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Abstract

DCs.

the MDDCs through the extracellular matrix layer.

Background: Psoriasis is an inflammatory disease characterized by leukocyte skin infiltration. Interestingly, recent
works suggest that the migration of dendritic cells (DCs) is abnormal in psoriatic skin. DCs have significant role in
regulating the function of T lymphocytes, at least in part influenced by the local environment of cytokines. In
psoriatic skin lesions the expression of IL-20 is highly up-regulated. It is unclear if this cytokine has any influence on

Methods: Here, we investigated the influence of IL-20 in monocyte-derived dendritic cell (MDDCs) in vitro. This
work addressed IL-20 effects on DC maturation, receptor expression and signaling. By use of extra cellular matrix
components mimicking the skin environment, we also studied the functional effects of IL-20 on the chemotactic
migration of DCs. Based on the recent finding that CD18 integrin are shed during migration of myeloid leukocytes,
the concentration of these adhesion molecules was measured in MDDCs culture supernatants post migration.

Results: Following stimulation with IL-20, immature human MDDCs enhanced the expression of the co-stimulatory
molecule CD86, further enabling activation of the p38 MAPK, but not the STAT3, pathway. IL-20 increased the
migration of MDDCs in a biphasic response narrowly controlled by the interleukin concentration. A concomitant
change in the shedding of CD18 integrins suggested that these adhesion molecules play a role in the migration of

Conclusion: Taken together, our findings points to a possible, yet subtle, role of IL-20 in DCs migration. The
biphasic response suggests that the aberrant IL-20 expression in psoriasis impedes DC migration, which could be a
part of the processes that precipitates the dysregulated inflammatory response associated with this disease.

Keywords: Dendritic cells, Psoriasis, Interleukin (IL)-20, CD18 integrins, Cell migration

Background

IL-20 belongs to the IL-10 family of X interleukins with
15-39 % identical primary structure in pairwise compar-
isons [1, 2]. IL-10 interleukins contribute to a great
variety of cellular processes, which regulate the immune
system, including antiviral activity, antibacterial proteins
secretion, cell-growth stimulation, acute phase response,
wound healing, anti-tumor activity, as well as induction
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of apoptosis [1, 2]. However, studies connecting the
function of IL-20 to specific leukocyte subsets are still
lacking. Studies showed that IL-20 expression in humans
is associated with chronic inflammation disorders such
as psoriasis and rheumatoid arthritis [3]. Furthermore,
the over expression of IL-20 in transgenic mice gener-
ated psoriasis-like skin lesions [4] and treatment of
human skin xenografts with IL-20 induced psoriasis-like
skin lesions [5].

In psoriasis, epidermal keratinocytes are a major
source of IL-20 synthesis and the transcriptional level of
IL-20 is strongly upregulated in psoriatic skin lesions [5].
Other studies suggest that monocytes and maturing DCs
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are additional sources of IL-20 [2, 6] although more re-
cent work also suggest that papillary mononuclear cells
possibly may take up IL-20 released into the epidermis
by keratinocytes [7]. DCs expressing CD40, CD86, and
HLA-DR are abundant in psoriatic skin, while resolution
of psoriatic lesions results in reduction of DC infiltra-
tion [8]. Normal skin contains an abundant subset of
CDla + CD207 + immature DCs, also referred to as
Langerhans cells (LC). Appropriate uptake of antigen
prompts the migration of LC from epidermis to the
dermis and draining lymph nodes through the base-
ment membrane. Cumberbatch et al. reported that
the mobilization of immature DCs following IL-1
and TNF stimulation was impaired in non-lesional
psoriatic skin compared to the non-inflamed skin
where these cytokines support the DCs migration [9].
Intriguingly, it was recently demonstrated that these
findings were not due to a defect in DCs function
[10] pointing to the cytokine milieu as a factor in the
migrational impairment. However, there has been a
paucity of studies at the cellular level to more pre-
cisely investigate these factors.

Integrins are heterodimeric cell adhesion molecules,
composed of one alpha and one beta chain, which sup-
port cell-cell and cell-extracellular matrix (ECM) adhe-
sion [11]. The family of 2 integrins (CD18) includes
CD11a/CD18 (LFA-1), CD11b/CD18 (Mac-1 or comple-
ment receptor 3), and CD11¢/CD18 (p150,95 or comple-
ment receptor 4) with an expression restricted to
leukocytes. The role of CD11a/CD18 in psoriasis is well
established from the clinical application of Efalizumab
[12], which blocks the function of CD11a/CD18 and
hence decreasing the influx of DCs into psoriatic skin
[8]. Recently, it has been shown that the plasma concen-
tration of shed CD18 integrins is lower in arthritis
patient samples compared with healthy controls. By
contrast, the concentration in synovial fluid from the
inflamed arthritis patients is elevated compared with
the less inflamed osteoarthritis patients [13, 14]. This
points to shedding of CD18 in the zone of inflamma-
tion supporting the hypothesis of a link between cel-
lular migration and shedding of CD18 [15]. A few
studies have implicated CD18 shedding as part of
chemotaxis and exposure to stress shear in neutro-
phils [16, 17], but experimental studies comparing mi-
gration and the shedding of CDI18 in leukocytes
central to adaptive immunity have not been reported
earlier.

In the present study we established culturing condi-
tions to enable the differentiation of human peripheral
monocytes into DCs with an immature phenotype. We
investigated the influence of IL-20 on the maturation
of these monocyte-derived DCs (MDDC)s, interleukin
receptor expression and signaling, as well as the
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function of MDDCs in cell migration and shedding of
adhesion receptors. We report that IL-20 influences
the expression of co-stimulatory molecules. The
MDDCs express both IL-20RA and IL-20RB, which
permits signaling involved in phosphorylation of p38.
We found that IL-20 influenced the migration of
MDDCs. These findings readily suggest a link be-
tween the function of IL-20 and trapping of DCs in
psoriatic skin.

Methods

Isolation of monocytes from human blood

Blood samples were collected from healthy human
donors according to protocols for obtaining samples
from humans approved by the institutional ethical re-
view committee. Monocytes were, then, isolated using
Ficoll Paque PLUS (GE Healthcare, Little Chalfont,
UK) and “Monocyte Negative Isolation Kit”™ (Gibco-
Life, Waltham, MA) according to the instructions by
the manufacturer. The monocytes were resuspended
in RPMI-1640 culture medium containing 20mg/ml
gentamicin, 2 mM I-glutamine, and 2 % (v/v) heat-
inactivated human serum (Gibco-Life).

