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Abstract
Objective
TLR3 mediates skin solar injury by binding nuclear material released from apoptotic keratinocytes, resulting in
the production of pro-inflammatory cytokines. Because the TLR3 gene is located in 435, a known systemic lupus
erythematosus (SLE) susceptibility locus, we wondered whether TLR3 single nucleotide polymorphisms (SNPs) were
associated with inflammatory mechanisms relevant to the development of SLE, and disease susceptibility.

Methods
Functional assays were carried out in TLR3-transfected HEK293 cells and in monocyte-derived dendritic cells (moDCs).
TLR3 and IFNf immunofluorescence studies were performed in skin samples from 7 SLE patients and 3 controls.
We performed a SNP association study in a discovery cohort of 153 patients and 105 controls, followed by a
confirmation study in an independent cohort of 1,380 patients and 2,104 controls.

Results
TLR3 and IFNf are overexpressed in SLE skin lesions. TLR3 overexpression in HEK293 cells amplifies their sensitivity
to a pro-apoptotic stimulus. Taking advantage of a naturally occurring polymorphic TLR3 variant (rs3775291) that
weakly versus strongly responds to poly I:C stimulation, we found that TLR3 is associated with amplified apoptotic
responses, production of the Ro/SSA autoantigen and increased maturation of myeloid-derived dendritic cells (moDC)
after exposure to UV irradiation. However, TLR3 SNPs are not associated with susceptibility to SLE in a large
population of patients and controls.

Conclusion
TLR3 is overexpressed in SLE skin lesions and amplifies apoptotic and inflammatory responses to UV-irradiation in
antigen-presenting cells in vitro. However, TLR3 SNPs do not impact susceptibility to the development of the disease.
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Introduction

Systemic lupus erythematosus (SLE) is
an autoimmune disease characterised
by a breakdown of tolerance to autoan-
tigens, and the production of antibodies
(Abs) directed against nuclear antigens,
i.e. double- and single-stranded DNA,
RNA-containing molecules such as
Ro/SSA, and other targets such as his-
tone proteins or nucleosomes. The aeti-
ology of SLE is unknown, but evidence
indicates that it develops as a multi-
step process in genetically susceptible
individuals (1). Interactions between
endogenous nucleic acids-containing
material (generated by apoptosis, or by
NETosis) and pattern recognition re-
ceptors (PRR), such as Toll-like recep-
tors (TLR) or intracytoplasmic sensors
play a central role in the pathogenesis
of the disease (2-7).

TLRs bind multiple sorts of ligands,
including bacterial lipoproteins, li-
popolysaccharide, flagellin, single-
stranded and double-stranded RNA,
and unmethylated CpG DNA. While
TLR1, -2, -4, -5, and -6 recognise bac-
terial products, TLR3, -7 and -9 recog-
nise nucleic acids which can originate
from both pathogenic microorganisms
and host (8). TLR3, -7 and -9 are lo-
calised in intracellular compartments
that are not accessible to endogenous
ligands in normal conditions. However,
in some conditions such as SLE, when
clearance of apoptotic cells is defective,
endogenous material from dying cells
may become available for these TLRs,
resulting in exacerbated inflammatory
responses.

TLRs are suspected to play a role in the
pathogenesis of SLE by inducing type
I interferons (IFNs), and IFN-induced
genes expression after ligation of nu-
cleic acids contained in circulating im-
mune complexes (9-11). In this respect,
the role of TLR7 and TLRY has been
extensively documented whereas the
involvement of TLR3 in the pathogen-
esis of SLE has not been thoroughly
investigated.

TLR3 binds double-stranded (viral)
RNA but also endogenous double-
stranded RNA-like structures (12,
13). Several somatic cell populations
express TLR3 in humans, including
fibroblasts and keratinocytes. In hae-

matopoietic cells, TLR3 expression is
restricted to myeloid-derived dendritic
cells (moDC) (14). Recent work dem-
onstrated that TLR3 mediates skin solar
injury by binding UV-modified noncod-
ing RNA released from apoptotic ke-
ratinocytes, resulting in the production
of pro-inflammatory cytokines such as
tumour necrosis factor (TNF)a or inter-
leukin (IL)-6 (15).

Since former reports indicated the
presence of excessive amounts of non-
engulfed apoptotic material in the SLE
skin (16, 17), we wanted to investigate
whether TLR3 might be involved in
the inflammatory process characteristic
of SLE skin lesions, and contribute to
specific responses to an apoptotic chal-
lenge, resulting from, e.g. a physical
stress (UV irradiation).

