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Summary

IL-20 belongs to the IL-10 family and plays a role in skin inflammation and the development of hema-
topoietic cells. Little is known about its other biological functions and clinical implications, however.
Updated information about 1L-20, such as its identification, expression, receptors, signaling, biological
activities, and potential clinical implications, is illustrated in this review based on our research and on data
available in the literature. Our studies of I1L-20 show that it is a pleiotropic cytokine with potent inflam-
matory, angiogenic, and chemoattractive characteristics. Inflammation and angiogenesis are essential for
the pathogenesis of rheumatoid arthritis and atherosclerosis. Based on in vitro data and clinical samples, we
demonstrated that [L-20 is involved in the diseases of rheumatoid arthritis and atherosclerosis. In addition,
we found in our studies that 1L-20 signaled through different molecules in several cells. The present review
presents the clinical implications of IL-20 in rheumatoid arthritis and atherosclerosis. It may provide new
therapeutic options in the future.

Abbreviations: Akt kinase — a serine/threonine kinase; ApoE — apolipoprotein E; bFGF — basic fibroblast
growth factor; CIA — collagen-induced arthritis; COX — cyclooxygenase; ERK — extracellular signal-
regulated protein kinase; EST — expressed sequence tag; IFN — interferon; Jak — Janus kinase; LDL — low-
density lipoprotein; MCP — monocyte chemoattractant protein; MIP — macrophage inflammatory protein;
MMP - matrix metalloproteinase; Ox-LDL — oxidized low-density lipoprotein; PMA — phorbol myristate
acetate; RA — rheumatoid arthritis; RANTES - regulated upon activation, normal T-cell expressed and
secreted; RASFs — rheumatoid arthritis synovial fibroblasts; RT-PCR — reverse transcriptase polymerase
chain reaction; STAT - signal transducers and activators of transcription; TNF-o — tumor necrosis factor-
alpha; VEGF - vascular endothelial cell growth factor
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as an immunosuppressive cytokine [2], but it also
plays an immunostimulatory role [3-5]. The IL-10
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family was determined recently after the discovery
of several IL-10-related cytokines, including IL-19
[6], 1L-20 [7], I1L-22 [8], TL-24 [9], and IL-26 [10].
Despite a partial homology in their amino acid
sequences, they are dissimilar in their biological
functions. IL-19, first discovered in LPS-treated
monocytes [6], induces monocytes to produce 1L-6
and TNF-a [11], and CD4-positive T cells to
produce Th2 cytokines; it is also associated with
asthma [12]. Stimulating HepG2 human hepatoma
cells with TL.-22 upregulates the production of
acute phase reactants such as serum amyloid A,
al-antichymotrypsin, and haptoglobin [13]. IL-22
protects hepatocytes by activating STAT3 and the
increased expression of anti-apoptotics and beta-
defensins 2 and 3 [14, 15]. IL-24 expression was
upregulated in wound healing and during the
in vitro differentiation of a melanoma cell line [9].
IL-26 was induced by the transformation of T
lymphocytes with Herpesvirus saimiri [10], and
targeted epithelial cells through TIL-20R1 and IL-
10R2 [16, 17]. The overexpression of 1L-20 in
transgenic mice caused neonatal death as well as
skin abnormalities, including aberrant epidermal
differentiation [7]. IL-20 selectively enhanced mul-
tipotential hematopoietic progenitors in vitro and
in vivo [18]. Other biological functions and clinical
implications of IL-20 are unknown. Updated
information about 1L-20 — its identification, recep-
tors, signaling, biological activities, and potential
clinical implications — is illustrated in this review
based on the data in the literature as well as on our
own recent experiments.

IL-20

IL-20 was initially identified from the EST data-
bases using an algorithm designed to identify
translated sequences containing both a signal
sequence and one or more amphipathic helices
- commonly found in helical cytokines [7]. The
discovery of this full-length protein sequence was
based on a structure prediction technique through a
signal sequence and four amphipathic helix profiles.
The amino acid sequences of IL-20 and IL-10 are
28% identical and 1L-20 was consequently classi-
fied as a member of the IL-10 family. Both human
and mouse IL-20 contain 176 amino acids and
share 76% amino acid sequence identity. Protein
crystallographic analysis of IL-10 indicates that it

forms an intercalating dimer [19]; nevertheless, the
recombinant human IL-20 protein produced in
BHK and in baculovirus cells seems to form a
monomer instead of an intercalating dimer [7].

