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Introduction

Summary

Spondyloarthritis (SpA) is a group of immune mediated inflammatory dis-
eases affecting joints, gut, skin and entheses. The inflammatory process
involves activation of Toll-like receptor (TLR)-2 and TLR-4 and production
of cytokines and chemokines such as monocyte chemoattractant protein 1
(CCL2/MCP-1). This proinflammatory chemokine recruits monocytes to
sites of inflammation and is central in the development of several immune-
mediated inflammatory diseases. Interleukin (IL)-19 is a member of the
IL-10 family of cytokines. IL-19-deficient mice are more susceptible to
innate-mediated colitis and develop more severe inflammation in response
to injury. In this work, we studied inducers of IL-19 production and effect of
IL-19 on the production of CCL2/MCP-1 and proinflammatory cytokines in
peripheral blood mononuclear cells (PBMCs) from healthy controls (HCs)
and in PBMCs and synovial fluid mononuclear cells (SFMCs) from SpA
patients. Further, we measured IL-19 in plasma from HCs and in plasma and
synovial fluid from SpA patients. Constitutive IL-19 expression was present
in both PBMCs and SFMCs and the secretion of IL-19 was increased by
TLR-2 and TLR-4 ligands. Neutralizing IL-19 in HC PBMCs and SpA SEMCs
resulted in increased production of CCL-2/MCP-1. IL-19 concentrations
were decreased in synovial fluid compared with plasma and associated
inversely with disease activity in SpA. SpA SFMCs produced less IL-19 in
response to LPS compared with HC PBMCs. These findings indicate that
IL-19 production is diminished in SpA. Taken together, impaired IL-19
control of the innate immune system might be involved in the pathogenesis
of SpA.
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for guiding monocytes to sites of inflammation. Growing
evidence indicates that part of this proinflammatory profile

Spondyloarthritis (SpA) is a group of immune-mediated
inflammatory diseases affecting the joints and entheses. The
disease group includes ankylosing spondylitis, psoriatic
arthritis, arthritis associated with inflammatory bowel
disease, reactive arthritis and undifferentiated arthritis [1].
Proinflammatory cytokines and chemokines, including
tumour necrosis factor (TNF)-q,, interleukin (IL)-1f, IL-17,
IL-23 and chemokine (C-C motif) ligand 2/monocyte
chemotactic protein 1 (CCL2/MCP-1), are important in the
pathogenesis of SpA. This is highlighted by genetic associa-
tions, cytokine expression and effect of cytokine blockade in
human SpA [2,3]. For instance, CCL2/MCP-1 is essential

results from abnormal innate immune responses, including
activation of Toll-like receptors (TLRs) [4,5]. First, TLR-2
and TLR-4 expression is increased in human SpA [6,7], and
both receptors contribute to the pathogenesis of reactive
arthritis [8,9]. Secondly, endogenous TLR-2 and TLR-4
agonists are increased in the peripheral blood of SpA
patients [10,11]. Thirdly, presence of germ- and pathogen-
derived TLR agonists is critical for the development of joint
and gut inflammation in an animal model of SpA [12].
Interleukin (IL)-19 is a member of the IL-10 family of
cytokines [13,14], and is produced primarily by epithelial
cells and lipopolysaccharide (LPS)-stimulated monocytes
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[15,16]. IL-19 shares the receptor complex of IL-20R1/IL-
20R2 with IL-20 and IL-24 and the IL-20R1 subunit with
IL-26 [17-19]. Expression of the IL-20R1 subunit was iden-
tified initially only in epithelial cells (e.g. skin, bone and
gut), while the IL-20R2 subunit was also found in several
peripheral blood leucocyte subsets [15,16]. However, the
IL-20R1 was induced in macrophages in the lung [18], and
several studies have found effects of IL-19, IL-20, IL-24 and
IL-26 on cells of the immune system indicating the presence
of a functional receptor [20-26].

IL-19 has been associated with anti-inflammatory func-
tions and suggested as a new therapeutic agent in inflam-
matory conditions [27]. This is primarily because IL-19-
deficient mice are more susceptible to dextran sodium
sulphate-induced colitis [28] and develop more severe
inflammation in response to injury [29]. Also, single-
nucleotide polymorphisms of the IL-19 gene are protective
in psoriasis [30] and colitis [31], and altered methylation of
the IL-19 gene is involved in Crohn’s disease [32]. Finally,
IL-19 has anti-inflammatory functions in Crohn’s disease
[33,34], atherosclerotic disease [35,36] and cardiopulmo-
nary bypass [37]. In line with this, loss of IL-19 function
has been suggested to contribute to the inflammatory
mechanisms in these diseases. IL-19 has been studied in
arthritis, but the mechanisms of action are not well
described [38-41].