Material and methods

Patients and controls

All SLE patients met the American Col-
lege of Rheumatology (ACR) revised
criteria for the diagnosis of SLE (18).
Clinical information and autoantibody
profiles of the patients were retrieved
from their medical records at baseline
(see Supplementary Table S1). The im-
munohistochemistry, functional and
initial genetic studies were approved
by the ethics committee of Université
catholique de Louvain. The confirma-
tory genetic study was approved by the
ethics committee of Hospital Clinico
Universitario de Santiago and by the
local ethics review boards of all recrut-
ing centres. Informed consent was ob-
tained from all patients and controls.

TLR3 and IFNf immunostaining

Fresh biopsies from SLE skin lesions
(n=7) and control skin (residual ab-
dominoplasty material, n=3) were fixed
overnight in 10% formalin buffer at
pH 7.0, and embedded in paraffin. Im-
munolabelling was performed using a
standard protocol, including removal
of paraffin, and retrieval of antigenic
sites in a 10 mM sodium citrate buffer
(pH 5.8) at 97°C for 40 minutes. Tis-
sue permeabilisation was performed in
0.3% Triton X-100 (v/v) in PBS, and
non-specific binding was blocked prior
to overnight incubation at 4°C with pri-
mary anti-IFNf mouse monoclonal Ab,
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and anti-TLR3 rabbit polyclonal Ab
(Novus, dilution 1/50 for both antibod-
ies). The sections were then incubated
with the appropriate Alexa-labelled
secondary antibodies (Invitrogen, di-
lution 1/200) and with DRAQ-5 DNA
dye (Biolegend, dilution 1/500). The
slides were finally examined with a
LSM 510 META confocal microscope
using a Plan-Apochromat 20X/0.8 ob-
jective (Zeiss, Jena, Germany).

TLR3-transfected HEK 293 cells

In some experiments, we used HEK-
Blue hTLR3 cells, transfected with
plasmids encoding both the hu-
man TLR3 transcript, and a NF-«B-
inducible secreted embryonic alkaline
phosphatase (SEAP) reporter gene.
In other experiments, we used stably
TLR3-transfected HEK 293 cells gen-
erated by transfecting HEK 293 cells
with different TLR3 rs3775291 alleles,
as follows. The pUNO TLR3 plasmid,
containing the TLR3 rs3775291 G al-
lele, was purchased from Invivogen.
The pUNO TLR3 rs3775291 A variant
was constructed by 1) PCR amplifica-
tion of rs3775291 containing cDNA
fragment from a TLR3 rs3775291 A/A
homozygous individual (see Suppl.
Table S2 for primers), 2) digestion
of the original plasmid and the PCR-
amplified cDNA with SanDI and Xbal
restriction enzymes, and 3) insertion
of the digested PCR product into the
digested plasmid. The control pUNO
plasmid was generated by digestion of
pUNO-TLR3 with EcoRV and ligation
of the free ends of the plasmid, which
resulted in the removal of >1,500 bp in
the sequence of the gene. The sequence
of the insert was verified by sequencing
in all plasmids before amplification.
HEK 293 cells were stably transfected
with these plasmids, using blasticidin
(50 pg/mL) as a selection agent, and
clones were obtained by limiting dilu-
tions. TLR3-transfected HEK 293 cell
clones were tested by real-time PCR,
in order to select clones containing
similar amounts of transfected plas-
mids. For the experiments, selected
clones were seeded in 24-well plates at
100,000 cells/well in DMEM, supple-
mented with 10% FCS and blasticidin
50 pg/mL.
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TLR3 inhibition experiments
TLR3-HEK 293 cell clones were trans-
fected with TLR3-specific (Hs_TLR3_8
siRNA, Qiagen) or control (Mm_
Lmna_5 siRNA, Qiagen) siRNA, at a
50 nM concentration using the INTER-
FERin™ kit (Polyplus Transfection),
and subjected to UV irradiation 3 days
later. The efficiency of TLR3 inhibition
was assessed by Western Blot, using
TLR3 (BioLegend), and P-actin (Sig-
ma-Aldrich) Abs.

Short-term peripheral blood
mononuclear cells (PBMC) and
monocyte-derived DC (moDC) cultures
PBMC were obtained from healthy
individuals, and frozen. In some ex-
periments, PBMC with known TLR3
rs3775291 G/G, A/G, or A/A geno-
types were stimulated with poly I:C
(25 pg/mL) for 16h. For the generation
of moDC, PBMC were thawed, and
plastic-adherent cells were cultured for
6 days in medium supplemented with
10% FBS, GM-CSF (70 ng/mL) (Leuco-
max®, Novartis), and IL-4 (200 U/mL)
(obtained from the laboratory of BVDE)
at 37°C, 5% CO,. On days 2 and 4, me-
dium was refreshed with 35 ng/mL GM-
CSF and 200 U/mL IL-4.