Differentiation of monocytes into MDDCs

Isolated monocytes were cultured for a total of seven
days in 6-cm Petri dishes. (Nunclon Surface™, 150288;
Nunc, Kamstrup, Denmark). Cultures were kept in sup-
plemented RPMI-1640 culture medium (described
above) and incubated at 37 °C in an atmosphere with 5
% (v/v) CO, and 80 % relative humidity (Fig. 1). The dif-
ferentiation was initiated on Day 1 (Fig. 1la) by 20 ng/
ml recombinant IL-4 (PeproTech EC, London, UK)
and 100 ng/ml GM-CSF (Leukine Sargramostim™,
Berlex, Richmond, CA). On Day 3 the cultures received
1.05 ml of culture medium containing 67 ng/ml IL-4
and 300 ng/ml GM-CSF and on Day 5 a volume of
4.55 ml culture medium containing 40 ng/ml IL-4
and 200 ng/ml GM-CSF was added. Following add-
itional cultivation for two days (Incubation I, Fig. 1b)
the cells were harvested by flushing the Petri dishes
with ice-chilled culture medium and analyzed by flow cy-
tometry as described below. As a positive control on the
expression of maturation markers, cells were also stimu-
lated (Fig. 1b) with 10 ng/ml of LPS (Sigma-Aldrich, St.
Louis, MO) on Day 6. To investigate the role of IL-20 in
maturation of DCs, cells were incubated for 4-6 h with re-
combinant human IL-20 [18] (Batch 022 KMK, Novo
Nordisk, Malgv, Denmark) at concentrations of 0.0001-
5000 ng/ml (Fig. 1b).

Characterization of MDDCs surface marker expression
Analysis of the MDDCs expression of cell surface
markers was carried out by flow cytometry for which
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Fig. 1 Schematic overview of the MDDCs cultures. a All cultures were initiated by 5 days of treatment of monocytes with GM-CSF and IL-4.
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antibodies labelled with surface markers using anti-
bodies to HLA-DR (BD Bioscience, Franklin Lakes,
NJ), CDla (BD Biosciences), CD1lc (Miltenyi Biotec
Norden, Lund, Sweden), CD14 (DAKO, Copenhagen,
Denmark), CD40 (BD Biosciences), CD80 (Immunotech,
Marseilles, France), CD83 (BD Biosciences), CD86 (BD
Biosciences). FlowJo™ software was used (ver. 7.2.4; Tree
Star, Inc., Ashland, OR) for data analyses.

Quantification of IL20RA, IL20RB, and IL22RA gene
expression in MDDCs

Cells were lysed by adding 100 1 of cell lysis buffer,
repeated pipetting and storing at -80 °C (Promega
Biotech AB, Nacka, Sweden). Total RNA was purified
with the SV Total RNA Isolation System™ (Promega)
following the manufacturer’s instruction. Quantitative
reverse transcriptase (qQRT) PCR was performed on
RNA extracted from the MDDCs of 6 healthy donors
and using Tagman™ Reverse Transcription Reagents with
random hexameric oligonucleotides following the manu-
facturer’s instructions (Applied Biosystems, Waltham,
MA). The samples with complementary DNA (cDNA)
were investigated by PCR using IL20RA, IL20RB, IL22R,
and GAPDH primers (Applied Biosystems). The gene ex-
pression was quantified by the relative standard curve
method [19].

Interleukin-induced STAT, ERK, JNK, and p38 MAPK
phosphorylation

Phosphorylation of signaling molecules in MDDCs
treated with IL-20, IL-10 (cat.no. 200-10; Perprotech
EC, London, UK), IL-19 (1035-IL/CF; R&D systems,
Minneapolis, MN) or IL-24 (1965-IL/CF; R&D systems)
at concentrations of 0.001, 0.01, 0.1, 1, or 10 ng/ml for
10 or 30 min before harvest (Fig. 1b) was analyzed by
commercially available multiplex assays. The 3-plex
assay measured the phosphorylation level of STAT1 (of
residue of Tyr-701), STAT3, and STAT5ab with anti-
body coupled beads (LHOO0005; Invitrogen, Waltham,
MA). The 4-plex assay (171-304004; Bio-Rad Laboratories,
Inc.,, Hercules, CA) determined the phosphorylation level
of p38 MAPK (of residue Thr-180 & Tyr- 182) as well as
ERK1/ERK2, JNK, and STAT6 also by antibody-coupled
beads.

Assays for measuring the influence of interleukins on
MDDCs migration

Migration assays were performed with the basement
membrane extract (BME) Cell Invasion Assay™ (Trevigen,
Gaithersburg, MD). Membranes with a pore size of 8 m
separating the upper and lower chambers in modified
Boyden chambers were coated with BME according to the
manufacturer’s instructions. MDDCs, either simulated
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with LPS or cytokines or without stimulations, (Fig. 1b)
were then added to upper chambers of the modified
Boyden chambers over the layer of coagulated BME.
RPMI-1640/GIn with 10 % (v/v) human AB serum
was added to the lower chamber as chemoattractant.
Following one hour of incubation, migrated cells were
released from the lower side of the membrane and
stained with fluorescent dye was used to enable quan-
tification in the Victor™ X3 multi label plate reader
(PerkinElmer, Waltham, MA).

Light microscopy and assays for CD18 shedding

MDDCs were cultured in Lab-Tek 2™ chamber slides
(NUNC) with a quartz bottom. Imaging was made with a
Leica (Wetzlar, Germany) inverted microscope equipped
with an Automatic Thermocontrol System™ kept at 37 °C.
For each slide a total of 10 images were made and com-
bined by “z stacking” (Leica Application Suite). Detection
of soluble (s)CD18 (Fig. 1b) in a time-resolved immuno-
fluorometric assay (TRIFMA) in MDDC culture superna-
tants was carried out as described earlier [13, 20].

Statistical methods and calculations on experimental data
Expression of cell surface markers were analyzed by flow
cytometry and compared using paired two-tailed Student’s
t-tests with Bonferroni’s corrections of the level of signifi-
cance. Findings were considered significant if p <0.05/N,
where N is the number of comparisons. A similar analysis
was applied for data for the phosphorylation of STAT3
and p38 as well as data on expression of the IL-20
receptors.

