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Abstract

Mixed connective tissue disease (MCTD) is a chronic autoimmune immunopathological disease of
unknown etiology, which is characterized by the presence of various clinical symptoms and the
presence of autoantibodies against U1-RNP particles. The UI-RNP component engages immune
cells and their receptors in a complex network of interactions that ultimately lead to autoimmu-
nity, inflammation, and tissue injury. The anti-Ul-RNP autoantibodies form an immune complex
with self-RNA, present in MCTD serum, which can act as endosomal Toll-like receptor (TLR) ligands.
Inhibition of TLRs by nucleic acids is a promising area of research for the development of novel ther-
apeutic strategies against pathogenic infection, tumorigenesis and autoimmunity. In this review we
summarize current knowledge of endogenous TLRs and discuss their biological significance in the
pathogenesis of MCTD. In part | we described the structure, biological function and significance of

the UL-RNP complex in MCTD.
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Introduction

In 1972, Sharp et al. [1] proposed a new disease,
termed mixed connective tissue diseases (MCTD), which
is a rare chronic inflammatory systemic autoimmune
syndrome, involving complex interactions between dis-
ease-related phenomena, including inflammation, prolif-
erative vascular arteriopathy, thrombotic events, dyslip-
idemia and humoral autoimmune processes [2, 3]. There
has been some controversy over whether MCTD is truly
a distinct disease, as it shares some symptoms with sys-
temic lupus erythematosus (SLE) and others.

Mixed connective tissue disease, like other autoim-
mune connective tissue diseases, is characterized by the
stimulation of the immune system with the production
of autoreactive autoantibodies against nuclear and cyto-
plasmic components, often macromolecular complexes

of proteins and nucleic acids [4-6]. The two major groups
of autoantibody populations in MCTD are targeted ei-
ther against antinuclear antibodies (ANA) or against the
U1 small nuclear ribonucleoprotein antigen (U1-snRNP
which is a complex of U1-RNA and small nuclear RNP).
The conventional function for U1-RNP is in splicing,
which is a key process for mRNA maturation, particularly
in higher eukaryotes, where most protein-coding tran-
scripts contain multiple introns. Originally, autoreactivity
in patient sera against the UI-RNP complex was named
anti-UT-RNP [7-9]. Although these autoantibodies are
specific for the disease, their exact pathogenic role or
otherwise is not fully understood. However, recent
studies demonstrated that components of the U1-RNP
complex may participate directly in provoking the anti-
U1-RNP responses. Moreover, anti-U1-RNP autoantibod-
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ies have been found to interact with lung tissue, thus
significantly contributing to disease features [8, 10, 11].
The clinical symptoms and the presence of autoan-
tibodies suggested that many of the immunological fac-
tors may also be involved in MCTD. These factors include
immune cell activation via innate signaling through
Toll-like receptors (TLRs) and other innate immune re-
ceptors, modification of the RNP antigen and its asso-
ciated RNAs, B cell hyperactivity, abnormal activation of
T cells and defects in the clearance of apoptotic cells and
immune complexes [12, 13]. MCTD-associated autoanti-
gens are recognized by endosomal TLRs such as TLR3, 7,
8 and 9, activation of which leads to downstream effects
important in the generation of the disease phenotype.
Moreover, the ability of U1-RNA to act as a TLR ligand
may serve as an important link between innate immu-
nity and the development of the anti-U1-RNP immune
responses. Functionally, TLRs have been classified as
essential components of the immune system that ac-
tivate multiple inflammatory pathways and coordinate
systemic defense against microbial pathogens. Engage-

Table I. Characteristics of the TLR family

ment of TLRs with their ligands results in activation of
several downstream intracellular pathways, leading to
activation of innate and adaptive immune system cells.
TLRs control induction of effective adaptive immune re-
sponses at several levels, including induction of T-cell
priming and dendritic cell (DC) maturation. Despite their
beneficial roles in detecting microbial/viral infections,
inappropriate engagement of these receptors on B cells
may initiate and/or perpetuate autoimmunity. Addition-
ally, inhibition of activation of the endosomal TLRs and
their signaling pathway or blocking of ligands binding
to TLRs might reveal new therapeutics as anti-inflam-
matory agents, many of which are in the preclinical, first
and third phase of application. Quinazoline is an anti-
inflammatory TLS agonist which inhibits TLRs 7/8/9 and
inhibits disease progression of SLE and other autoim-
mune disease in animal models [14]. Furthermore, chlo-
roquine, an old drug used in MCTD patients, inhibits en-
dosomal TLR-dependent activation of immune cells and
prevents the interaction of CpG with TLR9. Moreover,
these anti-inflammatory agents may provide a safe and