UV irradiation was performed in a
Stratalinker™ 1800 oven (at 254 na-
nometer) (Stratagene). After overnight
incubation, cell viability was assessed
by Trypan blue exclusion on a Coun-
tess™ automated cell counter (Invitro-
gen), or using a MTS/PMS colorimet-
ric assay (Promega). Apoptosis was
evaluated by flow cytometry, using a
CaspACE™  FITC-VAD-FMK (Pro-
mega) in situ marker. Cell surface ex-
pression of HLA-DR and CD86 (BD
Pharmingen) were evaluated by flow
cytometry. Ro/SSA and IL-6 secretion
were evaluated by ELISA and bead-
based immunoassay.

gRT-PCR experiments

Total RNA was extracted using a Nucle-
oSpin RNA II extraction kit (Macherey-
Nagel) and cDNA was synthesised us-
ing RevertAid™ Moloney Murine Leu-
kemia Virus reverse transcriptase (Fer-
mentas GmbH) and Oligo(dT) primers.
qRT-PCR experiments were performed
on a LightCycler 480® real-time PCR

system (Roche Applied Science) using
SYBR Green detection mix (1X). The
melting curves obtained after each PCR
amplification reaction confirmed the
specificity of the SYBR Green assays.
The data were normalised for S-actin
gene expression, and normalised gene
expression values were calculated us-
ing standard curves (see Suppl. Table
S2 for primers).

Flow cytometry analyses

Cells were resuspended in 100 pL
FACS buffer, and stained with the fol-
lowing mAbs: FITC conjugated anti-
CDllc, PE conjugated anti-CD86, an-
ti-HLA-DR, or FITC conjugated anti-
CD4 mAbs, as well as with the appro-
priate isotype controls (BD Pharmin-
gen) (dilution 1:20). After 30 minutes
at 4°C, cell samples were washed and
resuspended in FACS buffer contain-
ing 0.5% formaldehyde. Labelled cells
were then analysed with a FACSCali-
bur flow cytometer (Becton Dickinson),
and FlowJo software.

Apoptosis was also evaluated by flow
cytometry, using a CaspACE™ FITC-
VAD-FMK in situ marker (Promega).
After incubation with the marker at a
5 uM final concentration at 37°C for
20 min, cells were resuspended in 300
pL FACS buffer, and immediately ana-
lysed on a FACSCalibur flow cytom-
eter (Becton Dickinson), and FlowJo
software.

Ro/SSA, IFNa, IFNJ and

IL-6 determinations

Ro/SSA concentrations in culture su-
pernatants of UV-irradiated moDC
were assessed by ELISA. Briefly, 96
well microlon ELISA-plates (Greiner
Bio-One) were coated overnight at 4°C
with a 100 pL rabbit anti-human SSA1
pAb (Epitomics) solution, diluted at 5
pg/mL in a 50 mM sodium carbonate
(stock at 1 M, pH 10) coating buffer.
Plates were blocked with milk for 2h at
37°C, before being incubated with 100
pL undiluted supernatants overnight.
For the standard curve, we used serial
dilutions of a recombinant Ro/SSA pro-
tein (USBiological). Finally, the wells
were incubated for 2h at 37°C with a
mouse anti-human SSA1 mAb (Ab-
nova), diluted at 1 pg/mL in PBS 0.5%
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BSA. The third antibody was a peroxi-
dase-labelled rat anti-mouse IgG1 kap-
pa mAb (LO-MKI1, Unit of Experimen-
tal Immunology, Université catholique
de Louvain, Brussels, Belgium), diluted
at 0.5 pg/mL in PBS 0.5% BSA, for 2h
at 37°C. Plates were washed 5 times
with PBS Tween 20 (Sigma-Aldrich)
1/1,000 between each step. The reac-
tions were revealed with 1-Step Ultra-
TMB (Thermo Fisher Scientific), and
stopped by the addition of 2M H,SO,,
before reading the OD at 450 nm with a
microplate reader.

IFNa and IFNP concentrations in sera
(n=173) of SLE patients were quan-
tified using the Verikine IFNo multi
subtype and High Sensitivity Human
IFNf ELISA kit (PBL IFN Source) re-
spectively, according to manufacturer’s
instructions. Patients were followed-up
at a single centre (Brussels), and renal
/ mucocutaneous BILAG scores were
determined at the time of the sampling
based on a review of the medical charts
of the patients.