The migration of MDDCs through BME layer, in re-
sponse to interleukin treatment, was compared based on
the number of migrated cells (MC) essentially reflecting
the rate of migration since the BME layer thickness and
number of applied cells were kept constant for the com-
pared experiments. The mean value was obtained from
triplicate measurements and reported as the harmonic
mean, i.e.,

M—c<li L >_1 (1)
3 MC;

i=1

Variance homogeneity (Bartlett’s test) was obtained by
inverse transformation of the number of migrated cells
(1/W) The different levels of IL-20 concentrations
were compared by ANOVA with repeated measurements
of 1/MC. A dose-response relationship between IL-20
concentration and MC was investigated based on a
quadratic polynomial with

— 2
1/MC =a x (loglo 1sz0) + b x logyy 119t
(2)
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where IL-20 is the mass concentration of IL-20 (in g/l)
and a4, b, and ¢ are the polynomial constants determined
from fitting Eq. 2 to the experimental data. In this model,
the dose-response relationship between the IL-20 concen-
tration and the harmonic mean of MC permit both posi-
tive and negative effects of IL-20 on MC. The data were
tested against the hypothesis of no overall effect of IL-20,
ie., a=b=0, reducing Equation 2 to 1/MC = c. For each
MDDCs culture, the shedding of CD18 was analyzed by
TRIFMA in three dilutions of the culture supernatant in
duplicate wells. The influence of IL-20 treatment was
tested by an ANOVA with the degrees of freedom cor-
rected for the repeated measurements made for each
culture.

Results and discussion

Effects of LPS and IL-20 on maturation of MDDCs

Several cytokines are known to play a role in the matur-
ation of DC by enhancing the cell surface expression of
proteins central to the function of DC, notably those in-
volved in Ag presentation, signaling, and co-stimulation.
To permit a study of such effects, we established a pro-
cedure (Fig. 1) for differentiating in vitro human mono-
cytes into DC-like cells with a cell surface marker
expression resembling immature DC in the skin. Follow-
ing 6 days of culture, these cells showed an excellent via-
bility (97-99 %). The maturation state of the MDDC
was investigated by flow cytometry comparing the cell
surface expression of maturation markers with or with-
out LPS stimulation, which is a well-characterized agent
for maturating DC. The panel of markers reflecting the
Ag-presentation capability was chosen to include MHC
class II molecules (HLA-DR shown in Additional file 1:
Figure S1A) and the MHC-like molecules CDla and
CDlc (Additional file 1: Figure S1B,C). The signaling
molecule CD40 (Additional file 1: Figure S1D), the T-
cell stimulatory and regulating molecule CD83, and the
costimulatory molecules CD80 and CD86 (Additional
file 1: Figure S1E-G) are important in the signaling be-
tween DC and T lymphocytes [21]. CD14 is a pattern
recognition molecules involved in the recognition of
LPS and thus contributes to functions involved in the
early events of immune recognition in case of microbial
challenge [22].

The MDDCs were used to investigate the potential
role of IL-20 in maturation of DCs (Fig. 2). Treatment of
these cells with 500 or 5000 ng/ml of IL-20 for 4—6 h,
significantly increased (p=0.0017 and 0.0063, respect-
ively) the percentage of CD86-posive cells (Fig. 2a).
Interestingly, in a paired comparison with untreated
cultures, the largest increment in CD86 positive cells
following IL-20 treatment was observed in MDDCs
cultures with relatively few CD86 positive cells before
treatment, i.e. in the most immature MDDCs (data not
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Fig. 2 CD86 expression of IL-20-treated MDDCs. Cells were treated
according to Incubation Il outlined in Fig. Tb with addition of
IL-20 to the culture 4-6 h before harvest. IL-20 was applied in
concentrations (plL-20) of 0.001-5000 ng/ml and cells from 3-11
donors were analyzed. Results were based on MDDCs from
Donors #1-25. a The percentage of CD86 positive MDDCs following
incubation without or with IL-20 in the concentration stated on the
abscissa. Bars indicate the statistical significant difference between
treated and non-treated MDDCs cultures as analyzed by a t-test (b-d).
Flow cytometric determination of the level of staining with antibodies
to CD40 and CD86. As a representative case, results from the analysis
of Donor 1 is shown, either as unstimulated (b), stimulated with
LPS (c), or stimulated with IL-20 (d). e Histogram showing the
distribution of staining intensities with Ab to CD86, either for
untreated culture or for cultures treated with IL-20

shown). Furthermore, compared to untreated cells
(Fig. 2b), only a subset of MDDCs responded to the
treatment with 500 ng/ml IL-20 (Fig. 2d,e) and reached
a higher CD86 expression level, surpassing the CD86
level following the treatment with LPS (Fig. 2c-e). Un-
like the maturation induced by LPS (Additional file 1:
Figure S1), no changes in the expression level of CD40
or the percentage of MDDCs positive for CD40
(Fig. 2d), HLA-DR, CD80, or CD83 (data not shown)
was detected following stimulation with IL-20.

IL-20 receptor expression, interleukin binding, and
signaling

The MDDC transcription of receptors for IL-20 was an-
alyzed by quantitative RT-PCR (qRT-PCR) with the sig-
nals normalized to transcription from the GAPDH gene.
Unstimulated MDDCs made transcripts of both IL20RA
and IL20RB genes (Fig. 3a-d) suggesting that required
proteins were expressed to ensure a functional IL-20 re-
ceptor complex. The IL20R mRNA transcription was
not affected by treating the MDDCs with LPS nor IL-20
in concentrations of 0.1 or 1 ng/ml and incubation times
varying from 30 min to 6 h (Fig. 3b,d). To explore other
sources of IL-20 receptors the transcription from the
IL22R locus was also analyzed. IL22R mRNA was not
expressed in untreated MDDCs (Fig. 3e,f). In two of six
donors a treatment with 10 ng/ml LPS for 24 h induced
transcription of IL22R mRNA (Fig. 3f). The LPS-
induced IL22R mRNA transcription was 0.3 relative to
GAPDH.

To investigate the functional relevance of the IL20R
expression, we analyzed the response to IL-10 family in-
terleukins, which share the property of binding to both
of these receptor complexes. By comparing the outcome
considering phosphorylation of p38 MAPK and STAT3
substrates, we collected more information on the signal-
ing pathway usage by these interleukins (Fig. 4). MDDCs
were incubated with IL-10, a known potent activator of
STAT3 in MDDCs [23]. As expected, IL-10 had no
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Fig. 3 IL-20 receptor mRNA expression in LPS and IL-20-treated Fig. 4 p38 MAPK and STAT3 phosphorylation in MDDCs pretreated
MDDCs. MDDCs were treated with LPS or IL-20, followed by isolation by cytokines from the IL-10 family. Phosphorylation of p38 was
and quantification of mRNA transcripts from the /L20RA (a,b), IL20RB measured for Thr-180 and Tyr-182 and for Tyr-705 in STAT3. Data
(cd), or IL22R (ef) genes by qRT-PCR. For each analysis, cells from were based on cellular cultures derived from 3 donors and measured
six donors were used with the IL-20 receptor gene transcription in duplicates. The data are shown as the mean values of (arbitrary)
normalization to the GAPDH mRNA transcripts. Results were based fluorescence units with error bars indicating the SD. Interleukin
on MDDCs from Donors #25-30 pretreatment was started 10 min before harvest with the cytokines

