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1. INTRODUCTION

1.1. INNATE AND ADAPTIVE IMMUNE SYSTEM

We are constantly exposed to infectious organismotsoir immune system enables us to resist
infections. The immune system consists of the miatnonspecific immune system and the adaptive
or specific immune system (Table 1). The innatdesysis evolutionary older and it is a dominant
part of immunity in plants, fungi or insects. Itk first line of defense against invading orgarsis
The adaptive immune system developed relatively lat vertebrates. It requires certain time to
response to pathogens, whereas the innate immustensyis constitutively ready to deal with
infections. The innate system is not antigen sfgeaifid reacts equally well with different organisms

and unlike the adaptive immune system it does aeeldp an immunological memory.

Table 1.Differences between activation of immune and adapté immune responses

Innate Immunity Adaptive Immunity
Recognition receptors
type of receptors Pattern recognition receptors (complement, T cell receptors, B cell receptors
mannose, immunoglobulins, TLR)
clonality of receptors Non-clonal Clonal
genetical structure Single gene Encoded in gene segments
receptor rearrangement Mot required Required
recognition patterns Conserved molecular patterns Details of (secondary) structure
Self-foreign discrimination Selected by evolution Selected individually
Time to effector activation Immediate activation Delayed activation
Effector response Opsonization, activation of complement and Clonal expansion or anergy of
coagulation cascades, phagocytosis, antigen-specific B and T cells
proinflammatory cytokines and
chemokines

taken from HJ Anders et.al. J Am Soc Nephrol 15-86%, 2004

The innate immune system is composed of the calismaechanisms that defend the host in a non-
specific manner. One of the most important functiarfi this kind of immunity is recognition of

pathogen-associated molecular patterns (PAMPS) ragduitment of immune cells to sites of
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infection and inflammation, via the production oftakines and chemokines. The nonspecific
immunity affects also the activation of growth fart which control cell differentiation and
proliferation as well as the complement systemalnit activates the adaptive immune system via

antigen presentation.

The components of the innate immune system include:

1. Anatomical barriers to infections are mechanfaators (epithelial surfaces, skin, tract, teard a
saliva), chemical factors (fatty acids in sweasolgyme and phospholipase in tears, saliva and nasal
secretions, low pH of sweat and gastric secretiansd) biological factors (competition of the normal
flora of the skin and in the gastrointestinal tratth pathogenic bacteria).

2. Humoral barriers to infection are the complemprdne, coagulation system, interferons and
finally the interleukin 1 (IL-1) which induces fevand activates acute phase proteins and some
antibacterial proteins like lactoferrin and tramsfe(bind iron) or lysozyme (damage of bacteriell c
wall).

3. Soluble mediators of the innate system such eadraxins, collectins, ficolins, defensins and
opsonins can bind to structures on pathogens,rgaidi agglutination, interference with receptor
binding, opsonization, neutralization, direct meart damage and recruitment of additional soluble
and cellular elements through inflammation.

4. Cell-surface-associated pattern recognition pere (PRR) such as the mannose receptor,
scavenger receptors, complement receptors or Fept@s which participate in the removal of
foreign substances and waste materials but al$eatetcellular responses. Also Toll-like receptors
(TLRs) belong to this group of molecules.

5. Intracellular factors such endosomal TLRs, theleotide-binding oligomerization domain (NOD)
family of cytosolic proteins (Chamaillard 2003; &idin 2003) or new cytosolic defence mechanisms
against the viral components such as retinoic saldeible gene | (RIG-I) and melanoma

differentiation associated protein 5 (MDAS5; Yoneyam2004, Kang 2004).
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6. Cellular factors are the cells of non-specifieriune system, which have the ability to phagocytose

the invading organisms and nonspecifically killugfrinfected and tumor cells.

Secreted to EC fluids

Cell surface

Intracellular

Innate Recognition Molecules

Adaptive Recognition Molecules

Pentraxins
C-reactive protein  Serum amyloid protein

Mannose -

19G, IgD, IgE

receptors receptors oceptors

Mannose
receptor

Toll-like
receptors

Complement binding lectin
factor;ﬁ § IgA
Complement
receptors
Scavenger Fe-  Toll-like

Figure 1.Recognition molecules of innate and adaptive immungystem
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1.2. TOLL-LIKE RECEPTOR/INTERLEUKIN-1 RECEPTOR (TUR-1R)

SUPERFAMILY SIGNALING

Toll-like receptors (TLRs) are a family of innat@rmune receptors whose critical role involves the
recognition of invading pathogens. They are evoharily conserved; their homologs were found in
mammals, plants and insects. Microbial infectioagidlly induce activation of the innate immune
system via receptors that either recognize pathagsaciated molecules or amplify proinflammatory
cytokine signals, e.g. interleukin-1 (IL-1), tumonecrosis factor (TNF) or IL-18 (Janeway 2002).
The TLR/IL-1R superfamily triggers robust inflamruat in response to both classes of potential
stimuli, microbial molecules as well as cytokingskeda 2003). In contrast to common intracellular
signaling pathways, the members of the TLR andithER families differ in the structure of their
extracellular domains (Figure 2). The discoveryttid TLRs identified a group of innate immune
receptors provided explanations to many phenomehanmate immunity. The TLRs reveal
homologies to th®rosophila melanogasterfoll molecule, an important component of an amiifal
defense mechanism of the fruit fly (Gay 1991, Metzh1997). TLRs recognize molecules that are
broadly expressed by pathogens: pathogen-assocmatiedular patterns (PAMPS). The TLRs appear
to be one of the most conserved components ofnineune system. Observations and studies made
in the 90s strongly suggested that each of the TlRsnammals might recognize conserved
molecules produced by microbes (Table 2). The aweskecharacter of these molecules is due to the
fact, that they are necessary for the pathogenrsiv@l and function. The leucin-rich repeat-
containing extracellular domains of the TLRs birdided PAMPs, e.g. diacyl- or triacyl-lipoproteins
(heterodimers of TLR1/2 or TLR2/6), lipopolysacadar (TLR4), flagellin (TLR5), double- or
single-stranded viral RNA (TLR3 and -7/8) or CpG-BNTLR9) (Takeda 2003; Table 2). The
multiple roles of TLRs in the initiation and regtita of innate and adaptive antimicrobial immune
responses are increasingly recognized (Akira 28@Bnare 2001). By contrast, the immunoglobulin
domain-containing extracellular part of the IL-Teptor family recruit a number of cytokine ligands
including IL-1a, IL-1B and IL-18, which have important role in immuniti.-1 subsequently

activates the expression of MIP-2, KC and C-reacpivotein whereas IL-18 plays a role in natural
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killer cell activation and in Thl cell polarizatid®ims 2002, Nakanishi 2001). As for intracellular
signaling, the members of this superfamily of tygeansmembrane receptors share the intracellular
Toll-IL-1R (TIR) domain at the C-terminus (Marti®@2). The TIR domain transmits ligand binding

by the extracellular domain of TLR/IL-1Rs to intedlalar signal transduction.

IL-1 receptors Toll like receptors
IL-1R IL-18R orphan receptors
Q @8\ Q : L L&
NS o K KL

Il II Ill | I| Il II I| III Ill III III Ill III III Ill III III Ill |II Ill
[ | | | | | | [ [ |
1 2 3 4 5 6 7 8 9 10 N

Figure 2.The Toll / Interleukin-1 Receptor (TIR) Family: (J Immunoglobulin domailﬂ TIR
domainy# leucine rich repeats.

The intracellular TIR domain is present in all sarembrane members of the TLR/IL-1R family
except for the decoy receptor IL-1RIl (MantovaniO2D The TIR domain consists of 135-160
residues that form a central five-stranded pardiith-sheet that is surrounded by a total of five
helices on both sides (Xu 2000). This domain igiadufor signal transduction of all the TLR/IL-1Rs
that mediate outside-in signaling upon recognitiéra specific ligand. Members of the TLR/IL-1R
superfamily tend to homo- or heterodimerize vidartiéR domain. The individual TIR domains are
also required to form the signaling complex betwtenreceptor and the adaptor molecules (Martin
2002). Deletion of single, essential amino acid¢hiwi the TIR domain results in loss of signal
transduction (Xu 2000, Radons 2002).

With the exception of TLR2, TLRs initiate signalingy homodimerization. TLR2 forms
heterodimers with TLR1 or TLR6. Others form comgexvith other co-receptors; TLR4 recognition

of LPS requires MD-2, CD14 and LPS binding pro{@iBP).
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Activation of TLRs by pathogen associated molecylatterns induces the signaling cascades that
lead to expression of genes required for effectpathogen-specific immune responses. The
transcription factors such as MB, interferon regulatory factor 3 (IRF3), IRF5 aliRF7, activated

by TLRs enhance the expression of many immunorégylanolecules, including type | interferons,
chemokines and inflammatory cytokines. Five TIR dow containing adaptor proteins have been
identified, and so far four of those, MyD88, MaRIF and TRAM are responsible for transcription
factors activation, whereas fifth namely SARM isecific negative regulator of TRIF signalling
(Carty 2006). Further signaling molecules speciic the TLR/IL-1R superfamily include TNF
receptor associated factors (TRAFs) and memberthefinterleukin-1 receptor associated kinase
(IRAK) family (Beutler 2004, Akira 2004). While themembers of the TLR and the IL-1R families
share intracellular signaling pathways, they sepaiato two subfamilies by the structure of their
extracellular domains. TLR-dependent activatiord$eto the translocation of NkB to the nucleus,
which results in transcription of genes encodingdgtokines, chemokines, adhesion molecules, and
antimicrobial peptides.

IL-1 pathway leads to activation of the transcoptfactors NFB, ATF and AP-1 (Dinarello 2006).
IL-1 signaling involves adaptor protein MyD88 (Whkec1997), IRAK4 (Li 2002; Suzuki 2002),
IRAK (Cao 1996; Li 1999), TRAF6 (Cao 1996) and maothers. However, unlike the IL-1
signalling pathway, TLRs can use MyD88 dependemtadependent signalling. For TLR3 and TLR4
was shown that both can use TRIF (the TIR domamaining adapter inducing interfer@)-TRIF
deficient mice lack the TLR3 signalling and the T Bgnalling is almost completely abolished (part

of the NF«B activation pathway goes via MyD88; Yamamoto 2003)
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Table 2.Toll-like Receptors and their ligands.

Toll-like
receptor

Exogenous ligands

Endogenous Ligand

TLR1 &2

Tri-acyl lipopeptides (bacteria and
mycobacteria)

TLR2

Peptidoglycan (Gram-positive bacteria)
Lipoteichoic acid (Gram-positive bacteria)
Lipoarabinomannan (mycobacteria)
Glycophospholipids (Trypanosomes)
Glycolipids (Treponema

Porins (\eisseria

Zymogen (fungi)
PhospholipomannarCéndida albicank
tGPI-mutin Trypanosomp
hemagglutinin proteinMeasles virus

ND (HCMV,HSV1)

Lipopeptides

Heat shock proteins
High mobility group box protein 1

TLR3

Double-stranded RNA (virus)

MRNA

TLR4

Lipopolysaccharides, lipid A (Gram-
negative bacteria)

Taxol (plant)

Protein F (respiratory syncytial virus)
Hyphae Aspergillug

HSP60 Chlamydig

Envelope proteins (MMTV, RSV)
Mannan Candida albican}

Heat shock proteins

High mobility group box protein 1
Fibronectin extra domain A
Fibrinogen

Lung surfactant protein A

Low density lipoprotein

Heparan sulphate

Hyaluronan fragments

TLR5

Flagellin (bacteria)

TLR6 & 2

Di-acyl lipopeptides (Mycoplasma)
LTA (Group BStreptococcus

TLR7

U-rich single-stranded RNA (viral)

TLR8

Single-stranded RNA (viral)

TLR9

Unmethylated CpG DNA (bacteria &
viruses)

Unmethylated CpG DNA

TLR11

Uropathogeni&scherichia coli,

profilin (Toxoplasma gondii




1.3. REGULATION OF TLR/IL-1R SUPERFAMILY SIGNALING

Inapproapriate cytokine release can cause majoanofgilure or death, e.g. in septic shock or
systemic inflammatory response syndromes. It isefoee of great importance, that TLR/IL-1R-
mediated immune activation is tightly regulatedg(ffe 3). Various superfamily members act as
decoys for the receptors. IL-1RII and IL-18-bindipmptein are for example negative regulators of
IL-1 and IL-18 signalling (Mantovani 2001, Colottt994, Novick 1999). Both released and
intracellular form of IL-1ra (Arend 1993) and IL-IIRColotta 1993 and 1994; Mantovani 2001) are
the negative regulators of IL-1 signaling. IL-1&@saas an antagonist of IL-1R. IL-1RII interactghwi
IL-1 and forms the complex with IL-1RAcP, which mssential for IL-1R mediated signal
transduction (Lang 1998, Malinowsky 1998).

Some of the inhibitors are working intracellularlike IRAK-M (Kobayashi 2002), IRAK2 (Hardy
2004), MyD88s (Janssens 2002, Burns 2003), SOQ8#{y6 2002) or Triad3A (Chuang 2004).
IRAKM expression is induced upon TLR stimulationdaimhibits TLR signaling. This molecule
prevents IRAK and IRAK4 from dissociation from MyB&nd formation of IRAK-TRAF6 complex.
Splicing variants of IRAK2; IRAK2 and IRAK2d havelsa inhibitory effect on Toll-IL-1R
superfamily-mediated signaling (Hardy 2004), simita splicing version of MyD88 (MyD88s),
which prevents recruitment of IRAK4 (Janssens 2@2ns 2003). Triad3A was reported to be a
modulator of TLRs signaling by regulation of thaibiquitination and proteolytic degradation
(Chuang 2004). Some soluble TLRs were identifiedmegative regulators of TLR signalling (e.g.
STLR2, sTLR4). Activation of some TLRs may lead iediately to reduction of their surface
expression or to reduction of expression of co-skatory molecules needed for the signalling. LPS
stimulation results in reduced expression of LR®linig molecules TLR4 and MD-2 (Nomura 2000,
Akashi 2000). SARM is a newly discovered TIR-coniag adaptor protein, which puts a break on
TRIF dependent pathway. The new group of zincdingroteins such as A20, an A20-like protein
Cezanne, TRAF6-inhibitory zinc finger protein TIELN29 and ZCCHC11 were shown to bind
TRAF6 and negatively regulate TLR-TRAF6-induced kB-activation (Heyninck 1999, Evans

2001, Shin 2002, Mashima 2005, Minoda 2006). Tipeeteins differs in the structure of zinc finger
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repeats and in the cell expression profile, whistgest distinct modulation in different kind of lsel
Some of the molecules like phosphoinositide 3-kesadI3Ks) represent an early phase of negative
regulation of TLRs in innate immunity (Fukao 20Q&1&2003; Guha 2002). Expression of IRAK-M
and SOCS-1 (suppressor of cytokine signalling-lipdticed after the first activation of TLRs and
these molecules act as negative regulators dunmgecond stimulation by TLR agonists (Kobayashi
2002, Kinjyo 2002, Nakagawa 2002). By contrast KPi constitutively expressed in innate immune
cells and activated immediately after detectiopathogens (Fukao 2002, Herrera-Velit 1997). This
dual-phase negative regulation of innate immunparses mechanism may exist in order to inhibit
rapidly reacting cells, whereas the other mechamisray be more common in non immune cells. In
case all these inhibitory mechanisms fail the ceii still activate the programmed cell death ireord

to escape the inflammation.

Soluble TLR4 ﬁ

IL-1R IL-TRACP T1/ST2

— SIGIRR

s

TAB1{TAB2 IRA
@ LII 1]
pellino @
P1 w
T1/ST2 / complex Il complex |

IRAKM TBK1 complex Il
IRAK2¢
¥ IRAK

—INWIAN-

IRAK2d
TOLLIP

A20 IRF3

type | interferons

l
NFxB
}

proinflammatory cytokines

Figure 3 Regulation of TLR signaling: () immunoglobulin domailn TIR domaj, eutine
rich repeatsf¢ negative regulation.



Also membrane-bound proteins containing the TIR @iomsuch as orphan receptor SIGIRR (single
immunoglobulin IL-1 receptor-related molecule), $I2 and toll-interacting protein, Tollip
negatively regulate the TLR signalling (Brint 20@04ald 2003, Zhang and Ghosh 2002). T1/ST2 and
SIGIRR belong to Ig domain subgroup, which alsdudes IL-1R1 and IL-18R. They are negative

regulators of Toll-IL-1R mediated signalling (Bri2004, Garlanda 2004).

1.4. STRUCTURE AND FUNCTION OF SIGIRR

SIGIRR, also known as TIR8 (Toll interleukin-1 rpter 8) was identified by searching EST
databases for TIR domain-containing sequences tofijknown members of the TLR/IL-1R family
(Thomassen 1999). Despite its genetic sequencelbggnto the other members of the IL-1R family
located on chromosome 2, th@8 gene is located on chromosome 11 at 11p15 (Thanaks99,
Sims 1995). Four different transcripts (4.4 kb, Rb} 1.5 kb, and 0.9 kb) were found in humans
(Thomassen 1999), whereas in mice only one trastseras found (Polentarutti 2003, Garlanda
2004). The protein length predicted from the opeading frame is 409 amino acids in mice and 410
amino acids in humans (Figure 4). Similar to ST2IGIRR contains four and mSIGIRR contains
five putative glycosilation sites and molecular gigiof the glycosylated protein is between 50-80
kD (Thomassen 1999)n contrast to all other known members of the IL{faRnily the extracellular
domain of SIGIRR contains only one Ig domain of &b8ino acids (Figure 4). This extracellular part
is too short to fold and therefore lacks a potérdiggand binding site (Barclay 2003). Till now no
soluble form of SIGIRR has been described. Thestrambrane region links the single Ig-like
domain to the 268 amino acids-long intracellulart péhich is 77 amino acids longer than that of the
typical IL-1Rs (Thomassen 1999). Although, SIGIR®tpin was found in the membrane fractions
of COS cells transfected with SIGIRR but it is pet clear, whether SIGIRR is expressed on the cell

surface or in an intracellular, e.g. endosomal, gartment (Thomassen 1999).
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MAGVCDMAPNFLSPSEDQALGLALGREVALNCTAWVFSRPQCPQPSVQWLKDGLALGNGSHFSLHEDFWVSANFSEIVSSVLVLNLTNAEDYGTFTCSVWNVSSHSFT LWRAGPAGH
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PWCSQSFREDCAAYWSSPADLSSSPLRARGVSPYTLLSGSCRHDRHLVTLVLWKPGSVTPSSDFWKELQLALPRKVQYRPVEGDPQTRLODDKDPMLIVRGRAAQGRGMESELDPDP
EGDLGVRGPVFGEPPTPLQETRICIGESHGSEMDVSDLGSRNYSARTDFYCLVSEDDV

extracellular part intracellular part

H |g-like domain
- I~

I TIR domain
transmembrane

part

Figure 4. The amino acid sequence and structure of SIGIRR

SIGIRR mRNA is expressed in most fetal and aduthéin as well as murine organs with the highest
levels were detected in kidney, liver, and the mpé@stestinal tract (Thomassen 1999, Polentarutti
2003, Wald 2003). In brain, heart, testis, musetejothelia or fibroblasts SIGIRR is virtually absen
(Polentarutti 2003, Garlanda 2004, Wald 2003). 8 Eexpression in solid organs largely originates
from epithelial cells. In the kidney for exampleGBRR is expressed at high levels in tubular and
collecting duct epithelial cells of the renal cartend medulla, but is undetectable in glomerular
mesangial cells (Polentarutti 2004). By contrastiscof the monocyte/macrophage lineage and
neutrophils express SIGIRR mRNA at low levels, veasr T cells or B cells do not express SIGIRR
at all (Polentarutti 2003).

Injection of LPS downregulates SIGIRR mRNA levelssarious tissues (Polentarutti 2003, Garlanda
2004). The same occurs in cultured neutrophils @nauytes upon stimulation with LPS (Polentarutti
2003). This appears to be a LPS-specific mechabiscause stimulation with 1L IFN-y, TNF,

IL-4 or CpG-DNA had no effect on SIGIRR mRNA levétsthese cells (Polentarutti 2003).

The observation, that the orphan receptors lackkaye ligands or, in the case of SIGIRR, lack
ligand binding sites, suggests a regulatory fumctio TLR/IL-1R signaling. The single extracellular

Ig domain of SIGIRR may not have a function but miatbry effects could well mediated by the

prominent intracellular domain. Indeed, SIGIRR @snd to mediate negative regulatory effects on
TLR/IL-1R signaling.

SIGIRR molecules form homodimers which interactwilit R/IL-1Rs (Wald 2003). The intracellular

TIR domain is crucial for this interaction, and tf®re SIGIRR dimers also interact with TIR
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domain-containing adapter proteins involved in TILRIR signaling, i.e. MyD88 and Mal/TIRAP
(Figure 3), (Wald 2003, Leung 2004). However, TiBtnplexes involving SIGIRR do not activate
NF-«B and JNK but rather suppress TLR/IL-1R signalifgis relates to the fact that SIGIRR lacks
two essential amino acids (Ser447 and Tyr536)si IR domain highly conserved in other members
(Thomassen 1999, Wald 2003). SIGIRR interacts algh the IL-1R but, interestingly, and in
contrast to interaction with the TLRs, this proces®lves both the intracellular and the extradalu
domains (Figure 3). The single extracellular Ig domof SIGIRR suppresses IL-1 signaling by
interfering with the heterodimerization of IL-1RdL-1RAcP (Qin 2005). SIGIRR-deficient cells
show enhanced inflammatory responses to LPS, Cp@;&Nd IL-1 but not to TNF (Wald 2003).
Similar effects were observed in immature dendritidls but not in bone marrow macrophages,
which lack SIGIRR expression (Garlanda 2004). Addilly, overexpression of SIGIRR
specifically inhibits IL-1R and IL18R signaling rurkat and HepG2 cells (Wald 2003). Consistent
with an inhibitory effect on TLR/IL-1R signaling SIRR-deficient mice are more susceptible to
lethal septic shock after LPS challenge (Wald 2008Jjact, cytokine and chemokine production was
markedly enhanced and prolonged in SIGIRR-deficiaitte after challenge with LPS and IL-1 but
not with TNF (Wald 2003). Similarly, SIGIRR-defigcie mice are more susceptible to dextran
sulphate sodium-induced chronic colitis (Garland®4). In this model of chronic inflammatory
bowel disease, SIGIRR deficient mice showed ine@edsss of body weight and of intestinal blood
compared to wild type mice. This was associateti wibre severe damage of intestinal muaogh
inflammatory cell recruitment (Garlanda 2004). Thdsspite lacking cytokine or microbial ligand
interaction, SIGIRR modulates TLR and IL-1 signglion selected cell subsets. Regulation of these
signalling pathways has important implications fflammatory diseases such as sepsis or
inflammatory bowel disease.