In this study we show increased IL-19 production by
both TLR-2 and TLR-4 stimulation in mononuclear cell
cultures, and the addition of IL-19 neutralizing antibodies
resulted in increased production of CCL2/MCP-1. This sup-
ports that induction of IL-19 could be a regulatory mecha-
nism in the innate immune system. IL-19 plasma
concentrations associated inversely with disease activity and
production of IL-19 was impaired in SpA. Taken together,
an inability to increase IL-19 production and thereby to
reduce inflammation might be involved in the pathogenesis
of SpA.

Methods

Study subjects

A study population of 83 SpA patients with symptoms
restricted to the axial skeleton (aSpA) was used for measur-
ing the plasma concentration of IL-19. The patients all met
the European Spondyloarthropathy Study Group (ESSG)
criteria (Table 1) [42]. As described previously [43], this
study population was characterized with self-assessment
scores and clinical scores comprising the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), the Bath
Ankylosing Spondylitis Functional Index (BASFI), patient
global visual analogue scale (VAS) score, patient pain VAS
score, level of morning stiffness, the Bath Ankylosing Spon-
dylitis Metrology Index (BASMI) and physician global
assessment VAS score. The test results comprised C-reactive

protein (CRP), human leucocyte antigen (HLA)-B27 status,
lumbar radiography and magnetic resonance imaging
(MRI) of the sacroiliac joint (SIJ) and lumbar spine. The
MRI changes were graded using methods described previ-
ously [44,45]. In summary, these methods differed from the
Spondyloarthritis Research  Consortium of Canada
(SPARCC) methods primarily by wusing full three-
dimensional assessment of the SIJ and the spine [46,47].

Another study population consisting of SpA patients
with predominantly peripheral arthritis (pSpA) was
included to be able to measure both plasma and synovial
fluid concentrations of IL-19 (n=16) and for culturing of
peripheral blood mononuclear cells (PBMCs) and synovial
fluid mononuclear cells (SFMCs) (n=12) (Tablel).
Patients with peripheral arthritis contacted the out-patient
clinic because of a joint effusion. No disease activity or
prognosis scores or test results were used for this study
population.

Age- and gender-matched healthy controls (HCs) from
the Donor Bank at Aarhus University Hospital were used to
measure plasma concentrations of IL-19 (n=43) and to
culture PBMCs (n=12) (Table 1).

Sample handling

All plasma samples were collected in ethylenediamine
tetraacetic acid (EDTA) tubes and kept at —80°C until use.
SEMCs and PBMCs were isolated by conventional Ficoll-
Paque (GE Healthcare, Little Chalfont, UK) density-
gradient centrifugation and cryopreserved at —135°C until
time of analysis.

Ethics

Samples from the SpA study groups were collected at the
out-patient clinic at Aarhus University Hospital. All samples
were obtained after informed written consent according to
the Declaration of Helsinki and approved by the Local
Ethics Committee (project numbers 20050046, 20121329
and 20058432) and the Danish Data Protection Agency.

Stimulation of IL-19 production in PBMC and
SFEMC cultures

The stimulation of IL-19 secretion was studied with three dif-
ferent experimental set-ups. First, HC PBMCs were incubated
with different recombinant human cytokines: TNEF-o
(Peprotech, Rocky Hill, NJ, USA) at 20ng/ml, IL-1B
(Peprotech) at 20 ng/ml, interferon (IFN)-y (Peprotech) at
10 ng/ml and IL-23 (R&D Systems, Abingdon, UK) at 50 ng/
ml. Secondly, HC PBMCs were incubated with different TLR
agonists: the TLR-1/2 ligand Pam3CSK4 (InvivoGen, San
Diego, CA, USA) at 1pg/ml, the TLR-3 ligand
polyinosinic:polycytidylic acid [poly(I:C)] (InvivoGen) at
25 pg/ml, the TLR-4 ligand LPS (Sigma Aldrich, St Louis, MO,
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Table 1. Clinical characteristics of the patients in each group used for measuring interleukin (IL)-19 concentrations in plasma and synovial fluid.