influence on phosphorylation of the p38 (Fig. 4a) while
pretreatment with 10 ng/ml IL-10 induced a 4,000-fold
increase in the STAT3 phosphorylation (p = 0.009) com-
pared with untreated MDDCs (Fig. 4b). IL-19 appeared
neither to influence the p38 nor the STAT3 phosphoryl-
ation (Fig. 4c,d). By contrast, both IL-20 (Fig. 4e) and
IL-24 (Fig. 4g) increased the p38 phosphorylation, but
these interleukins did not significantly alter the STAT3
phosphorylation (Fig. 4fh). The p38 phosphorylation
was altered following the treatment with of 0.1 ng/ml of
both cytokines individually administered (Fig. 4e,g).
Interestingly, the IL-20 induced p38 phosphorylation
peaked at 0.1 ng/ml, while lower or higher concentra-
tions produced lower mean values among the tested cell
cultures (Fig. 4e). In two of three donors, the p38 phos-
phorylation level was more than doubled when MDDCs
were pretreated with 0.1 ng/ml of IL-20. However, the
increase in p38 phosphorylation level was not statis-
tically significant when analyzed with a paired t-test
(p =0.1299). Following the pre-treatment of MDDCs
with IL-24, the p38 phosphorylation level was raised
in all samples and for all IL-24 concentrations. For

added at concentrations (p,) of 0.001, 0.1, 1, or 10 ng/ml (Incubation V
in Fig. 1b) and compared with cultures without cytokine addition.
The influence was tested of IL-10 on p38 (a) and STAT3 (b)
phosphorylation, and similarly for IL-19 (cd), IL-20 (ef), and IL-24 (g,h)

samples pretreated with IL-24 at concentrations of
0.001 and 0.1ng/ml, the increase in the mean phos-
phorylation level was statistically significant (p =0.0105
and 0.0434, respectively) (Fig. 4g). IL-19, IL-20 and IL-24
did not affect the phosphorylation levels of ERK-1/2, NK,
STAT1, STAT5, or STAT6 (data not shown).

Functional influences of IL-20 on migration and adhesion
receptor shedding in MDDCs

To investigate the functional consequences of IL-20 me-
diated signaling in MDDCs, an analysis linking IL-20 to
known properties of DCs or LC in skin (notably in
psoriatic skin lesions) was required. Several lines of
evidence suggested the importance of these cells in
transporting the Ag into draining lymph nodes. Add-
itionally, the report by Cumberbatch et al. [9], sug-
gested an aberrant trafficking of these cells in psoriatic
skin lesions.
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Fig. 5 Influence of IL-10 family interleukins on MDDCs migration.
a-d The migration of MDDCs towards an AB human serum gradient
through an ECM-like coagulate on a membrane with 8-um pores in
a modified Boyden chamber. The MDDCs were incubated with or
without addition of IL-19, IL-20, or IL-24 at concentrations (plL) of
0.0001, 0.001, 0.01, 0.1, 1.0, or 10 ng/ml for 30 min. a Migration of
IL-20-pretreated MDDCs derived. b Migration of IL-19 pretreated-
MDDCs. ¢ Migration of IL.-24 pretreated-MDDCs. d Summary of
the dose-response curves. e Analysis of the role of IL-20 as a
chemoattractant for MDDCs where [L-20 applied in the lower
chamber (instead of AB serum)

For in vitro analysis of MDDC migration we used a
modified Boyden chamber assay with fluorescence label-
ing of the MDDCs. The influence of IL-19, IL-20, and
IL-24 was probed by pre-incubation of the cells with the
interleukins before applying the cells into the upper
chamber where an ECM-like matrix covered a porous
membrane. To stimulate migration, human AB serum
was added as a chemoattractant in the lower chamber.

Pre-incubations with interleukins were carried over a
broad range from 0—10 ng/ml (Fig. 5). In four of five do-
nors, a peak in the number of migrated cells was ob-
served following pre-incubations with 0.1-1.0 ng/ml of
IL-20 (Fig. 5a). However, to obtain a robust statistical
analysis of the collected set of data, we used the quad-
ratic polynomial described by Eq. 2 in order to establish
a connection between the interleukin concentration and
MDDCs migration. This approach returned a statistical
significant (p < 0.0001) model with a biphasic migra-
tion response to pre-incubation with IL-20 (Fig. 5a).
The constants a, b and ¢ in Eq. 2 were estimated
0.045 £ 0.011, -0.046 +£0.013, and 0.439 £0.091, re-
spectively (indicated as the estimated value + standard
error). The coefficient for the quadratic part of Eq. 2 (a)
was highly significant (p =0.0004). This implies that the
quadratic part cannot be ignored in the curve fitting and
thus suggesting a biphasic response to the treatment with
IL-20. By contrast, pre-incubation with IL-19 or IL-24
did not support any significant statistical connection
between the applied interleukin concentration and mi-
gration (Fig. 5b,c). To further explore this point, we
also calculated the expected mean response to pre-
incubation with IL-20, IL-19 and IL-24 (Fig. 5a-c).
This comparison showed that that IL-20 was able to
induce a migration approximately 2-fold higher than
the base line or in the MDDCs cultures treated with
IL-19 and IL-24 (Fig. 5d).

We also tested whether IL-20 acted as a chemoattract-
ant for MDDCs (Fig. 5e). In this case, IL-20 was added
to the lower part of the Boyden chamber. The migration
of MDDCs from four of the five donors showed no abil-
ity of IL-20 to attract the MDDCs. By contrast, addition
of IL-20 to the lower chamber reduced the MDDCs
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migration (Fig. 5e). This finding was supported by the
statistical significance of the curve fitting (p = 0.0379) ac-
cording to Eq. 2. The maximal effect was observed fol-
lowing treatment with 0.1 and 1 ng/ml of IL-20. This
influence of IL-20 was clearly titratable and vanished at
concentrations lower than 0.01-0.01 ng/ml. While Eq. 2
was able to account for the data, it should be noted that
an even simpler approach using a simple linear relation-
ship between the IL-20 concentrations produced a stron-
ger significance (p = 0.0226).

Cell migration, in particular that mediated by integ-
rins, is closely linked with mechanisms supporting adhe-
sion. Recent studies shown that 2 (CD18) integrins are
shed from the leukocyte cell surface in inflammatory dis-
eases and under certain experimental conditions in vitro
[13, 15]. We employed assays described earlier [13] to
analyze the connection between IL-20 and CD18 integ-
rin shedding.