TLR/IL-1R superfamily members are involved in pajboesis of autoimmune, inflammatory and
infectious diseases (Cook 2004). TLRs and theinaling pathways might be partially responsible
for development of diseases like: dilated cardiopathy, atherosclerosis, diabetes, experimental
autoimmune encephalomyelitis or systemic lupushemytatosus. The important function of TLRs

was confirmed in some chronic inflammatory disosgdesuch as: asthma, rheumatoid arthritis and
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inflammatory joint disease. TLRs are also involwedhe regulation of pro-inflammatory cytokines
production. The malfunction may lead to tissue dgendhe best example for this is sepsis, which is
the result of uncontrolled TLR4 signaling. Sepsisnd athe sequential multiple organ
failure/disfunction syndrome (MOF/MODS) followed bgptic shock are the most common cases of
death in the intensive care units (Stone 1994)tiSeock is comparable with the effect that is
initiated with the LPS released by the microorgarsisduring the infection. The production of the
inflammatory factors can even result in death. AGIBR can function as a negative regulatory
factor, especially in the case of TLR4 it can b&ep in providing the therapeutic approach against
sepsis. The function of SIGIRR in controlling thber diseases in which the TLR/IL-1R family may
contribute has not been shown yet. Targeting ILatl ather cytokines with single cytokine- or
cytokine receptor antagonists has already become gfatherapeutic regimens of inflammatory
diseases such as rheumatoid arthritis in humanea(Bllo 2005, Furst 2005). The concept of
targeting signaling molecules of the TLR/IL-1R stfpmily may provide a related but less restricted
strategy (Ulevitch 2004).

Thus, a better understanding of the factors ttmilede immune activation, including orphan receptor
SIGIRR, may eventually expand the armament of iafifsnmatory drugs that allow appropriate

interventions where necessary.
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1.5. AIM OF THE RESEARCH PROJECT

This study was motivated by two observations: fievious observation that TLR4 on intrinsic
renal cells as well as bone marrow-derived cellstrifoutes to innate immunity in infective
pyelonephritis (Patole 2005), and second, SIGIRRegative regulator of TLR/IL-1R signhaling, was
reported to be expressed at high levels in the esidfPolentarutti 2003, Wald 2003). We
hypothesized that SIGIRR would control inapprogri@lLR signaling in the kidney, and if so, that
SIGIRR on renal myeloid cells and non-immune imignrenal cells would contribute to this
phenomenon. To reveal the function of this proteirnthe kidney we characterized the SIGIRR
expression pattern and performed structural anctimal studies on the regulation and the
expression of this molecule. As over-expressiorSIBIRR in cell lines can lead to inhibition of
immune responses, this work investigates the piisgibf using SIGIRR as anti-inflammatory
factor. However, the identification of a ligandasoluble functional form of the protein would Ipe i
this case necessary. This study also questionectfteet of SIGIRR on the development of the
autoimmune disease, systemic lupus erythematodiis).($he role of TLRs in autoimmunity is not
yet well defined. Practically, the effects of SIGRN the development of autoimmune disease are to

be analysed in an in-vivo model.

To address these issues, sev&igirr-deficient murine cell populations were used. Thenotypic
characterization of the mouse lines and functichakracterisation of cell types were used to eldeida

the role of SIGIRR in the kidney.
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2. MATERIAL AND METHODS

2.1 MOLECULAR BIOLOGY METHODS

2.1.1. Cloning of human and murine SIGIRR

The polymerase chain reaction (PCR) was used iarai amplify DNA from genomic DNA or
cDNA. DNA encoding N-terminal FLAG tagged murineGBRR was amplified by PCR from
C57BL/6 mice cDNA from kidney using the followingimers:
Fw..5’'GCCACCATGGACTACAAAGACGATGACGATAAAGGAGCAGGTGTCTGTS
Rv-3'CTCCTACTACACATCCTATAGY’

The PCR product was digested with Hind Il and BE¢adhd ligated into pCR3 vector (Invitrogen,

Karlsruhe, Germany).

The following reagents were added for a PCR reactio

1 ul cDNA

2.5 pl 10x HotStar PCR buffer (Qiagen GmbH, Hildéermany)
0.5 pl 25 mM dNTP mix

0.25 pl Fw. primer (100 pM)

0.25 pl Rv. primer (100 pM)

0.25 pl HotStar polymerase (Qiagen GmbH, Hilderrnzay)

5 ul Solution Q (Qiagen GmbH, Hilden, Germany)

H,0 to a total volume of 25 pl

Samples were amplified in a thermocycler (Biomdthao2) with the following conditions: The
programs used had a 15-min incubation step at 8¢f@e starting the cycle. The next step was for 1
min at 94°C, annealing was performed at 61°C, belmvmelting point of the primers for 75 sec.
The next step in the cycle was incubation at 720Cfmin. The cycle was repeated 30 times and the

program finished with 10 min incubation at 72°CeT8amples were used directly for electrophoresis.
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DNA encoding human SIGIRR was amplified by PCR froBNA from human kidney using the
following primers:

Fw. -5"GATCCGCCACCATGCCAGGTGTCTGT3’

Rv. -3'TTCCTACTATACATCCTATAGS’

The PCR product was digested with BamH1 and EcoRY lmated into pCR3 vector (Invitrogen,
Karlsruhe, Germany). Samples were amplified inearttocycler (Biometra Uno2) with the following
conditions: The programs used had a 15-min incabadtep at 94°C before starting the cycle. The
next step was for 1 min at 94°C, annealing wasoperd at 42°C below the melting point of the
primers for 60 sec. The next step in the cycle wasbation at 72°C for 2 min. The cycle was
repeated 30 times and the program finished witimidincubation at 72°C. The samples were used

directly for electrophoresis.

2.1.2. Electrophoresis of DNA

The DNA sample to be analyzed was mixed with om¢ht@olume of DNA loading buffer (600l
50% glycerine; 2Qul 50 x TAE; 380ul water; a few crystals of bromophenol blue). Tlhenples
were separated in agarose gels in 1 x TAE bufferniM Tris; 0.02 mM acetic acid; 1 mM EDTA;
pH 8.0). The concentration of agarose varied deipgnoh the samples to be run: 0.5% for digested
genomic DNA to 2% for small fragments (250 bp asle The agarose gel was prepared by boiling
1g of agarose in 100 ml 1 x TBE, add 4 pl ethidhnmmide (10 mg/ml, Sigma-Aldrich, Taufkirchen,
Germany). The fragments are separated by electrepiscaccording to size and can be visualized in
UV light due to the presence of ethidium bromidessen the DNA strands. Ladder Mix (Invitrogen,
Karlsruhe, Germany) was used as size standardr wgealizing the DNA in an agarose gel, the
band to be purified was excised from the gel aadsferred into a 1.5 ml microcentrifuge tube. The
amplified fragments of DNA were purified from agaeegel with the QIAquick Gel Extraction Kit

(Qiagen GmbH, Hilden, Germany).
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2.1.3. Ligation of DNA fragments

The cDNA fragments, which were amplified in PCRaté&an were digested with desired restriction
enzymes and ligated into pCR3 vector (digested wWith same enzymes). T4 ligase (Invitrogen,
Karlsruhe, Germany) was used for ligation. 6ul &RPproduct and 2 pl of vector DNA were

incubated with 1 ul ligase, 1 ul 10 x T4 ligase feuf(Invitrogen, Karlsruhe, Germany). Both

ligations were incubated 48 hours at 16°C. Aftgyafion the mixtures were used directly for
electrotransformation of DH5a cells and streaketl mu LB plates complimented with ampicillin

(100 pg/ml). Single colonies were used for inoculation liofuid medium and after overnight

incubation used for plasmid isolation.

2.1.4. Generation of competent cells for electro-#ainsformation

A fresh E. coli (DH%) culture was prepared by inoculating 10 ml LB nuedi(1% Bacto-Tryptone,
0.5% Bacto-Yeast extract, 0.5% NaCl, pH 7.5) wiirggle colony and incubating overnight. 500 ml
LB medium were inoculated with 5 ml (1/100) of theernight culture and grown to a density of
ODggo 0.5. The cell suspension was chilled on ice fon80 and centrifuged at 4000 g for 15 min at
4°C. Cells were resuspended in 500 ml ice cold H&@ centrifuged again. The pellet was
resuspended in 250 ml ice cold® centrifuged and resuspended in 20 ml of ice &6l&6 glycerol.
After another centrifugation the pellet was resuasieel in 2 ml of ice cold 10 % glycerol and stored

in 40 pl aliquots at — 70°C.

2.1.5. Transformation of bacterial cells by electrporation

50 pl of competent cells were thawed on ice, 0.5flligation mix was added and left on ice. The
cell suspension was then placed in a chilled, doysterile electroporation cuvette (0.2 cm) in a&e
Pulser (Bio-Rad) and pulsed once at 25 puF, 2.5RMsg Controller, Bio-Rad: 20Q). Cells were
then immediately resuspended in 1 ml SOC medium B2&to-Tryptone; 0.5% Bacto-yeast extract;
10 mM NacCl; 2.5 mM KCI; 10 mM MgGj] 10 mM MgSQ; 20 mM glucose). The cell suspension
was incubated at 37°C for 1 h on a shaker in tutzkthen plated on LB-agar plates containing the

selective antibiotics. Plates were incubated ovgintrat 37°C. Each colony from a plate was slightly
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touched with a sterile pipette tip and the bacteg#is on the tip were re-suspend in 2 ml LB mediu
containing antibiotic for selection (Ampicilin). dculated colonies were grown over night for the

small scale plasmid preparation.

2.1.6. Small scale plasmid preparation — mini prep

This quick purification was used for testing whioblony of bacteria express the right construct. A
1.5 ml aliquot of arovernight culture of E. coli was centrifuged in Ir8 sterile microcentrifuge
tubes for 30 secThe supernatant was discarded. The bacterial pefistresuspended in 1Q0lyse
buffer (25 mM Tris HCI pH 7.5; 10 mM EDTA; 50 mMugose; RNAse 0.1 mg/ml). Then the 200
ul of alkalizing buffer was added (0.2 M NaOH, 1S and the tubes were incubated for 5 min. on
ice followed by adding 150 ul of 5 M KAc solutioAfter centrifugation step (14000 rpm, 3 min) the
supernatant was transferred into a new microcegeif tube and extracted with
phenol/chloroform/isoamylalcohol (25:24:1, viviRfter 5 min centrifugation at RT, the upper phase
was transferred to a new microcentrifuge tube, chixgh 500ul 100% ethanol, incubated 1 hour at -
20°C and centrifuged for 15 min. The pellet wasithvashed with 70% ethanol, dried and dissolved

in 20 ul of water.

2.1.7. Analysis of DNA with restriction enzymes

2-4 U of the desired restriction enzymes (New EndlBioLabs, Frankfurt am Main, Germany) were
added for 1 ug DNA in the appropriate restrictiaffér. The restriction mix was incubated for 1 or 2
h at appropriate temperatures. The following refitnh enzymes or enzyme combinations were used
to detect the presence of a vector with the desiisert after ligation and transformation: BamHlI,

EcoRYV, Sacl.

2.1.8. RNA isolation from cultured cells
Cell lines as well as primary cell cultures in ailation experiments were harvested for RNA
isolation using RNeasy Mini Kit (Qiagen GmbH, HifdeGermany) according to the protocol

provided. Firstly, adherent cells to be harvestednf6 well culture plates were washed with sterile
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PBS to remove residual medium after collection #rel wash-through was aspirated. The 350 pl
RLT buffer containing 10pg/ml beta-mercaptoethamat added directly over adherent cells on the
plate surface and pipetted vigorously so as to bedbs. This produced a viscous fluid which was
collected and placed in microcentrifuge tubes andein at —80 °C until RNA isolation. At the time
of RNA isolation the samples collected were thawgsl) ul of 70 % ethanol made in 1% diethyl
pyrocarbonate treated water (DEPC water) was atllédand mixed well. This mixture was then
loaded onto RNeasy mini columns held in 2 ml cditectubes and centrifuged at 8000 xg for 30
seconds.The flow-through was discarded and the digestioth iDNAse was performed on the
columns (Qiagen GmbH, Hilden, Germany DNAse digestit). Then the columns were loaded
with 700ul of buffer RW1 and centrifuged at 8000 feg 30 seconds. The collection tubes were
discarded together with the flow-through and thkimms were transferred to fresh 2 ml collection
tubes and 500 pl of Buffer RPE was pipetted ontodblumn, was centrifuged at 8000 xg for 30
seconds and the flow-through was discarded. Tlip Btas repeated again and the column was
rendered dry by centrifugation, placed in a 150r@s¢h collection tube, 40 pl of RNase free water
was pipetted directly on the silica-gel membrang was centrifuged to collect the RNA solution. No
quality check was necessary in case of the kiatgmi, as empirically the RNA obtained upon kit

isolation was of good quality standards.

2.1.9. Isolation of RNA from tissues

The RNA isolation protocol was suitably modifieabin Chomczynski’'s method (Chomczynski P
1987). DNAse digestion was included. 3 ml of s@ntD containing 8 ul of beta-mercaptoethanol/ml
was taken in a 15 ml falcon tube, to which a sipigite of tissue from which RNA had to be isolated,
was placed. The tissue was homogenised using ULTHRRAX T25 (IKA GmbH, Staufen,
Germany) at speed level 2 and placed on ice. o300 pl 2M sodium acetate solution was added
and mixed gently, followed by addition of 3 ml Rétijua-Phenol (Carl Roth GmbH, Karlsruhe,
Germany) and gentle mixing. A 1.6 ml mixture ofaroiform/isoamyl alcohol (49:1) was added to

the contents of the falcon and vortexed for 20 sdsauntil a milky white suspension resulted. The
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falcon tube was then placed on ice for 15 min astrifuged at 4000 xg at 4 °C. The upper phase
(approximately 3 ml) was collected carefully inrash falcon tube, to which 3 ml isopropanol was
added, incubated for 30 minutes at —20° C and ifeged for 15 minutes at 4000 xg at 4 °C. The
supernatant was then discarded carefully to awasid bf pellet and the falcon tube was inverted on a
tissue paper to drain of the remaining isopropara 1 ml solution. The pellet was dissolved in
buffer containing DNAse, RNAse inhibitor, 1mM DTD,05 M TrisHCI and 5 mM MgGland
incubated for 30 min at 37°C. After the incubatits ul of 2 M sodium acetate was added and the
phenol/chloroform/isoamyl alcohol extraction wasfpemed. The water phase was transferred to a
fresh DEPC-treated tubes and 0.8 ml Isopropanol adaked to it, mixed and placed at —20 for 30
minutes. This was followed by centrifugation for mnutes at 4000 xg at 4 °C, the supernatant was
discarded carefully to retain the pellet. The pellas then washed with 80 % ethanol made in DEPC
water, and vortexed again for 15 minutes at 400@tx °C. The supernatant was discarded and the
tubes were inverted to drain of residual ethanal #re semi-dried pellet was dissolved in 100 pl
DEPC water. A 10 pl aliquot was used for the qualtieck and remaining RNA solution was stored
at -80 °C until cDNA synthesis. The RNA was quaetifand quality was determined by taking 2 pl
of the RNA solution diluted 50 times in DEPC watfar calculating ratios 260/280 nm
spectrophotometric OD measurement. The formula wseslExtinction x dilution to obtain number
of pg/ml of RNA per sample and a ratio value appmately close to 1.6 was considered to be of
acceptable quality. Further quality check (if neszeg) was performed using a denaturing RNA gel,

ran at 70-100 V for 1 hour and the gel was thed maa gel documentation apparatus.

2.1.10. cDNA synthesis and real-time PCR analysis

The RNA samples isolated according to the procedatailed above were diluted in DEPC water to
a concentration of 1 pg / 20 pl. A master mix wesppred with reagents such as 9 pl of 5 x buffer
(Invitrogen, Karlsruhe, Germany), 1pl of 25mM dNTRIxture (Amersham Pharmacia Biotech,
Freiburg, Germany), 2 ul of 0.1 M DTT (Invitrogefarlsruhe, Germany), 1 pl of 40 U/ul RNasin

(Promega, Mannheim, Germany), 0.5 pl of 15 pg/miedr acrylamide (Ambion Ltd,
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Cambridgeshire, UK), 0.5 pl of Hexanucleotide (Racllannheim, Germany), 1 ul of Superscript
(Invitrogen, Karlsruhe, Germany) or dgBl in case of the controls. The master mix was made

volume of 15 pl and added to 1 pug / 20 pul RNA sawmphere taken in separate DEPC treated
microcentrifuge tubes, which were mixed and plaaed2 °C on a thermal shaker incubator for 1
hour. After 1 hour the cDNA samples were collecaéglaced at -20 °C until use for real-time RT-

PCR analysis.

The cDNA samples prepared as described above viletedd1:10 a dilution for the real-time RT-
PCR. The real-time RT-PCR was performed on a TagMaBl Prism 7000 or 7700 (Applied
Biosystems, Darmstadt, Germany). The quantitat@& For mRNA is based on the employment of
sequence-specific primers and likewise sequencefgperobes. The latter is tagged at both ends
with a fluorescent molecule. The quencher absol8IHA (at the 3'-End) the fluorescence of the
other reporter tagged material such as FAM or VtGha 5'-End. The TagMan® universal PCR
master mix (Applied Biosystems, Darmstadt, Germamayjtained Tag polymerase possessing-2 5'

3' polymerase activity and a3 3 ' exonuclease activity. During the elongatiomagehof the PCR,
specifically bound probe was hydrolyzed by the exdease and the 5'-tag was set free. With every
newly synthesized DNA strand fluorescent tag matesias set free and the resulting fluorescence
was measured at 488 nm. The resulting fluorescsigeal is directly proportional to the quantity of
DNA synthesized. The CT value (= "Cycle Thresholdlgs computed for each sample. This is the
cycle number, with which the reporter fluorescesmmal breaks through a user-defined threshold.
The TagMan® universal PCR master mix containing, fdrward primers and reverse primers (final
concentration of 300 nM) and the probe (final caiction of 100 nM) was placed on ice. In the
TagMan® universal PCR master mix contained are BGfers, dNTPs and the AmpliTaqGold®
previously mentioned (Taq polymerase withou35' exonuclease activity). 18 ul of the mastermix
was pipetted into each well of a 96-well plate @ndl of template (DNA dilution) was added to each
of these wells. The plate was sealed and centiifiae280 xg and analyzed using TagMan® ABI
PRISM 7000 or 7700. For the TagMan® RT-PCR theofeihg temperature settings were used: The
first incubation was carried out for 2 minutes 8°G followed by 95°C for 10 minutes so as to

activate the polymerase. Templates were amplifiedng 40 cycles each comprising 15 seconds
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incubation at 95°C followed by 1 minute incubatair60°C. The RT-PCR for the housekeepers (18S
rRNA or GAPDH) was carried out under similar coralis. The CT values were recorded using the
ABI PRISM Sequence Detection software (version & the results were evaluated in relation the
respective housekeepers. In all cases controlsistmgs of ddHO were negative for target and
housekeeper genes. Oligonucleotide primer (300 raviyi probes (100 nM) were from PE

Biosystems, Weiterstadt, Germany.

2.1.11. Northern blot

Total kidney and spleen RNA was isolated and arealyor the degradation and purity (analytical
MOPS gel; OD by 260 and 280 nm). Every 5 pg RNA@amvas dried, dissolved in NB-loading
solution (15 pl formamide, 5 pl formaldehyde, 31alx MOPS, 7 ul DEPC-treated water), incubated
10 min in 65°C and separated by electrophoresis d® formaldehyde/MOPS agarose gel (1%
agarose, 20 mM MOPS, 5 mM sodium acetate, 1 mM EDA A6 formaldehyde) in MOPS buffer
(20 mM MOPS, 5 mM sodium acetate, 1 mM EDTA; pH)7.0o see the progression of the
separation dye (loading buffer containing 0.25 %ntwphenol blue) was run next to the samples in a
separate well. The separation was performed RNAsehini gel apparatus; first 10 min at 100 V
followed by 2-3 hours at 200 V. The RNA was transfd on the GeneScreen membrane for 24 hours
in 10 x SSC buffer (1.5 M NacCl, 0.15 M Na-citratepked (1 hour at 80°C between 2 sheets of 3
MM paper) and cross-linked with UV light (50 mJoineBio-Rad Gene Linker UV Chamber).

