,
neutrophil chemotaxis, and enhancing the activity of Treg
cells (Saha and others 2010). All 3 classes of IFNs seem to
have distinct roles in the development of autoimmune dis-
eases.

Induction of Type | IFN Expression

Most cell types produce low constitutive levels of type I
IFNs (Honda and others 2006; Hall and Rosen 2010). How-
ever, the production of type I IFNSs is greatly induced as a
part of an innate immune response that is initiated after in-
fections of cells. Cells that participate in initiating an effective
innate immune response after sensing an infection express a
number of germ-line pattern recognition receptors (PRRs)
(Kawasaki and others 2011). These receptors recognize a
wide array of highly conserved pathogen-associated molec-
ular patterns (PAMPs) that are not usually present in the host
cell. The PRRs recognize specific viral and bacterial-derived
components (eg, nucleic acids), which have specific patterns,
and initiate a response that results in the production of type I
IFNs (Marshak-Rothstein 2006; Vilaysane and Muruve 2009;
Kawasaki and others 2011). Based on the expression pattern
and the subcellular localization, 2 types of PRR have been
reported: (i) ubiquitously expressed cytoplasmic nucleic acid
sensing receptors; and (ii) membrane-bound TLRs. The ex-
pression of the TLRs is relatively limited as compared with
the cytoplasmic receptors (Kawasaki and others 2011).
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Cytoplasmic Nucleic Acid Sensors

Ubiquitously expressed group of cytoplasmic receptors,
which recognize and bind unique viral RNA structures, in-
clude the retinoic-acid-inducible gene I (RIG-I)-like RNA heli-
cases (Vilaysane and Muruve 2009; Kawasaki and others 2011).
The group includes RIG-I and melanoma differentiation-
associated gene 5 (MDAS). RIG-I recognizes 5'-triphosphate
single-stranded RNA and short double-stranded RNA
(dsRNA), whereas MDA recognizes long dsRNA structures.
Both proteins interact with downstream signaling proteins to
induce the production of type I IFNs (Vilaysane and Muruve
2009; Kawasaki and others 2011).

Cytoplasmic sensors of double-stranded DNA (dsDNA),
which recognize bacterial and viral DNA, include DNA-
dependent activators of IFN-regulatory factors (DAI), NALP3,
and members of the p200 protein family (eg, human AIM2
and IFI16 proteins, murine Aim2 and p204 proteins) (Chou-
bey and others 2010; Barber 2011). However, only DAI, IFI16,
and p204 are reported to produce type I IFN on sensing cy-
tosolic dsDNA (Barber 2011). Although their expression is cell
type-dependent and lower in the steady state, these cytosolic
receptors are induced by type I IFNs (Choubey and others
2010; Barber 2011), which enhances their capacity to recognize
a pathogen or host-derived nucleic acids as a danger signal.

Sera of patients with SLE contain immune complexes that
are bound to nucleic acids (Marshak-Rothstein 2006; Kavai
and Szegedi 2007). These immune complexes are bound by
immune cells, and the bound nucleic acids are recognized by
endosomal TLRs. This sensing of nucleic acids by TLRs ac-
tivates downstream signaling, which activates the IFN reg-
ulatory factors (IRFs), a family of transcription factors
(Marshak-Rothstein 2006; Kavai and Szegedi 2007; Hall and
Rosen 2010). These factors, when activated, induce the
transcription of IFN-o. and other immune response genes.
Interestingly, genetic variants in the IRF5 and IRF7 genes
have been associated with increased lupus susceptibility and
increased serum levels of IFN-o in patients with lupus
(Barnes and others 2002; Kozyrev and others 2007a; Kozyrev
and Alarcon-Riquelme 2007b; Niewold and others 2008;
Salloum and Niewold 2011). Therefore, it is likely that poly-
morphisms in the IRF genes are gain-of-function variants.

In addition to cytosolic nucleic acids sensors that induce
expression of type I IFNs, other sensors on sensing cytosolic
nucleic acids form inflammasomes (Vilaysane and Muruve
2009; Barber 2011), which results in the production of
proinflammatory cytokines such as IL-18 and IL-18 (see
below). Interestingly, studies have noted that type I IFN-
signaling is necessary for inflammasome activation in re-
sponse to cytosolic Listeria monocytogenes (Henry and others
2007; Belhocine and Monack 2011). These studies also
showed specific connections between type I IFN-signaling
and inflammasome activation.