TLR Localization Chromosomal Ligand Cell types
localization

TLR1 extracellular 4pla Bacteria: peptidoglycan, DCs, B cells

lipoproteins, LTA

Fungi: zymosan
TLR2 extracellular 4q32 Bacteria: peptidoglycan, lipoteichoic, mDCs, monocytes, epithelia cells,

lipoproteins, lipoarabinomannan microglia cells
TLR3 intracellular 4935 Viruses: dsRNA mDCs, NK cells, astrocytes, neural
cells
TLR4 extracellular 9g33.1 Bacteria: LPS mDCs, macrophages, monocytes,
Viruses: RSV fusion protein endothelial and epithelial cells
Fungi: mannan
Protozoa:
glycoinositolphospholipids
TLR5 extracellular 1941-g42 Bacteria: flagellin DCs, T cells, NK cells, epithelial cells
TLR6 extracellular 4pla Bacteria: lipoproteins B cells, NK cel, monocytes, epitelial
cells
TLR7 intracellular Xp22.3 Viruses: ssSRNA pDCs, B cells, monocytes
TLR8 intracellular Xp22 Viruses: ssSRNA T cells, NK cells, B cells, monocytes
TLR9 intracellular 3p21.3 Bacteria: CpG DNA pDCs, B cells, NK cells, macrophages,
Viruses: CpG DNA epitelial cells
Protozoa: CpG DNA, haemozoin

TLR10 extracellular 4pl4 Unknown pDCs, mDCs, B cells
TLR11 extracellular 14,14 C1 Uropathogenic bacteria DCs, macrophages, epithelial cells
(Mouse) Protozoa: profilin-like molecule
TLR12 extracellular 4;4D2.2 Profilin pDCs, macrophages
(Mouse)
TLR13 intracellular X; XD Bacteria: RNA astrocytes, DCs, endothelial cells,
(Mouse) ependymal cells, macrophages
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effective therapeutic approach for certain inflammatory
and autoimmune diseases [4, 6, 13, 15].

Toll-like receptors physiology

Pattern recognition receptors (PRRs) are germline-
encoded innate immune receptors that were originally
reported as sensors for pathogen-associated molecular
patterns (PAMPs).

Pattern recognition receptors can also recognize en-
dogenous molecules released in response to stress or
tissue damage, thus behaving as sensors of alarmins.
Moreover, PRR engagement promotes the activation of
innate and adaptive immune responses. Members of the
TLR family are PRRs that recognize many pathogen-de-
rived macromolecules, ranging from bacterial and yeast
cell wall components to viral and bacterial nucleic acids
[6, 13, 16]. The TLR family (Table 1) is one of the largest
and most well-studied in terms of known ligands, down-
stream signaling pathways, and functional relevance.
Human TLRs are evolutionarily conserved homologs of
the Drosophila melanogaster Toll protein, which is in-
volved in embryonic development in D. melanogaster.
At least ten functional TLRs (TLR1 to TLR10) have been
identified in humans, whereas mice expressed twelve
TLRs (TLR1 to TLR9 and TLR11 to TLR13). Ligands have
been identified for all TLRs except for human TLR10,
mouse TLR12 and mouse TLR13. The first described li-
gands for TLRs were of bacterial origin, such as pepti-
doglycan for TLR2 or lipopolysaccharides for TLR4, but
since the discovery of double-stranded RNA (dsRNA) as
the ligand for endosomal TLR3 it has been recognized
that TLRs also have a role in the host defense against
viruses. TLR1, TLR2, TLR4, TLR5, TLR6 and TLR11 reside
at the plasma membrane, where they recognize molecu-
lar components located on the surface of pathogens. By
contrast, TLR3, TLR7, TLR8 and TLR9, potent activators
of DCs and B cells, are found intracellularly, where they
mediate recognition of bacterial and viral nucleic acids
released during intracellular infection. TLRs 7 and 8 are
specific for single-stranded RNA (ssRNA), TLR9 for un-
methylated CpG motifs within dsDNA, and the recently
discovered TLR13 (an orphan receptor in mice) detects
conserved 23s ribosomal RNA. While TLR3 is able to dis-
tinguish between pathogen and self-nucleic acids on the
basis of distinct molecular structures, TLR7/8 and 9 do
not have this feature [16]. The endosomal localization of
the nucleic acid-sensing endosomal TLRs is believed to
contribute to the distinction between endogenous nu-
cleic acids and those of foreign origin [17-21]. Both ex-
tracellular and endosomal TLRs are homologous in the
sequence of their ectodomain, a feature that is in sharp
contrast with the diversity of the ligands they recognize.