IL-6 secretion in cell supernatants were
assessed using a Bio-Plex Pro™ assay
(Bio-Rad). Undiluted supernatants were
mixed with capture antibodies coated
on magnetic beads for 45 minutes at
room temperature. Next, detection an-
tibodies were added for another 60
minutes, followed by a last 15 minutes
incubation step with streptavidin-PE,
according to manufacturer’s instruc-
tions. The samples were analysed on a
Luminex 100/200 station (Millipore).

Genotyping studies

Our initial exploratory TLR3 gene as-
sociation study was performed on a
Belgian population of SLE patients
(n=153) and age- and gender-matched
controls (n=105), using 8 Tag SNP se-
lected by the Tagger-MultiMarkerTag-
ging algorithm in the HapMap Data
Rel24/phase II database (1> cut-off >
0.8; minor allele frequency > 0.2; CEU
population): rs4862632, rs4862633,
rs5743305, rsl10025405, rs6857595,
rs1519309, rs3775292 and rs4608848.
The genotypes of these Tag SNP were
assessed on PCR amplified genomic
DNA fragments with the the primers
listed in Supplementary Table S2, using
the ABI Prism® SnaPshot™ Multiplex
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Kit (Applied Biosystems). The single
base elongation reactions were carried
out using primers of different lengths
(Suppl. Table S3), enabling to pool sev-
eral SNP analyses in the same reaction
(Mix 1: rs4608848; rs6857595; Mix 2:
rs10025405, rs4862633, rs4862632;
rs3775291, rs1519309 and rs5743305
were analysed separately). The results
of the single base elongation reactions
were loaded on an ABI Prism 3130xl
Genetic Analyzer according to the man-
ufacturers’ instructions. Analyses of the
electropherograms were performed on
GeneMapper 4.0. Absent calls in mixed
or single reactions were re-run sepa-
rately. The accuracy of the SnapShot
readings was checked by comparison
with sequencing data, obtained in par-
allel on at least 10 amplified genomic
DNA fragments for each SNP.

Genotyping of the TLR3 rs3775291
was performed in an independent
population of 1,380 SLE patients and
2,104 healthy controls recruited in 7
European countries. Patients and con-
trols from each location were matched
according to self-reported ancestry of
the same country and with 16 top An-
cestry Informative Markers (AIMs) for
European subpopulations (19). Geno-
typing of the TLR3 rs10025405 SNP
was performed in a subset of 351 SLE
patients and 697 controls, recruited in
3 locations in Spain. Both, the TLR3
rs3775291 and the rs10025405 SNPs
were genotyped in multiplex PCR reac-
tions. PCR was done with the KAPA2G
fast HotStart (Kapa Biosystems, Wo-
burn MA) on a final volume of 10 pL,
using 3 mM MgCl, and 0.2 pM of each
primer. PCR products were purified by
Exo-SAP digestion with Exonuclease I
(Epicentre, Madison, WI) and FastAP
Thermosensitive Alkaline Phosphatase
(Thermo Scientific, Madrid, Spain) and
a single-base extension reaction with
the SNaPshot Multiplex kit was done.
After a post-extension treatment with
SAP, genotypes were loaded in ABI
Prism 3130x] Genetic Analyzer and
analyses were performed on GeneMa-
pper 4.0. Results from the 7 countries
were combined either by simply pool-
ing or with the Mantel-Haenszel test
to account for heterogeneity between
collections. Call rates were higher than

95% for all SNPs and subanalyses. In
all control groups, distribution of the
TLR3 rs3775291 and rs10025405 geno-
types was in Hardy-Weinberg equilib-
rium (p>0.01).

Statistical analyses

Statiscal analyses were performed us-
ing GraphPad Prism software (v. 5.0),
using paired or unpaired, parametric or
non-parametric tests according to the
distribution of the data, as indicated in
the figure legends.

Results

TLR3 and IFNp are expressed

in SLE skin lesions

We first investigated the presence of
TLR3 in cutaneous lesions of patients
with SLE versus controls biopsies.
Compared to control cutaneous lesions
(n=3), we found a positive TLR3 stain-
ing in mononuclear cells infiltrates pre-
sent in skin lesions from SLE patients
(n=7) (Fig. 1A). Not surprisingly, cells
that stained positive for TLR3 also
stained for IFNP. In addition, IFNf
and IFNo were found at significantly
higher concentration in sera of SLE
patients with active mucocutaneous le-
sions, compared to patients with other
manifestations of the disease (Fig. 1B).
When patients with simultaneous renal
involvement were excluded, only IFNf3
was significantly elevated in sera of
SLE patients with mucocutaneous le-
sions (Fig. 1C).