The DNA-probes syntheses were performed using thmeHt Random Primer Labelling Kit
(Stratagene, La Jolla, CA). P32-labeled DNA prolvese complementary to 243bp N-terminus part
(cut with Hindlll and BstXIl) or the full length SIEGR (the plasmid preparation, enzymes restriction
and DNA gel-extraction described above). Efficacly pyobe synthesis was checked by PEI
chromatography. For hybridisation the QuickHyb Hgltsation Solution was used (Stratagene, La
Jolla, CA). For pre-hybridization, the membraneseniacubated in a hybridization glass tube with 4
ml of hybridization buffer (Stratagene, La Jollad)CAfter pre-hybridization, the radioactive probe
was added to the buffer, gently mixed and incub&de®4 hours at 65°C. The membranes were then

washed 5 times with 2 x SSC supplemented with 0.8D%& (low stringency buffer) at RT. The
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membranes were sealed in plastic bags and exposed RhosphorScreen of the Phosphorimager

after 24 hours.

2.2 CELL CULTURE METHODS AND CYTOKINE DETECTION

2.2.1. Cell lines

Human epithelial kidney cells (HEK 293) was derivieaim embryonic kidney cells transformed by
human adenovirus type 5 DNA. 293 cells grow plastiterent. Cell line was maintained under
standard culture conditions (in an incubator se3&t’C supplied with 5.0 % GPin Dulbecco’s
modified Eagle’s medium (DMEM, Biochrom KG, BerliGermany) supplemented with 5 % heat-
inactivated fetal calf serum (FCS) (Serum SupreBmWhittaker, Walkersville, MD, USA),

penicillin 100 U/ml and streptomycin 100 pg/ml &scribed (Complete DMEM medium).

2.2.2. Calcium Phosphate transfection

In this method plasmid DNA was introduced into miayers of eukaryotic cells culture via
precipitate that adheres to the cell surface. HER @ells were seeded on six-well plates at a densit
of 3 x 10 cells/well and grown over night to sub-confluen€ells in every well were transfected
with following transfection mix225 pl HO, 25 pl 2.5M CaGlmixed with 5 pg plasmid DNA. After
incubation for 10 min. at 37C the DNA mix was vortexed with 250 pl HeBs (0.28\NCl; 0.05 M
HEPES; 1.5 mM N#PQ,; pH 7.05). A precipitate containing calcium phosfghand DNA is
formed by slowly mixing HEPES containing solutiodeBs) and solution that contains calcium
chloride and DNA. After incubation for at 3Z 500 pl of mix was added to the cells. The medium
(containing 5 % FCS and 25 mM HEPES) was changeolués laterThirty hours after transfection,

the cells were detached, washed (1x) with PBS aed tor protein extraction.

2.2.3. Reporter gene analysis
Reporter studies were performed by using lipofeatam(Invitrogen, Karlsruhe, Germany)

transfection of primary murine tubular epitheliaglicline with an NFkB responsive luciferase
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reporter gene (Promega, Mannhein, Germany). Tuloelis were transfected with constructs (pCR3-
mSIGIRR and NKB) with amount of 2.5 pg of each plasmid (5 pgljot&or transfection cells were
seeded at the density of 1,5 X’16to 3.5 cm dishes and grown overnight in°87 Then cells were
transfected with expression plasmids coding moésof interest by the lipfectamine method (1 pg
DNA + 1 ul lipofectamine; 30 min RT incubatior®4 hours after transfection cells were stimulated
with TLR ligands for 24 another hours. Cells weyseld, and luciferase activity was assessed using

Reporter lysis buffer and Luciferase Reporter raaféromega, Mannhein, Germany).

2.2.4. Primary cell culture — tubular epithelial céls

Kidney cell suspensions were prepared by mashiagkitiney from one mouse in 250 ul of cold
HBSS medium supplemented with 10 mM HEPES, 10% R@& 1% PS. The suspension was
applied onto 30 um pre-separation filters (MilteBjotec GmbH; Bergisch Gladbach, Germany),
centrifuged (300 x g for 10 min), re-suspended a@amplete DMEM medium (10 % FCS) and
incubated at 37 °C for 1 bis 2 hours on the Pasfi do that the monocytes in the cell suspension
adhere. The non-adherent cells from the suspensiere than collected, centrifuged and re-
suspended in K1 medium (DMEM supplemented with 186C&, 1 % PS, 10 mM HEPES, 1 % ITS
(insulin, transferrine, selenium) and hormones/ghovfactors mix: EGF, PGE-1, T3, ITSS,
hydrocortisone). Cells were plated on 12 or 24 wellagen type IV- treated plates. Plates were
coated with 6upg/ml collagen IV (Sigma-Aldrich, Tkin€hen, Germany) in PBS overnight in 4 °C.

The cells were grown till they were 70-80 % confiud<1 medium was changed every 3-4 days.

2.2.5. Primary cell culture — mesangial cells

Kidney cell suspensions were prepared from theegqihedulla was removed) by mashing it in 250
ul of cold complete RPMI medium. The suspension a@gglied onto 150, 103, 63, 50 and 45 um
sieves, rinsed with cold PBS, centrifuged (4000 flam7 min), re-suspended in complete RPMI
medium and applied onto 30 pm Pre-separation Eilfiltenyi Biotec GmbH, Bergisch Gladbach,

Germany). Glomeruli remained on the filter. Theefilwas swapped upside down and rinsed with

PBS containing 1 mg/ml collagenase IV. Glomerulrevincubated in this solution for 15-20 min at
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37 °C. The cells were then centrifuged and re-sudpe and plated in RPMI medium complemented
with 20 % FCS, 1 % PS, 1 % ITS (insulin, transfegriselenium). Medium was changed every 4-6

days; the first passage was made after 16-20 days.

2.2.6. Primary cell culture - splenocyte or adheremspleen monocytes

Spleens were isolated from the mice, placed intd-gish containing complete RPMI medium and
mashed with the help of forceps, this coarse sisperwas then passed through a 30 micron steel
wire mesh and collected in a sterile petri-dishisTuspension was then centrifuged at 1600 RCF for
4 min at 4 °C to obtain a pellet. The pellet thidamed was washed with sterile PBS and the
obtained pellet was resuspended in 0.83 % ammonhloride solution so as to haemolyse the red
blood cells. This was followed by a washing step$)(as mentioned above, passed through a pre-
separation filter to obtain single cell suspensidfiltenyi Biotec GmbH; Bergisch Gladbach,
Germany). Finally the cells were centrifuged, sop&nt was discarded and the pellet was
resuspened in complete RPMI medium and cell cowate done. A 10 x foor 5 x 16 of cells was
plated in 6 or 12 well plates and incubated at@#dY 24 hrs under standard culture conditions. The
culture medium was replaced with fresh complete RRiddium so as to obtain the adherent spleen

monocytes, ready to be used for stimulation expenis

2.2.7. Primary cell culture - bone marrow-derived @ndritic cells

Bone marrow was isolated from the tibia and fenftws the fore and the hind limbs of the mice.
Muscle tissue and the bone caps were removed. 22018 mm needle fitted to a 1 ml syringe, filled
with complete RPMI medium, was inserted to one ehthe bone so as to flush the bone marrow
from the other end and collected in a sterile ggish. In this manner, all bones were carefully
flushed to obtain bone marrow which was then ctuged at 1600 RCF for 4 min at 4 °C to obtain a
pellet. The pellet thus was washed with sterile RBE processed for hemolysis and washes as
described above. Finally, the cells were centrifijgesuspened in complete RPMI medium with 50
ng/ml human recombinant Flt3 ligand (Immunotooldg$oyth, Germany) or 1 ng/ml rmGM-CSF

(Immunotools, Friesoyth, Germany) and cell counésendone. Bone marrow isolates were cultured
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for 8 -10 days in complete RPMI with 50 ng/ml hunmracombinant Flt3 ligand or 1 ng/ml rmGM-

CSF. Medium was changes every 3 days.

2.2.8. Primary cell culture — renal APC

Antigen presenting cells were prepared from kidnagsfollows. Kidney cell suspensions were
prepared by mashing the kidney from one mouse ihd%f cold 10 % FCS-1 % PS-RPMI medium.
The suspension was applied onto 30 um Pre-separbiiters (Miltenyi Biotec GmbH; Bergisch
Gladbach, Germany), centrifuged (300 x g for 10)mand re-suspended in wash buffer (PBS
containing 0.5 % BSA and 2 mM EDTA). CD11b+ cekwlation was performed using CD11b
magnetic beads and LD MACS separation columns (kdilkenyi Biotec GmbH; Bergisch
Gladbach, Germany). 1 x 1@ells were re-suspended in 90 pl wash buffer ahglillof magnetic
beads were added. The cells were incubated wittisbieat 20 min in the cold room. The cells were
then centrifuged, washed and re-suspended in cakhvbuffer (1x1®cells in 2 ml buffer). The
suspension was applied onto LS MACS Separatiomuojwvhich was previously placed in magnetic
field and adjusted with 3 ml wash buffer. The fldtwough was collected as a CD11b-depleted cell
fraction, plated and grown in a condition identitalthese of primary tubular epithelial cells. Afte
washing (3 x 3 ml of wash buffer) column was rentbé®m magnetic field and cells were eluted
with 5 ml wash buffer, centrifuged and plated (3X cells/ml) in 10%FCS-1%PS-RPMI medium
supplemented with 1 ng/ml rmGM-CSF (ImmunoToolsesoyth, Germany) and grow till they were

70-80 % confluent. Medium was changed every 3-4day

2.2.9. Stimulation experiments

Primary cells (tubular epithelial cells, spleen moytes, BMDCs, renal APCs or mesangial cells) for
the stimulations were prepared from organs of 6kwad mice in the C57BL/6 background and
grown in culture according to standard protocolsitio@med above. Cells were treated with medium
control or IFNy 100 U/ml (PeproTech, Rocky Hill, NJ) + TNE-500 U/ml (ImmunoTools,
Firesoythe, Germany) or TLR ligands as follows: TR Pam3Cys 1ug/ml (Alexis Biochemicals,

Grinberg, Germany), TLR3: pl:C 50 pg/ml (Sigma-Adtly Taufkirchen, Germany), TLR4: ultra
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pure LPS 1 pg/ml (Invivogen, San Diego, CA), TLRHG-DNA 1668 1 pM (TibMolbiol, Berlin,
Germany). Other ligands used for the stimulatiomew# _-1beta (10ng/ml; ImmunoTools, Friesoyth,
Germany) or IL-18 (10ng/ml ImmunoTools, Friesoy@ermany). Ligands were preincubated with
polymyxin B sulphate (Sigma-Aldrich, Taufkirchenetany) (50 ug/ml) to neutralize possible LPS
contaminations. After various time intervals 6, 18 or 24 hourgindicated in figures)ulture
supernatants were collected and cytokine levele wietermined using a commercial ELISA kits.
RNA from cells was prepared for mRNA analysis udimg Qiagen RNasy Mini Kit (Qiagen GmbH,
Hilden, Germany). For additional experiments 50stices were cut with the scalpel from kidneys of
SIGIRR-deficient or wild type C57BL/6 mice, placéd DMEM 10% FCS medium. The kidney
slices were stimulated for 24 hours with either medor 1 pg/ml ultra pure LPS. For the stress-
conditions experiments NaCl (600 mM), albumin (16/mi) or the 42°C were use&upernatants
were collected for ELISA. In all stimulation expments all cell types were unstarved (unless
mentioned otherwise).

U1snRNP (which is conserved between species) wasiggufrom Hela cell nuclear extracts
(Bochnig P Eur J Biochem. 1987). The anti-Sm (BéDjibody clone Y12, mouse IgG3 isotype28
was purified from Y12 hybridoma supernatant, CpG&B2ligonucleotides were comertialy avalable
(MWG Biotech, Munich, Germany). Poly-1:C RNA, poly- RNA (Amersham Biosciences, Freiburg,
Germany), and oligoribonucleotides (Curevac, Tubimdsermany) were used as indicated.

Bone marrow cells from wild-type and knockout miegre cultured with 20 ng/mL human
recombinant FIt3L (R&D Systems, Wiesbaden, Germamgpmplete medium for 7 days to generate
greater than 90 % CD11c+ DCs with 40 % to 50 % Cdd/CD86low/B220high PDCs and 40 %
to 50 % CD11bhigh/B220low DCs. On day 7, cells weagvested, resuspended in fresh medium,
and seeded at 4 x 1@ells/well; 100 pL/well in 96-well plates. RNAs dirthe isolated U1snRNP
were preincubated with DOTAP cationic liposomesr(®ath, Karlsruhe, Germany) for 30 min RT.
Y12 antibody was incubated with U1snRNP in PBS¥6rminutes on ice plus 5 minutes at 37°C.

Stimuli were added in 100 uL volume per well (cartcations indicated) for 24 hours.
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2.2.10. Cytokine measurements

Cytokine levels in sera or cell culture supernatamere determined using commercial ELISA kits:
IL-6, IL-12p40, CCL2 or CXCL2 (OptEiA, BD Pharminge San Diego CA or R&D Systems,
Wiesbaden, Germany) following the protocol providsdthe respective manufacturers. The 96-well
plate was first coated with 100ul/ well captureilmmdy (anti-mouse cytokine) at recommended
dilution in 0.2 M Sodium phosphate buffer of spieafpH and placed overnight at 4 °C. The wells
were then aspirated, washed with >200 pul wash b@H8S pH 7 with 0.05 % Tween-20) and the
plate was blocked with >200 pl/well assay dilug?B$ pH 7 with 10 % FCS) and incubated at room
temperature for 1 hour. This was followed by agfmra 2 washes as described above, and 100 pl of
standard or sample (cell supernatant or the min@rgewas pipette to appropriate well and the plate
was incubated for 2 hours at room temperature.pl&ie was then aspirated, washed five times and
100 pl working detector (biotinylated anti mouseogyne or detection antibody with avidin-horse
raddish peroxidase conjugate) was added to eadramelincubated at room temperature for 1 hour.
This was followed by an aspiration and wash step Washes). The TMB substrate solution (BD
Biosciences, Hamburg, Germany) was then addeddio well at a volume of 100 ul and incubated
for 30 minutes. The stop solution (1 M phosphori@N sulphuric acid) was then added to each well,

and absorbance was measured at prescribed wavh [@mg), using an automatic plate reader.

2.2.11. Proliferation assay

Proliferation of cells was assessed uselITiter 96 Proliferation AssayPromega, Mannheim,
Germany). The CellTiter 96 Aqueous One Solutiontams a novel tetrazolium salt compound
(MTS) and phenazine ethosulfate that serves adestran coupling reagent. The solution remains
stable normally, while the MTS is bioreduced by M&DPH or NADH produced by dehydrogenase
enzymes in metabolically active cells (such asifemaiting cells). The cells isolated accordinghie t
procedure described above (1 xX’)l@ere incubated in 96-well plates in 100 pl cormI®PMI
medium and treated with j5g/ml CpG-ODN 1668 or Jig/ml LPS for a period of 72 hours under

standard culture conditions. To each well with it treatments, 20 pl CellTiter 96 Aqueous One
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Solution was added and incubated at 37 °C for 4shand the optical density (OD) was measured at

492 nm for comparing the cell proliferation.

2.2.12. Phagocytosis assay

Isolated intrarenal myeloid cells were cultured ttiley were 70% confluent in RPMI complete +
GM-CSF medium. The cells were incubated with 1 md/ifi C-labeled dextran (70000 kD; Sigma-
Aldrich, Taufkirchen, Germany) for 90 min. As a tah for non-specific dextran attachment, 0.02 %
azide was added or cells were cultured at 4°C op €nergy-dependent cellular functions. To

determine phagocythic activity, the take up of fegzence beads was detected by flow cytometry.

2.3. PROTEIN ANALYSIS

2.3.1. Protein extraction from tissues

Organs from mice were manually dissected, mashedawder in the liquid nitrogen and
homogenized in 1ml lysis buffer (50 mM Tris HCI, pH5; 150 mM NaCl; 100 pM sodium
orthovanadate, 0.5 % sodium deoxycholat, 4 % NP24% Triton-X-100; 5 mM EDTA; 300 mM
sucrose; proteases inhibitor tablets COMPLETE (RodWiannhein, Germany). The solution was
homogenised with hand homogenizer, left for 30 mid°C on over-head shaker and centrifuged for
45 min at 30000 x g. The supernatant was testethéoprotein concentration (Bradford test, BioRad,

Minchen, Germany).

2.3.2. Western blot

Extracted proteins were incubated in 2 x Laemmfifdyu(Tris 30 mM; Glycerol 5 %; 1% SDS;
0.0025 % bromophenol blue) with beta-mercaptoethforo30 minutes at 65°C, resolved by 12 %
SDS-PAGE, and transferred to an methanol-activ&@®V Immobilon-P membrane (Millipore,
Eschborn, Germany) using the BioRad Semi-Dry BigttSystem (BioRad, Minchen, Germany).

Electrotransfer was performed for 1 h at 25 V. Boify successful transfer of protein and note the
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position of the marker (peqGOLD protein marker; Pdy Erlangen, Germany), the membrane was
stained for 10 min in Ponceau solution (0.5 % Paun&ein 1 % acetic acid) and destained wit®H
After blocking with 1 % western blocking solutioRdche, Mannhein, Germany) the filter was
incubated with a goat polyclonal anti-SIGIRR antlpo(1:1000; R&D Systems, Wiesbaden,
Germany) over night in 0.5 % Western blocking solut(Roche, Mannhein, Germany). Immune
complexes were visualized using a peroxidase-camfagdonkey anti-goat IgG antibody (1:10000,
Dianova, Hamburg Germany) for 1 hour in 0.5 % Westelocking solution and processed for
detection by enhanced chemiluminescence (ECL; AmaensPharmacia Biotech Europe, Freiburg,
Germany). After every antibodie addition, the meamer was washed 5 times with TBS or TBS-
Tween.

Before digestion with PNGaseF (New England BioLaBsnkfurt am Main, Germany) protein
isolates were denaturised at 95°C for 10 min infdysu€ontaining 0.5 % SDS and 0.04 % DTT.
Digestion was performed for 1h at 37°C in buffentadning 0.05 M sodium phosphate pH 7.5 and 1
% NP-40. Benzyl-N-Acetygalactosamine (Sigma-Aldridraufkirchen, Germany) was used as an
inhibitor for O-glycosylation at 4 mM final conceation. The cells with or without inhibitors were
grown on 90 mm dish for 48 h. Media containing lréshibitor (4 mM) were changed two times

during this period.

2.3.3. Tissue immunostaining

From kidneys collected as mentioned above, two-amater-thick paraffin-embedded sections were
cut and processed for immunohistochemical staipgrfpormed on paraffin-embedded sections. Upon
isolation the tissue pieces were placed in pldsttocassettes and dipped in formalin. The formalin
solution was prepared using 500 ml of 40 % formajde in PBS (32.5 g NHPQO, and 20 g
NaH,PQ, in 4.5 L ddHO water, pH 7.4). The blocks were then infiltrated embedded with
paraffin and sections were cut in ribbons and medinin slides. Deparaffinisation followed by
dehydration was carried out by incubating the sestin xylene, 100 % absolute ethanol, 95 %, 80 %
and 50 % ethanol followed by rinsing with PBS (2whes, 3 minutes each).

Staining for SIGIRR was performed on acetone-fiXeaken section using the polyclonal anti-
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SIGIRR antibody (1:50). A PE-labeled donkey antagadgG antibody was used for detection
(1:20000, Dianova, Hamburg, Germany). FITC-phallvidnvitrogen, Karlsruhe, Germany) was
used for staining tubular brush border (F actinggétive controls included incubation with a

respective isotype antibody.

2.3.4. Immunostaining of cultured cells for SIGIRR

Staining for SIGIRR and F-actin in tubular epithélcells was performed on 3.7 % formaldehyde-
fixed cell monolayer, permeabilized with 0.5 % ®ritX-100. Polyclonal anti-SIGIRR antibody
(1:200) and a PE-labelled donkey anti-goat 1gG @)5vere used for detection. Negative controls
included incubation with a respective isotype asdijp In the next step, a suitably labelled secondar

antibody was used with respective detection system.

2.3.5. Immunostaining for nuclear p50

Staining for nuclear p50 in tubular epithelial sefind spleen monocytes was performed on 3.7 %
formaldehyde-fixed cell monolayer, permeabilizedhw®.5 % Triton-X-100. The cells were pre-
stimulated with the TLRs ligands for 1 hour jusfdydfixation to activate the p50 translocation he t
nucleus. A p50 (NLS) antibody (1:100, Santa Crugiddlberg, Germany) was used in order to detect
nuclear translocation of NkB (Fagerlund 2005). Negative controls included bation with a
respective isotype antibody. In the next step, italsly labelled secondary antibody was used with

respective detection system.

2.3.6. Flow cytometry

Flow cytometry of primary spleen monocytes and tabepithelial cells was performed using the
goat polyclonal anti-SIGIRR antibody. For intracédlr staining, cells were fixed with 1%
paraformaldehyde and permeabilized with permeatiitin buffer (PBS, 0,5 % BSA, 0,5 % saponin)
at room temperature for 20 min. Primary cells whegvested using methods described above,
involving hemolysis, passage through presepardiitan to obtain single cell suspension and wash

steps, under cold conditions on ice. All cell typafter appropriate stimulation procedures were
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harvested, resuspended in 50-100 pl PBS, and itexdibveith the respective primary or secondary
antibodies (wherever applicable) or isotype costral prescribed dilutions for 60 minutes each,
followed by a washing step, resuspended in PBSF®ES analysis. A polyclonal PE-labelled

donkey anti-goat antibody was used for detectiohQ@0, Dianova, Hamburg, Germany). A goat IgG
(BD Pharmingen) was used as isotype control. FAG&ysais was conducted using a FACScalibur
machine and CellQuest software (BD Pharmingen). féhal APCs surface staining was performed

using PE-labeled mouse anti-CD11c (BD Pharmingemiblirg, Germany).