Toll-like receptors are type | transmembrane glyco-
protein receptors, with molecular weights ranging from
90 to 115 kDa, which on activation form homodimers
or heterodimers to activate signaling. All TLR family
members are composed of a ligand-binding ectodomain
containing 18-25 tandem copies of leucine-rich repeats
(LRRs), a transmembrane domain, and a conserved cy-
toplasmic toll/interleukin-1 receptor (TIR) domain. The
signal transmembrane a-helix portion and the TIR do-
main are homologous to those of the human interleu-
kin-1 receptor (IL-1R) and human interleukin-18 receptor
(IL-18R). The leucine-rich repeat (LLR) domain is import-
ant for ligand binding and associated signaling and is
a common feature of PRRs.

Toll-like receptors display different amino acid com-
position within these modules, leading to structural
conformation variations that allow for ligand interac-
tion. Binding of ligands to the extracellular domains of
TLRs causes rearrangement of the receptor complexes
and triggers the recruitment of specific adaptor proteins
to the intracellular TIR domains [22]. Toll-like receptor
signaling involves five adaptor proteins such as myeloid
differentiation factor 88 (MyD88), the TIR domain con-
taining adaptor protein inducing interferon-a/B (TRIF;
also known as TICAM1), MyD88-adaptor-like (MAL, also
known as TIRAP), the TRIF-related adaptor molecule
(TRAM; also known as TICAM2) and the sterile a- and
armadillo-motif containing protein (SARM), which
was recently identified as the fifth member of the TLR
adaptor protein family and acts as a specific inhibitor
of TRIF-dependent TLR signaling. Of these, MyD88 and
TRIF function as signaling adaptors that mediate in-
teraction to downstream kinases, whereas TRAM and
TIRAP translocate MyD88 or TRIF to the activated TLRs.
On the other hand, adaptor SARM functions as a nega-
tive regulator of TRIF signaling [23-26]. The MyD88 path-
way is induced by all of the TLRs except TLR3 and TLR4
and leads to the activation of NF-xB and ultimately pro-
duction of cytokines such as TNF-a. and IL 12p40 and up-
regulation of co-stimulatory molecules. The other path-
way is activated only by TLR3 and TLR4 and is referred
to as the MyD88-independent or TRIF-dependent path-
way. TRIF signals to the interferon regulatory factor (IRF)
family of transcription factors, leading to production of
type I interferon and other pro-inflammatory cytokines.
In addition to the pro-inflammatory signaling molecules
downstream of the TLRs, there are also negative regula-
tors of TLR signaling (such as A20 and IkBa) that operate
at multiple levels to suppress inflammation [27, 28].

The high levels and broadest spectra of TLR expres-
sion have been observed in a variety of cell types in the
immune system, including monocytes, macrophages,
DCs, neutrophils, B- and T-cells, natural killer (NK) cells,
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mast cells and keratinocytes. Moreover, TLR expression
has also been identified in synoviocytes, fibroblasts, os-
teoblasts, osteoclasts, chondrocytes and epithelial cells
[29]. To identify more accurately potential sites of action,
real-time quantitative PCR analyses of the expression of
TLRs in human and mouse tissues have been performed.
These studies have demonstrated that TLRs mainly ex-
press on all peripheral blood leukocytes, including CD4+
and CD8+ T cells and B cell populations and spleen tis-
sue cells involved in immune function, but also on other
tissues, such as ovaries, prostate, pancreas, placenta
and testis [30, 31]. Epithelial cells also play additional
key roles through TLR expression responding to patho-
genic molecules. Thus, epithelial cells are more than
just a barrier located at potential sites of entry, such as
the skin, respiratory, intestinal and genitourinary tracts
[32]. While the endosomal TLRs can be found inside cells
expressing other non-endosomal TLRs, TLR7 and 9 are
seldom found in the same type of cells as TLR3, but not
on the same cell population. TLR7 and 9 are expressed
on plasmacytoid DCs (pDCs) and bone marrow-derived
DCs. In contrast, TLR3 is expressed on myeloid DCs
(mDCs), specifically in human monocyte-derive DCs and
CD11+ blood DCs as well as in murine CD8a+ DCs [17,
33]. Interestingly, TLR3 is also predominantly expressed
in brain, heart, lung and muscle, suggesting that TLR3
may play a role in the anti-infection reaction in these tis-
sues [34]. Furthermore, tissue expression of TLR7/8 and
TLR9 is observed in the spinal cord, spleen and lung and
the lymph nodes, tonsils and peripheral blood mononu-
clear cells, respectively [6].