TLR3 increases susceptibility

to apoptosis

HEK 293 cells are poorly sensitive to
UV-induced apoptosis and cell death.
However, we found that TLR3-trans-
fected HEK 293 cells are susceptible to
apoptosis in response to UV irradiation,
compared to sham-transfected cells (Fig.
2A). Transfection of a TLR3 siRNA into
TLR3-expressing HEK 293 cells signif-
icantly reversed this effect, confirming
that TLR3 amplifies the pro-apoptotic
effects of UV irradiation (Fig. 2B).

In order to confirm these observations,
we also performed similar experiments
using two naturally occurring variants
of TLR3 (weak vs. strong), distin-
guished by a single base substitution
in the coding region of the gene (TLR3
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Fig. 1. Increased TLR3 and
IFN production in SLE skin
lesions.

A: TLR3 and IFNP immu-
nostaining in skin biopsies
of SLE patients vs. control
patients. Biopsies were ob-
tained from sub-acute skin
lesions of 7 SLE patients
vs. 3 controls. Sections were
double-stained with anti-
TLR3 (green) and anti-IFNf3
(red) antibodies. DRAQ-5
(DNA intercalating dye) was
used to stain nuclei in blue.
Characteristic images of 2
SLE patients and 2 controls
are shown (original magnifi-
cation x 20).

B: IFNf} and IFNo concen-
trations in sera from SLE
patients with vs. without mu-
cocutaneous manifestations.
BILAG scores A, B and C
= active mucocutaneous le-
sions; BILAG Scores D and
E = mucocutaneous lesions
are not present or were never
present.

C: IFNP and IFNa concen-
trations in sera from SLE
patients with vs. without mu-

cocutaneous manifestations B 25 p <0.0001 100-
after exclusion of patients ’ T 1
with active renal involve- = Lol . = o
ment (renal BILAG A, B E ’ E
and C). The horizontal bars 2 .o g
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rs3775291). TLR3 rs3775291 is the
only frequent single nucleotide poly-
morphism (SNP) in the coding region
of TLR3 with a significant impact on
the function of the molecule (20). The
Leu to Phe amino-acid substitution en-
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coded by the SNP in the ligand-binding
pocket of TLR3, results in increased
responses of TLR3 to stimulation, in
particular increased expression of IFN-
induced genes (Fig. 2C) in the presence
of the G (stronger) allele. Using these

two variants, we demonstrated that
HEK 293 cells expressing the TLR3
rs3775291 G allele were more suscep-
tible to UV-induced apoptosis and cell
death, compared to those expressing the
A allele (Fig. 2D-E).
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Fig. 2. TLR3 amplifies apoptotic res-
ponses induced by UV irradiation.

A: Cell viability (MTS/PMS assay) of
HEK-blue hTLR3 cells (white bars)
or control pUNO plasmid-transfected
HEK 293 cells (grey bars) in response

to UV-irradiation (n=3 in sextuplicates).
B: TLR3-expressing HEK 293 cells
were transfected with a TLR3-specific
(TLR3 siRNA), or a control (LAM siR-

o LAM

SiRNA

LAM
siRNA

TLR3
siRNA

Control plasmid

| |
|
omd: 111 +£4.1%

Counts

1 2
* mrc v

rs3775291 minor A allele

| |
' 0mJ:15.8 £5.9%

Counts

! 1
FITC

rs3775291 major G allele

|
0mJ: 262 +2.6%

Counts

10

10!

2
FITc °

0 T T
omJ 20 mJ

50 mJ 100 mJ

Intracellular caspase activation

100 mJ: 11.1 £3.7%

100 mJ: 21.1 £ 5.2%

100 mJ: 31.6 £9.0%

NA) siRNA, and submitted to 100 mJ
UV-irradiation (n=4 in triplicates). Left
panel: cell viability (automated read-
ing after Trypan blue exclusion) ; right
panel : quantification of TLR3 down-
regulation (Western Blot).

C: Role of TLR3 rs3775291 genotypes
on TLR3 responses to Poly I: C stimula-
tion. qRT-PCR evaluation of /FI27 and
IF144 expression in healthy rs3775291
G/G (n=15), A/G (n=16), and A/A
(n=3) PBMC in response to poly I:C
stimulation. Results are represented as
the mean fold induction of the gene (+
SEM) as compared to baseline.

D. Effect of TLR3 rs3775291 genotypes
on UV-induced apoptosis. Apoptosis
was assessed by flow cytometry (Cas-
pACE™ FITC-VAD-FMK  staining).
The graphs show representative results
obtained in one experiment (green: 0 mJ,
red: 100 mJ) and the numbers are the
mean (= SEM) values obtained from 3
independent experiments (in duplicates).
E: Effect of TLR3 rs3775291 genotypes
on UV-induced cell death. Transfected
HEK 293 cells (filled squares: control
plasmid, open squares: rs3775291 A
allele, open circles: rs3775291 G al-
lele) were irradiated with the indicated
doses of UV light (3 experiments in
triplicates). Cell viability readings (au-
tomated assessment after Trypan blue
exclusion) are expressed as the mean (+
SEM) values. * p<0.05 using Student’s
t-tests (in C : G/G vs. A/G; in E : G vs.
A allele).