Feedforward Type | IFN Production Loop

Certain systemic autoimmune diseases and type I IFN
production share a common aspect: their ability to self-
amplify rapidly (Baccala and others 2007, 2009; Hu and
others 2008). For example, the IFN receptors, signal trans-
duction molecules, and the transcription factors that drive
type I IEN production are auto-stimulated by type I IFNs.
Consequently, induction of type I IFN expression in cells
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further increases the production of type I IEN by neighboring
cells, resulting in a “feed-forward” self-amplifying loop, which
creates the potential for amplifying immunopathology in sys-
temic autoimmune diseases (Baccala and others 2007, 2009).
Additionally, several antigens that are known targets in
systemic autoimmune diseases are highly responsive to IFN-
mediated induction, thus, further augmenting antigen-driven
pathological responses in these diseases. Interestingly, dem-
onstration of a mutually positive feedback loop between type I
IFNs and ERo (Panchanathan and others 2010b) and regulation
of certain IFN-signaling proteins by the female sex hormone
estrogen (Panchanathan and others 2009; Shen and others 2010;
Choubey and others 2011) make it likely that increased levels
of type I IFNs and the estrogen contribute to observed gender
bias in certain systemic autoimmune diseases.

Recent reports (Garcia-Romo and others 2011; Lande and
others 2011) suggest that circulating pathogenic auto-
antibodies in patients with SLE activate neutrophil, which, in
turn, releases neutrophil extracellular traps (NETs). These
NETs contain complexes of neutrophil-derived DNA and
antimicrobial peptide, such as LL37 and human neutrophil
peptide. These complexes of DNA and peptides are shown to
activate pDCs. The activation of pDCs results in large
amounts (200-1000 times more) of IFN-« release (Obermoser
and Pascual 2010). The increased release of IFN-a exacer-
bates disease by potentiating a feed-forward loop of type I
IFN production.

Inflammasomes

Protein complexes that are termed inflammasomes sense
microbial-derived molecules and endogenous danger signals
(Martinon and Tschopp 2007). Inflammasome formation
activates the cysteine protease caspase-1. The activated cas-
pase-1 promotes maturation and secretion of the pro-
inflammatory cytokines, such as IL-1p and IL-18. Additionally,
inflammasomes also induce cell death in macrophages (and
possibly other cell types) through pyroptosis to eliminate the
infectious agents (Henry and Monack 2007). Interestingly,
pathogens antagonize inflammasome pathways by producing
virulence factors (Lamkanfi and Dixit 2011). Recent studies
suggest that inflammasomes regulate innate and adaptive
immune responses (Shaw and others 2011). Moreover, immune
complexes that contain danger molecules (either pathogen
or cell derived), such as nucleic acids, contribute to auto-
inflammatory disorders and autoimmune diseases (eg, MS and
type I diabetes) (Shaw and others 2011).

The IL-1 Family

The IL-1 family includes eleven members (Gabay and
others 2010; Barber 2011). Of these members, IL-1a and IL-1
are the best-characterized pro-inflammatory cytokines. Al-
though these cytokines signal through a common receptor
(IL-1RI), it is evident that these 2 cytokines have nonover-
lapping roles. In sterile injuries that result in sterile inflam-
mation, both IL-lo and IL-1B mediate tissue damaging
inflammatory response (Gabay and others 2010). Moreover,
both IL-1o. and IL-1f differ with regard to recruitment of
myeloid cells at the site of inflammation (Rider and others
2011): IL-1o recruits neutrophils, whereas IL-1f promotes
recruitment of macrophages. The IL-1 production is a 2-stage
process. Both IL-loo and IL-1B are produced by cells as
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precursors in response to sensing of PAMPs. PAMPs are
sensed by sensors, such as TLR family members or cytosolic
nucleotide-binding oligomerization domain (NOD) proteins.
These sensors signal through activation of nuclear factor-kB
(NF-xB) and mitogen-activated protein kinase pathways,
which regulate the IL-1 gene expression (Gabay and others
2010). Increase in the pro-IL-1a. and pro-IL-1B expression is
also referred to as “priming”. A second signal or stimulus,
which could be a second PAMP, is needed to activate the
inactive forms of pro-IL-1B (van de Veerdonk and others
2011). Pro-IL-1B remains inactive and requires a proteolytic
cleavage to yield an active released molecule, but pro-IL-1a
is active at IL-1RI (Barber 2011; van de Veerdonk and others
2011).