Characteristics Axial SpA (n=83) Peripheral SpA (n=16) HC (n=48)
Age (years, median) 38 (30-43) 49 (34-53) 41 (32-53)
Gender (percentage female) 58 75 54
Diagnosis (percentage of patients)
Ankylosing spondylitis 19 - -
Psoriatic arthritis 11 - -
Enteropathic arthritis 4 - -
Reactive arthritis 15 - -
Undifferentiated SpA 51 - -
HLA-B27 (percentage positive) 61 - -
Disease duration (years, median) 7:5 (5:0-11-0) - -
Treatment (number of patients)
MTX 8 - -
Salazopyrin 9 - -
Anti-TNF-o 7 - -
Self-assessment scores
BASDAI (0-100, mean) 32 (26-37) - -
BASFI (0-100, mean) 20 (16-25) - -
Patient global (0-100, mean) 32 (26-38) - -
Patient pain (0-100, mean) 32 (26-38) - -
Level of morning stiffness (0-100, mean) 36 (29-43) - -
Clinical scores
BASMI (0-100, median) 0 (0-0) - -
Physician global (0-100, mean) 16 (13-20) - -
Test results
CRP (mg/l, median) 2-1(1:3-3-9) - -
SIJ MRI activity (040, mean) 7:5 (5:9-9-0) - -
SIJ MRI chronicity (048, mean) 15 (12-18) - -
Spine MRI activity (0-81, median) 1(0-4) - -
Spine MRI chronicity (0-207, median) 0(0—4) - -

Numbers in parentheses are 95% confidence interval for measures with a Gaussian distribution and 25-75% percentiles for measures with a non-
Gaussian distribution. Anti-TNF-o, = anti-tumour necrosis factor-alpha; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; BASFI = Bath
Ankylosing Spondylitis Functional Index; BASMI = Bath Ankylosing Spondilitis Metrology Index; CRP = C-reactive protein; HC = healthy control;

MRI = magnetic resonance imaging; MTX = methotrexate; SIJ = sacroiliac joint; SpA = spondyloarthritis; HLA = human leucocyte antigen; — = not

available.

USA) at 100 ng/ml and the TLR-9 ligand cytosine—phosphate—
guanine (CpG) oligodeoxynucleotides (InvivoGen) at 2 M.
Thirdly, SpA PBMCs and SFMCs and HC PBMCs were
incubated with LPS at a concentration of 100 ng/ml.
In all experiments cells were incubated at a density of 2-0 x 10°
cells/ml in RPMI medium supplemented with 10% fetal
calf serum (FCS), penicillin, streptomycin and glutamine
at 37°C and 5% CO, for 48h in a humidified incubator
without changing the medium. Supernatants were harvested
carefully after centrifugation of the culture plates at 300g for
5 min.

Further, the constitutive and induced IL-19 mRNA
expression was examined. First, HC PBMCs and SpA
SFMCs were incubated in culture medium to evaluate con-
stitutive IL-19 mRNA expression. Then, HC PBMCs were
stimulated for 6h with the same concentrations of
cytokines and TLR agonists as described above. The culture
plates were centrifuged at 300g for 5 min and the superna-
tants were removed. Then, cells were lysed in the

culture wells and transferred to filter tubes for mRNA
isolation.

Inhibition of constitutive IL-19 in PBMC and
SFMC cultures

The neutralization of endogenous IL-19 was studied with
three different experimental set-ups. First, HC PBMCs were
incubated with polyclonal goat anti-IL-19 antibody
(AF1035, R&D Systems) at a concentration of 5 ug/ml or a
negative control culture with goat immunoglobulin (Ig)G
isotype (R&D Systems). Secondly, neutralization of IL-19
was tested after increasing the endogenous IL-19 secretion
in HC PBMCs with LPS at a concentration of 1 ng/ml and
then adding polyclonal goat anti-IL-19 antibody at 5 ng/ml.
Thirdly, SpA SEMCs were incubated with polyclonal goat
anti-IL-19 antibody at 5 pg/ml or goat IgG isotype. In all
experiments cells were incubated at a density of 2-0 x 10°
cells/ml in RPMI medium supplemented with 10% FCS,
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penicillin, streptomycin and glutamine at 37°C and 5% CO,
for 48 h in a humidified incubator without changing the
medium. Supernatants were harvested after centrifugation
at 300g for 5 min.

To validate the specificity of the IL-19 neutralization,
SEMCs were also incubated with a mouse monoclonal anti-
IL-19 antibody (MAB10351; R&D Systems) at a concentra-
tion of 5ug/ml using a mouse IgG2b isotype (R&D
Systems) as negative control. Furthermore, the polyclonal
goat anti-IL-19 antibody was preincubated with polymyxin
B (Sigma Aldrich) at a concentration of 100 ug/ml at 37°C
for 2 h to eliminate the possible influence of endotoxin con-
tamination. Supernatants were harvested after centrifuga-
tion of the culture plates at 300¢ for 5 min.