TLR3
siRNA

TLR3 increases monocyte-derived
dendritic cells (moDC) maturation in
response to a pro-apoptotic challenge
In order to explore the role of TLR3 in
DC phenotype and function, we used
moDC from healthy individuals and we
took again advantage of the natural oc-
currence of weak versus strong TLR3
variants based on their TLR3 rs3775291
genotype. We first showed that moDC
from TLR3 rs3775291 G/G individuals
were more susceptible to UV-induced
apoptosis than moDC from A/G or
A/A individuals (Fig. 3A). In addition,
we demonstrated that UV exposure in-
duced higher release of the Ro/SSA au-
toantigen (Fig. 3B), and higher cell sur-
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face expression of MHC II and CD86
molecules (Fig. 3C) in TLR3 rs3775291
G/G compared to A/G or A/A moDC.
TLR3 stimulation triggers interleukin
IL-6 production through NF-«xB activa-
tion. Accordingly, we found that IL-6
production by TLR3 rs3775291 G/G
moDC after UV exposure was higher
than in A/G or A/A moDC (Fig. 3D).

Distribution of TLR3 rs3775291
alleles and genotypes in SLE

patients and controls

Finally, we wondered whether the dis-
tribution of TLR3 variants was skewed
in SLE patients, compared to controls.
We first studied the distribution of 8

TLR3 Tag SNP (designed in order to
cover the majority of the polymorphic
changes in the sequence of the gene) al-
leles and genotypes in a small cohort of
153 SLE patients versus 105 controls.
As displayed in Supplementary Table
S4, we found a significant association
with SLE for TLR3 rs5743305 and
with anti-Ro/SSA positive SLE cases
for TLR3 rs5743305 and rs10025405.
TLR3 rs5743305 is in the promoter re-
gion of the gene, and TLR3 rs10025405
is an intronic SNP in linkage dis-
equilibrium with the functional 7LR3
rs3775291 SNP, described in the previ-
ous paragraphs of this manuscript (21).
We therefore studied TLR3 rs3775291
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Fig. 3. Effect of TLR3 rs3775291 genotypes on moDC responses to UV irradiation. rs3775291 G/G
(grey bars) or rs3775291 A/A or A/G (white bars) moDC were seeded in triplicates. The effects of 0, 5
and 10 mJ UV irradiation were evaluated on

A: apoptosis (CaspACE™ FITC-VAD-FMK staining),

B: release of Ro/SSA auto-antigen (ELISA),

C: HLA-DR and CD86 expression (flow cytometry),

D: IL-6 secretion (Bio-Plex assay). In A and C, results are represented as the median (10-90 percentile)
and mean (depicted as a “+7) values (10 to 14 experiments). In B and D, data are represented as mean
(+ SEM) values (8 to 12 experiments). *p<0.05, **p<0.005, ***p<0.0005 using Student’s r-tests.

Table I. TLR3 rs3775291 and rs5743305 genotypes in two independent collections of SLE
patients and controls.

SNP % % % OR (CI)

Controls SLE SLE

anti-Ro/SSA+

rs3775291 GG GG GG
Spain (1,006; 596; 155) 484 413 47.1 0.95 (0.68 — 1.33)
Greece (379; 194; 43) 58.8 552 51.2 0.73 (0.39 - 1.38)
Milan (227; 208; 60) 48.0 51.9 51.7 1.16 (0.65 - 2.05)
Netherlands (160; 97; 43) 465 495 58.1 1.60 (0.81 - 3.15)
Portugal (138; 116; 30) 54.0 57.8 53.3 097 (044 -2.15)
Hungary (99; 90; 35) 494 51.1 45.7 0.86 (0.40 — 1.86)
Germany (95; 79; 22) 42.1 45.6 54.5 1.65 (0.65 -4.19)
Combined (2,104; 1,380; 388) 50.2 477 50.3 1.00 (0.81 —1.24)
rs5743305 TT TT TT
Spain (697 ; 351 ; 102) 36.3 359 323 0.84 (0.54 - 131)

Population (n controls; n SLE patients, n anti-Ro/SSA positive SLE patients). OR (C.I.): Odds ratios
(confidence interval) for the comparison of anti-Ro/SSA+ with healthy controls.
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alleles and genotypes distribution in
a large independent population of
SLE patients (n=1,380) and controls
(n=2,104), but found no significant as-
sociation in either all or anti-Ro/SSA
positive cases. Similarly, no signifi-
cant association was found for TLR3
rs10024405 alleles and genotypes,
upon testing in a subset of this inde-
pendent population (Table I).