2.4. IN VIVO EXPERIMENTS AND STATISTIC

2.4.1. Animal studies

SIGIRRdeficient mice were generated by homologoesombination of theSIGIRRgene by the
group of prof. A. Mantovani as previously descrilf€drlanda 2003), genotyped, and backcrossed to
the C57BL/6 strain (Charles River Laboratories,z&itl Germany) to the generation F6. C57BL/6
Ipr/lpr or MRL Ipr/lpr mice were purchased from Charles River Laboratof®ilzfeld, Germany)
and Jackson Laboratories (Manheim Germany) resdgtand backcrossed together wBIGIRR-/-
strain to generate tHe57BL/6 Ipr/lpr SIGIRR-/-or MRL Ipr/lpr SIGIRR-/-mice. Genotyping was
performed by PCR with appropriate primers. Miceaveoused in groups of 5 mice in filter top cages
with a 12 hour dark/light cycle and unlimited acés food and water. Cages, nest lets, food and
water were sterilized by autoclaving before usel éMperimental procedures were performed
according to the German animal care and ethicsligin and had been approved by the local
government authorities.

Tubular epithelial kidney cells, mesangial renallscespleen monocytes, bone marrow derived
dendritic cells (BMDCs) or renal dendritic cells neasolated from the C57BL/6, SIGIRR-/- or the
Ipr/lpr-SIGIRR knock out mice. All mice were sdared by cervical dislocation. The whole spleen
tissue was removed and processed for splenocytéetidsn and culture as described below. For
obtaining the BMDCs, whole bones from the femunfrthe fore and hind limbs were separated and

processed as described below. Kidneys were remforethe preparation of tubular epithelial and



48

mesangial cells.

2.4.2. Serum IgGs and urine protein measurement

Blood and urine samples were collected from eadmarevery 30 days. The urine protein ratio was
determined by the albumin ELISA (Bethyl Labs, Mamgery, TX, USA). Anti-dsDNA antibodies
levels in serum samples were determined by ELISANE maxisorp ELISA plates were coated
with poly-L-lysine (Trevigen, Gaithersburg, MD, UyAnd mouse embryonic stem cell dsDNA.
After incubation with mouse serum dsDNA-specifi&lglgG1, 1gG2a, 1gG2b, 1IgG3 were detected
by ELISA (Bethyl Labs, Montgomery, TX, USA). All prrimental procedures were performed
according to the German animal care and ethicslitgn and had been approved by the local

government authorities.

2.4.3. Statistical analysis
Data were expressed as meastandard error of the mean (SEM). Comparison betvgroups was
performed using Studentistest. A value of p < 0.05 indicated statisticajrsficance. Error bars

represent standard error of the mean (SEM).
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3. RESULTS

3.1. EXPRESSION OF SIGIRR

3.1.1.Sigirr expression is strain- and gender- dependent

Genetic variation between mouse strains has rgcdmgkn characterized in detail using single
nucleotide polymorphisms (Wade 2002). Differenaegénetic background between mouse strains
affect gene expression, which explains phenotypiferénces. Genomic variability could be
correlated with high levels of single nucleotidelymaorphisms (SNPs) occurring between mouse
strains. Before we chose the right background fackbrossing theSigirr-deficient mice we
investigated the level @igirr expression in different mouse straiB&irr expression levels in renal
tissue from three different inbred mouse strain®7@L./6, BALB/c and C3H/HeNCrl) were
determined. Total RNA from three to six individugder strain was isolated, g total RNA was
reversed transcribed and investigated ®igirr expression by the quantitative real time PCR.
Significantly lower expression foSigirr was shown in BALB/c and C3H/HeNCrl compared to
C57BL/6 strain. Moreove®igirr might be a gene which is sex-dependently regulb&huse male
express significantly more SIGIRR than the femdléhe same strain and age, but interestingly only

in C57BL/6 mice (Figure 5).
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Figure 5. Sigirr expression in C57BL/6, BALB/c and C3H/HeNCrl mice mRNA was extracted
from kidneys of 6 weeks old mice with different g@én backgrounds (C57BL/6, BALB/c and
C3HHeNCrl) and different gender as indicated (n¥3-8igirr mRNA expression levels were
determined by real-time RT-PCR and expressed ag ofdhe ratio SIGIRR /18s-rRNA + SEM.
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For further experiments we chose 6 weeks old maigsthe C57BL/6 background hoping to see the

most striking differences in phenotypeSIfSIRRdeficient and wild type mice.

3.1.2.Sigirr expression in solid organs

Sigirr mRNA level was analysed by real-time RT-PCR iricsorgans of 6 week old C57BL/6 mice.
RT-PCR screening with mou&igirr -specific primers on a variety of solid organse@&ed its wide
expression. High levels @igirr mRNA were found in kidneys, i.e. 3-fold comparedréspective
Sigirr levels in spleen (Figure 6, left). By contrastaibr heart, lung, liver, small intestine, colon,
skin, and muscle express&igirr mMRNA at lower levels as in spleen. The promineqiression of
SIGIRR in kidneys of 6 week old mice was confirnmdthe protein level by Western blot (Figure 6,

right).
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Figure 6.Sigirr expression in C57BL/6 mice(left): mMRNA was extracted from organs of C57BL/6
mice of 6 weeks age (n=6%igirr mMRNA expression levels were determined by reaétRT-PCR
and expressed as mean of the r&fgirr /18s-rRNA + SEM; (right): SIGIRR protein expressiovas
determined by Western blot analysis. Proteins vpeepared from kidneys of 6 week old C57BL/6
wild-type mice orSigirr -deficient mice as indicated.
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Because TLR expression has been reported to belegggdent (Renshaw 200Figirr mRNA
levels were analysed in C57BL/6 mice of 10 daysiegks or 1 year of age. In most org&igirr
MRNA levels declined from young to old age (Figiéjelnterestingly Sigirr mRNA levels in 6 week
old C57BL/6 mice were 7-8-fold higher as compamed ® day or 1 year old mice. These data show

thatSigirr is expressed at high levels in kidneys of adoles€&7BL/6 mice.
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Figure 7.Sigirr expression in C57BL/6 micemRNA was extracted from organs of C57BL/6 mice
of different age (1,5 weeks; 6 weeks; 52 weekshaisated (n=3-6)Sigirr mMRNA expression levels
were determined by real-time RT-PCR and expressethean of the ratio SIGIRR /18s-rRNA *
SEM.

3.1.3.Sigirr is expressed at high levels in intrarenal myeloidells and renal tubular epithelial
cells

Next the source of ren&igirr expression was determined. Kidneys of 6 week @@BL/6 mice
were carefully dissected into cortex and medulld eeal-time RT-PCR was performed f8igirr
MRNA. Cortex and medulla from kidneys of 6 week @H7BL/6 mice expressed equal levels of
Sigirr mRNA, suggesting a tubular or vascular origin eatfhan glomerular cells, which locate to the
renal cortex (Figure 8, left).

In order to determine the cellular origin of reSadirr expression, tubular epithelial cells, mesangial

cells and intrarenal myeloid cells were isolatexhfré6 week old C57BL/6 mice.
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Figure 8.Sigirr expression in renal cells(left): Renal cortex and medulla were dissected from 6
week old C57BL/6 mice (n = 5) and RNA was extract®igirr mRNA levels were determined by
real-time RT-PCR and expressed as mean of theS$@io /18s-rRNA + SEM (right): Primary cells
were isolated from of 6 week old C57BL/6 mice asalibed in methodsSigirr mRNA levels were
determined as before by real-time RT-PCR and egpteas mean of the ratio Tir8/Sigirr/18s-rRNA
+ SEM. N.d. = not detected.

In fact, unlike primary mesangial cells tubulartbplial cells and resident CD11b/F4/80-positive
renal myeloid cells both expressed SIGIRR mRNA (Fég8, right). The latter cells localize to the
interstitium of the renal cortex and medulla of en{Eigure 9). These data indicate that the profound
renal SIGIRR expression originates from tubularthegial cells and intrarenal immune cells, i.e.

resident antigen-presenting cells.
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Figure 9.Immunohistochemistry of F4/80-positive antigen prsenting cells (APC) in the kidney:
Kidney slides were obtained from 6 weeks old C58ild type mice. The slides were stained with
anti-F4/80 antibodies for intrarenal antigen-preisgncells (black) in kidney cortex (left) and
medulla (right); original magnification x200.
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The transmembrane molecule SIGIRR has been repturtsappress LPS or IL-1 signaling in Jurkat
cells by interacting with the intracellular domahTLR4 and both extracellular I|g domain and the
intracellular TIR domain of IL-1R (Qin 2005). ThuS|GIRR should localize to outer membranes of

these cells.

Flow cytometry using a polyclonal anti-mSIGIRR &utily revealed surface expression of SIGIRR
protein on primary tubular epithelial cells preghfeom wild-type mice (Figure 10, left), but not

from SIGIRR-deficient mice (Figure 10, right).
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Figure 10. SIGIRR expression in tubular epithelial cells: left and right: Flow cytometry for
SIGIRR was performed using primary tubular epitietells prepared from wild-type mice (left) and
Sigirr -deficient mice (right) as indicated. Surface egsion of SIGIRR (black line) is indicated by a
fluorescence shift compared to the isotype coramdibody (red line). Grey area represents the
secondary antibodies control.

The cellular distribution of SIGIRR protein was fiomed by SIGIRR immunostaining on cultured
primary tubular epithelial cells (Figures 11A artB) and kidney sections prepared from 6 week old
C57BL/6 mice (Figure 11C and 11D). Positive stagnsignals were detected at basolateral and
luminal membranes of proximal and distal tubulathegial cells. In proximal tubular epithelial cgll
the colocalisation with the luminal brush bordesgfinined with FITC-phalloidin) was particularly
apparent (Figure 11C). Glomeruli stained negatioe $IGIRR (not shown). Negative controls
included staining cells or renal sections fr&igirr-deficient mice (Figures 11B and 11D), omitting
the primary antibody (not shown) or preabsorbing firimary antibody with murine SIGIRR-

overexpressing HEK293 cells (not shown). Thus, BI&lis expressed on basolateral and luminal
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membranes of proximal and distal tubular epithed&lls in the mouse kidney. In order to assess the
subcellular expression of SIGIRR protein tBrgirr-deficient mice were used as a control for the
specificity of the detection methods applied. Thekl of SIGIRR protein in kidneys d®igirr-
deficient mice was confirmed by Western blot usingolyclonal anti-mSIGIRR antibody (Figure 6,

right).

SIGIRR +/+| B SIGIRR -/-

SIGIRR -/-

Figure 11.SIGIRR expression in tubular epithelial cells:A and B: SIGIRR immunostaining with
PE-labelled secondary antibody confirms SIGIRR egpion on the cellular surface in confluent
growing primary tubular epithelial cells preparedn wild-type mice (A). Tubular epithelial cells
from SIGIRRdeficient mice lack respective positive signal.(BAPI staining of cell nuclei is seen
in blue (original magnification x 400). C and D: rit¢ sections were prepared from 6 week old
C57BL/6 wild-type mice andSIGIRRdeficient mice and stained for SIGIRR with a Phdked
secondary antibody. FITC-phalloidin stains brushdeo in proximal tubular epithelial cells and cell-
cell contacts in green. A yellow signal is obtairsdbasolateral membranes and brush border as a
result of colocalization of red SIGIRR staining agré@en phalloidin staining (C). The SIGIRR signal
is absent when renal sections taken fr8hGIRRdeficient mice were stained accordingly (D),
original magnification x 400.
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3.2. REGULATORY FUNCTION OF SIGIRR

3.2.1. Cloning of SIGIRR

Accession numbers NM_02180Bofmo sapiensSigirr) and NM_023059rGus musculuSigirr) from

the CoreNucleotide PubMed library were used togieshe primers in order to isolate full-length
Sigirr cDNA from mouse kidney cDNA and human kidney cDlér primer sequences see material
and methods). The sequences of the human clonésiee an open reading frame of 1233 bp which
predicted a protein of 410 aa. The mouse clonetowd an open reading frame of 1230 bp coding a
409aa protein. The full length SIGIRR contains arslkextracellular region (118aa) that corresponds
to a single Ilg domain. The C-terminal region of BB, intracellular TIR domain is longer than the
typical TIR domain of TLR/IL-1R family members. Alonserved amino acids in the TIR domain,
which were shown to be essential for the signaling changed in SIGIRR compared with others
TLR/IL-1R family members.

In order to obtain a full lengt8igirr cDNA, the PCR amplified products were cut with thstriction
enzymes, directly ligated into pCR3 vector (Figd&) and placed into competent bacteria by the
transformation. The quality of the constructs wasfied by the restriction enzymes and sequencing.
Generated mouse construct contained additiona#lyRibAG-tag on the N-terminus. The constructs
were used later in the transfection experimentstheon blot analysis as well as some other not

mentioned in this work side experiments.

Hindlll  FLAG-murineSIGIRR  EcoRV BamHI humanSIGIRR EcoRV

Figure 12.Schematic presentation of the&Sigirr constructs used in experimentsBoth murine and
humanSigirr were cloned into pCR3 vector. Muriiggirr was additionally enriched in the FLAG
sequence.



57

3.2.2. SIGIRR inhibits TLR-ligands mediated NFKB activation

In order to examine the potential function of SI®&IRrotein in the signalling pathway starting from
toll like receptors, the construct containing thpew reading frame of murine SIGIRR was
overexpressed in murine tubular epithelial celelifLR ligands, i.e. Pam3Cys (TLR1/2), poly I:C
RNA (TLR3), LPS (TLR4), and CpG-DNA (TLR9) caused R after stimulation increase in NB
activation in tubular epithelial cell line. Thisfeét was decreased by transfection with the plasmid
encoding SIGIRR (Figure 13). Thus, overexpressibrSii5IRR reduced TLR mediated NeB
reporter activity, indicating an inhibitory functicof SIGIRR in TLRs dependent NEB actibation.
The same experiment was performed in 293HEK cedl. IHowever only very weak inhibition was
observed in the 293HEK cells (using the hurSgirr construct), which express TLRs only on the

basal level suggesting that the effect was TLR&ddent (data not shown).
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Figure 13.Expression of SIGIRR inhibits the activation of NFKB: tubular epithelial murine cell
line was co-tranfected with 1ug expression plasendoding for murine SIGIRR along with the
NFkB reporter plasmid driving luciferase expressionciferase activity was messured as described
in materials and methods. TPA was used as a pesitmtrol. Bars represent mean values from two
independent experiments + SEM.

3.2.3. SIGIRR is a negative regulator of TLR/IL-1Rsignaling in immune but not in tubular
epithelial cells
The strong expression of SIGIRR in tubular epitiletiells suggests an inhibitory effect on LPS-

induced gene expression, as reported for SIGIRSplenocytes (Wald 2003). In order to address this
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question, primary tubular epithelial cells and splenonocytes were isolated either from 6 week old
wild-type mice or from age-matched mice with vagaleletions of genes involved in TLR signaling.
CXCL2 mRNA expression was determined by real-time RT-P&Ra readout for LPS-induced
chemokine expression. 24 h of stimulation withdml LPS increase@XCL2mRNA expression in
monocytes and tubular epithelial cells (Figure T4)is effect was mediated through TLR4 as tubular
epithelial cells prepared frofir4-deficient mice did not induc€EXCL2 mRNA in response to LPS.
MyD88-deficient monocytes showed a reduced responsestemswith a contribution of MyD88 on
TLR4 signaling which involves additional adaptorletules. In TLR3- oilr9-deficient monocytes
and tubular epithelial cells LPS-induced CXCL2 esgsion was not affected. By contraSigirr-
deficient monocytes mice showed an enhanced inmluctif LPS-inducedCXCL2 mRNA as
compared to wild-type monocytes. Interestinglytubular epithelial cells lack of SIGIRR had no
effect of LPS-inducedCXCL2 mRNA levels, suggesting that SIGIRR does not inHiPS-induced

CXCL2expression in tubular epithelial cells.
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Figure 14.SIGIRR and cell type-specific responses to LP34onocytes (A) and tubular epithelial
cells (B) were prepared from 6 week old mice ofediént strains with C57BL/6 background as
indicated ild type, MyD88-/-, TIr3-/-, Tlrd-/-, TIr9-/- anigirr-/-). Cells were stimulated either
with medium orE.coli LPS (1 pg/ml) for 24 h. CXCL2 production was detgred by real-time RT-
PCR and expressed as mean of the ratio CXCL2/1R#&rR SEM. Data represent means + SEM
from 3 independent experiments.
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Next it was examined whether the lack of SIGIRR-matl TLR inhibition in tubular epithelial cells
is restricted to TLR4 signaling. Thus, monocytes! ambular epithelial cells were prepared from
Sigirr-deficient and wild-type mice as above and incuthéde 24 h with ligands for respective TLRs:
Pam3Cys (ligand for TLR1/2), poly I:C RNA (ligandrfTLR3), LPS (ligand for TLR4), and CpG-
DNA (ligand for TLR9). CCL2 production was measureg ELISA as another marker for TLR-
induced chemokine secretion. Compared to wild-typenocytes Sigirr-deficient monocytes
produced increased amounts of CCL2 when exposdd foligands (Figure 15). This suggests the
inhibitory function of SIGIRR in these cells. Sugingly this effect was not restricted only to the
LPS signalling but to the all used TLR ligands. sTeffect was not observed in tubular epithelialscel
(Figure 15). No response to CpG-DNA was observedbmlar epithelial cells due absence of TLR9
on these cells. These data show that signalingugfr@LR1/2, -3, and -4 is independent of SIGIRR

in tubular epithelial cells, but not in monocytes.
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Figure 15.SIGIRR and TLR signaling: Monocytes and tubular epithelial cells were predarom
6 week oldSigirr-deficient or wild-type mice as indicated. Cellsrerstimulated either with medium,
Pam3Cys, pl:C RNA, LPS or CpG-DNA for 24 h. CCCL2oguction was determined in
supernatants by ELISA. Data represent means + SBM 8 independent experiments.
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LPS-induced chemokine expression is mediated thrddg«B. Because transfection of primary
spleen monocytes and tubular cells with a W#-reporter gene contruct was limited by low cell
survival we used a p50 (NLS) antibody to deternminelear translocation of NkB as a marker of
NF-«B activation. CD11b positive monocytes and tubw@pithelial cells were stained after 1 h of
stimulation with either medium or LPS (Figure 1%he data obtained were consistent with that of
LPS-induced CCL2 production, which excludes a foteSIGIRR on LPS-induced NkB activation

in tubular epithelial cells. These data indicatat tBIGIRR has cell-type specific functions, i.e. an
inhibitory effect on LPS-induced TLR4 signalingrimonocytes, which is absent in tubular epithelial

cells. LPS-induced TLR signaling is independenBiiIRR in tubular epithelial cells.
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Figure 16.SIGIRR and cell type-specific responses to LP$/4onocytes and tubular epithelial cells
were prepared from 6 week oBigirr-deficient or wild-type mice as indicated. A: Aftérh of
stimulation with LPS (lug/ml) the cells were stained with a p50 antibody detection of NkB
activation as described in methods. Data represeains + SEM of positive nuclei per high power
field (hpf).



61

The same cell type-specific function of SIGIRR viasnd for signaling via receptors of the IL-1R
subfamily, e.g. the IL-18 receptor (Qin 2005). LafkSIGIRR did not affect IL-18-induced CCL2
production in tubular epithelial cells, while CClL#oduction was enhanced ®&igirr-deficient
monocytes (Figure 17, right and left respectiveljhiese data show that SIGIRR does not affect

signaling through TLR/IL-1Rs in tubular epithel@lls.
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Figure 17.SIGIRR and IL-receptors signaling Monocytes (left) and tubular epithelial cellsgft)
were prepared from 6 week dBigirr-deficient or wild-type mice as indicated. Cellsravstimulated
either with medium or IL-18 for 24 h. CCL2 produxtiwas determined in supernatants by ELISA.
Data represent means + SEM from 3 independent impets.

In the kidney the renal tubules are surrounded lbgrase network of dendritic cells (Soos 2006).
Resident intrarenal myloid cells and tubular epitthecells, contribute to renal TLR4 signaling in
infective pyelonephritis with uropathogertic coli UPEC (Patole 2006). Hence, it was hypothesized
that lack of SIGIRR would enhance LPS-induced ret@mokine release as a result of uncoupling
TLR4 signaling in both cell types. In fact, kidnslces fromSigirr-deficient mice produced much
more CCL2 and CXCL2 upon exposure tqud/ml UPEC LPS for 24 h (Figure 18, upper panel).
However, when primary tubular epithelial cells ddX1b positive renal myeloid cells were exposed
to LPS, lack of SIGIRR was found to enhance LPS«mdl CCL2 and CXCL2 production only in
the myeloid cells but not in the tubular epithelialls (Figure 18, middle and lower panel). These
data suggest that the suppressive effect of SIGBGRRenal TLR4 signaling relates to SIGIRR in

intrarenal myeloid cells and is independent of &Rlin tubular epithelial cells.



62

CCL2 (pg/ml) CXCL2 (pg/ml)
3000 [ qiGIRR +/+ 2000 5|GIRR +/+
M SIGIRR -/- M SIGIRR -/-
kidney ;504 1000
slices
0 = mu— i |
2000 [ §iGIRR +/+ 1000 | 1 gi1RR 47+
M SIGIRR-/- M SIGIRR -/-
intrarenal |
CD11b+ 1000 500
cells
. — Il Nimm
1000
[ SIGIRR +/+ 600 [ siGIRR +/+
M SIGIRR -/ M SIGIRR -/ I
tubular
epithelial 500 300
cells
0 th 0 ’—r—-
medium LPS medium LPS

Figure 18.SIGIRR and LPS-induced CCL2 and CXCL2 production in mouse kidneys: (upper
panel): Kidney slices, freshly prepared from wighe¢ andSigirr-deficient mice, were placed in
medium and exposed toy/ml ultrapure LPS. After 24 h supernatants wenevdsted and CCL2
(left) and CXCL2 production (right) were measurgdEl ISA. Data represent means + SEM from 3
independent experiments. Intrarenal myeloid cefigldle) were prepared from 6 week old wild-type
and Sigirr-deficient mice by CD11b-magnetic bead isolatiord azultured with GM-CSF as
mentioned in methods. Tubular epithelial cells @oywanel) were prepared as before. The cells were
incubated with either ug/ml ultrapure LPS in medium or medium alone fort24Data represent
means + SEM from 3 independent experiments.