IL-19 enzyme-linked immunosorbant assay (ELISA)

The plasma concentration of IL-19 was quantified with an
ELISA system, validated as described previously [48]. Anti-
bodies, recombinant human cytokines and streptavidin-
horseradish peroxidase (HRP) for the IL-19 ELISA system
were purchased from R&D Systems (DY1035). Nunc
Maxisorp 96-well microplates were coated with 100 ul/well of
coat antibody at a concentration of 2 ug/ml in phosphate-
buffered saline (PBS) and incubated overnight at room tem-
perature (RT). Each well was then washed four times with
PBS/Tween. This washing step was repeated preceding all fol-
lowing steps. The wells were blocked with 300 ul 5%
skimmed milk in PBS for 2 h at RT. Then, 100 pul of sample,
positive controls and standards prepared in assay diluent
were added in duplicate and plates were incubated overnight
at 4°C. The assay diluent was prepared with protein-free PBS
blocking buffer (ThermoScientific, Rockford, IL, USA) with
10 ug/ml mouse gamma globulin (Jackson Immuno-
Research, West Grove, PA, USA), 10 pug/ml bovine gamma
globulin (Jackson ImmunoResearch), 10 pg/ml human
immunoglobulin (Behring, King of Prussia, PA, USA) and
1 pg/ml mouse IgG2b (MAB004; R&D Systems). Samples
were diluted 2:3. Next, 100 pl of biotinylated detection anti-
body was added to each well and plates were incubated for
1 h at RT. The detection antibody was used at a concentration
of 0-5 ug/ml. Plates were then incubated with 100 ul/well of
streptavidin—HRP for 15 min at RT. The signal was amplified
with the ELAST ELISA Amplification System (PerkinElmer,
Waltham, MA, USA) incubated with 100 pl/well of the
biotinyl-tyramide solution for 15 min at RT and then for
30 min at RT with 100 pl/well streptavidin—HRP. Finally, the
plates were incubated with 100 ul/well of 3,3",5,5-
tetramethylbenzidine (TMB) substrate solution at RT. Colour
development was stopped with 50 pl/well of H,SO,. The
optical density of each well was measured using a microplate
reader set to 450 nm and wavelength correction set to
570 nm.

The concentration of IL-19 in cell culture supernatants
was analysed as described for the plasma samples.

IL-19 quantitative real-time—polymerase chain reaction
(qQRT-PCR)

The amount of IL-19 mRNA in untreated and stimulated HC
PBMCs and SpA SFMCs were analysed with qRT-PCR. The
mRNA was isolated with the High Pure RNA Isolation kit fol-
lowing the manufacturer’s instructions (Roche, Mannheim,
Germany). Tagman Assays-On-Demand [6-carboxyfluorescein
(FAM)-labelled minor groove binder (MGB)-probes] and an
RNA-to-CT one-step kit (Applied Biosystems, Foster City, CA,
USA) were used to quantitate IL-19 (Hs00604657_m1) and
B-actin (hs01060665_gl) mRNA expression. IL-19 mRNA
expression was normalized to -actin expression.

CCL2/MCP-1, TNFaq, IL-10, IL-17 and IL-22 ELISAs

Culture supernatants were analysed with commercially
available ELISA kits for CCL2/MCP-1 (Biolegend, San
Diego, CA, USA), TNF-o. (Biolegend), IL-10 (Biolegend),
IL-17 (eBioscience, San Diego, CA, USA) and IL-22
(eBioscience), following the manufacturer’s instructions.

Statistics

Patient characteristics were expressed as the median with
interquartile range (IQR) for parameters with a non-
Gaussian distribution and with mean and 95% confidence
intervals (95% CI) for parameters with a Gaussian distribu-
tion. IL-19 concentrations and mRNA expression ratios
were log-transformed before analyses. Unpaired data were
analysed using Student’s t-test, while paired data were ana-
lysed using a paired #-test. The plasma IL-19 concentrations
were correlated with disease activity parameters using
Spearman’s correlation for parameters with a non-Gaussian
distribution and Pearson’s correlation for parameters with a
Gaussian distribution. Comparisons of cytokine ratios were
made with the paired #-test or the repeated-measures one-
way analysis of variance (ANova) on log-transformed data.
A two-tailed P-value below 0-05 was considered significant.
Calculations and graphs were made with Stata (StataCorp
LP, College Station, TX, USA) and GraphPad Prism
(GraphPad Software, San Diego, CA, USA).