Any damage to the cell membrane or cell death could
result in the release of pro-IL-1o, which is followed by a
pro-inflammatory response (van de Veerdonk and others
2011). In contrast, as just noted, IL-1B is released after
proteolytic cleavage of the pro-IL-1p by activated caspase-1
(Barber 2011). The latter is activated by activation of
inflammasomes (Barber 2011). The caspase-1 activating
inflammasomes include members of the NOD-like receptor
(NLR) family (eg, NLRP1, NLRP3, or NLRC4), RIG-1 re-
ceptor, and the DNA-sensing cytosolic human AIM2 and
murine Aim2 and related proteins such as the human IFI16
and murine p204 (Choubey and others 2010; Unterholzner
and others 2010; Barber 2011; Kerur and others 2011). After
sensing the cytosolic dsDNA, a conformational change in
the AIM2 protein allows homotypic interaction of its pyrin
domain (PYD) with that of the adaptor protein apoptosis-
associated speck-like protein containing a caspase recruit-
ment domain (ASC) (Fernandes-Alnemri and others 2009;
Vilaysane and Muruve 2009). The caspase activation and
recruitment domain (CARD) of adaptor protein ASC binds
to the CARD domain of pro-caspase-1, thus enabling acti-
vation of caspase-1 and secretion of IL-1f from cells (Mar-
tinon and Tschopp 2007; Vilaysane and Muruve 2009).

The ALR Family of Proteins

The p200-protein family proteins such as murine Aim2
(Roberts and others 2009), p204 (Unterholzner and others
2010), human AIM2 (Fernandes-Alnemri and others 2009;
Vilaysane and Muruve 2009), and IFI16 (Unterholzner and
others 2010) can sense cytosolic dsDNA to initiate innate
immune responses. These proteins have been termed as the
ALRs (the ALR proteins) (Unterholzner and others 2010).
Studies indicate that human AIM2 protein is dispensable for
production of IFN-B after sensing cytosolic DNA (Fernandes-
Alnemri and others 2009; Vilaysane and Muruve 2009).
However, it is indispensible for the production of IL-1P after
sensing viral and bacterial DNA in the cytoplasm (Vilaysane
and Muruve 2009; Jones and others 2010; Rathinam and
others 2010). IL-1p is produced after activation of the AIM2
inflammasome, a multi-protein complex that activates cas-
pase-1, with the subsequent cleavage of pro- IL-1p and pro-
IL-18 and release of mature IL-1b and IL-18 (Choubey and
others 2010). AIM2 protein has the HIN-200 DNA-binding
domain, which contains 2 consecutive OB-folds. Ad-
ditionally, the protein has a PYD that interacts with the PYD
of an adapter protein, ASC (Choubey and others 2010). In-
terestingly, activation of AIM2 protein requires dsDNA of at
least 44-base pairs in length, and AIM2 binds to dsDNA in a
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sequence-independent manner (Roberts and others 2009).
Consistent with the role of AIM2 protein in production of IL-
1B, the Aim2-deficient mice display reduced survival after
infection with Francisella tularensis and mouse cytomegalo-
virus (MCMYV) (Rathinam and others 2010). Notably, the
Aim2-deficiency in mice increases the production of type I
IFNs and increased expression of IFN-inducible genes, in-
cluding the lupus susceptible Ifi202 gene (encoding for the
p202 protein) (Panchanathan and others 2010a). Moreover,
increased expression of p202 protein in certain lupus-prone
strains of female mice is associated with inactivation of cas-
pase-1 (Roberts and others 2009; Panchanathan and others
2010a). Accordingly, knockdown of p202 expression in bone
marrow-derived macrophages increased the activation of
caspase-1 and production of IL-1p (Roberts and others 2009).
These observations suggest that reduced levels of AIM2 and
Aim?2 proteins in immune cells contribute to increased pro-
duction of type I IFNs.