A simple way of monitoring alterations in cellular ad-
hesion involves microscopy of surface-bound cells [24].
During the culture of MDDCs we observed that IL-20-
exposed cultures showed subtle, yet persistent, changes
in overall morphology and cellular distribution com-
pared with untreated controls. In Fig. 6 such changes are
shown for cells derived from Donor #61 (Fig. 6a,c) and
#62 (8B,D). The observation of that IL-20 treated cells
(Fig. 6¢,d) were more likely to form clusters than non-
treated cells (Fig. 6ab) suggests that intercellular
adhesion was changed. However, as demonstrated by
treatment with TNF (Fig. 6e,f), the donor variations
were large and the types of morphological changes were
difficult to characterize by uniform parameters.

Soluble CD18 levels in the supernatants were mea-
sured to quantify the processes relevant to cellular adhe-
sion in MDDCs derived from seven donors, following
seven days of culture with addition of cytokines on
Day 6 (Fig. 6g,h) [13]. IL-20 was applied in concen-
trations ranging 0.0001 to 5000 ng/ml. In Fig. 6g, the
sCD18 concentration was plotted as a function of the
IL-20 concentration. Testing with ANOVA whether
the mean value for sCD18 in each group of IL-20
treatments were equal was rejected with p=0.0256
(Fig. 6g). In the interval between 0.0001 and 1000 ng/ml
(marked by grey arrows), the profile of IL-20-influenced
shedding showed a tendency towards a biphasic response,
where the lowest shedding occurred for treatment
with 0.01-10 ng/ml relative to either lower or higher
dosages (Fig. 6g). Previously, we observed that CD18
shedding requires viable cells [13], and hence we sus-
pected this biphasic pattern could be due to cell
death. However, analyses with flow cytometry did not
support this explanation (data not shown). TNF was
previously reported to enhance CD18 shedding in cul-
tures of human mononuclear leukocytes and granulocytes
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Fig. 6 Adhesive properties of cytokine-treated MDDCs. Cells were
incubated with IL.-20 or TNFa prior to microscope imaging (a-f) or
analysis of 32 (CD18) integrin adhesion molecules shedding (g,h).
MDDCs were imaged either as untreated (a,b), following treatment
with 0.01 ng/ml IL-20 (c,d), or with 100 ng/ml TNFa (ef). gh CD18
shedding from MDDCs treated with cytokines. Based on cells from
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Comparison of sCD18 concentration (in mU/ml) obtained from
either untreated cultures, cultures stimulated with 0.01-5000 ng/ml
of IL-20 (g), or 1-100 ng/ml of TNFa (h)

[13]. However, application of this cytokine to the cul-
tures of MDDCs moderately reduced the shedding
(Fig. 6h). In this case, visual inspection of the cellular
cultures indicated some loss of viable cells in the
wells (Fig. 6e-f).

Importantly, Gjelstrup et al. [13] reported the finding
of large oligomeric species of CD18 in human plasma
and in recombinant soluble CD11a/CD18. Crystallo-
graphic data [25] suggested that the oligomers contained
from two chains (1 x CD11a/CD18) up to at least a total
of eight chains (4 x CD11a/CD18). However, it has never
been tested whether CD18 oligomers are formed in
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the elution volume, Ve. The elution volumes of oligomeric recombinant
soluble CD11a/CD18 (established in a previous study [13] using
the same chromatography equipment) are indicated hatched lines
together with the elution volumes of the hydrodynamic radius
calibration markers thyroglobulin, ferritin, IgG, and albumin. b-d
Distribution of sCD11/CD18 oligomers in cell culture supernatant
from MDDCs. The analysis was carried out with culture supernatants
derived from two Donors (#67 and #68), either left untreated or treated
with 1 or 5000 ng/ml IL-20 (Incubation VIl in Fig. 1b) The sCD11/CD18
signal in the fractions was measured with the KIM185-KIM127 assay
and plotted as a function of V.. (ef) Cumulative distribution of the

CD18 signal in the GPC fractions. The cumulative distribution profile
Vo=i

Vﬁzsom/STRF (Ve)

was calculated by plotting 100% as a function of

TRF
Ve, where Srge(Ve) is the CD18 signal for the fraction with elution
volume V. and >Stze the sum of signals for all fractions eluting
from 30 ml to 100 ml, both end points included. Black arrows indicate
a feature in the distribution profile shared between the donors

cellular cultures and what conditions may affect the olig-
omeric size.

Supernatant from two independent cultures of MDDC
were analyzed by GPC (Fig. 7). For comparison, the
CD18 oligomeric profile in human citrate plasma was
also included (Fig. 7a). In both IL-20-treated (Fig. 7c,d)
and untreated cultures (Fig. 7b), the CD18 oligomers
were mainly distributed in two peaks eluting at the col-
umn void volume and in volumes corresponding to a
hydrodynamic radius of ~8 nm. As indicated with
hatched lines this corresponds to the size of complexes
also found in plasma and in recombinant soluble
CD11a/CD18. By contrast, the oligomers eluting in the
void volume (Fig. 7b-d) had no corresponding oligomers
in plasma (Fig. 7a). To study the influence of IL-20 on
oligomer size, the raw data (Fig. 7b-c) were analyzed by
plotting the cumulative distribution of CD18 signals in
the fraction eluting with V. from 34 to100 ml (Fig. 7e,f).
In the supernatants from Donor #67, it was clear that
treatment with 1 ng/ml of IL-20 reduced the abundance
of oligomers with a Ry larger than ~7.5 nm compared
with either no treatment or treatment with 5,000 ng/ml
IL-20. By contrast, treatment with 5000 ng/ml appeared
to induce a small increase in the abundance of these lar-
ger oligomers compared with either of the two other
culture conditions. Qualitatively these difference were
also found for Donor #68 (Fig. 7f), even with shared de-
tailed features in the distribution profile (indicated with
black arrows in Fig. 7e,(f), albeit the quantitative differ-
ence was smaller for this donor.
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Conclusion

We established in vitro culture conditions that enabled a
phenotypic expression of cell surface markers mimicking
the immature DCs in humans, further confirmed by the
vigorous response of these cells to LPS-induced matur-
ation. Pretreatment of the MDDCs with IL-20 resulted
in an increased CD86 expression. CD86 contributes to
the formation of the immunological synapse between
DCs and T-cells [21, 26, 27], which is critical in the de-
velopment of psoriasis. Only high IL-20 concentrations
(500-5000 ng/ml) resulted in a significant increase in the
CD86 positive cells. As a comparison, the mean con-
centration of IL-20 in serum from patients suffering
rheumatoid arthritis was reported to be 0.282 ng/ml
[3]. However, the local environment of the psoriatic
epidermis, which includes the IL-20 producing kerati-
nocytes and MDDCs in close proximity, is likely to
present IL-20 concentrations higher than the systemic
concentration [28].