Results

IL-19 production is increased by both TLR-2 and
TLR-4 stimulation in HC PBMCs

To identify stimulators of IL-19 production, we treated HC
PBMC cultures with cytokines or agonists for pattern rec-
ognition receptors known to be involved in monocyte acti-
vation and measured IL-19 protein and mRNA. The
secretion of IL-19 was increased by IL-1B (P = 0-0003), the
TLR-1/2 ligand Pam3CSK4 (P=0-0012) and the TLR-4
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Fig. 1. Stimulation of interleukin (IL)-19
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ligand LPS (P =0-0008) (Fig. la,c). No induction was seen
with TNF-q, IFN-y, IL-23, the TLR-3 ligand poly(I:C) or
the TLR-9 ligand CpG (Fig. 1a,c). IL-19 mRNA expression
was increased significantly by IL-18 (P=0-032) and LPS
(P=0-043) (Fig. 1b,d). Constitutive expression of IL-19
mRNA in untreated cells was found in both HC donors
analysed with qRT-PCR. These findings suggest that IL-19
is expressed constitutively in HC PBMCs and greatly
induced by ligands of TLR-2 and TLR-4.

Inhibition of IL-19 increases CCL2/MCP-1 production
in HC PBMCs

Further, to study the effect of IL-19 we neutralized constitu-
tive IL-19 in HC PBMC cultures using a polyclonal goat
anti-IL-19 antibody. Goat IgG isotype was used as a nega-
tive control. CCL2/MCP-1 was increased in supernatants
from HC PBMCs incubated with neutralizing anti-IL-19
antibodies compared with supernatants from HC PBMCs
incubated with isotype IgG (P=0-021) (Fig.2a). This
set-up was also performed in HC PBMCs stimulated with
LPS at 1 ng/ml to increase the endogenous IL-19 produc-
tion. Neutralizing IL-19 in cultures stimulated with LPS at
1 ng/ml further increased the LPS-induced production of
CCL2/MCP-1 (P=0-0059) (Fig.2b). This indicates that
IL-19 has anti-inflammatory properties and that induction
of IL-19 could be a regulatory mechanism in the innate
immune system.

Inhibition of IL-19 increases CCL2/MCP-1 and IL-10
production in SpA SFMCs

Next, we tested whether IL-19 also dampens immune reac-
tions in SpA by determining the effect of neutralizing con-

UT TNF-o IL-1B IFN-y IL-23

UT Pam3 Poly LPS CpG
CSK4 (I:C)

stitutive IL-19 in SpA SFMCs measuring a set of cytokines
involved in the pathogenesis of SpA. With regard to the HC
PBMCs, constitutive expression of IL-19 mRNA was also
found in SFMCs from the two SpA donors tested with qRT-
PCR. IL-19 neutralization resulted in increased secretion of
CCL2/MCP-1 and IL-10 in SpA SFMC cultures (P = 0-0048
and P=0-014, respectively) (Fig.3). An increase was also
seen in TNF-q, IL-17 and IL-22 production. However, this
tendency was not significant for these cytokines. Removing
potential endotoxin contamination of the anti-IL-19
polyclonal goat antibody with polymyxin B did not change
the stimulatory effect of IL-19 inhibition (Supporting infor-
mation, Fig. S1a). The stimulatory effect of IL-19 inhibition
was seen using both the polyclonal goat antibody and a
mouse monoclonal antibody (Supporting information, Fig.
S1b). Our findings support that IL-19 regulates inflamma-
tion in SpA by inhibiting the production of cytokines and
chemokines.

IL-19 levels are decreased in synovial fluid compared
with plasma in SpA

In order to determine whether IL-19 levels were altered in
SpA patients we measured the levels of IL-19 in plasma
from both aSpA and pSpA patients and HCs and in synovial
fluid from pSpA patients. The levels of IL-19 in plasma
from aSpA or pSpA patients were not significantly different
compared with HCs (P=0-20 and P=0-62, respectively)
(Fig. 4a). The IL-19 levels in synovial fluid from pSpA
patients were decreased compared with the plasma levels in
both pSpA and aSpA (P < 0-0001 and P = 0-0025) (Fig. 4a).
The difference between pSpA synovial fluid IL-19 levels and
HC plasma IL-19 levels did not reach statistical significance
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IL-19 neutralization in HC PBMC cultures
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Fig. 2. Effect of neutralizing interleukin (IL)-19 in healthy control (HC) peripheral blood mononuclear cell (PBMC) cultures. (a) Neutralization of