Biologic functions of Toll-like receptors

Functionally, TLRs have been classified as essential
components of the immune system that activate multi-
ple inflammatory pathways and coordinate systemic de-
fense against microbial pathogens. Engagement of TLRs
with their ligands results in activation of several down-
stream intracellular pathways leading to activation of
innate and adaptive immune system cells [35-37]. Toll-
like receptors control induction of effective adaptive
immune responses at several levels, including induction
of T-cell priming and DC maturation. Despite their ben-
eficial roles in detecting microbial/viral infections, inap-
propriate engagement of these receptors on B cells may
initiate and/or perpetuate autoimmunity (Fig. 1).

Toll-like receptor activation is required for defense
against microbial infections, but on the other hand TLRs
are involved in the development of many other nonin-
fectious diseases. Recent reports have indicated that in
humans dysfunction in TLR signaling has been associ-
ated with several autoimmune diseases by sensing im-
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mune complexes such as small ribonucleotide proteins
composed of self-nucleotides. For example, TLR2 and
TLR4 pathways have been implicated in arthritis, type |
diabetes mellitus and atherosclerosis [38, 39] where-
as TLRs 1-6 are expressed by rheumatoid arthritis (RA)
synovial fibroblasts and are thought to provoke joint
inflammation in RA [40]. Furthermore, the TLR7 and
9 pathways are associated with both human and mouse
models of SLE and systemic sclerosis (SSc) [6, 13, 27,
41]. Moreover, TLR8 mRNA is upregulated in patients
with Sjogren’s syndrome, pointing to a possible role for
TLR8 in the autoimmune processes [21]. Similarly, genet-
ic modifications that lead to a duplication of the TLR7
gene or over-expression of transgenic TLR7 are associ-
ated with exacerbated lupus-like symptoms in murine
models [16]. However, the mechanisms that normally
prevent self-ligands from reaching intracellular TLRs re-
main poorly defined. It is possible that in autoimmune
diseases, self-nucleic acids are protected from degrada-
tion by extracellular and endosomal DNA by being part
of immune complexes, similarly to how viral genomes
are thought to be protected by viral capsids. Alterna-
tively, antibody-mediated uptake might deliver ligands
more efficiently to TLRs, by simply concentrating other-
wise scarce ligands or by accelerating endosomal mat-
uration such that self-ligands are not degraded before
TLR recognition. Moreover, TLRs have been suggested to
contribute to the sustained chronic inflammation asso-
ciated with autoimmune pathogenesis through the in-
duction of antimicrobial genes, inflammatory cytokines
and chemokines, upregulation of co-stimulatory mole-
cules and production of specific antibodies against the
formerly characterized pathogen proteins [18, 42].
These receptors were initially characterized by their
ability to recognize and respond to pathogen-associat-
ed molecular patterns that range from bacterial prod-
ucts such as flagellin and lipopolysaccharide (LPS) to
nucleic acid structures from viruses and zymosan from
fungi. It was later discovered that TLRs also recognize
and respond to endogenous ligands that are generat-
ed during inflammation from damaged tissue or death
cells or actively secreted by activated cells via a non-con-
ventional lysosomal route and lead to the initiation of
autoimmune responses and tissue injury [35]. The cru-
cial role of TLRs in host defense is to regulate the in-
nate and adaptive immune responses of epithelial cells
at mucosal sites and mediate leukocyte recruitment to
infected tissues [43, 44]. Although the TLRs appear to
have evolved as a warning system to detect infections,
in some cases they can be triggered unexpectedly by
self-molecules. This is well established for the intracellu-
lar TLRs that detect nucleic acids, including TLR3/7/8/9.
These endosomal TLRs act as sensors of foreign nucleic
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Fig. 1. Role of TLRs in the immune response.

acids and trigger the anti-viral and anti-bacterial (TLR9)
immune response by producing type | interferon (IFN)
and inflammatory cytokines [19, 22, 27].