Previous studies found transcription of mRNA in
MDDCs encoding the IL-20RB chain, while transcripts
encoding IL-20RA or IL-22R were not reported [6] or
only found in trace amounts [29]. By testing the imma-
ture MDDCs, transcripts encoding IL-20RA and IL-
20RB were detected, albeit only weakly, suggesting the
formation of functional receptor complexes in the mem-
brane of MDDCs.

No previous reports addressed the IL-20-induced sig-
nal transduction in leukocytes. In MDDCs, IL-20 and
IL-24 induced p38 phosphorylation in MDDCs, while
IL-10 and IL-19 did not. IL-24 was the most potent
stimulator of the p38 MAPK pathway, while IL-20
showed a weaker mean phosphorylation. For both IL-20
and IL-24 the most potent response was observed for
treatment with 0.1 ng/ml interleukin.

Cumberbatch et al. reported that Langerhans cells are
trapped in non-lesional psoriatic skin [9]. IL-20 is known
to affect migration of neutrophils, chemotaxis of syn-
ovial fibroblasts chemotaxis in rheumatoid arthritis, and
vascular tube-formation by endothelial cells [30, 31].
Our findings now suggest that IL-20 potentiates MDDCs
migration towards a chemoattractant. IL-20 itself did
not act as a chemoattractant but decreased migration in
higher IL-20 concentrations. Interestingly, in our study a
similar influence by other IL-10 interleukin family mem-
bers, ie., IL-19 and IL-24, was not found. A simple
explanation, in agreement with the observations for the
IL-20-mediated signaling in MDDCs, was offered re-
cently by a structural characterization of the ternary
complex between IL-20 and the IL20-A/IL-20B receptor.
From these data as well as direct measurements of the
binding of IL-20 and IL-19, it appeared that the IL-19
binds to the IL-20A/IL-20B receptor 10-fold weaker
than IL-20 [32].

Page 10 of 12

Based on the hypothesis that CD18 shedding is critical
for the migration of myeloid cells [33, 34], we analyzed
the influence of IL-20 on CD18 shedding in cultures of
MDDCs. As in the case of the migrational influence of
IL-20, no simple relation between the applied IL-20 con-
centration and CD18 shedding was found. However,
there was an indication that IL-20 in the concentration
interval 0.01-10 ng/ml induced lower shedding than
either lower or higher concentrations. A more detailed
investigation was carried out by analyzing the CD18
oligomer size distribution in cultures treated with IL-20
compared to untreated controls. The most striking effect
was again observed for treatment with 1 ng/ml IL-20,
which apparently was able to reduce the relative abun-
dance of larger oligomers, albeit with marked differences
in the quantitative response among the two independent
cultures tested. Nevertheless, our data suggest that not
only the level of shedding but also the CD18 oligomer
size is variable influenced by cytokine stimulation of
MDDC. This proposal seems entirely consistent with
the multiple capacities of the complex proteolytic
mechanisms responsible for regulating the shedding
[16, 33, 35]. Interestingly, the observation that such
changes occurs by treatment with 1 ng/ml IL-20,
which was also found to affect migration suggest a
potential link between the structural formation of
CD18 oligomers and migration.

In conclusion, our findings suggest that IL-20 has an
influence on processes central to the function of DCs.
However, the responses found in our report and in the
work by others were either weak or subject to consider-
able donor variation. This situation questions if IL-20 is
a significant part of the normophysiological functions of
DCs. Our findings may propose an aberrant influence of
IL-20 in the case of the high concentrations as often
found in psoriasis.

Additional file

Additional file 1: Figure S1. LPS-induced maturation of MDDCs
monitored by the expression of cell surface markers. For each maturation
marker the expression was investigated in culture receiving LPS treatment
(10 ng per ml of culture medium, indicated as Incubation Il in Fig. 1b) or in
control cultures receiving treatment with vehicle only (indicated as
Incubation | in Fig. 1b). The percentage of marker-positive cells were
established by flow cytometry staining for HLA-DR (A), CD1a (B), CD1c (O),
CD40 (D), CD8O0 (E), CD83 (F), CD86 (G), and CD14 (H). Results were based
on MDDCs from Donors #1-25. The p value (indicated in italics) was
calculated using a two-tailed Student's t-test. (PDF 282 kb)

Abbreviations

BME: basement membrane extract; DC: dendritic cells; ECM: extracellular
matrix; FS: forward scatter; GPC: gel permeation chromatography;

HSA: human serum albumin; LC: langerhans cells; LPS: lipopolysaccharide;
MDDC: monocyte-derived DC; qRT-PCR: quantitative reverse transcriptase-
PCR; sCD18: soluble CD18; SS: side scatter.


dx.doi.org/10.1186/s40591-016-0046-x

Bech et al. Molecular and Cellular Therapies (2016) 4:1

Competing interests
All authors declare no competing interests.

Author’s contributions

RB and BJ carried out cellular maturation of DC and phenotypic characterization
of the cells assisted by CJ, KO and CAR. RB undertook the analysis of migration
and wrote a first draft of the manuscript. BJ investigated the CD18 shedding.
ME developed the statistical analysis of the data. SRP supervised the studies on
intracellular phosphorylation. LI, RA, TV-J and KK conceived the study and
participated in the coordination of the experimental efforts. TV-J supervised RB
and BJ, designed experimental plans, and revised the manuscript. All authors
read and approved the final manuscript.

Acknowledgments

We thank Prof. Dr. Henrich Sticht, University of Erlangen, for advice on
structural properties of the interactions between the IL-10 family of cytokines
and their receptors. We thank Dr. Niels Grunnet, Aarhus University Hospital,
and Dr. Kim Warming, Aalborg University Hospital, for access to human
donor blood. We thank Bettina Winther Grumsen, Kirsten Stadel Petersen,
Winnie Heidemann, and Annette Blak Rasmussen for excellent technical
assistance. This work was supported by grants from The Danish Psoriasis
Foundation and Aage Bang’s Foundation. T.V.-J. was in receipt of support
through The Lundbeck Foundation Nanomedicine Center for Individual
Management of Tissue Damage and Regeneration (LUNA), Aarhus University,
and a grant from the Novo Nordisk Foundation (R179-A15255).