IL-19 in HC PBMC with polyclonal goat anti-IL-19 antibody at a concentration of 5 pg/ml (n = 4). Goat immunoglobulin (Ig)G isotype served as a

negative control. Ratios were calculated by normalizing to the chemokine (C-C motif) ligand 2/monocyte chemoattractant protein 1 (CCL2/MCP-1)

concentration in supernatants from untreated cultures. Log-transformed data were analysed with the paired t-test. (b) Neutralization of
lipopolysaccharide (LPS)-induced IL-19 at 1 ng/ml in healthy control (HC) peripheral blood mononuclear cells (PBMCs) (1 = 3). Goat IgG isotype

served as a negative control. Ratios were calculated by normalizing to the CCL2/MCP-1 concentration in supernatants from cultures treated with

LPS and isotype IgG. Log-transformed data were analysed with the repeated-measures one-way analysis of variance (ANova). Boxes and bars

indicate median and interquartile range (IQR). *P < 0-05; **P < 0-01.

(P =0-097) (Fig. 4a). No associations between gender or age
and plasma IL-19 levels were observed for either SpA
patients or HCs. Thus, despite increased expression of
TLR-2 and TLR-4 and the presence of TLR-2 and TLR-4
agonists in SpA the plasma concentrations of IL-19 were

IL-19 neutralization in SpA SFMC cultures
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Fig. 3. Effects of neutralizing endogenous interleukin (IL)-19 in
spondyloarthrtis (SpA) synovial fluid mononuclear cell (SFMC)
cultures. The effect of adding anti-IL-19 (5 pg/ml) on secretion of
chemokine (C-C motif) ligand 2/monocyte chemoattractant protein 1
(CCL2/MCP-)1 (n=6), tumour necrosis factor (TNF)-o, (n = 3),
IL-10 (n=3), IL-17 (n=3) and IL-22 (n =3) in SpA SFMC cultures.
A polyclonal goat antibody was used as negative control in all
experiments. Ratios were calculated by normalizing to the
CCL2/MCP-1 concentration in supernatants from untreated cultures.
Boxes and bars indicate median and interquartile range (IQR).
Log-transformed data were analysed with the paired t-test. Truncated
line indicates the level of untreated (UT) cultures. *P < 0-05;

P <0-01.

not increased in SpA and synovial fluid levels were
decreased compared with plasma levels.

Plasma levels of IL-19 associate inversely with disease
activity in SpA

Possible associations between IL-19 and inflammatory
activity in SpA were tested by correlating aSpA plasma
IL-19 levels with disease activity parameters. These were
BASDALI, BASF]I, patient global VAS score, patient pain VAS
score, morning stiffness, BASMI, physician global assess-
ment score, CRP and sacroiliac joint and spine MRI activity
and scores. IL-19 plasma concentrations were associated
significantly inversely with the patient self-assessment
scores BASDAI (r=-0-271, P=0-034), patient pain
(r=-0-246, P=0-044) and morning stiffness (r=-0-265,
P =0-028) (Table 2). Inverse correlations were also observed
for associations between IL-19 plasma concentrations and
BASFI (r=-0-121, P=0-32), patient global assessment
score (r=-0-224, P=0-067), physician global assessment
score (r=-0-121, P=0-3), CRP (rho=-0-046, P=0-66)
and sacroiliac joint MRI activity scores (r=-0-126,
P =0-26), but these did not reach statistical significance. To
test whether IL-19 could be associated with new bone for-
mation we studied the association between aSpA plasma
IL-19 levels and sacroiliac joint and spine MRI chronicity
scores. There was a positive association between IL-19
plasma concentrations and spine MRI chronicity score
(rho=0-246, P=0-028). Taken together, we show that
decreased IL-19 levels associate inversely with scores meas-
uring disease activity in SpA; also, we show that decreased
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Fig. 4. Interleukin (IL)-19 levels in synovial fluid from peripheral spondyloarthrtis (pSpA) patients and in plasma from axial SpA (aSpA) and pSpA

patients and healthy controls (HCs) and IL-19 secretion from pSpA and healthy control (HC) mononuclear cell cultures. (a) The median value of
IL-19 was 269 pg/ml [interquartile range (IQR) 123-439 pg/ml] in synovial fluid from pSpA patients, 380 pg/ml (IQR 174-557 pg/ml) in plasma