The endosomal TLRs are primarily expressed in dif-
ferent DC subsets, where their activation induces type
| interferons and leads to upregulation of IFN-inducible
genes and secretion of proinflammatory cytokines such
as IL-1, IL-6 and TNF-a [17]. TLR3 might be important for
a prolonged response and the initiation of the adaptive
immune responses, whereas TLR7 and 9 might trigger
a quick IFN response. TLRs regulate gene expression in
DCs through a conserved signaling pathway that leads
to the activation of several transcription factors, includ-
ing NF-kB, mitogen-activated protein kinases (MAPK),
and IFN regulatory factors. Stimulation of TLRs can af-

« enhance antibody response

« stimulate expression and
secretion of cytokines

« breaking tolerance

« trigger a humoral immune
response

« activation of T cells

fect both the function and phenotype of DCs, and it is
a critical factor leading to conversion of the “immature
DC” into “mature DC” cells by upregulation of costim-
ulatory molecules on the surface of DCs [42]. The mat-
uration processes includes expression of the B7 family
of molecules and also up-regulation of MHC molecules
bearing pathogen-derived peptides [18]. In addition to
regulating DC functions, TLR engagement also regulates
DC survival and apoptotic death. An initial increase in
DC survival immediately after activation is necessary to
promote T-cell activation. However, the activated DCs
must then have a limited lifespan, to regulate the avail-
ability of antigens for T cells, to control the immune re-
sponse, and to prevent autoimmunity. Studies by Pasare
et al. [18] have shown that TLR-induced DC maturation is
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required for activation of CD4+ and CD8+ T cells, which
control the adaptive immune system response. Similarly,
Moseman et al. [45] demonstrated that human pDCs at
specific anatomic sites might also silence T-cell immune
responses and through TLR9 induce naive CD4+T cells to
differentiate into Treg cells. Thereby they are assumed
to prevent excessive damage of surrounding tissue at
inflammatory regions on the one hand and perpetuate
immunostasis of cell surface regions highly exposed to
bacterial products on the other hand. Furthermore, re-
cent data suggest a synergistic effect of dual stimula-
tion of TLRs on DCs, which induces both regulatory and
proinflammatory cytokine production of naive T cells.
In this regard it has been shown that concomitant ac-
tivation of TLR4 and TLR7 on DCs induced IL-10 produc-
tion through the Janus kinase pathway [46]. Moreover,
it has been demonstrated that combinatory stimula-
tion of TLR6 and TLR2 enforced induction of regulatory
T cells producing IL-10, whereas in the same model the
simultaneous stimulation of TLR1 and TLR2 resulted in
a proinflammatory immune response [47]. Altogether,
it appears that the interaction between certain TLRs on
DCs is a critical factor directing DCs into a regulatory or
proinflammatory state.

Toll-like receptor members can activate immune re-
sponses indirectly by inducing maturation of DCs as well
as directly by expression on B and T cells. TLRs can be
expressed in T cells and serve as co-stimulatory signals
in T-cell activation. TLRs are involved in the control of T
cells in two different ways. First, TLRs through induction
of professional APCs such as DCs and macrophage DCs
induce production of cytokines required for T cell differ-
entiation, activate the upregulation of molecules nec-
essary for T cell clonal expansion, and finally increase
the surface displaying complex MHCIl-antigen, which
can stimulate T cells via TCR. Second, TLRs expressed
on T cells have a distinct effect on different T cell sub-
types, because stimulation of TLRs on naive CD4+ T cells
is involved in T-cell development, induces effector and
regulatory functions of T cells, induces their survival
and clonal expansion and can reprogram Treg cells to
become helper cells [42, 48]. Activation of TLRs in APCs
would lead to the production of IFN-a, proinflammatory
cytokines such as TNF-a,, IL-1 and IL-6, and the cytokines
IL-12 and IL-18 that instruct Thl to differentiate, where-
as an increased Th2 response was observed in MyD88
deficient mice with impaired TLR signaling [48]. TLR3
is required to generate IFN-y-producing CD8+ T cells,
and TLR3 and TLR7 are required for clonal expansion of
antigen-specific cells. TLR9 activation by CpG induces
potent Thl-type innate and adaptive immune respons-
es with prominent release of IFN-y, IL-12, and IL-18 [27].
TLRs are not only involved in T-cell development but they
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can also reprogram Treg cells to become helper cells.
Treg cells display an increased level of TLR expression
compared to conventional CD4+ T cells, suggesting that
the expansion and function of Treg cells may be closely
influenced by TLR ligands. Treg cells express higher lev-
els of TLR2, TLR4, TLR5, TLR7/8, and TLR10 than effector
CD4+ CD25-T cells.