Author details

'Department of Dermatology, Aarhus University Hospital, Aarhus, Denmark.
2Department of Biomedicine, Aarhus University, Aarhus, Denmark.
Department of Health Science and Technology, Aalborg University, Aalborg,
Denmark. “Department of Public Health - Biostatistics, Aarhus University,
Aarhus, Denmark. °Interdisiplinary Nanoscience Center, Aarhus University,
Aarhus, Denmark. ®Biophysical Immunology Laboratory, Department of
Biomedicine, Aarhus University, The Bartholin Building (1240), Wilhelm
Meyers Allé 4, DK-8000 Aarhus C, Denmark.

Received: 9 October 2015 Accepted: 18 January 2016

References

1. Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG. Regulation and
functions of the IL-10 family of cytokines in inflammation and disease.
Annu Rev Immunol. 2011;29:71-109. doi:10.1146/annurev-immunol-
031210-101312.

2. Sabat R, Philipp S, Hoflich C, Kreutzer S, Wallace E, Asadullah K, et al.
Immunopathogenesis of psoriasis. Exp Dermatol. 2007;16(10):779-98.
doi:10.1111/}.1600-0625.2007.00629.x.

3. Kragstrup TW, Otkjaer K, Holm C, Jorgensen A, Hokland M, Iversen L, et al.
The expression of IL.-20 and IL-24 and their shared receptors are increased
in rheumatoid arthritis and spondyloarthropathy. Cytokine. 2008;41(1):16-23.
doi:10.1016/j.cyt0.2007.10.004.

4. Blumberg H, Conklin D, Xu WF, Grossmann A, Brender T, Carollo S, et al.
Interleukin 20: discovery, receptor identification, and role in epidermal
function. Cell. 2001;104(1):9-19. S0092-8674(01)00187-8.

5. Stenderup K, Rosada C, Worsaae A, Dagnaes-Hansen F, Steiniche T,
Hasselager E, et al. Interleukin-20 plays a critical role in maintenance and
development of psoriasis in the human xenograft transplantation model.
Br J Dermatol. 2009;160(2):284-96. doi:10.1111/}.1365-2133.2008.08890.x.

6.  Wolk K, Witte K, Witte E, Proesch S, Schulze-Tanzil G, Nasilowska K, et al.
Maturing dendritic cells are an important source of IL-29 and IL-20 that may
cooperatively increase the innate immunity of keratinocytes. J Leukoc Biol.
2008;83(5):1181-93. doi:10.1189/j1b.0807525.

7. Bech R, Otkjaer K, Birkelund S, Vorup-Jensen T, Agger R, Johansen C, et al.
Interleukin 20 protein locates to distinct mononuclear cells in psoriatic skin.
Exp Dermatol. 2014;23(5):349-52. doi:10.1111/exd.12371.

8. Chamian F, Lowes MA, Lin SL, Lee E, Kikuchi T, Gilleaudeau P, et al.
Alefacept reduces infiltrating T cells, activated dendritic cells, and
inflammatory genes in psoriasis vulgaris. Proc Natl Acad Sci U S A.
2005;102(6):2075-80. doi:10.1073/pnas.0409569102.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 11 of 12

Cumberbatch M, Singh M, Dearman RJ, Young HS, Kimber |, Griffiths CE.
Impaired Langerhans cell migration in psoriasis. J Exp Med. 2006;203(4):953-60.
doi:10.1084/jem.20052367.

Shaw FL, Kimber I, Begum R, Cumberbatch M, Dearman RJ, Griffiths CE.
No impairment of monocyte-derived Langerhans cell phenotype or
function in early-onset psoriasis. Clin Exp Dermatol. 2011. doi:10.1111/j.
1365-2230.2011.04172.x.

Springer TA. Adhesion receptors of the immune system. Nature.
1990;346(6283):425-34. doi:10.1038/346425a0.

Talamonti M, Spallone G, Di Stefani A, Costanzo A, Chimenti S. Efalizumab.
Expert Opin Drug Saf. 2011;10(2):239-51. doi:10.1517/14740338.2011.524925.
Gjelstrup LC, Boesen T, Kragstrup TW, Jorgensen A, Klein NJ, Thiel S, et al.
Shedding of large functionally active CD11/CD18 Integrin complexes from
leukocyte membranes during synovial inflammation distinguishes three
types of arthritis through differential epitope exposure. J Immunol.
2010;185(7):4154-68. doi:10.4049/jimmunol.1000952.

Kragstrup TW, Jalilian B, Hvid M, Kjaergaard A, Ostgard R, Schiottz-
Christensen B, et al. Decreased plasma levels of soluble CD18 link
leukocyte infiltration with disease activity in spondyloarthritis. Arthritis
Res Ther. 2014;16(1):R42. doi:10.1186/ar4471.

Evans BJ, McDowall A, Taylor PC, Hogg N, Haskard DO, Landis RC. Shedding
of lymphocyte function-associated antigen-1 (LFA-1) in a human
inflammatory response. Blood. 2006;107(9):3593-9. doi:10.1182/blood-
2005-09-3695.

Zen K, Guo YL, Li LM, Bian Z, Zhang CY, Liu Y. Cleavage of the CD11b
extracellular domain by the leukocyte serprocidins is critical for neutrophil
detachment during chemotaxis. Blood. 2011;117(18):4885-94. doi:10.1182/
blood-2010-05-287722.

Zhang X, Zhan D, Shin HY. Integrin subtype-dependent CD18 cleavage
under shear and its influence on leukocyte-platelet binding. J Leukoc Biol.
2013;93(2):251-8. doi:10.1189/jb.0612302.

Valentina M, Jan F, Peder NL, Bo Z, Hongjie D, Pernille K. Cytokine detection
and simultaneous assessment of rheumatoid factor interference in human
serum and synovial fluid using high-sensitivity protein arrays on plasmonic
gold chips. BMC Biotechnol. 2015;15:73. doi:10.1186/512896-015-0186-0.
Otkjaer K, Kragballe K, Funding AT, Clausen JT, Noerby PL, Steiniche T, et al.
The dynamics of gene expression of interleukin-19 and interleukin-20 and
their receptors in psoriasis. Br J Dermatol. 2005;153(5):911-8. doi:10.1111/j.
1365-2133.2005.06800.x.

Nielsen GK, Vorup-Jensen T. Detection of Soluble CR3 (CD11b/CD18) by
Time-Resolved Immunofluorometry. Methods Mol Biol. 2014;1100:355-64.
doi:10.1007/978-1-62703-724-2_30.

Jackman RP, Balamuth F, Bottomly K. CTLA-4 differentially regulates the
immunological synapse in CD4 T cell subsets. J Immunol. 2007;178(9):5543-51.
178/9/5543.