from pSpA patients, 371 pg/ml (IQR 245-705 pg/ml) in plasma from aSpA patients and 294 (IQR 196-538 pg/ml) in plasma from HC. Lines and
boxes indicate median and IQR and bars indicate 10th and 90th percentiles. Data were log-transformed and unpaired data were analysed with the

t-test while paired data were analysed with the paired t-test. (b) Stimulation of pSpA SEMCs (n = 6) and peripheral blood mononuclear cells
(PBMCs) (n=6) and HC PBMCs (1 = 12) with lipopolysaccharide (LPS) at a concentration of 100 ng/ml. Boxes and bars indicate median and IQR.
Data were log-transformed and unpaired data were analysed with the t-test while paired data were analysed with the paired t-test. *P < 0-05;

**P < 0-01; ***P < 0-001; ****P < 0-0001.

levels of IL-19 associate with increased inflammatory activ-
ity in SpA.

The production of IL-19 after TLR-4 stimulation is
decreased in SpA SFMCs compared with HC PBMCs

To determine whether altered production of IL-19 could
explain the decreased levels of IL-19 found in synovial fluid
compared with plasma we measured the production of
IL-19 from LPS-stimulated pSpA SFMCs and PBMCs and
HC PBMC:s. IL-19 secretion was increased by LPS stimula-
tion at a concentration of 100 ng/ml in both pSpA SFMCs
and PBMCs and HC PBMCs (P =0-0072, P=0-0002 and
P <0-0001, respectively) (Fig.4b). The increase in IL-19

Table 2. Associations between plasma concentrations of interleukin
(IL)-19 in spondyloarthritis (SpA) patients and self-assessment disease
activity scores.

Patient ~ Patient ~ Morning
BASDAI ~ BASFI pain global stiffness
IL-19 r —0-27 —0-12 —0-25 —0-22 —0-27
P 0-024 0-32 0-044 0-067 0-028

Numbers shown in bold type indicate significant correlations. Data
were analysed with the Pearson correlation. BASDAI = Bath Ankylosing
Spondylitis Disease Activity Index; BASFI = Bath Ankylosing Spondyli-
tis Functional Index.

production after LPS stimulation was most pronounced in
HC PBMC cultures, followed by pSpA PBMCs, and finally
pSpA SFMCs (Fig. 4b). The difference in the IL-19 increase
was significant when comparing pSpA SFMCs with HC
PBMCs (P =0-02). This supports that the decreased levels
of IL-19 in synovial fluid could result from decreased pro-
duction of IL-19 by SEMCs.

Discussion

The inflammatory process in SpA involves activation of
TLRs and a proinflammatory cytokine profile with
impaired regulatory mechanisms [2-5]. Our findings show
that both TLR-2 and TLR-4 stimulation can induce IL-19
production and indicate that endogenously produced IL-19
functions to dampen immune reactions. Plasma levels of
IL-19 associated inversely with disease activity and IL-19
levels were decreased locally in the inflamed joint in SpA.
Taken together, insufficient regulation of the innate
immune system by IL-19 could be involved in the patho-
genesis of SpA. This adds to the literature suggesting IL-19
as a therapeutic agent in inflammatory conditions [27].
Stimulation of IL-19 production through TLR-4 is well
established [15,16]. Also, IL-19 induction in response to
TLR-2 stimulation has been proposed previously [33]. Con-
firming these findings, both the TLR-1/2 agonist
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Pam3CSK4 and the TLR-4 agonist LPS increased IL-19
secretion from HC PBMCs. In contrast, the TLR-3 ligand
poly(I:C) and the TLR-9 agonist CpG did not induce IL-19
secretion. IL-19 production was also increased by IL-1f, as
described previously [38], but not by IFN-y, TNF-o or
IL-23. Taken together, IL-19 is produced primarily in
response to bacterial components and ligands from host
cells (TLR-2 and TLR-4) and not virus double-stranded
RNA or DNA viruses (TLR-3 and TLR-9).