Discussion

In a small exploratory study performed
on skin biopsies, we found that TLR3
and IFNf are over-expressed in in-
flammatory infiltrates in SLE skin le-
sions. Serum IFNP concentrations
are significantly elevated in sera from
SLE patients with active mucocutane-
ous involvement. We demonstrated
that TLR3 amplifies in vitro not only
apoptotic responses, but also Ro/SSA
autoantigen production, and maturation
of moDC exposed to a pro-apoptotic
stress (UV irradiation). These observa-
tions suggest that TLR3 contributes to
the inflammatory processes involved in
SLE skin lesions. However, distribu-
tion of TLR3 SNPs is not biased in SLE
patients, with or without anti-Ro/SSA
autoantibodies.

Involvement of TLR7 and TLR9 in the
break of tolerance to RNA- and DNA-
containing autoantigens is well docu-
mented in the context of SLE. Both
TLR7 and TLR9 have the ability to
bind endogenous mammalian nucleic
acids (e.g. released during apoptosis or
NETosis), thereby resulting in the acti-
vation of innate immune cells and pro-
duction of IFNa (9, 22, 23). In geneti-
cally susceptible individuals, produc-
tion of or response to [FNa is increased
at a level where autoimmunity may oc-
cur, due to the stimulatory effects of the
cytokine on antigen-presenting abilities
of dendritic cells, and sustained acti-
vation of autoreactive T and B cells
(24). Noteworthy, TLR7 and TLR9
also contribute to the pathogenesis of
the disease through IFNa-independent
mechanisms, either in immune cells or
in the kidney (25-27).

By opposition to these TLRs, the in-
volvement of TLR3 in the pathogen-
esis of SLE has not been thoroughly
investigated. This is because excessive

887



Pro-inflammatory role of TLR3 in SLE / A. De Groof et al.

production of IFNa, and not IFNf, is
purportedly associated with the disease
(28). Yet, recent (29) and our own data
indicate that IFNf is also part of the
type I interferon bias observed in SLE
patients. As such, the role of TLR3 in
the pathogenesis of SLE was mainly
investigated by Christensen et al.,
who generated TLR3-deficient MRL/
Ipr mice and compared production of
autoantibody production and onset of
nephritis in wild-type, TLR3-deficient
and TLR9-deficient mice (30). In this
specific model, they demonstrated that
TLRY deficiency resulted in suppres-
sion of anti-dsDNA and anti-chromatin
antibodies, while TLR3 deficiency had
no effect on autoantibody profiles. The
prevalence of immune-complex medi-
ated glomerulonephritis was similar
in all strains of mice. The authors did
not investigate whether TLR3 deletion
influenced other manifestations of the
disease in different target organ. While
TLR3 does not impact production of
autoantibodies in lupus nephritis, it
may have an impact on end-organ re-
sponses. Thus, human and mouse me-
sangial cells respond to TLR3 stimula-
tion by producing chemokines such as
CXCLI1 (31), and in vivo poly I:C ad-
ministration to MRL/Ipr mice resulted
in more severe lupus nephritis (32). In
a model of mixed connective tissue dis-
ease induced after immunisation with
U1-70-kd small nuclear RNP using Ul
RNA as an adjuvant, Greidinger et al.
reported that lung disease did not devel-
op in TLR3-deficient mice. Instead, im-
munised TLR3-deficient animals devel-
oped nephritis, by opposition to TLR3
wild-type animals. The authors hypoth-
esised that in the absence of TLR3-
mediated moDC stimulation, UIRNA
in TLR3-deficient animals were able
to activate plasmacytoid DC through
TLR7 and TLR8 resulting in the devel-
opment of lupus nephritis (33).