On the other hand, TLR3 is not detectable in natu-
rally occurring Treg cells, while it is expressed by effec-
tor CD4+ CD25- T cells [49]. TLR2 stimulation not only
abrogates suppressive functions of CD4+ Treg cells but
also drives the naive as well as effector Treg population
toward the IL-17-producing Th17 phenotype. In a mouse
model of arthritis, mice lacking TLR2 showed enhanced
histopathological scores of arthritis by a shift in T cell
balance from Th2 and T regulatory cells toward patho-
genic Thl cells. Moreover, TLR2 ligand reduces the lev-
el of Foxp3 expression in Treg cells and activates the
expansion of dysfunctional Treg cells both in vitro and
in vivo [49, 50]. TLR4, in contrast, contributes to more
severe disease by modulating the Th17 cell population
and IL-17 production. Furthermore, their participation in
Treg cell proliferation and function is still controversial
[18, 42, 48]. TLR8 and TLRO triggering of Treg cells inhib-
its the immunosuppressive function of these cells but
does not induce their proliferation or down-regulation
of their Foxp3 expression. The effects or functions of
CD4+ T cells are regulated by TLRs, and there are many
reports of the direct effects of TLR stimulation in these
cells, leading to their proliferation, enhanced survival
and induction of B cell responses; however, the molecu-
lar pathway involved in skewing of CD4+ T cell function
is poorly understood.

Naive and memory B cells expressed different TLRs
to generate an adequate response corresponding to
their function, ensuring homeostasis in the immune
system. Among the intracellular TLRs, TLR7 and TLR9
play a crucial role in the proliferation and activation of
autoreactive B cells and their differentiation into plas-
ma cells secreting antibodies specific to chromatin or
chromatin-associated antigens and leading to immune
pathology [18, 19, 27]. Moreover, stimulation of B cells
via the TLRs pathway causes other important changes
such as an increase in cytokine production or up-regu-
lation of molecules essential for antigen presentation to
(autoreactive) T cells. TLR7, 8 and 9 directly induced the
expression of co-stimulatory molecules including CD80,
CD86, CD40, and CD58 on the B cell surface. Moreover,
two receptors are modulated by these TLRs: CD23, an
important molecule for B cell activation is upregulated,
while CD32, resulting in inhibition of B cells, is downreg-
ulated [28]. Studies by Bourke et al. [51] demonstrated
that expression of TLR9 and TLR10 correlates with B-cell
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differentiation and maturation, and, as a result, stimu-
lation through TLRs may create a link between chronic
infection and pathogenesis of noninfectious diseases. In
another study it was found that TLR9 stimulation by CpG
activates the extracellular signal-regulated kinase (ERK)
in B cells, which inhibits secretion of autoantibodies
by B cells and induces IL-10 expression, which inhibits
the expression of the Thl-like IL-12 and IFNs. Ultimate-
ly, a well-regulated immune response not only protects
against insults, but also maintains tissue homeostasis
[52, 53].

Role of endosomal Toll-like receptors
in the pathogenesis of mixed connective
tissue disease

Mixed connective tissue disease is a multisystem
disease characterized by an autoimmune response
to nuclear antigens. Although the pathophysiology of
MCTD remains incompletely understood, many studies
indicate a major role for innate immunity. TLRs, which
play a key role in innate responses to infections, are also
involved in acute and chronic inflammatory processes
induced by endogenous ligands. Activation of these
receptors leads to activation of immune cells, most no-
tably B- and T-cells and DCs, and to the inappropriate
production of INF-y, -a, -B, and many inflammatory cy-
tokines such as IL-1, IL-6, IL-12 and TNF-a, which may be
involved in the pathogenesis of MCTD [4]. Moreover, TLR
stimulation through endogenous ligands is increasingly
implicated in autoimmune disease onset and progres-
sion. Furthermore, the pathology of MCTD also depends
on the production of autoantibodies by autoreactive B
cells as well as the expression of large amounts of IFN-y
mainly by pDCs. Both these processes are regulated by
endosomal TLRs such as TLR3, 7, 8 and 9 [54].