Neutralizing constitutive IL-19 resulted in increased pro-
duction of CCL2/MCP-1. This was seen both when neutral-
izing constitutively produced IL-19 in untreated
mononuclear cells and when neutralizing induced IL-19 in
LPS-stimulated mononuclear cells. This is in line with pre-
vious studies, demonstrating greater responses to LPS in
IL-19-deficient macrophages which could be normalized by
adding recombinant human IL-19 [28,34]. Thus, our find-
ings support the hypothesis that the induction of IL-19
functions to dampen excessive immune reactions. Such
regulatory mechanisms have been suggested to prevent
massive release of proinflammatory mediators [49]. This is
interesting in the context of autoinflammatory disease,
because loss of inhibitory factors could then augment
inflammation and disease activity. A previous study found
that recombinant human IL-19 induces IL-10 production in
PBMCs, which could potentially explain the regulatory
effects of IL-19 [21]. However, in our study IL-10 was
induced when neutralizing endogenously produced IL-19.
The discrepancy could be a result of the different experi-
mental approaches. However, there are several alternative
explanations of the regulatory effects of IL-19; e.g. IL-19 has
been suggested previously to skew the immune system
towards a Th2 profile [20,25].

In this study of SpA two major findings suggest that
impaired IL-19 production contributes to the uncontrolled
regulation of immune reactions in these diseases.

First, the immune regulatory function of IL-19 found in
HCs was also present in SpA patients. In this study the pro-
duction of several proinflammatory cytokines was
increased in SpA SEMC cultures when neutralizing consti-
tutive IL-19. This is in accordance with several previous
studies indicating the anti-inflammatory properties of
IL-19 in inflammatory conditions [28-37,50]. However,
IL-19 has been suggested to have proinflammatory func-
tions in arthritis. For instance, IL-19 inhibition attenuated
arthritis in the collagen-induced arthritis model in rats, and
high concentrations of recombinant human IL-19 induced
the production of IL-6 and increased survival in fibroblast-
like synovial cells [39,40]. It can only be speculated that
some of these discrepancies are explained by interspecies
differences and differences between physiological and
supraphysiological concentrations of IL-19 in cell cultures.
However, IL-19 is up-regulated in the skin in psoriasis and
in the gut in inflammatory bowel disease [51-53]. Also, a
recent comprehensive study of psoriasis showed the crucial

role of IL-19 in IL-17-driven inflammation [54]. In this
way, IL-19 could act in different ways in different cell types
and under different inflammatory conditions. This is in
line with our finding that IL-19 actually associated posi-
tively with chronic MRI changes.

Secondly, concentrations of IL-19 were decreased in
synovial fluid compared with plasma from SpA patients.
The decreased synovial fluid IL-19 levels were, at least to
some extent, explained by a decreased response to TLR-4
activation in SFMCs from SpA patients compared with
PBMCs from HCs. This difference could reflect both differ-
ences in sensitivity to TLR stimulation and differences in
the cell populations present in the cultures. However, our
finding is in line with a study showing decreased IL-19 pro-
duction from Crohn’s disease PBMCs compared with HC
PBMGC:s in response to LPS [33]. The plasma concentrations
of IL-19 were not decreased in SpA patients compared with
HCs, as reported otherwise recently by others [41].
However, the plasma concentrations were not increased, as
seen with several other cytokines in SpA; e.g. IL-20 and
IL-24 and were correlated inversely with disease activity
scores [55]. These findings are interesting, because TLR-2
and TLR-4 involvement in SpA and mouse models of these
diseases is well established [6-9,12]. Thus, the innate
immune system is activated in SpA and this activation could
be potentiated by the loss of IL-19 function.

No inflammatory disease controls were assessed, making
the disease specificity of our findings in SpA uncertain. The
impaired regulatory effect of IL-19 has been found in other
diseases, such as vascular disease and inflammatory bowel
disease, implying that these mechanisms are not SpA-
specific [33,56]. Thus, the mechanisms described here could
be transferable to other immune-mediated inflammatory
diseases.

Taken together, this study suggests that IL-19 restricts
excessive proinflammatory immune reactions. This regula-
tory system seems to be impaired in SpA, potentially con-
tributing to the activation of pathways in the innate
immune system seen in these diseases.
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Fig. S1. Effect of neutralizing endogenous interleukin
(IL)-19 in spondyloarthrtis (SpA) synovial fluid
mononuclear cell (SEMC) cultures. (a) The effect of neu-
tralizing IL-19 (5 pg/ml) on chemokine (C-C motif) ligand
2/monocyte chemoattractant protein 1 (CCL2/MCP-1)
secretion in SEMC cultures after removing potential endo-
toxin contamination of the anti-IL-19 polyclonal goat anti-
body (n=3). (b) The effect of neutralizing IL-19 (5 ug/ml)
on CCL2/MCP-1 secretion in SEMC cultures using either
the polyclonal goat antibody or a mouse monoclonal anti-
body (n = 3).
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