3.2.4. SIGIRR is a suppressor of TLR mRNA expressioin monocytes but not in tubular
epithelial cells

Next it was examined whether the cell type spedffects of SIGIRR on TLR signaling relate to a
modulatory effect ofIr expression. Primary spleen monocytes and tubpitinadial cells were kept
under normal culture conditions afdt1-9, and-11 mMRNA expression levels were determined by
real-time RT-PCR. Wild-type monocytes expressedriypeal TLRs (Figure 19).Sigirr-deficient
monocytes expressed much higher level§idf (13-fold), TIr5 (23-fold), TIr6 (7-fold), TIr7 (8-fold),
TIr9 (12-fold), andTIr11 (23-fold) as compared to spleen monocytes isolftma wild-type mice.
Lack of SIGIRR did not affect mMRNA expression df2, -3, -4,and-8 in spleen monocytes. By

contrast, wild-type tubular epithelial cells, whiadxpressedTIrl-4 and -11, revealed mRNA
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expression levels similar tigirr-deficient tubular epithelial cells (Figure 19). parently, SIGIRR
is a suppressor oflrl, -5, - 6, -7, -9,and-11 mRNA expression in spleen monocytes, but has no

effect on the TLRs expressed by tubular epithekdls.

1.2E-3
spleen monocytes

CISIGIRR +/+
< M SIGIRR -/-
=z
o
%

0
< 0.6E-3
=z
[
E j
[~
-
) :i
00 e IJ_—_B .:. [ _ﬁ
TLR1 TLR2  TLR3  TLR4  TLR5 TLR6  TLR7  TLR8 TLR9  TLR1I
4.0E-5
tubular epithelial cells [ISIGIRR +/+
< M SiGIRR-/-
=
3
0
< 2.0E-5
=z
[
| |j__i ti ﬁ
[~
|
=
0.0 = e S —— ==
TLR1 TLR2 TLR3  TLR4  TLRS TLR6  TLR7  TLR8 TLR9  TLR11

Figure 19.SIGIRR modulatesTIr mRNA expression :Monocytes and tubular epithelial cells were
prepared from 6 week ol8igirr-deficient or wild-type mice as indicatedirl-9 and 11 mRNA
expression levels were determined by real-time RRPand expressed as mean of the ratio
TLR/18s-rRNA + SEM.

3.2.5. SIGIRR is a suppressor of Ir mMRNA expression in dendritic cells

Most renal DCs positive for the CD11c marker posdss CD11b and F4/80 markers indicating that
the latter are not only specific for the macroplsaigethe kidney (Kruger 2004, Soos 2006). Others
express macrophage markers (e.g., F4/80 and CDddtiend the typical for DCs CD11c, and were
despite of this fact classified as dendritic célésause of the CX3CR1 expression on the surface
(Soos 2006)By contrast the DCs residing in lymphoid tissueshsas the spleen show the minor
expression of F4/80 macrophage marker (Kruger 200BB8a and B220 markers which are typical
for lymphoid and plasmacytoid DCs, respectively moeexpressed on renal DCs. Like others tissue-
resident immature DCs at steady state, also re@a §how high level of major histocompatibility

complex (MHC) class Il expression, but low CD80,&Dand CD40 expression (Soos 2006). Thus,
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renal dendritic cells are not a homogeneous celufadion and they differ from the DCs found in the
lymphoid tissues, but also differs from the DCsridun mucosal tissues.

Because the expression of SIGIRR in renal CD11litipeells is significant and there are striking
differences in SIGIRR glycosylation in these cgpds we decided to characterise better the myeloid
cells in the kidney. The number of tubular celleeeds the number of myeloid cells in the healthy
kidney and many reports support a functional rdl¢he intrarenal network of myeloid cells in the
healthy kidney (Kruger 2004; Soos 2006). We isaldtes intrarenal CD11b positive cells from both
wild type andSigirr-deficient mice. We have performed flow cytometoy €D11c on the prepared
this intrarenal resident cell population and fouhdt 45 % of the CD11b positive cells were also
positive for CD11lc (data not shown). We decidedineestigate this mixed cell population of
intrarenal myeloid cells.

Next it was examined whether the SIGIRR has ancefi@ TLR expression in antigen presenting
cells. Primary bone marrow derived dendritic caltsintrarenal myeloid cells were cultured with
FLT3 or GM-CSF andrr1-9, and 11 mRNA expression levels were determined by rea&tiRT-
PCR (Figure 20). Wild-type dendritic/myeloid ce#gpressed nearly alllrs. Sigirr-deficient bone
marrow dendritic cells cultured with GM-CSF expexssigher levels offlrl (8-fold), TIr2 (13-
fold), TIr3 (7-fold), TIr4 (4-fold), TIr5 (21-fold), TIr6 (3-fold), TIr7 (5-fold), TIr8 (5-fold), TIr9 (10-
fold) andTIrl1 (20-fold) as compared to bone marrow dendritidéscalilitured with GM-CSF, which
were isolated from wild-type mice. Similar foldsirase were observed by the bone marrow derived
dendritic cells cultured with FLT3L (Figure 20, rdid), however theTIr expression was
significantly lower than in the case of the celldtured with GM-CSF.

Lack of SIGIRR did not affect that strongly thiér mRNA expression in the myeloid cells isolated
from the kidneys. The intrarenal myeloid cells eegzed even strongly the testHds. However the
differences betweeS8igirr-deficient and wild type cells are not that visililee by the bone marrow
derived cellsSigirr-deficient intrarenal myeloid cells expressed aslightly higher levels oflr1 (3-
fold), TIr2 (2-fold), TIr3 (1,5-fold), TIr4 (2-fold), TIr5 (4-fold), TIr6 (4-fold), TIr7 (3-fold), TIr8 (2-
fold), TIr9 (3-fold) andTIr1l (2-fold) as compared to intrarenal myeloid celldich were isolated

from wild-type mice. Apparently, SIGIRR is a supgger of TIrs mRNA expression in antigen
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presenting cells, but it is dependent on the stddghe development of these cells and also from the

local environment.
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Figure 20.SIGIRR modulatesTIr mRNA expression.Bone marrow dendritic cells stimulated with
FIt3L (upper panel) bone marrow dendritic cellsmstiated with GM-CSF (middle) or intrarenal
myeloid cells (lower panel) were prepared from éekveld Sigirr-deficient or wild-type mice as
indicated. TIr 1-9 and -11 mRNA expression levels were determined by reagtiRiT-PCR and

expressed as mean of the ratio TLR/18s-rRNA + SEM.
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3.2.6. SIGIRR is a suppressor of TLR signaling in endritic cells

Next, we questioned whether cells respond to Tlgarlds as predicted from their respective TLR
expression profile. It was examined whether th& laicSIGIRR-mediated TLR inhibition in antigen
presenting cells affecting the TLRs signaling. Thhene marrow derived or intrarenal antigen
presenting cells were prepared fr@igirr-deficient and wild-type mice as above and incuthatéh
ligands for respective TLRs: Pam3Cys (TLR1/2), pby RNA (TLR3), LPS (TLR4), imiquimod
(TLR7) and CpG-DNA (TLR9). Bone marrow dendriticllsg(cultured with GM-CSF or FIt3L) or
the intrarenal myeloid cells from wild-type miceoduced IL-6 and IL-12 in response to TLR ligands
(Figure 21). However, the ability dbigirr-/- cells to produce these inflammatory cytokines in
response to the same ligands was signicantly ireckdan case of all three tested cell types.
Moreover, the production of IL-6 and IL12 was highe case of bone marrow dendritic cells
cultured with GM-CSF and the intrarenal myeloidi€¢han in case of bone marrow dendritic cells

cultured with FIt3L. These differences may be duthe different expression levels of the TLRs.
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Figure 21.SIGIRR modulates TLR-induced IL12 and IL-6 production. Bone marrow dendritic
cells stimulated with GM-CSF (upper panel) bone rmardendritic cells stimulated with FIt3L
(middle) or intrarenal myeloid cells (lower panelgre prepared from 6 week oRigirr-deficient or
wild-type mice as indicated. Cells were stimulag#ther with medium, Pam3Cys, pl:C RNA, LPS,
imiquimod or CpG-DNA for 24 h. IL-12 (left) or IL-right) production was determined in
supernatants by ELISA. Data represent means + SBM 8 independent experiments.
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Also CCL2 (MCP-1) production was measured by ELI&#& another marker for TLR-induced
chemokine secretion (here the tubular epithelili$ ¢ecluded). Compared to wild-type bone marrow
dendritic cells cultured with GM-CSF and intraremaleloid cells Sigirr-deficient suitable cell
populations produced increased amounts of CCL2/M@Ran exposed to additional TLR ligands,
i.e. Pam3Cys (TLR1/2), poly I:C RNA (TLR3), LPS (RH), imiquimod (TLR7) and CpG-DNA
(TLR9). Only very small differences were observadhe production of CCL2 between wild-type
and Sigirr-/- bone marrow derived dendritic cells cultured WRIEBL in response to all tested TLR
ligands, indicating that development stage of tleadditic cells plays an important role in the
signalling of these cells. No effect was obserwedubular epithelial cells, indicating that sigmaji
through TLRs is independent of SIGIRR in tubulaitlegdial cells, but not in antigen presenting cells
However the presented data proved that SIGIRR s&r@ang negative regulator of TLR mediated

signalling in DCs (cultured with GM-CSF) and th&ramenal myeloid cells (Figure 22).
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Figure 22.SIGIRR modulates TLR-induced MCP1/CCL2 production. Bone marrow dendritic
cells stimulated with GM-CSF, intrarenal myeloidigebone marrow dendritic cells stimulated with
FIt3L or tubular epithelial cells were preparedniré week oldSigirr-deficient or wild-type mice as
indicated. Cells were stimulated either with meditram3Cys, pl:C RNA, LPS, imiquimod or CpG-
DNA for 24 h. CCL2/MCP-1 production was determiriacsupernatants by ELISA. Data represent
means + SEM from 3 independent experiments.
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3.3. REGULATION OF SIGIRR EXPRESSION

3.3.1. The regulation ofSigirr expression is cell type-specific

It was determined wheth&igirr expression is regulated by the presence of TLRassgssinigirr
MRNA levels in monocytes and tubular epithelialc&olated from 6 week old mice deficient for
either MyD88 or Tlrs that are expressed by both cell types, i.e. TLR2and -4. InTIr4-deficient
monocytesSigirr mRNA levels were found to be increased 5-fold asngared to monocytes
prepared from wild-type mice (Figure 23). By costrdack of TLR2, -3, or MyD88 had no major
effect onSigirr mRNA expression in monocytes. In tubular epithetialls, lack of TLR4 had a
similar effect orSigirr mRNA levels (Figure 23). Howevesjgirr mMRNA expression was reduced in
tubular epithelial cells prepared from mice lackiFigR2 or -3. As in monocytes lack of MyD88 did
not affectSigirr mMRNA expression. While TLR2 and -3 seem to haighsly different impact on
Sigirr mRNA expression in monocytes and tubular cellgs, phesence of TLR4 downmodulates

Sigirr mRNA in both cell types.
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Figure 23. Regulation of Sigirr by TLR: Spleen monocytes and tubular epithelial cells were
prepared from 6 week old mice of different straassndicatedSigirr mMRNA expression levels were
determined by real-time RT-PCR and expressed ag ofdhe ratio TLR/18s-rRNA + SEM.
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As TIr4 deficiency was associated with increaSagirr mRNA expression in monocytes and tubular
epithelial cells, LPS stimulation should suppr&girr mRNA levels. To test this hypothesis the
monocytes and tubular epithelial cells were stiradawith LPS or a combination of IfNand
TNFa. In fact, both LPS and IFRNTNFa reducedSigirr mRNA levels in tubular epithelial cells
(Figure 24). By contrast, LPS and If#fNINFa both increasedigirr expression in monocytes in a
dose dependent manner with highest mRNA levels 28én (Figure 24). These data show t&afirr

is regulated differently in tubular epithelial ceind monocytes by LPS as well as byy@Nd TNF.
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Figure 24.Regulation of Sigirr by IFNy and TNFa: Monocytes (left) and tubular epithelial cells
(right) were prepared from 6 week old C57BL/6 mi¢aepper panel): cells were stimulated with
either medium, LPS or IFN+ TNF (different concentrations as indicateslgirr mMRNA expression
levels were determined after 18 h by real-time RORPand expressed as mean of the ratio
SIGIRR/18s-rRNA + SEM. (lower panel): cells werémstlated with either medium, LPS (1 pg/ml)
or IFNy (100 U/ml) + TNF (500 U/mISigirr mRNA expression levels were determined after 1, 6,
12, 18 or 24 h by real-time RT-PCR and expressedesm of the ratio SIGIRR/18s-rRNA + SEM.
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3.3.2. Immune cells and renal tubular epithelial dés both express full lengthSigirr

Alternative splicing is common in members of theRVIL-1R family (Wells 2006). To test whether
kidney and spleen cells express different splicgéanés of theSigirr gene, the real-time RT-PCR
using primers specific for the intracellular or redellular domain oBigirr was performed (Figure
25). Spleen monocytes and tubular epithelial cetkpressed comparable levels of both the

intracellular and extracellular domain ®igirr (Figure 25).
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Figure 25.Sigirr transcripts: Tubular epithelial cells and spleen monocytes weepared from 6
weeks oldSigirr-deficient or wild-type mice. An expression levél Qigirr mMRNA was determined
by using primers specific for either the extradaliprimer 1) or the intracellular domain (prin&r
of Sigirr. The respective mMRNA expression levels using pritnand primer 2 were determined by
real-time RT-PCR using cDNA prepared from monocytdack) and tubular epithelial cells (white)
and expressed as mean of the ratio to 18s-rRNAM.SE

Only one splice variant of muririigirr mMRNA was characterized using the Genomatix librariis
was confirmed by Northern Blot analysis. Northetot lanalysis of mous&igirr showed that it is
expressed in both kidney and spleen. We found Higation to RNA from kidney and spleen. Total
RNA was extracted from kidneys and spleens frond wype andSigirr-deficient mice. The RNA
was hybridized with a P—labeled full length (data not shown) or extradaliyart ofSigirr (Figure
26) DNA probe. A singl&Sigirr mRNA transcript of 3.5 kB was detected in bothndg and spleen

and no splice variants were detected (Figure 26).
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Figure 26.Sigirr transcripts: Northern blot analysis was performed on RNA isdatg0 pg per
lane) from spleens and kidneys of wild-type (WTY &igirr-deficient mice (KO) as described in
methods. Note a singigirr transcript of 3.5 kB in spleen and kidney of wijghe mice. The quality

of RNA used in the experiment was investigatedHgydgarose RNA gel (28S and 18S) and by the
RNA concentration measurements (OD 260/280).

3.4. POSTTRANSLATIONAL MODIFICATION OF SIGIRR

3.4.1. SIGIRR glycosylation is cell type specific

When tubular epithelial cells and monocytes botpress full length SIGIRR the cell type-specific
effects on TLR signaling may relate to posttramsietl modifications. Like the other IL-1R family
members, SIGIRR is highly glycosylated. There ave putative sites for N-glycosylation (N-X—
S/T, where X is any amino acid except proline) witthe extracellular region mouse SIGIRR. The
more complexed O-linked glycosilation is not easyptedict in this case but SIGIRR have several
threonine and several serines which might be Oegljated. The molecular weight of the native
mouse SIGIRR differs from the amino acids sequeraeulated form of SIGIRR suggesting
extensive glycosylation , which is consistent witle previous speculations (own data, Thomassen

1999).

Thus, we tested whether SIGIRR is differentiallyogisylated in the intrarenal immune cells and
tubular epithelial cells. PNGaseF was used aslanbich can digest N-linked sugar components, but
not N-glycans with fucose linkedi-1.3 to the Asn-bound N-acetylglucosamine, O-linked

oligosaccharides or glycosylphosphatidylinositoP(¥lipid anchors from glycoproteins, and hence,
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allows the detection of glycosylation variants.

In fact, Western blot of total kidney protein isela revealed two SIGIRR—specific bands of 75 and
90 kDa (Figure 27, middle). Next we prepared raxadll suspensions from isolated CD11b positive
myeloid cells and CD11b negative renal cells of -nyreloid origin. The renal myeloid cells
expressed the larger 90 kDa form of SIGIRR while tion-myeloid renal cells predominantely
expressed the smaller form of 75 kDa (Figure 27¢ddhei). Protein size depends on protein
glycosylation. We tested the glycosylation of SI&Ikh the two types of renal cells by digesting
protein isolates from renal myeloid and non-myelcédls with PNGaseF. This glycosidase reduced
the molecular mass of SIGIRR in both CD11b positivel negative renal cells exactly in the same
pattern like in case of kidney and spleen (Figurelgft). CD11b positive and negative renal cells
both carry SIGIRR glycosylated at identical sitdigjested by PNGaseF to a 60 kDa protein. The
CD11b negative (non-immune) renal cells, howeventained additional SIGIRR glycosylation
variants that are digested by PNGaseF to two atheants with a size of approximately 45kDa and

50 kDa.

When the protein exctracts were digested with eDelglycanase, which removes the distal Gal-beta-
(1,3)-GalNAc no significant differences in non-diged and digested SIGIRR size were detected in
both renal tubular epithelial and renal CD11b+ <e8ince the digestion with this enzyme results
often in only very small shifts on a gel we condddhat SIGIRR size is too big and the detected
signal surface is too wide to observe significdnfton a gel after digestion of the protein. Itgni

be that SIGIRR lack the Gal-beta-(1.3)GalNAc likdoth cell types (data not shown).

Although protein O-glycosylation is a major postistational modification, it is poorly understood
compared with N-glycosylation. Jacalin (lectin frotme jackfruit Artocarpus integrifolia is an
important tool in functional analysis of mucin-tygl/coproteins and glycopeptides. Mucin-type O-
glycosyaltion starts with the attachment of alphadétylgalactosaminen{GalNAc) to a Ser/Thr
residue and then proceeds through the transferanbus sugars. To test if the SIGIRR in both
tubular epithelial and renal CD11lb+ cells is O-glgglated the immunostaining with HRP-

conjugated jacalin was performed. Jacalin boundheratunspecific to the membrane. It was
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impossible to distinguish the SIGIRR specific bareleen when the protein-extracts fr@IGIRR

deficient mice were separated on the same gel (datashown). Jacalin-based specification of
SIGIRR glycosylation may not be readily feasilbleithw whole-organ/cell protein-extracts.
Immunostaining with the monoclonal O-linked N-adetyucosamine antibody CTD110.6 gave
really weak signal, and there were several prote@nsng similar size like SIGIRR (which appear on

the gels ofSIGIRRdeficient cells and which are heavily glycosylatddta not shown).
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Figure 27.SIGIRR glycosylation: Western blot was performed on protein isolatesvedrifrom
total kidney or from renal cell suspensions seperéity magnetic beads isolation for CD11b positive
and negative cells, i.e. renal myeloid cells andstigatubular epithelial cells. Note that the smalle
but predominant of the two SIGIRR -specific bandsrsin total kidney isolates derives exclusively
from CD11b negative renal cells. The specificitytlé bands is indicated by their absence in isplate
from Sigirr-deficient mice. PNGase digests the SIGIRR glyaofofrom bot cell types to smaller but
still different proteins indicative of cell-type egific N-glycosylation of SIGIRR (middle). Inhibitg
O-glycosylation with benzyl-GalNAc reduces the sifehe smaller glycoform of SIGIRR in renal
CD11b- cells but not the larger form of SIGIRR netsin both cell types (right).

To further investigate the O-glycosylation of SIGRRn renal immune and non-immune cells,
benzyl-N-acetylgalactosamine (benzyl-GalNAc), ahibitor of O-glycosylation, was used during
cells culturing. Benzyl-GalNAc treatment did notacige the size of the larger glycoform of SIGIRR

in renal myeloid and non-myeloid cells (Figure Bght); hence, the larger SIGIRR glycoform is not
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O-glycosylated. By contrast, exposing renal non-imecells to benzyl-GalNAc reduced the size of
the smaller predominant SIGIRR glycoform to aboOtk®a, suggestive of O-glycosylation of this
protein (Figure 27, right). These data show that ¢kll type-specific functions of SIGIRR in the

kidney do not relate to different splicing but associated with different glycosylation variants.

The inhibition of O-glycosylation by benzyl-N-ackgglactosamine we noted a significant reduction
of the SIGIRR size in protein extracts from rendiular epithelial cells but not from myeloid renal
cells, like already mentioned above. This wouldidate significant differences in SIGIRR O-

glycosylation in these cell types.

3.5. OTHER FUNCTIONS OF SIGIRR

3.5.1. SIGIRR influences the maturation of the intarenal myeloid cells

Since we observed such striking differences indigmalling of theSigirr deficient and wild type
antigen presenting cells as well as the differefisieen these cells and tubular epithelial ceis w
decided to investigate the other features of bethpopulations. Mature DCs unlike the macrophages
are efficient T cell activators and posses littliagocytic and bactericidal activity. However the
maturity of renal DC is rather low (Kruger 2004)hgmared with DCs from lymphoid organs (Merad
2002). Higher phagocytic activity and less effi¢i@ncell activation of renal DCs may be an evidence
for some macrophage functionality (Kruger 2004)d dhat under infectious circumstances renal
CD11c+ cells may take over the macrophage effdatmtions (Serbina 2003).