As just noted, much attention has focused on the ability of
the p200-family proteins to sense dsDNA and activate the
inflammasome complex, which drives proteolytic processing
of inflammatory cytokines; however, these proteins also
regulate inflammasome-independent functions in the im-
mune system (Johnstone and Trapani 1999; Choubey 2000;
Choubey and Kotzin 2002; Gariglio and others 2011). These
functions include the regulation of NF-kB activity, cytokine
and chemokine production, and type I IFN production
(Choubey and Panchanathan 2008; Choubey and others
2011; Gariglio and others 2011).

Anti-Inflammatory Role of IFN-p

Type I IEN (IFN-p) is being used to treat certain autoim-
mune and inflammatory diseases, such as relapsing-remitting
MS (Billiau 2006), familiar Mediterranean fever (Tweezer-Zaks
and others 2008), and Behcet’s syndrome (Kotter and others
2004). However, 30%-50% of patients with MS do not respond
to IFN-B. Moreover, the molecular mechanisms through
which type I IFNs exert the anti-inflammatory effects remain
largely unknown. In this regard, a recent study (Guarda and
others 2011) noted that the type I IFN inhibits IL-1 production
by 2 distinct mechanisms: (i) Type I IFN-signaling, in STAT1
transcription factor-dependent mechanism, repressed the
activity of the NLRP1 and NLRP3 inflammasomes, thereby
inhibiting caspase-1-dependent IL-1 production; and (ii)
type I IFN-signaling induced IL-10 expression in a STATI-
dependent manner; production of autocrine IL-10 then through
activation of STAT3 transcription factor reduced the abundance
of pro-IL-1a: and pro-IL-1. Interestingly, the study also noted
that monocytes from patients with MS who were undergoing
IFN-f treatment produced substantially reduced levels of IL-13
than monocytes derived from healthy donors (Guarda and
others 2011). Although these observations may provide a mo-
lecular basis for the effectiveness of type I IFN in the treatment
of inflammatory diseases, the IFN-inducible “effector” proteins
that mediate the anti-inflammatory actions of type I IFNs re-
main to be identified. Additionally, an improved understand-
ing of how IL-10 exerts its anti-inflammatory response in the
case of neutrophil-driven inflammatory reactions (which are
often seen in patients with RA) (Bazzoni and others 2010) may
provide novel clues leading to the therapeutic control.

An improved understanding of the molecular links among
certain genotypes, resulting in alterations in cytokine sig-
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naling, and associated changes in gene expressions in pa-
tients with autoimmune rheumatic diseases are likely to
improve our ability to appropriately diagnose and treat these
diseases effectively.

As noted in the special Volume I, this volume features
articles contributed by the groups of Theofilopoulos (lupus),
Niewold (lupus), Choubey (lupus), Lehmann (encephalo-
myelitis), Matthys (arthritis), and Moudgil (arthritis). A
synopsis of each of the articles in the Volume II of the special
issue is presented next.

Nucleic Acid Sensors in Autoimmunity

Aberrant activation of innate immune responses by a
collection of nucleic acid sensors that can sense nucleic acids
derived from pathogens and self may have deleterious con-
sequences for autoimmunity and inflammatory diseases.
Theofilopoulos and others (2011; p.867) elegantly review
recent advances in our understanding of the role of nucleic
acids sensors in the activation of innate immune responses,
type I IFN production, and autoimmunity. Additionally, the
review presents novel insights for the development of strat-
egies to treat autoimmunity-associated disorders.

IFN-o in Human SLE

Several lines of evidence involving patients and mouse
models implicate type I IFN, IFN-u, in autoimmune diseases,
including SLE. An article by Niewold (2011; p.887) summa-
rizes experimental evidences to support the idea that in-
creased levels of IFN-o and IFN-induced signaling are the
critical mediators of SLE in human patients. Notably, the
article provides the genetic basis for an increased production
of IFN-u in certain individuals and their increased risk to
develop SLE and associated immunopathology.