Moresco EM, LaVine D, Beutler B. Toll-like receptors. Curr Biol.
2011;21(13):R488-93. doi:10.1016/j.cub.2011.05.039.

Murray PJ. Understanding and exploiting the endogenous interleukin-10/
STAT3-mediated anti-inflammatory response. Curr Opin Pharmacol.
2006;6(4):379-86. doi:10.1016/j.coph.2006.01.010.

Wang W, Zhu J, Springer TA, Luo BH. Tests of integrin transmembrane
domain homo-oligomerization during integrin ligand binding and signaling.
J Biol Chem. 2011,286(3):1860~7. doi:10.1074/jbc.M110.193797.

Xie C, Zhu J, Chen X, Mi L, Nishida N, Springer TA. Structure of an integrin with
an alphal domain, complement receptor type 4. EMBO J. 2010,29(3):666-79.
doi:10.1038/emboj.2009.367.

Bhatia S, Edidin M, Almo SC, Nathenson SG. B7-1 and B7-2: similar
costimulatory ligands with different biochemical, oligomeric and
signaling properties. Immunol Lett. 2006;104(1-2):70-5. doi:10.1016/j.
imlet.2005.11.019.

Oehler L, Majdic O, Pickl WF, Stockl J, Ried! E, Drach J, et al. Neutrophil
granulocyte-committed cells can be driven to acquire dendritic cell
characteristics. J Exp Med. 1998;187(7):1019-28.

Tohyama M, Hanakawa Y, Shirakata Y, Dai X, Yang L, Hirakawa S, et al. IL-17
and IL-22 mediate IL-20 subfamily cytokine production in cultured
keratinocytes via increased IL-22 receptor expression. Eur J Immunol.
2009. doi:10.1002/ji.200939473.

Nagalakshmi ML, Murphy E, McClanahan T, de Waal Malefyt R. Expression
patterns of IL-10 ligand and receptor gene families provide leads for
biological characterization. Int Immunopharmacol. 2004;4(5):577-92.
doi:10.1016/j.intimp.2004.01.007.


http://dx.doi.org/10.1146/annurev-immunol-031210-101312
http://dx.doi.org/10.1146/annurev-immunol-031210-101312
http://dx.doi.org/10.1111/j.1600-0625.2007.00629.x
http://dx.doi.org/10.1016/j.cyto.2007.10.004
http://dx.doi.org/10.1111/j.1365-2133.2008.08890.x
http://dx.doi.org/10.1189/jlb.0807525
http://dx.doi.org/10.1111/exd.12371
http://dx.doi.org/10.1073/pnas.0409569102
http://dx.doi.org/10.1084/jem.20052367
http://dx.doi.org/10.1111/j.1365-2230.2011.04172.x
http://dx.doi.org/10.1111/j.1365-2230.2011.04172.x
http://dx.doi.org/10.1038/346425a0
http://dx.doi.org/10.1517/14740338.2011.524925
http://dx.doi.org/10.4049/jimmunol.1000952
http://dx.doi.org/10.1186/ar4471
http://dx.doi.org/10.1182/blood-2005-09-3695
http://dx.doi.org/10.1182/blood-2005-09-3695
http://dx.doi.org/10.1182/blood-2010-05-287722
http://dx.doi.org/10.1182/blood-2010-05-287722
http://dx.doi.org/10.1189/jlb.0612302
http://dx.doi.org/10.1186/s12896-015-0186-0
http://dx.doi.org/10.1111/j.1365-2133.2005.06800.x
http://dx.doi.org/10.1111/j.1365-2133.2005.06800.x
http://dx.doi.org/10.1007/978-1-62703-724-2_30
http://dx.doi.org/10.1016/j.cub.2011.05.039
http://dx.doi.org/10.1016/j.coph.2006.01.010
http://dx.doi.org/10.1074/jbc.M110.193797
http://dx.doi.org/10.1038/emboj.2009.367
http://dx.doi.org/10.1016/j.imlet.2005.11.019
http://dx.doi.org/10.1016/j.imlet.2005.11.019
http://dx.doi.org/10.1002/eji.200939473
http://dx.doi.org/10.1016/j.intimp.2004.01.007

Bech et al. Molecular and Cellular Therapies (2016) 4:1

30.

31

32.

33.

34.

35.

Chen WY, Cheng BC, Jiang MJ, Hsieh MY, Chang MS. IL-20 is expressed in
atherosclerosis plaques and promotes atherosclerosis in apolipoprotein
E-deficient mice. Arterioscler Thromb Vasc Biol. 2006;26(9):2090-5.
doi:10.1161/01.ATV.0000232502.88144.6f.

Hsu YH, Li HH, Hsieh MY, Liu MF, Huang KY, Chin LS, et al. Function of
interleukin-20 as a proinflammatory molecule in rheumatoid and
experimental arthritis. Arthritis Rheum. 2006;54(9):2722-33. doi:10.1002/
art.22039.

Logsdon NJ, Deshpande A, Harris BD, Rajashankar KR, Walter MR. Structural
basis for receptor sharing and activation by interleukin-20 receptor-2
(IL-20R2) binding cytokines. Proc Natl Acad Sci U S A. 2012;109(31):12704-9.
doi:10.1073/pnas.1117551109.

Gomez IG, Tang J, Wilson CL, Yan W, Heinecke JW, Harlan JM, et al.
Metalloproteinase-mediated Shedding of Integrin beta2 promotes
macrophage efflux from inflammatory sites. J Biol Chem. 2012,287(7):4581-9.
doi:10.1074/jbcM111.321182.

Vorup-Jensen T. On the roles of polyvalent binding in immune recognition:
perspectives in the nanoscience of immunology and the immune response
to nanomedicines. Adv Drug Deliv Rev. 2012;64(15):1759-81. doi:10.1016/j.
addr.2012.06.003.

Vaisar T, Kassim SY, Gomez IG, Green PS, Hargarten S, Gough PJ, et al.
MMP-9 sheds the beta2 integrin subunit (CD18) from macrophages.
Mol Cell Proteomics. 2009;8(5):1044-60. doi:10.1074/mcp.M800449-MCP200.

Page 12 of 12

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1161/01.ATV.0000232502.88144.6f
http://dx.doi.org/10.1002/art.22039
http://dx.doi.org/10.1002/art.22039
http://dx.doi.org/10.1073/pnas.1117551109
http://dx.doi.org/10.1074/jbc.M111.321182
http://dx.doi.org/10.1016/j.addr.2012.06.003
http://dx.doi.org/10.1016/j.addr.2012.06.003
http://dx.doi.org/10.1074/mcp.M800449-MCP200