Intrarenal myeloid cells fror&igirr+/+ andSigirr-/- mice were compared for their ability to take up
FITC—dextran. LC, immature DC and macrophageshaiived high levels of endocytoxic activity as
compared to negative control cells by which theetak experiment was performed &C4in the
presence of natriumacid (data not shown). The FtiEQtan take up by wild type myeloid cells
showed the one clear peak. In contr&agirr-deficient cells showed the two populations of tieds

which were able to internalise the dextran (Fig28
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Figure 28. Comparison of FITC-dextran take up by the intrarenal myeloid cells: SIGIRR
deficient and wild type intrarenal CD11b+ myeloglls were prepared like described in material and
methods and compared in their ability to take w@RhTC-labeled dextran. After 90 min. incubation
with the FITC labelled dextran the cells were attlel, washed and analysed by the flow cytometry.

The immature dendritic cells found under surfacéhepia and in the solid organs (including kidney)
are not very potent stimulators of the T cells (Buenprez 2002, Steinman 1995). The immature
phenotype is characterised by the low level ofiongatory molecules and a high ability to take up
the antigens (Cella 1997, Mellman 2001). Matureeay active dendritic cells rapidly loose the
ability to take up the antigens. In the caseSafirr-deficient cells we observe two populations of
cells. We conclude that the first peak represemtntiature dendritic cells which shows lower take up
of the antigen but are able to produce more prainfhatory cytokines and may activate better the T
cells. The second peak observed also by the wiid tells represents the immature dendritic cells

where antigen take up is really potent.

3.5.2. SIGIRR does not influence the proliferatiorof tubular epithelial and antigen-presenting
cells

Since cell growth is a result of interplay betweanvariety of cellular processes involving
rearrangements of the cytoskeleton, growth rateSigirr knock-out cells was determined and
compared with that of wild-type tubular epithel@dlls. The cell proliferation was investigatby

CellTiter 96 proliferation assay in complete medium at 37°Crafte stimulation with the TLR
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ligands.Incubation of the tubular epithelial renal cellstwiTLR ligands, i.e. Pam3Cys (TLR1/2),
poly I:C RNA (TLR3), LPS (TLR4), and CpG-DNA (TLR®¥sulted in dose dependent decrease of
cell proliferation. Under all conditions, no signdnt differences betweefigirr-/- and Sigirr+/+
cells were observed (Figure 29). Thus, SIGIRR hasnfiuence on proliferation of renal tubular

epithelial cells.
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Figure 29.Renal tubular epithelial cells proliferation: (curves): Renal tubular epithelial cells were
isolated from wild type ofSigirr-deficient mice and were cultured with different Rligands:
Pam3Cys, polylC, LPS, CpG or complete medium forh7ZBars): Bone marrow dendritic cells
(APCs) were isolated from wild type @igirr-deficient mice and incubated with LPS or with
medium for 72 h. Cells proliferation was assesse@dlITiter 96assay.

The proliferation of antigen presenting cells wis® aot affected by the SIGIRR. By contrast the

antigen presenting cells multiply better then thieutar cells after the stimulation (was shown only

for LPS).

3.5.3. The function of SIGIRR during stress conditins

Some proteins that are not essential under optoiairing conditions might play a role under stress
conditions. Since SIGIRR is expressed in the reéubular epithelial cells it is possible that it is
responsible for the survival in the osmotic stresmditions. Synthesis of stress proteins and
accumulation of compatible osmolytes are respoadinl recovery of cells in response to exposure
of cells to high osmolarities (Kwon and Handler93® Kidney cells should be able to quickly
respond to changes in cell volume and survive 8matic stress. For this reason, growthSajirr-
deficient cells was determined under different oscrmonditions and compared with that of the wild-

type cells. The production of the inflammatory dytees by the wild type an8igirr knock-out cells
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in the presence of increased osmolarity was detehiGrowth complete medium was supplemented
with NaCl and cultures were grown in this mediundemoptimal conditions. In the presence of NaCl
the cells increased the production of cytokinesréhwvere no significant differences in tGXCL2
expression between wild type aBdjirr knock-out tubular epithelial cells (Figure 30, uppanel).
These results suggest that the SIGIRR does nottafffie cell metabolism under conditions of
increased osmolarity. Similar results were obtairefter incubating the cells with different

concentration of glucose, urea or raffinose (datashown).
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Figure 30. The function of SIGIRR during stress conditions Tubular epithelial cells were
prepared from 6 week olfligirr-deficient or wild-type mice as indicated. Cellsrevgultured under
osmotic stress conditions for 24 h (upper pandljnidated with albumin or medium for 24 h
(middle); cultured under temperature stress camustifor 24 h (lower panel)lCXCL2 mRNA
expression levels were determined by real-time RRPand expressed as mean of the ratio
CXCL2/18s-rRNA + SEM.
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Albumin, a major blood protein, is retained in tileod because it does not cross the glomerular filt
into the kidney. The fraction that is filtered mabsorbed by proximal tubule cells, which efficignt
removes albumin from the filtrate. In many renaledises, injury to the glomerulus breaks down the
barrier function of the glomerulus, leading to esgdiltration of albumin, which is a well known
marker for renal disease with a direct correlabetween albuminuria and the progression of chronic
kidney disease to end-stage renal disease. Exptushigh concentrations of albumin leads to tubular
interstitial disease, possibly by inducing apogo$ihe renal tubular epithelial cells were cultuired
the presence of the albumin a@XCL2was again used as a read out of inflammatory resgso The
level of CXCL2 expression was equal in both wild type &idirr-deficient tubular epithelial cells
exposed to albumin (Figure 30, middle).

Wild-type cells andsigirr knock-out renal tubular epithelial cells were aggown under conditions

of high-temperature stress. During the first houexposing the cells to heat stress, the cellsllysua
produce heat shock proteins. However, longer heatksconditions leads to the shift to the normal
pattern of protein synthesis. To test if the SIGIRResponsible for the stabilization of the cells
exposed to the temperature stress the tubularedipitttells which normally grow at 37°C, were
maintained at a temperature of 42°C (constantljootthe short 1-hour-long period of time). The
effect of continuous heat stress on cell growth sarzayzed as were the modifications occurring with
protein synthesis, cell growth and cell apoptosisirdy both long- and short-term heat stresses
(Figure 30; data not shown).

The reaction on all tested stress conditions sdenie SIGIRR independent. Investigation of the
tubular epithelial cells apoptosis and necrosisndusame stress conditions revealed similar results

(data not shown).
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3.5.4. SIGIRR is not a cell-cell contact molecule:

Next we investigated a possible role of SIGIRR aslhadhesion or contact molecule. Cell Adhesion
Molecules (CAMSs) are proteins located on the agdface responsible for the binding with other cells
or with the extracellular matrix (ECM) during cealdhesion. These proteins are like SIGIRR,
transmembrane receptors. Many of the cell adhesiasigcules are highly glycosylated. Some of
them, like immunoglobulin-superfamily CAMs (NCAMs ehNral Cell Adhesion Molecules,
Intercellular adhesion molecules - ICAMs, VCAM-1 3c¢allar Cell Adhesion Molecule, PECAM-1
Platelet-endothelial Cell Adhesion Molecule, L1 a@¢HL1) contain also the immunoglobulin

domains.

SIGIRR -/-

SIGIRR +/+

Figure 31. Staining of microfilaments in tubular epithelial cells. Tubular epithelial cells were
prepared from 6 week-olgigirr-deficient or wild-type mice as indicated. Cellsreveultured under
normal conditions on the glass plates coated withagen 1V. Staining of microfilaments was
performed with FITC-phalloidin. Every result corisisf three photos representing the typical forms
of tubular epithelial cells found in the culture.

Cell adhesion proteins hold together the componeftsolid tissues and are important for the
function of migratory cells like white blood cellRegulation of cell adhesion proteins is important
during embryonic development for the process ofphogenesis. Cell adhesion proteins are also
important for interactions that allow viruses aratteria to enter or damage the cells. The cellular
structures such as the cell cytoskeleton are tegetlith the cell membrane responsible for the

structural integrity of the cell. Since no diffeceis betweerSigirr-/- and Sigirr+/+ renal tubular
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epithelial cells were observed as it comes to medliferation and cell survival, the structure bét
cytoskeleton and the cell shape were analyzed.célie were grown on the collagen or on matrigel
in the complete medium. After 10 days the cellshvilie 70% of confluence were stained with
phalloidin to stain the cytoskeleton. It is oftempiossible to distinguish any interior detail with
conventional microscopy so the stained cells wése earefully studied under the fluorescent or the
confocal microscopeNo differences in the structure betwe&igirr+/+ and Sigirr-/- tubular
epithelial cells were observed (Figure 31). Both pepulations formed identical cell formation and

the contacts between the cells were not affected.

3.6. THE ROLE OF SIGIRR IN SYSTEMIC LUPUS ERYTHEMAISUS (SLE)

3.6.1. Characterization of C57BL/@pr/lpr mice

Although TLRs are crucial in the activation of thatimicrobial immune response they can also
recognize self-antigens released from stressedmaded host cells, and such self-recognition may
lead to development of autoimmune disease (Andeds 2Viorritto 2007). Because SIGIRR seems
to be a negative regulator for many TLRs it may ehav function also in development of
autoimmunity (Wald 2004, Garlanda 2003). SLE ishaonic autoimmune condition with a wide
spectrum of clinical manifestations, characteriagdhe production of auto-antibodies to components
of the cell nucleus. Lupus nephritis, a form of imma-complex glomerulonephritis is one of the
disease manifestations of SLE.

To investigate the role of SIGIRR in SLE we use@€%/BL/6 Ipr/lpr mouse model. It has been
demonstrated that thgr gene codes for a mutant Fas/CD95/Apo-1, that ledadsbnormal
transcription and greatly reduced expression offla®'CD95/Apo-1 receptor, which is expressed on
variety of hematopoietic cells (T cells, B cellspmocytes, and granulocytes). It is responsible for
regulation of apoptosis of these cells during thenune response. Thigr mice suffer from
anomalies of the B-cell compartment, concernindnkeatrly and late differentiation stages. C57BL/6

Ipr/lpr mice are a model for human lupus nephritis becaeral disease in these mice develops
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secondary to dsDNA autoantibody production andIremaune complex deposition. However, these
changes appear relatively late, not like in casetioér mice disease model MRtr/lpr mice where,

in female the serum levels of double-stranded DMADNA) antibodies progressively increased
from 8 weeks of age. Increasing levels of serumNis@utoantibodies are associated with immune
complex deposits in glomeruli. In C57BLIgr/lpr mice abnormalities of immune system develop
around 24 week of age. Homozygotes mice for fpe gene develop an age-dependent lupus-like

autoimmune disease and a severe lymphadenopattgpsamtbmegaly.

Mice were breed under sterile conditions (see ri@tand methods) and the visible symptoms of the
disease were carefully investigated. The first sabout the increased lymph nodes in C57BL/6
Ipr/lpr mice were made after 16 weeks of their life, hosvethese first changes appeared so early
only in around 20 % of C57BL/@r/lpr mice. Also the typical visual features like thettbrfly
rashes were observed first after 32 weeks (Fig@e After 32 and later after 48 weeks the lymph
nodes (weight 1.1 g £ 0.3) of the C57BI#/Ipr mice were significantly increased. Also the spieen
were around 2-3 times increased as compared tbetheeeks old C57BL/Gpr/lpr mice. The average
weight of spleens from the 48 weeks old female @3&Bpr/lpr mice was approximately 0.23 g +
0.4, whereas weight of spleens from the 16 weekdavhale from the same background was 0.11 g +
0.2. At the 48 week of life mice lost around 30% of the hair (thpshe front side, figure 32),

however despite of all these symptoms they welleastive.
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Figure 32.C57BL/6 Ipr/lpr mice morphology: mice were kept under the sterile conditions. The
documentation was made every month. First visiglelromes of the SLE were detectable after 16
weeks (only small changes in around 20% of the )nitater (32, 48 weeks) mice develop
lymphadenopaty and severe skin lesions.

The antibodies and levels of proinflammatory cytekin serum as well as the albumin level in the
urine were monitored every 30 days.

Serum levels of IL-12 in C57BL/@r/lpr mice were determined by ELISA. We observed that
C57BL/6 Ipr/lpr mice did not increase dsDNA-specific antibodiegdoiction over a period of 360
days. By contrast, the age-dependent increase einpthinflammatory cytokine IL-12 level was
observed (Figure 33). Also the level of IgG in teerum did not increase (data not shown).
Importantly, in spite of lack of increased level afitoantibodies these mice developed clinical

features of systemic inflammatory disease.
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Figure 33.Serum and proinflammatory cytokines analysis from G7BL/6 Ipr/lpr mice: Mice

were bled every month and the serum samples wetlgsaa for IL-12 or anti dSDNA 1gGs. . Data
represent means + SEM from 6 independent mouse sera

To determine whether in the C57BL/6 backgroundlpinépr mutation influences the progression of
renal disease, we quantified protein excretiorhaurine that was collected over one year, every 30
days. At 1 to 4 months of age, the protein level€57BL/6Ipr/lpr mice were low, but as the mice
aged, proteinuria, as measured by albumin ELISthénurine, began to increagy 5 month of age

all animals had slightly increased urinary proteancentrations of 5 to 7 pg/ml (Figure 34). The
albumin values measured by ELISA are however taottospeculate about kidney damage. This fact
can support the already published observationlthmts nephritis is a very complex disease and it

does not develop in every genetic background iremic
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Figure 34.Proteinuria in C57BL/6 lpr/lpr mice: Urine was collected every month from C57BL/6
Ipr/lpr mice (n = 6). Urinary protein, albumin levels weneasured by ELISA. Data represent means
+ SEM from 6 independent mouse urine samples.
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3.6.2. SIGIRR affects immune complex-dependent DGxctivation
Infections are known to induce disease flares dividuals with autoimmune pre-disposition. Hence

a role for SIGIRR, leading to aggravation of lumephrits was hypothesized.

Viral dsRNA, bacterial DNA and components of baietlecell wall are known to activate DCs to
secrete cytokines which are associated with theadis activity in SLE. Because SIGIRR is
expressed by murine plasmacytoid and myeloid D&shypothesized that the lack of this receptor
could influence the function of DC subsets in aumoiune disease. In order to determine the
pathogenic role of SIGIRR in lupus, C57BLf&/lpr mice were crossed with C57BLBIGIRR-/-
mice. The mice in the C57BL/6 genetic backgroundewased for these experiments. Because a
major functional consequence of pDC activation HyR$ is the secretion of proinflammatory
cytokines, we determined their concentration inovis well as in vivo, in serum of C57BL&/Ipr

or C57BL/6lpr/lpr SIGIRR-/-mice.

DNA-containing immune complexes (ICs) have beenwshdo activate TLR9, the receptor for
bacterial CpG DNA, in B lymphocytes and DCs (Ledtde2002, Boule 2004, Means 2005). Also
ICs containing small nuclear ribonucleoproteins NFR a second major autoantigen in SLE,
stimulate dendritic cells, leading to the productiof proinflammatory cytokines. UlsnRNP
complexes (U1snRNA within U1snRNP) recognition ipdndent mostly but not exclusively on
TLR7 but independent of TLR3 (Savarese 2006).

We used snRNPs (specifically U1lsnRNPs) complexht@stigate the role of SIGIRR in the DCs
activation during SLE. SnRNP are the major SLE amtigens in addition to dsDNA. Bone marrow
dendritic cells were isolated from C57BUf&/lpr or C57BL/6lpr/lpr Sigirr-/- mice; incubated with
different TLR ligands or medium for 24 h. DCs wémeubated with purified U1snRNP complexed
with cationic liposomes or with control stimuli yeU ssSRNA/DOTAP (as TLR7 ligand), poly-1:C
dsRNA/DOTAP (as ligand for TLR3 and other dsRNAaguition receptors), LPS (as TLR4 ligand)
and CpG 2216 oligonucleotide (as TLR9 ligar8Bipne marrow dendritic cells showed an increase in
IL-12p40 and IL-6 release after exposure to alle@sstimuli, namely LPS, CpG, pl:C RNA, polyU

RNA, imiquimod, Y12-U1snRNP and UlsnRNP complexedé data indicate that all stimuli used
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induce the production of proinflammatory mediatosaggesting that infections that can lead to
immune activation and cytokine release may assoaidth disease flares during ongoing lupus.
Surprisingly, in case of stimulation with LPS, Cp@;C RNA, polyU RNA and imiquimod no
differences in cytokines production between dergells from C57BL/6lpr/lpr Sigirr+/+ and
C57BL/6 Ipr/lpr Sigirr-/- mice were observed (Figure 35 and 36). SIGIRRnse® have no effect
on the IL-6 and IL-12 production after stimulatiarith mentioned ligands in the C57BLIgr/Ipr
mice. In dendritic cells from mice of this backgnauthe function of SIGIRR as a negative regulator
of TLR signaling is questionable from our obsemas. The Ipr mutation seems to have an effect
similar to SIGIRR in DCs. The production of proarfimatory cytokines is increased (compare with
the Figure 21, FIt3L-DCs). However SIGIRR does Imate the expected, additive effect on cytokine
production (Figure 35 and 36).

It is known that CpG DNA can aggravate autoimmuasue injury locally by activation of tissue
macrophages (Tsunoda 1999); that genomic DNA retebyg dying cells can induce APC maturation
(Ishii 2004) and inhibitors of DNA methylation canduce SLE in humans (Richardson 2003).
Similar reports were delivered about the viral RNBAGIRR does not affect production of cytokines
in Ipr/lpr mice after stimulation with CpG, polyU, polylC wniquimod. Sigirr-deficient BMDC cells
responded to the polylC/polyU, LPS, imiquimod aruQC the ligands for TLR3, TLR4, TLR7 and

TLR9 respectively to the same extentSagirr-sufficient cells.
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Figure 35.Influence of Sigirr deficiency on DC activation of by TLR4 and TLR9 lgands: DCs
generated from C57BL/Mr/lpr, C57BL/6lpr/lpr Sigirr+/— and C57BL/@pr/lpr Sigirr—/— mice were
incubated with the indicated stimuli (ultra pureS_P pg/ml; CpG 2216 0.1 pM or medium alone) for
24 h. (upper panel) IL-12 and (lower panel) IL-6rgveneasured in the supernatants by ELISA. Mean
values and standard deviations are shown (n = 3).
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Figure 36.Influence of Sigirr deficiency on DC activation of by TLR3 and TLR7 lgands: DCs
generated from C57BL/Mr/lpr, C57BL/6lpr/lpr Sigirr+/— and C57BL/@pr/lpr Sigirr—/— mice were
incubated with the indicated stimuli (10 pg/mL palywith 12.5 pg/mL DOTAP; 20 pug/mL poly IC
with 12.5 pg/mL DOTAP; 10 pg/mL imiquimod with 12/mL DOTAP or DOTAP alone) for 24
h. (upper panel) IL-12 and (lower panel) IL-6 weneasured in the supernatants by ELISA. Mean
values and standard deviations are shown (n = 3).
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BMDCs produced cytokines in response to ICs namélp-antibody-U1snRNP or UlsnRNP,
whereas the Y12 antibodies or U1 alone consistestityted a weak but detectable response, similar
to the medium control. This response depended likedy on IC formation, as Y12-U1lsnRNP and
U1snRNP show some differences in the ability tmstate the cytokines release. As one can see on
both figures, also the single allele deleti&@mgfrr+/-) is able to affect the IL-6 and IL-12 production.
The role of SIGIRR for recognition of U1snRNP wasdstigated by comparing cytokine production
of DCs derived from bone marrow cells of C57BIlp&Ipr, C57BL/6Ipr/lpr Sigirr+/— or C57BL/6

Ipr/lpr Sigirr—/— mice in response to U1snRNP/DOTAP and UlsnRNPAfitbody IC.
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Figure 37.Influence of Sigirr-deficiency on DC activation of by U1snRNPDCs generated from
C57BL/6lpr/lpr, C57BL/6lpr/lpr Sigirr+/— and C57BL/@pr/lpr Sigirr—/— mice were incubated with
the indicated stimuli (10 pg/mL U1lsnRNP with 12&/'mL DOTAP or 20 pg/mL U1snRNP with 50
png/mL Y12-antibody) for 24 h. Columns 2 and 4 reprd the negative controls (U1, Y12 or dotap).
(left) IL-12 (right) IL-6 cytokine levels were mea®d in the supernatants by ELISA. Mean values
and standard deviations are shown (n = 3).

These data suggest that TLR2, 3, 4, 7 and 9 aganidtice the production of IL-12p40 and IL-6 in
both dendritic cells isolated from C57BLU&/Ipr or C57BL/6lpr/lpr Sigirr-deficient mice and that
SIGIRR affect only signalling initiated by Y12-UIRNP and U1snRNP.

We showed that UlsnRNP complexed with cationicdlimir anti-Sm autoantibody induced
inflammatory cytokine responses in murine bone owarderived DCs. IL-12 and IL-6 induction by

U1snRNP required an intracellular delivery becausdsnRNP alone had very low
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immunostimulatory activity (data not shown). Thangexation with cationic liposomes could be
replaced by the formation of ICs with purified aBtn monoclonal antibody Y12, which are
internalized by DCs through Fc receptors. Cytokimeponses were observed after stimulation with
Y12-U1snRNP complex but not with Y12 antibody alqiégure 37). UlsnRNP was only active
when it was internalized into the endosomal conmpant, as has been shown for human SLE ICs
containing DNA (Bave 2003, Means 2005). Tpelpr dendritic cells which were deficient f&igirr
showed an enhanced induction of IC-induced praimffeatory cytokines levels comparedIpa/lpr
dendritic cells. The cells heterogeneous Sigirr showed only minor but still significant effect
(Figure 37). Thus, SIGIRR has a negative effectten|C-induced cytokine production in murine

dendritic cells.