The p200-Family Proteins in Sex Bias in SLE

Increased levels of type I IFN, IFN-0, and “IFN-signature”
are associated with the development of autoimmune dis-
eases, including SLE. Moreover, these autoimmune diseases
exhibit a gender bias in the development. Given that the
IFN-inducible proteins mediate the immunomodulatory
functions of IFNs and sex hormones influence the immune
responses, an improved understanding of the role of IFN and
sex hormone-regulated proteins is likely to provide new in-
sights into the role of these proteins in sex bias in certain
autoimmune diseases. An article by Choubey and others
(2011; p.893) details the regulation and roles of the IFN-in-
ducible and sex hormones regulated p200-family proteins in
the sex bias in SLE. Notably, the authors suggest that the
female sex hormone estrogen may have a role in the initia-
tion of the disease through up-regulation of the expression of
certain p200-family proteins.

Multiple Sclerosis

Experimental autoimmune encephalomyelits (EAE),
which is induced in experimental naive mice by injecting a
neuroantigen, has been a useful model in defining events
that may contribute to autoimmune response and associated
central nervous system (CNS) pathology in MS. Kuerten
and Lehmann (2011; p.907) have presented a roadmap of
different steps involved in the initiation, progression, and
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regression of autoimmune inflammation during the course of
experimental EAE. Specifically, the authors have elaborated
the preimmunization neuroantigen-specific T cell repertoire,
the dependence of the autoimmune effector response on the
type of adjuvant used, the cytokine signature of the effector T
cells that mediate EAE, the role of T cell-mediated delayed-
type hypersensitivity in the induction of EAE, the entry and
activation of T cells in the CNS, the postimmunization pe-
ripheral T cell repertoire, the phenomenon of determinant/
epitope spreading observed during the course of EAE, and
the regression of DTH and other pathogenic effector re-
sponses. Also discussed are the reversible and irreversible
CNS damage during EAE, the antibody- and CD8+ T cell-
mediated pathology, and the multiple facets of MS, particu-
larly the extremely variable clinical features of the disease as
well as unpredictable individual patterns.

Rheumatoid Arthritis

Schurgers and others (2011; p.917) have outlined the
pathogenesis of human RA and collagen-induced arthritis
(CIA), one of the experimental models of RA. The role of the
genetic and environmental factors as well as that of different
cell types (T cells, B cells, neutrophils, macrophage, osteo-
clasts, and synovial fibroblasts) and cytokines in the disease
process have been reviewed. The authors have highlighted
an unexpected disease-attenuating role of endogenous IFN-y,
a prototypic pro-inflammatory cytokine that is generally
associated with the initiation and progression of inflamma-
tion. This conclusion is drawn from the results of studies
involving the administration of IFN-y, which attenuated
CIA, or anti-IFN-y antibodies, which aggravated CIA. Simi-
larly, mice deficient in the IFN-y receptor developed more
severe CIA than wild-type mice. The likely reasons for the
arthritis-protective effects of IFN-y have been discussed. Also
presented is a perspective on the clinical trials of IFN-y in
patients with RA conducted between 1986 and 1998.

Astry and others (2011; p.927) have presented a com-
prehensive evaluation of the role of cytokines in the path-
ogenesis of autoimmune arthritis. The authors have
described the basic attributes (eg, structure of the cytokine
and its receptor, and the cells secreting them) of a large
panel of cytokines and critically examined the literature
pertaining to the pathogenic versus protective effects of
these cytokines in experimental arthritis models as well as
RA. For the animal models, most of the information is based
on the adjuvant-induced arthritis and CIA models. Among
the cytokines, special emphasis has been placed on the IL-
17/1L-23 axis and related cytokines such as IL-21 and IL-27.
Also outlined is the newly emerging information about IL-
32, IL-33, and IL-35. In addition, the authors have provided
useful information about clinical trials, either completed or
in progress, using neutralizing antibodies directed against
specific cytokines, cytokine decoy receptors, or inhibitors of
cytokine signaling.
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