The involvement of TLRs in human diseases is not
yet as clear as the data from experimental arthritis mod-
els. Recent reports have indicated the role of TLR3 in
generation of autoantibodies against U1-RNP in murine
models of MCTD. Mice deficient in TLR3 (TLR3—/-) do not
develop MCTD-like lung disease when treated with 70K
and Ul RNA. However, TLR3—/— mice immunized with
70K and Ul RNA developed anti-dsDNA and an auto-
immune syndrome characterized by glomerulonephritis
typical of SLE. Moreover, in the absence of mDCs, immu-
nization of TLR3—/—mice with 70K and U1 RNA promotes
activation of the pDC population through TLR7 and/or
TLRS, leading to the development of SLE. Conversely, the
relative paucity of lung disease in SLE compared with
MCTD could be explained by the ability of TLR9 (and
presumably TLR7 and/or TLR8) but not TLR3 to mediate
lung-specific immunosuppressive effects [55]. Further-

more, in other mouse models of lupus, genetic deletion
of endosomal TLRs significantly reduced disease severi-
ty and abolished anti-nuclear antibody titers [13].

Overexpression and dysregulation of endosomal
TLRs in DCs, particularly TLR7 and 9, induces higher
secretion of interferons (in serum) and upregulation
of INF-inducible genes, and the highest serum levels
of pro-inflammatory cytokines such as IL-6, IL-12 and
TNF-a in MCTD patients compared to healthy subjects
[56, 57]. All these inflammatory mediators contribute to
the development and maintenance of autoimmunity in
MCTD through the chronic activation of autoreactive B-
and T-cells. The pathogenic role of IFN-y is mediated in
part by its ability to induce immune activation, including
a positive feedback loop that induces plasma cell matu-
ration and increases autoantibody formation. Pathology
in MCTD could also be caused by the ability of this cyto-
kine to directly induce pathogenic effects at the tissue
level [56, 58]. Thus, identifying the positive and negative
regulators of the production and function of IFN-y will
contribute to better understanding of how to protect
the host from various intracellular pathogen infections
while limiting the tissue damage caused by unrestrained
inflammatory responses. It is also worth noting that the
genes encoding TLR7 and TLR8 are located on chromo-
some X, and women have higher expression of type | in-
terferons in response to TLR7/8 agonists, which may be
a major factor responsible for the higher prevalence of
MCTD in women [16]. Moreover, TLR-derived signals are
able to stimulate angiogenesis and tissue remodeling by
induction of vascular endothelial growth factor (VEGF),
chemokines and cyclooxygenases (COX) [59]. Vascular
endothelial growth factor is an important link between
angiogenesis and the inflammatory process. High levels
of this factor may be associated with pulmonary arterial
hypertension (PAH — one of the main causes of earlier
death in MCTD patients) and myositis in MCTD, which
suggests that an increased level of VEGF may be a po-
tential marker for patients with increased risk of severe,
life-threatening complications.

Participation of endosomal TLRs in anti-U1-RNP auto-
immunity is likely explained by the ability of the antigen
itself to be stimulatory. Co-administration of UI-RNA with
a TLR7 antagonist inhibits induction of DC maturation
and B- and T-cell activation, suggesting that TLR7 is di-
rectly involved in the UT-RNA adjuvant effect [60].

Summary

Mixed connective tissue disease is a polygenic dis-
ease with a high degree of heterogeneity in clinical
manifestations. Recent data suggested that the immune
signals may participate in determining the tissue tar-
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gets of immune responses, and hence contribute to the
clinical disease pattern in individual patients. Increasing
experimental evidence suggests that overexpression
and deregulation of TLRs initiate many connective tis-
sue diseases. Therefore, understanding the interactions
between the U1-RNP complex and TLRs will provide in-
sights into the way certain patients develop anti-U1-RNP
autoimmunity and, more importantly, how to effectively
target therapies against this autoimmunity response.
Moreover, as endosomal TLRs have been implicated in
the development of autoimmune diseases, including
MCTD, therapeutic modulation of TLR function and sig-
naling pathways is a valid aim for the development of
novel therapies.

The author declares no conflict of interest.
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