3.6.3. SIGIRR negatively regulates serum cytokineand serum anti dsDNA 1gGs in C57BL/6
[pr/lpr mice

Thus, having demonstrated the effect of SIGIRR bf6 land IL-12p40 secretion in antigen-
presenting cell subsets that were isolated fromBL& Ipr/lpr or C57BL/6lpr/lpr Sigirr-/- mice in
vitro, we next studied anti dsDNA IgGs serum leedlanges in C57BL/8pr/lpr Sigirr+/+ or
C57BL/6 Ipr/lpr Sigirr-/- mice. Serum was collected from both autoimm@%BL/6 Ipr/lpr mice
and C57BL/6lpr/Ipr mice deficient in the expression 8igirr and the IgG level was determined by
ELISA. Sera from all the C57BL/Bpr/lpr or C57BL/61pr/lpr Sigirr-defficient offspring contained
anti-dsDNA antibodies and IL-12. However the C578lpr/Ipr Sigirr-/- mice had significantly
increased serum levels of both IL-12p40 and antdmds compared with C57BLIBr/Ipr Sigirr
+/+ mice (Figure 38). It is therefore likely that SRR is involved in both the in vivo production of

auto-antibodies, as well as the subsequent IC-#tion of B cells.
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Figure 38.1L-12 and IgG serum levels of C57BL/6lpr/lpr Sigirr -/- mice: Serum IL-12p40 and
dsDNA IgG autoantibody levels in C57BLKgr/Ipr (n=6) and C57BL/@pr/lpr Sigirr-/- (n=6) mice
were determined by ELISA. Serum was obtained e86rgiays. Data represents means + SEM.

From the above results, one would predict that EHcRIGIRR would be associated with more severe
autoimmune tissue injury in C57BLA@r/lpr mice. In vivo, C57BL/6 Ipr/lpr Sigirr-/- mice have
increased serum IL-12p40 as well as anti DNA 1g8&sls. Lack of SIGIRR aggravates SLE in
C57BL/6 Ipr/lpr mice. C57BL/6 Ipr/lpr Sigirr-/- sera had increased concentrations of every 1gG
isotype, but the most prominent increases werg@®il| IgG2b and IgG3 (Figure 39). The isotypes
affected by the absence of SIGIRR are the immurgio isotypes often associated with
inflammation and autoimmunity (Nimmerjahn and Rake2005). IgG3 has been reported to play a
central role in the development of nephritis in MRIp Ipr/lpr mice (Takahashi et al., 1991). Taken
together, these data indicate that the geneticnabsef SIGIRR led to increased disease activity and

global immune activation in C57BLIBr/lpr Sigirr-/- mice.
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Figure 39. IgGs isotypes analysis of C57BL/6lpr/lpr Sigirr-/- mice: Serum anti dsDNA
autoantibody isotypes IgG1, 1gG2a, 1gG2b, 1gG3 Igvie C57BL/6 Ipr/lpr (n=6) and C57BL/6
Ipr/lpr Sigirr-/- (n=6) mice were determined by ELISA. Serum wasamied every 30 days. Data
represents means + SEM.

3.6.4. Further abnormalities in C57BL/6lpr/lpr Sigirr-/- mice

Aggravation of renal disease is usually demondlrditg an increase in proteinuria. We did not
observed increased urine albumin concentration BVBL/6 Ipr/lpr Sigirr-deficient mice as
compared with the C57BL/r/lpr mice up to the age of 18 weeks. By 18 wk of agthécontrol
mice as well as in thdpr/lpr Sigirr-/- mice, all investigated animals had urinary protein
concentrations of around 4 pg/ml (Figure 40). Theseilts were confirmed by ELISA analysis of
urinary albumin. Thus, both tested group of miae bt developed proteinuria at age of 120 days. It
is however not clear if this trend is going to tebse or if the C57BL/6pr/Ipr Sigirr-deficient mice

do develop the proteinurie later. Further experith@ne necessary to answer this question.
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Figure 40.Proteinuria in C57BL/6 Ipr/lpr Sigirr-/- mice: Urine from C57BL/6lpr/lpr (n = 6) and
C57BL/6 lpr/lpr Sigirr-/- mice (n = 6) was collected every month. Urinarptpin levels were
measured by albumin ELISA. Data represent meansEM $rom 6 independent mouse urine
samples.

C57BL/6 Ipr/lpr Sigirr-/- mice had normal appearance, growth, size anditfertHowever they
showed increased and progressive skin lesions,Hgagnopathy and mortality.

Having observed the clear effectsSigirr deficiency on autoantibody production and DC atton,

we then determined whether the absence of thiptechad a significant impact on the manifestation
of clinical autoimmune disease. We found that C5BBlpr/lpr Sigirr-deficient mice had a
significant increase in the incidence and severftgutoimmune skin disease compared to wild-type
littermates. Concordant with this were increasedgiiadenopathy and splenomegaly in C57BL/6
Ipr/lpr Sigirr-deficient mice (Figure 41). Increased spleen antply node weight in C57BL/r/Ipr
Sigirr-deficient mice is due to accumulation of lymphosyie these organs. However, we do not
have enough data to perform good statistical aisbfsthese phenomena yet. The investigation of

the new cohort is needed to answer precisely alirtteresting problems.
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Figure 41.C57BL/6 Ipr/lpr Sigirr-/- mice morphology: mice were kept under the sterile conditions.

The documentation was made every month. Firstleisbndromes of the SLE were detectable after
12 weeks. In the age of 16 weeks mice have alreadgre lymphadenopathy and they start loosing
the hair.

The typical visible abnormalities associated witle tlisease appear first after 16 - 24 weeks in
C57BL/6 Ipr/lpr mice, whereas C57BL/Br/lpr Sigirr-deficient mice develop the skin lesions and
lymphomegaly after 12 weeks of life (Figure 41).dddition, there was very little skin disease in
C57BL/6 Ipr/lpr mice at 16 weeks of age, whereas skin diseaseewident in C57BL/6lpr/lpr

Sigirr-deficient mice (observed however only in arounébe2df investigated mice). The development

of these changes seems to be much faster in thBL&Gr/Ipr Sigirr-deficient mice.

Although we observed an increase in nearly everykemaof disease severity in autoimmune
C57BL/6 Ipr/lpr Sigirr-deficient mice, it remained unclear whether théssease markers truly
affected mortality. We therefore allowed C57BLp&/Ipr and C57BL/@pr/lpr Sigirr-deficient mice
littermates to develop spontaneous disease, andhovetored them without intervention until the
time of death. We found that C57BLYf&/ Sigirr-deficient mice had accelerated mortality relatve

Ipr/lpr controls (Figure 42). All 20 mice in C57BLIBr/lpr group survived up to 12 weeks of age
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and only 15 mice in C57BL/6r/lpr Sigirr-deficient group survived to 12 weeks of age; arialr

analysis in a new cohort is ongoing.
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Figure 42.Kaplan-Meier curves: Survival of C57BL/6 Ipr/lpr and C57BL/6lpr/lpr Sigirr-/- mice
was compared. All studied mice were kept stetifa/Ipr Sigirr-deficient mice showed diminished
survival than the control mice group.

We showed that C57BL/Br/lpr mice lacking SIGIRR developed more severe clindiakase and
show that it leads to early mortality.

Our experiments with C57BL/Mr/Ipr mice followed the observation which we made whta Sigirr
deficiency in the MRUpr/lpr background. We were able to generate only the NgRIpr Sigirr+/-
mice. They initially appeared healthy, and dailysetvation did not reveal any behavioral
abnormalities. However, after reaching 10 weekag#, there was a marked increase in the mortality
rate of MRLIpr/lpr Sigirr+/- mice. We were not able to generate $i&IRRdeficientlpr/lpr mice

in the MRL background. Thus, the heterozygoteSifirr was sufficient for the 100 % mortality in
the MRL Ipr/lpr background. This fact is clear evidence for thacfion of SIGIRR in the

development of the autoimmune disease.
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4. DISCUSSION

4.1. FUNCTION OF SIGIRR IN THE KIDNEY

SIGIRR is an orphan receptor of the IL-1R/Toll-likeceptor family with regulatory functions on
TLR signalling and is expressed at high levelsha human and murine kidney. The TLR/IL-1R
superfamily has a central role for initiating inaantimicrobial immunity and, hence, may contribute
to renal pathology in infective pyelonephritis (Aki2006, Anders 2004). Under normal conditions,
the kidney maintains a sterile environment, buitéabular epithelial cells express TLR1-4 and -11
and can produce proinflammatory cytokines and cli@émes in response to respective TLR ligands
(Tsuboi 2002, Zhang 2004, Hung 2006, Yang 2006)rddeer, TLR4 and TLR11 mediate renal
chemokine production and subsequent neutrophiliiteeent during ascending urinary tract infection
with uropathogenid&scherichia coli(Zhang 2004, Patole 2005). Furthermore, renal dignaells
contribute to innate immunity in the kidney as thee activated via TLRs either by pathogens
directly or by endogenous molecules such as Tamnsfelb protein (Saemann 2005). We
hypothesized that SIGIRR may control inappropriétdR signaling in the kidney, and if so, that
SIGIRR on renal myeloid cells and non-immune imgignrenal cells would contribute to this
phenomenon. This study confirmed only the firstt pdirthis hypothesis, but data presented here do
not support the latter. SIGIRR has cell type-spedifnctions and is regulated differently in tubula

epithelial cells.

SIGIRR mRNA was previously shown to be expressedthast murine and human organs with a
preference to epithelial tissues, i.e. kidney, luggt, and cornea (Polentarutti 2003, Wald 2003,
Garlanda 2004, and Huang 2006). The data preséetedshow that SIGIRR mRNA and protein are
expressed at high levels in kidneys of 6 week oldeminterestingly, renal SIGIRR mRNA levels

were much lower in newborn mice and also declirth wging. This represents a new finding, as high

renal SIGIRR levels reported in previous studieferred to the analysis of 8-10 week old mice
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(Polentarutti 2003). An age-dependent expressidBlGIRR was also found for other solid organs, i.
e. spleen, liver, lung, and skin. The reason fer dgpendent SIGIRR expression remains elusive, but
a decline in TLR expression and function with agimags also been reported (Renshaw 2002).
Reduced expression and function of TLRs with aging impacts both the quality and magnitude of
host innate and adaptive immune responses to kEctamd fungal infections by the altered
inflammatory and priming environment. It is possilthat SIGIRR as a putative regulator of TLRs

signaling is being down regulated together withTh& receptors.

In these studies we showed tHBigirr expression is also strain dependent and sex depend
C57BL/6 male mice expressed SIGIRR most. The diffees inSigirr expression in C3H/HeNCrl,
BALB/c and C57BL/6 mice may be also due to theatdéhces in the TLR expression profile (data
not shown; Liu 2002). It is not surprising that wéserved striking differences in tHgigirr
expression level between different mouse straiksdiffierent gender. Difference in gene expression
may involve many factors. Gender differences cleaffect the immune system, and female are more
likely than male (also by humans) to develop autoime diseases like diabetes, lupus, and

rheumatoid arthritis.

SIGIRR protein localized to tubular epithelial setin immunostaining which is consistent with the
recent description oSigirr mRNA in these cells evidenced Iy situ hybridization (Polentarutti
2003), by quantitative real-time RT-PCR, and floytomnetry from tubular epithelial cells prepared
from mouse kidneys. Both flow cytometry and celiBAGIRR staining localized SIGIRR protein to
the outer cell membrane, but not in the cytoplagrtubular epithelial cells. Immunostaining of the
renal slices did not reveal significant SIGIRR esq®ion in other intrinsic renal cell types, inchgli
vascular endothelial cells, mesangial cells or glnrtar visceral epithelial cells, i.e. podocytebus,
renal SIGIRR expression originates from tubulathegial cells. Futhermore SIGIRR staining was
found in all segments of the nephron which hartiabular epithelial cells of different phenotypes
and functions. In fact, comparabBgirr mRNA expression levels were found in renal corex
medulla. We conclude that adult mice express haels of SIGIRR in the kidney and that the
SIGIRR expression originates from tubular epitietils. However, our later observations revealed

that SIGIRR is also strongly expressed in the mretral myeloid cells, which form a kind of network
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in the kidney. The results presented here showSHalRR has a unique pattern of expression that
includes tubular epithelial cells, monocytes andairenal myeloid cells but not mesangial cells. The
finding that intrarenal myeloid cells have suchhhigigirr transcript level was unexpected. The

expression of SIGIRR in antigen presenting cellsossistent with the view that this molecule has a
regulatory role in kidney. SIGIRR was shown in thestudies as a negative regulator of LPS

signalling in the heterogeneous kidney cell susipafisdney slices.

This study clearly demonstrates that SIGIRR suma®senal CCL2 production upon exposure to
LPS. This is consistent with the exacerbation afotes other inflammatory disease models that have
been induced irSigirr-deficient mice, e.g. endotoxic shock (Wald 2008xtran-induced colitis
(Garlanda 2004), anBseusomonas aeruginogaratitis (Huang 2006). Recognition of LPS in the
kidney may involve various cell types which candidly be classified into renal immune cells and
non-immune cells. Intrarenal immune cells are nyairgsident antigen-presenting cells which
originate from the bone marrow and that form a demstwork in the interstitial space that grid the
tubular compartment in the healthy kidney (Krugéb£2, Soos 2006). Consistent with the previous
description of SIGIRRs function in dendritic cedlsd monocytes (Polentarutti 2003; Wald 2003) we
found that SIGIRR suppresses TLR 2, -3, -4, -7 @nsignaling in intrarenal antigen presenting cells
as shown by production of proinflammatory cytokin&se inhibitory effect of SIGIRR on TLR
signaling is mediated by its intracellular TIR domawvhich does not retain two amino acids (Ser447

and Tyr536) in the highly conserved TIR domain (fagsen 1999, Qin 2005).

We tested different immune cells and their respdns€LR ligands. We conclude that SIGIRR is
able to inhibit the TLR -2, -3, -4 and -9 signalimgmonocytes (CCL2 production; CXCL2 data not
shown). Similar results we obtained during testimg different kind of bone marrow dendritic cells

(cultured with GM-CSF or FLT3L) and their responge&PS and other TLR ligands.

Data presented here confirm the inhibitory effeicS6GIRR on TLR signaling in immune/antigen

presenting cells because ligands for TLR1/2, -3, -7 and -9 induced much higher levels of
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proinflammatory cytokines production (IL-6, IL-12 €CL2) by Sigirr-deficient antigen presenting
cells as compared to cells prepared from wild-typee. However, the response of FLT3L-DCs was
weaker than in the case of GM-CSF-DCs or intraremgloid cells. Furthermore in case of FLT3L-
DCs we did not observed much difference betw8agirr deficient and wild type cells in CCL2
production. Moreover, the CCL2 production of GM-CGBEs and intrarenal myeloid cells showed
striking differences betweeBigirr-/- andSigirr+/+ genotypes so that the stimulation with the ligands
did not really affected the level of produced CCTAus SIGIRR down-regulate the IL-6 and 1L-12
production after stimulation with TLR ligands innmune cells. Moreover, the lack of SIGIRR results
in the constant inflammatory state caused by th& Z@oduction. It was already reported that a
balance of IL-12 and MCP-1/CCL2 produced by DCrnsc@l in determining the fate of immune
responses. MCPL1 tends to develope Th2 responseseaghll-12 tends to induce Thl responses.
Whether theSigirr-deficient mice have constantly elevated Th2 respemsmains to be elucidated.
This modulatory effect on TLR signaling was notetved in primary tubular epithelial cells. In fact,
the ligands for TLR1/2, -3, and -4 induced sim@anounts of CCL2 irsigirr-deficient or wild-type
tubular epithelial cells. As tubular epithelial Isetio not express TLR9, CpG-DNA did not induce

CCL2 production (Tsuboi 2002).

In addition, TLR signaling may be regulated throddtR expression (Liew 2005), which is likely to
be SIGIRR-dependent. We demonstrated that the ssiprelevels of mMRNAs for almost all TLRs
were higher in bone marrow derived DC, spleen mgiescand renal myeloid cells froBigirr-/-
mice than in those from C57BL/6 wild type mice. Hoxer, the differences betwe@ir 2, 3 and4
MRNA levels were not significant in case of monesytwhich expressed low level of these
receptors. In factSigirr-deficient spleen monocytes expressed increasedsle¥TIrl, -5, -6, -7, -9,
and -11 which may contribute to the enhanced TLR signaligerved in these cells. However,
ligation of TLR2, -3, and -4 did also show increageCL2 production irSigirr-deficient monocytes
despite identicalTlr expression levels as compared to wild-type morescyfThe bone marrow
derived DCs cultured with FLT3L expressed lowdrs mRNA levels than the same cells cultured
with GM-CSF or the intrarenal myeloid cells. Thendbe explained by the lower maturation stage of

these cells. Intrarenal myeloid cells expresseq gh mRNA levels of allTlrs (exceptTIr5 and
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TIr11). Like already mentioned above, we observed everemlevatedllrs mRNA levels in the
Sigirr knock-out mice. Thus SIGIRR is a negative regulafoT LRs expression in the immune cells.
SIGIRR suppresses expression of a subset of TLRaritune cells and this suppression is cell type-
specific because it was not found in renal tubelgithelial cells. Thus, in the kidney the regulgtor
role of SIGIRR on TLR signaling should be restritt®® immune/antigen presenting cells. Thus
SIGIRR regulates negatively the TLR signalling esdVely in immune/antigen presenting cells but

not in renal tubular epithelial cells (non-immuredls).

In previous studies Waldt al reported a similar role for SIGIRR in renal celispensions but in
their study kidney cell suspensions were prepareth fSigirr-deficient mice in a mixed genetic
background (Wald 2003). Exposure to LPS or CpG-Ohikeased NFReB activation as compared to
cells prepared from wild-type mice (Wald 2003). s vivo systemic endotoxin challenge was
carried out in both recently reported strainsSagirr-deficient mice (Wald 2003, Garlanda 2004).
While Wald et al. observed a reduced thresholctioal endotoxin challenge, Garlanda, et al could
not detect a difference in LPS-induced mortalityween Sigirr-deficient and wild-type mice
(Garlanda 2004). However, both studies uSégirr-deficient mice in a mixed genetic background
and littermates as wild-type controls. In the presgtudy we applied more stringent preparation
techniques for primary tubular cells, as we foumat kidney cell suspensions prepared following the
protocol reported by Waldet al are commonly contaminated by myeloid cells, campsing
conclusions on the role of SIGIRR in tubular efidlecells. By using the protocol reported by
Tsuboi, et al the primary tubular epithelial cell population sva95% (Tsuboi 2002). Furthermore,
we have now backcrossegigirr mutants for 6 generations into the C57BL/6 baclkgtb and
prepared cells used in the experiments above fioeset mice with a predicted >95% identical
background as compared to wild-type controls (Sigeh@000). In fact, by using a pure tubular
epithelial cell population no impact of SIGIRR okR signaling could be detected. SIGIRR do not
influence the TLRs expression level as well as aigrg of the TLRs, which suggest no TLR
regulatory function in tubular epithelial cell pdations. Obviously, intrarenal antigen-presenting

cells and tubular epithelial cells contribute toakTLR4 signaling. Although SIGIRR is expressed
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by both cell types, SIGIRR suppresses TLR signatiny in intrarenal antigen-presenting cells and
not in tubular epithelial cells. While reducing TL$gnaling in renal antigen-presenting cells may
avoid inappropriate immunity-related tissue injuayy unrestricted activation of tubular cells may
support the induction of necessary epithelial stressponse elements to cope with microbial

infection.

During differentiation, DC up-regulate the expressof MHC class | and class Il and costimulatory
molecules and thus increase their efficiency as fB&hchereau 2000, Langenkamp 2000, Liu 2001,
Mellman 2001, Reis e Sousa 2001). We found that B@% Sigirr-/- show weaker take up of
antigen, which suggests that tBdgirr-/- DCs maturate faster and are rather better at mgok
production as at the antigen take up. This woulgla®r the increased cytokine productionSifirr-

/- DCs after stimulation with TLRs ligands. TLR sidjim is important for DC maturation,
characterized by cytokine production, up-regulatadncostimulatory molecules, and an increased
ability to activate T cells (Kaisho 2001). Thus Dftem Sigirr-/- C57BL/6 mice are more mature
than those from wild type C57BL/6 mice. Taken tbgef these results suggest that differencédrin
gene expression levels in DC may reflect differsnicethe composition of DC subsets at different
maturation stages i8igirr-deficient and wild type C57BL/6 mice. However #aeression levels of
TLRs are not known at the protein level. On thesotiand reactivities of DC to microbial molecules
in Sigirr knock-out and wild type C57BL/6 mice may not beplained by differences in TLR

expression levels alone.

Interestingly, SIGIRR is differentially regulated antigen presenting and renal tubular epithelial
cells. LPS challenge suppress®igiirr mRNA production up to 24 hours in tubular epithetells
which is consistent with downmodulation of re&adirr mRNA after intravenous injection of lig
LPS in mice (Polentarutti 2003, Wald 2003). By cast, both LPS and TNF/IFN-have opposite
effects onSigirr mRNA expression in spleen monocytes, a findingstsient with the recent

observation of Tir8/Sigirr expression in monocytépatients with sepsis (Adib-Conquy 2006). The
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same cell type-specific response was observed wi@mocytes and tubular epithelial cells were
stimulated with TNF/IFNy in a dose dependent manner. Thus, proinflammatimuli, i.e. LPS and
TNF/IFN-y, have opposite effects oBigirr mRNA expression in spleen monocytes and tubular
epithelial cells. Based on our finding that SIGIR&yulates TLR expression in monocytes we
qguestioned whether TLRs regulate SIGIRR expressiofact, Sigirr mRNA levels were elevated in
spleen monocytes and tubular epithelial cells peghdromTIr4-deficient mice of the same genetic
background. This indicates that TLR4 signaling sappes SIGIRR expression in both antigen
presenting and tubular epithelial cell types. LatKlr2 andTIr3 suppresse8igirr mRNA in tubular
epithelial cells but not in spleen monocytes. Obslyg, TLRs selectively regulatgigirr expression

in a cell type-specific manner. Appearantly, SIGIBgpression is regulated by multiple factors, i.e.

proinflammatory factors, TLR signaling, and age.