In haematopoietic cells, TLR3 ex-
pression is restricted to moDC. TLR3
stimulation leads to recruitment of
Toll-IL-1 receptor domain-containing
adaptor molecule-1 (TICAM-1) that
activates the NF-xB and interferon
regulatory factor-3, resulting in pref-
erential expression of IFNP (34, 35).
The main function of TLR3 is to bind

888

double-stranded RNA viruses, but the
molecule also has the ability to ligate
endogenous nucleic acids. TLR3 stimu-
lation by RNA originated from necrotic
cells is long known (12, 13), but TLR3
ligation by molecules that contain loop
structures mimicking double-stranded
RNA also occurs in more physiological
conditions. Thus, RNP-associated RNA
molecules with regions of self com-
plementarity (such as Ro-associated
Y5, or Ul) stimulate the proliferation
of AM14 B cells when they are part of
immune complexes, and this effect is
TLR3-dependent (36). More recently,
Bernard et al. found that UV irradiation
affects the secondary structure of sev-
eral small non-coding RNA (in particu-
lar Ul) by increasing the size of their
loop domains, thereby also increas-
ing their ability to bind to TLR3 (15).
The authors demonstrated that in vitro
(HEK293 cells) and in vivo (skin) in-
duction of pro-inflammatory cytokines
such as IL-6 and TNFa after UV irradi-
ation is TLR3-dependent. Accordingly,
their study shows that TLR3 mediates
solar injury and suggests that this re-
ceptor might play a major role in other
light-sensitive disorders, such as SLE.
By demonstrating the presence of a
TLR3 allele dose-effect on IL-6 pro-
duction and expression of HLA class II
and CD86 molecules by UV-irradiated
moDC, our results indicate that TLR3
has a role in the moDC maturation
process in specific situations. This ob-
servation might support the hypothesis
that TLR3 is part of the inflammatory
process in SLE skin lesions. TLR3 is
probably not exclusively involved in
mediating responses to apoptotic mate-
rial in the SLE skin, but the presence
of IFNf in SLE cutaneous lesions, and
significantly higher serum IFNf con-
centrations in patients with mucocuta-
neous disease activity are compelling
arguments in favour of a role for TLR3
in the pathogenic chain of events.
Ligation of TLR3 induces pro-inflam-
matory signals, but is also an additional
pro-apoptotic trigger, resulting in the
sustained production of (lupus-related)
autoantigens. The mechanisms linking
TLR3 to induction of apoptosis are still
incompletely mapped. In tumour cells,
TLR3 stimulation interferes with acti-

vation of both the intrinsic and extrinsic
pathways, resulting in the activation of
caspase 9 and 8 (37), respectively, and
parts of the effects of the molecule are
also mediated through inhibition of the
PI3K/Akt pathway (38). It is unclear
how these mechanisms translate in the
present situation, but our data evidence
a synergy between TLR3 over-expres-
sion and UV irradiation on apoptosis
in HEK293 cells. In moDC homozy-
gous for a functionally more active al-
lele of TLR3, UV irradiation results in
increased apoptosis and production of
Ro/SSA, a known autoantigen in SLE.
Taken together, these results demon-
strate that TLR3 is part of an ampli-
fication loop that increases apoptotic
responses after a physical stress (UV
irradiation), and facilitates presentation
of autoantigens.

TLR3 is located in 4q35, a locus as-
sociated with susceptibility to SLE in
patients with anti-Ro/SSA antibodies
(39). According to online repositories,
the frequency of the major, functionally
more active, TLR3 rs3775291 allele
in people of African descent is >95%,
an observation of particular interest in
view of the severity of SLE manifesta-
tions (including mucocutaneous symp-
toms) in this population. Based on our
initial results in a small SLE and con-
trol population using TagSNPs across
the gene, we analysed the association
between TLR3 rs3775291 (the only fre-
quent SNP in the coding region of the
gene with functional consequences),
and rs5743305 (a SNP located in the
promoter region of the TLR3 gene), and
disease susceptibility in a large cohort
of patients and controls. At this stage,
however, our results are not in favor of
a link between TLR3 rs3775291 and
SLE, either in the whole population
of patients, or in the subgroup of pa-
tients with anti-Ro/SSA autoantibodies.
Similarly, we did not find confirmatory
evidence that TLR3 rs5743305 is as-
sociated with susceptibility to SLE or
development of anti-Ro/SSA antibod-
ies. It is possible that additional analy-
ses, using other component phenotypes
(such as photosensitivity) rather than
autoantibody profiles, would yield
other insights about a potential genetic
contribution of TLR3 to the pathogen-
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esis of the disease, but our data do not
enable to perform such analyses at the
present time.

Despite the absence of genetic associa-
tion between TLR3 SNPs and SLE, our
data indicate that TLR3 activation could
play a role in the pathogenesis of SLE
skin lesions by increasing autoantigen
production and antigen-presenting abil-
ities of moDC, thereby contributing to
the break of tolerance to Ro/SSA. While
it is recognised that TLR9- and TLR7-
mediated mechanisms are involved in
many manifestations of SLE through
plasmacytoid DC activation, explora-
tion of additional pathways involved in
the pathogenesis of the disease is of im-
portance, in particular in view of the de-
velopment of IFN-blocking agents as a
therapeutic strategy in SLE (7, 40-43).
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