Why is SIGIRR expressed in the tubular epithelglls? Is there a mechanism that is able to switch
off SIGIRR function in these cells? What are thetdas that control the cell type-specific functions
of SIGIRR? Alternative splicing is common for thembers of the IL-1R/TLR superfamily and their
signaling molecules (Schnare 2001, Wells 2006, 8wrd 994, Rossler 1995). For example, the
T1/ST2 gene encodes two splice variants (Lohning 1998)e Transmembrane ST2L that has
inhibitory effects on TLR signaling similar to SIBR and the soluble ST2, a truncated ST2 protein
lacking the intracellular TIR domain is required feignaling (Lohning 1998). Because ST2L is
selectively expressed by immune cells and solufdi2 Selectively by non-immune cells (Rossler
1993), we hypothesized that the same could be foueSIGIRR. Therefore, we intended to test
whether tubular cells express a splice varianSigirr that lacks the intracellular TIR domain. By
using PCR primers for the extracellular and intHatar domain as well as Northern blotting we
essentially excluded alternative splicing ®ifyirr. By amino acid alignment and data base search,
Sigirr was not found to encode any of potential functia@nains, such as EGF-like repeats and a
MAM domain, as well as an RGD integrin binding riofihese structures are commonly found in
secreted proteins. By Western blotting and immutaxtgining, we found that the SIGIRR protein

was localized on the cell surface, but not in thikuce medium. Thus SIGIRR has no soluble form.
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Posttranslational modifications such as glycosgtatian also alter the function of immune mediators
(Daniels 2002). Furthermore, N-glycans have beawshto play a general role in protein folding
and protein sorting in biosynthetic traffic of pofd renal tubular epithelial cells (Scheiffele953.
SIGIRRs five putative glycosylation sites and piedicted and actual molecular weight indicate
extensive glycosylation (Thomassen 1999). We cowfil glycosylation of SIGIRR by PNGaseF
digestion or inhibition of O-glycosylation and West blotting. Interestingly, digestion with
PNGaseF leads to production of 2 additional glyoofo of SIGIRR in the kidney. These results
suggest that this additional SIGIRR glycoform whishexpressed in some renal cells contains N-
glycans (not all N-glycans can be cleaved by th&B&F) or O-glycans which cannot be cleaved by
PNGaseF. The smaller form of SIGIRR found in re@BIlL1b negative (i.e. mostly tubular epithelial)
cells is O-glycosylated as shown by benzyl-GalNAkilition, but myeloid cell SIGIRR is not. By
contrast, both the myeloid and non-myeloid cell IR forms were markedly reduced in size after
digestion with PNGaseF, which is suggestive of esitee N-glycosylation. Thus, SIGIRR in renal
tubular epithelial cells is N- and O- glycosylatedhereas SIGIRR in intrarenal CD11b positive
myeloid cells lacks O-glycosylation which can baibited by benzyl-GalNAc. The oligosaccharide
structures of many glycoproteins play an importasié in the folding of proteins and biological
activities (Rademacher 1988). Since the targetimyactivity of many glycoproteins can be affected
by their glycosylation it would be of great interés investigate the glycosylation of SIGIRR more
detailed. Maybe changes in particular sugar residueuld affect the function of the SIGIRR in
tubular epithelial cells and immune cells and hefglerstand the differences in signalling in these
both cell types. Additional work is needed to addrthis question.

In this report we demonstrate that SIGIRR is ndiy @an extensively N glycosylated, but also O-
glycosylated membrane glycoprotein. SIGIRR has me#n described before to carry O-glycans.
There is also number of studies that suggest ablatkveen O-glycosylation and apoptosis (Yin 2003,
Ren 2004, Zachara 2004). But we did not observecanielation between the presence of SIGIRR

and susceptibility to apoptosis or to stress.
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SIGIRR is characterized by the presence of ankig-iomain, and this fact may suggest that it
mediates interactions with other Ig-like adhesioalaoules. Because of the fact that SIGIRR is
highly glycosylated (like many others adhesionseaunoles) SIGIRR may play a role in establishing
the contacts between the cells and stabilizingrttegyrity of tubular epithelial cell populations the

in vitro culture. From microscopy and proliferatiobservations we conclude that SIGIRR does not
play a role in these processes, but to answerqtméstion precisely additional work on this field

would be needed.

In the present study, analysis of the responseigirr-deficient cells to a variety of stresses
demonstrated that heat shock, hyperosmotic shaekjrecreased albumin concentrations are not the
factors which are affected by the presence/absesfceSIGIRR. All three stress sorts are
physiologically important stress factors in mamimalkidney and they can affect cellular protein

functions and alter biosynthetic processes.

Both kidney epithelial cells and kidney myeloidlsgblay an important role in the immunity of the
urinary tract and both are using pattern recogmitieceptors (PRR) to initiate the response to
microbial organisms or injury. Renal tubular celi®e also capable to present the antigens, which
make them perfect initiators and regulators of immgystem in the kidney (Kelley 1993). They
respond to local infection by the release of varief cytokines and chemokines that affect the
cellular component of the innate immune response Maturation and recruitment of renal APCs,

therefore might depend on the tubular cells.
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4.2. FUNCTION OF SIGIRR IN SYSTEMIC AUTOIMMUNITY

SLE is an autoimmune disease characterized by apeatis lymphoproliferation, expansion of
autoreactive B and T cells, and production of plolyal autoantibodies against numerous nuclear
antigens (Kotzin 1996, Lipsky 2001). Disease-rela@toantibodies in SLE focus on dsDNA and
chromatin and RNA-containing Ags such as Smith Ad &NP or ribosomal components (Egner,
2000; Muro, 2005). Anti-dsDNA antibodies are thoutghplay a crucial role in the pathogenesis of
lupus nephritis and are responsible for the tissamage (Hahn 1998, Winfield 1977). They are
found in 70 % of patients with SLE. In many patgemtith SLE, increased renal disease activity is
associated with rising titres of anti-DNA antibogli¢Bootsma 1995). RNA and RNA/protein
macromolecules, such as Sm/RNP, constitute a seowjdr category of autoantigen frequently
targeted in systemic autoimmune diseases such & &Btound 30 % of SLE patients have
circulating anti-Smith (Sm) antibodies recognizithg 7 Sm proteins (B, D1, D2, D3, E, F, G),
which are common to all small nuclear ribonucledgires (sSnRNPs) and which associate with U
snRNA (U1, 2, 4, 5). In addition, 40 % of SLE pat®have anti-RNP antibodies, which specifically
bind to the proteins within U1snRNPs (Migliorini@8). The role for TLRs in stimulating dendritic
cells (DCs) in autoimmune disease was suggestethdyfinding that DCs secrete inflammatory
cytokines via a TLR9- or TLR7-dependent mechanigpmnustimulation with nucleic acid-containing
immune complexes (Boule 2004; Means 2005; Sava@ge).

Defects in apoptosis, clearance of immune compléiXes), or regulatory cells function may lead to
uncontrolled activity of self-reactive T- and B-lpmocytes and to the production of tissue-damaging
autoantibodies and ICs. Autoantibody production,miume complex deposition and local
inflammatory cytokine and chemokine production hfilirating immune cells as well as intrinsic
renal cells cause renal tissue injury in SLE. & haen demonstrated that ICs containing nucledsaci
can directly activate murine B lymphocytes and D@kich is contributing to the development of

SLE (Bave 2000, Lovgren 2004, Leadbetter 2002).
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In these studies we show that in C57BIlp6lpr mice, lymphoproliferation and dsDNA autoantibody
production progress with age, but the developménhe® SLE in the C57BL/6 background is very
slow. We showed that C57BLIpr/Ipr mice do not develop proteinuria and kidney damadpch is
consistent with previous studies (Nagata 1995)indact FasL/Fas system is required to limit certain
inflammatory responses, and systemic inflammatioc)uding renal inflammation in C57BL/6
Ipr/lpr mice (Fleck 1998). The best-studied strains ofentltat spontaneously develop a lupus-like
pathology are the New Zealand Black/New Zealandt&/hybrid strain (NZB/WF1); the MRL/Mp
Ipr/lpr strain, which carries thgr mutation of the FAS receptor gene; and the BXS3Birst which
carries the Y chromosome autoimmune acceleratag)(gene (Theofilopoulos and Dixon 1985).
Extensive genetic mapping studies in all threeirstrhave identified multiple strain specific intaty
associated with disease susceptibility. It is i$€ng that the progression of SLE in C57BIlp8Ipr
mice, showed in this study is independent of DNAoantibody production and proteinuria which
may relate to the specific genetic background.

In our studies we used the C57BL/6 background tmduce the additiongbigirr mutation to the
already preexistintpr/lpr mutation. We were forced to use this genetic bamkgd because we were
not able to generate doublf@/Ipr Sigirr-/- mutation in MRL mice, which according to our preyso
data, would be more suitable for the lupus nephiitvestigation. However, backcrossing to MRL
background appeared to be very problematic becaluiee high mortality rate of these mice. We
concluded that SIGIRR plays an important role i development of SLE, but were unable to show
this by histology and serum analysis. Tihelpr Sigirr-/- phenotype was investigated in C57BL/6

background, which appeared to be less severe Ela@went of autoimmunity.

It is known that viral or bacterial infections caggravate disease activity in pre-existing SLE that
role of SIGIRR in this context is hypothetical. Neic acids have immunomodulatory functions as
they are recognized by TLRs. TLR3 recognizes desblended RNA, TLR7 and TLR8 recognize
single-stranded RNA, CpG-DNA is a ligand for TLRfhd all of these TLRs are expressed in the
nephritic kidney. Thesaucleic acid-specific TLRs are localized withiniatracellular compartment

(Barton 2006). Chloroquine and other inhibitorenflosomal acidification prevent signaling through
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TLR3, TLR7/8, and TLR9, which argues for endosomalturation as a critical step in this process
(Diebold 2004). TLR3 or TLR7 as well as TLR9 signglcan trigger the exacerbation of established
immune complex disease in MRL Ipr mice (Patole 20807ders 2004, Pawar 2006). Viral dsRNA
can aggravate lupus nephritis locally through TL&B renal macrophages, dendritic cells, and
glomerular mesangial cells (Patole 2005). SmalllearcRNA does activate B cells and dendritic
cells via TLR7 (Savarese 2006). Bacterial CpG-DMéréases production of dsDNA autoantibodies
and glomerular 19G deposits (Anders 2003). Howealementioned TLRs use different signalling
pathways. For example, dsRNA-induced disease #ctisiindependent of B cell activation and
humoral anti-chromatin immunity in experimental Sldad therefore differs from effects of
circulating TLR7 ligands and bacterial CpG-DNA (@at2007). Moreover, only CpG-DNA, but not
polyl:C or imiquimod induce lupus nephritis in yauMRL Ipr/lpr mice, most likely due to its
potential to activate B cells to produce autoardibs and to secrete much higher levels of
proinflammatory cytokines in immune cells as sedthwLR3 or TLR7 ligands (Pawar 2006).
Interfering with nucleic acid-specific TLRs may @ffa new understanding of the pathogenesis of a
number of kidney diseases and potentially new tarfge therapeutic intervention (Lenert 2005).
Here we hypothetized that SIGIRR, which is involiegrocesses of negative regulation of nucleic
acid-specific TLRs may play a role in regulationaattoimmune tissue injury. In this study we used
the model of spontaneous lupus-like immune disea&57BL/6Ipr/lpr mice to study the effects of
SIGIRR on SLE development. For the first time, ttisdy provides evidence for SIGIRR, a negative
regulator of TLRs to regulate proinflammatory cytek and chemokine production in response to

immune complexes.

Recently, independent research groups provide pe@&dhat blocking of some TLRs may be a
crucial approach in developing the therapeutictefpa against SLE. TLR7 overexpression is
associated with antinuclear autoantibody productéiod lupus-like disease in mice (Pisitkun 2006,
Subramanian 2006). Contrarily|r7-deficient MRLIpr/lpr mice show less lymphoproliferation, less
activation of plasmacytoid dendritic cells, andsl@sitoimmune lung and kidney injury (Christensen

2006). Moreover, TLR7 blockade with synthetic oligoxynucleotides with immunoregulatory
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sequences (IRS 661) substantially reduce autoimntissee lung and kidney injury (Pawar 2007),
which is consistent with the phenotypeTdf7-deficient MRLIpr/lpr mice (Christensen 2006). IRS
661 significantly reduced the number of CD4/CD8lulewnegative T cells in spleen (Pawar 2007), a
population which continuously expands in MRpr/lpr, because of the inability to delete
autoreactive T cells via the interaction of Fashwifte Fas-ligand in these mice (Cohen 1991). TLR7
is required to generate anti-Sm RNP 1gG (Christer#06) and serum levels of anti-Sm RNP 1gG
were also reduced with injection of IRS 661 (Pag@d7). Furthermore, IRS 661 reduces the serum
levels of anti-dsDNA IgG2a and IgG2b as well asnggoular deposits of IgG2a and complement
factor C3c. The IRS 661 reduces also the produafa®CL2 and CCL5 in kidney and macrophage
and lymphocyte infiltrates in kidney MRIpr/lpr mice (Pawar 2007). The contribution of TLR9 to
the pathogenesis of lupus must involve differentimamisms; lack of TLR9 is associated with less
chromatin-specific autoantibodies and with a highetivation state of plasmacytoid dendritic cells
(Christensen 2006). However, injections with TLRdspTLR-9-antagonistic oligodeoxynucleotides
had similar protective effects on kidney and luiigepdse in MRUpr/Ipr mice (Pawar 2007), that is
comparable to what has been observed with oligeatide antagonists specific for TLR9 only in the

same lupus model (Patole 2005) or in NZB/NZW mider{g 2005).

In our studies we observed that the lack of negatdgulator of TLRs, SIGIRR is able to increase the
anti-dsDNA antibody production as well as the piithn of proinflammatory cytokines such as IL-6
and IL-12. C57BL/@pr/Ipr Sigirr-/- mice have elevated anti-dsDNA IgGs levels compaodplr/Ipr
controls. SIGIRR seems to have mostly an influemedgG1, IgG2b and IgG3 levels. We did not
observe striking differences in case of IgG2a subtyThis suggests that SIGIRR has a protective
role in autoimmunity. However, the mechanism of IRB function may differ from this observed in
case of TLR7 or TLR9 blockade with the antagoniSKGIRR is most probably blocking the
signaling of TLRs by the interaction with their Ti#omain, not by affecting the ligand binding.
Moreover, SIGIRR is probably able to inhibit at #seme time more than only one signaling pathway

by interacting with different TLRs at the same time well as with the adaptor molecules. The
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function of SIGIRR in blocking the development dfESmay be more complex and may involve a

larger part of the innate immunity.

Aggravation of SLE in C57BL/@pr/lpr mice is supported by the activation of immune scelhd
production of proinflammatory cytokines. There isigh evidence supporting the theory that DCs
play a central role in infection-associated develept of autoimmunity. For example, these cells
constitutively express most TLRs in mice and humédernung 2002, Muzio 2000). Ex vivo
activation of DCs and transfer of such cells iniaarthat are prone to autoimmune myocarditis was
sufficient to initiate overt myocarditis (Erikss@903); and aggravation of lupus nephritis can be
triggered by injections of recombinant IL-12 in MRpr/lpr mice (Huang 1996). Moreover, the
stimulation of TLR4 and TLR9 on DCs blocks the suggsor activity of CD4+CD25+ regulatory T
cells via the secretion of IL-6 (Pasare 2003). Ttle of regulatory T cells in SLE remains to be
elucidated. However, it is already known that thaimber is reduced in peripheral blood of SLE
patients with active disease (Crispin 2003, Liu A0GIGIRR inhibitory function therefore may

modulate adaptive immunity in SLE as well.

Bone marrow—derived dendritic cells produce praimfimatory cytokines, chemokines, and type |
interferons upon stimulation with the TLR ligandsimmune complexes. However, only stimulation
with the immune complexes increases the proinflatorgacytokine production in C57BL/Epr/lpr
Sigirr-/- mice. When exposed to LPS, CpG, imiquimod, pl:CARN polyU RNA, dendritic cells
cells expressed large amounts of IL-6 and IL-1&inflammatory mediators that are known to be
involved in progression of SLE. However, no sigrafit differences betweeigirr+/+ andSigirr-/-
cells were detected in the investigated C57Blp8Blpr background. Moreover, in this genetic
backgroundSigirr deficiency does not seem to affect the produatiboytokines by dendritic cells.
We did not expect this rather surprising phenomefitie Ipr mutation however, is abele to change
phenotype ofSigirr-/- cells that we observed in in vitro experimemigh immune cells. The
production of cytokines by the dendritic cells &teld fromSigirr+/+ Ipr/lpr or Sigirr-/- Ipr/lpr mice

was comparable.
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Recently, many studies focused on TLR7 and propdbkedreceptor as a novel and potential
therapeutic target in systemic lupus erythematoBluig-deficient and wild-type mice revealed that
TLR7 contributes to the production of antibodiesaiagt the Smith antigen of Sm-RNP RNA
(Christensen 2006). This is interesting, becausdupus autoantigen U1snRNP RNA was identified
as an endogenous ligand for TLR7 (Savarese 2006lm&lo 2005). Furthermore, 564
immunoglobulin transgenic mice produce large am®uit anti-RNA, -DNA, and -nucleosome
antibodies of the IgG2a and IgG2b isotype that eanephritis, a phenomenon which was abrogated
in TIr7-deficient mice (Berland 2006)

Based on the present evidence of a proinfammatuley of TLR7 for lupus we hypothesized that
inhibition of TLR7 would have beneficial effects @axperimental lupus. This study shows that
SIGIRR plays a role in regulation of proinflammataytokine production by murine dendritic cells
in response to immune complexes like U1lsnRNP atigeem U1snRNP immune complexes can
stimulate pDC for type | IFN and IL-6 productiorava TLR7-dependent pathway (Savarese 2006).
U1snRNP can directly stimulate pDC for IENproduction in a TLR7-dependent manner and
stimulate monocytes for TN&-production via a TLR8-dependent pathway (Volimeo®). SIGIRR

is able to inhibit the production of cytokines afséimulation with the U1snRNP immune complex.
SIGIRR exclusively regulates the mechanism of imastimulation by nuclear self-antigens, shown
here using the U1lsnRNP autoantigen. The mecharasohshe exact TLRs involved in this process
are however not known. Immune complexes requirddodelivered to the cytoplasm and this
suggests that the endosomal TLRs (TLR3, -7 an@r®)nvolved in the inflammation process. One
may assume that immune complex—induced maturatiddGs would enhance humoral immunity
against chromatin, an important autoantigen in ShEact, the data from this study clearly showttha
in C57BL/6lpr/lpr mice, the deficiency of SIGIRR provides a sigral B cell activation, consistent
with the finding that serum DNA autoantibody levelere elevated irBigirr-deficient C57BL/6
Ipr/lpr mice. Thus, lack of SIGIRR may affect global Bla@adtivation by increased production of
cytokines as a response to endogenous stimuli., Thesautoantibody production in vivo may well
reflect direct effects of the IC on B cells, as ved indirect effects mediated by IC activatiorDdts

and subsequent induction of cytokine productiopraming of helper T cells. Additional studies will
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be necessary to evaluate the relative importancB®fand B cell intrinsic events. Overall, the
presented data establish a role for SIGIRR in SDHr data suggest that TLR regulation plays an
important role in the pathogenesis of lupus. Thelifigs from this study may help to identify novel
targets for the treatment of lupus. Pharmacologienss interfering with the internalization of I1C-
containing nuclear autoantigens, endosomal maturatind binding of endogenous ligands to the
endosomally localized TLRs or targeting the regulatmolecules such as SIGIRR may help to
forward immunotherapies for the treatment of SLEe \Wbnclude that SIGIRR is one of the
mechanisms that may protect the host from the elgatien of pre-existing SLE. Thus, the roles of
TLRs and their regulators for the evolution of sfie@autoantibodies may even be more complex and
requires a detailed analysis of immune cell subsets

In summary our data suggest that SIGIRR is involirethhibition of TLR7 which, together with
previous data, may lead to reduction of autoangibprbduction and prevents autoimmune tissue
injury in experimental lupus. These data suppagtabncept that TLRs signalling contributes to the
pathogenesis of autoantibody production and autainamtissue injury in SLE and propose TLR

negative regulation of TLRs as a novel therapeagitcept for lupus.
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In summary, resident renal antigen-presenting cedistribute to TLR-mediated antimicrobial
immunity in the kidney and this function is conteal by SIGIRR, an orphan receptor of the II-1R
family. Thereby, SIGIRR inhibits an inappropriatmate immune response in the kidney. However,
SIGIRR does neither inhibit TLR signaling nor reduELR expression in tubular epithelial cells
supporting their role as sensors of microbial itifet in the kidney. Furthermore, SIGIRR is
differentially regulated in immune/antigen presegticells and tubular epithelial cells. Our data
further support the idea that posttranslational ifications rather than alternative splicing account
for the cell type-specific functions of SIGIRR. kigds for SIGIRR remain unknown, but it has been
shown that SIGIRR cannot bind to any known ligafidhe Toll/IL-1R (TIR) superfamily such as
LPS or IL-1, subsequently activating MB- signaling (Thomassen 1999).

Our data support the hypothesis that SIGIRR def@yjehyper-activates immune cells, and thus
contributes to the pathogenesis of lupus. Physilily, SIGIRR supresses the activity of SLE

disease. Vice versa, lack of function (LOF) miotabf SIGIRR may predispose to SLE.
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