Using PCR analysis, we also isolated an
alternatively spliced transcript variant of [L-20
from human cDNA libraries. Exon 4 was deleted
in the human short-variant of IL-20 (GenBank
accession number AY876922). In addition, a
mouse short-form of IL-20 was also identified
(unpublished data). Tissue distribution analysis
demonstrated that both human and mouse short-
forms are tissue-specific. The short-form variant of
human IL-20 was found in lung tissue [20], while
the short-form variant of mouse I[L-20 was
expressed in brain tissue only.

Homology screening of the National Center for
Biotechnology Information in the rat high-
throughput genome-database was conducted using
human IL-20 cDNA sequences as a query. We
identified the rat IL-20 genomic clone and the full-
length cDNA of rat 1L-20 (accession number
DQ229286). Full-length cDNA of rat IL-20 was
then amplified from testis tissue using RT-PCR
with gene-specific primers and further verified
using DNA sequencing. The alignment of human,
mouse, and rat IL-20 is shown in Figure 1A.

The human IL-20 gene was mapped to a 195-kb
region on chromosome 132, which also includes
IL-10, IL-19, and IL-24 [7]. The other two 1L-10-
related cytokines, AK155 (IL-26) and IL-22, are
on chromosome 12q15 [21]. Clustering of family
members may be the result of gene duplication
with subsequent divergence of function and regu-
lation. The murine IL-20 gene is in the syntenic
region on mouse chromosome 1.

Receptors and signaling

The receptor complex for I1L-20 has been identified
as one pairwise combination of receptor subunits,
IL-20R1 and IL-20R2 [7]. These two proteins
comprise a heterodimeric 1L-20 receptor, structur-
ally similar to the 1L-10 receptor. Within the IL-10
family, IL-19, IL-20, and IL-24 exhibit substantial
sharing of receptor complexes. IL-19 and IL-24
also signal through the IL-20R1/IL-20R2 hetero-
dimer [21]. In addition, 1L-20 and IL-24, but not
IL-19, bind to another receptor complex, com-
posed of IL-22R1 and IL-20R2 [21, 22].
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Figure 1. Comparison of human, mouse, and rat 1L-20 and their receptors. Full-length coding protein for human, mouse, and rat
(A) IL-20, (B) IL-20 RI, and (C) TL-20R2 were aligned. “*” = identical amino acid sequences; ‘:” = similar amino acid

TRt

sequences; “.” = fewer amino acid similarities than sequence alignments with *“:”.

Homology screening of the National Center for
Biotechnology Information rat high-throughput
genome-database was conducted using human IL-
20R1 and IL-20R2 cDNA sequences as a query.
We identified the full-length cDNA of rat 1L-20
R1 and IL-20R2 (accession numbers XM218776
and DQ222846, respectively). Full-length ¢cDNA
of rat IL-20R1 and IL-20R2 was then amplified
from testis tissue using RT-PCR with gene-specific
primers and further verified using DNA sequenc-
ing. Alignment of human, mouse, and rat IL-20
R1 and IL-20 R2 is shown in Figure 1B and C.

Recombinant I1L-20 protein stimulates the
common Jak-STAT signal transduction pathway
through STAT3 in HaCaT and BHK cells trans-
fected with two IL-20 receptor subunits, IL-20R 1
and IL-20R2. In unstimulated HaCaT cells,
STATS3 staining was predominantly in the cytosol.
IL-20 stimulation of HaCaT cells resulted in a
distinct nuclear translocation of STAT3, but not
of STATI [7].

Little is known about signal transduction mech-
anisms coupled to the IL-20 receptor complexes,
IL-20R1/IL-20R2 and 1L-22R1/IL-20R2, except

that they all function partly through JAK-STAT
pathways. Several observations showed that I1.-20
signaled through different pathways in different cell
types: STAT3 in keratinocyte cell lines (HaCaT)
[7]; ERK1/2 in RA synovial fibroblasts [23]; p38
kinase, JNK, and ERKI1/2 in endothelial cells
(HUVECGs) [20]. All three subunits of TL-20 recep-
tors are co-expressed in these cells, but they
transmit different signals to I1L-20. Additional
studies will be required to determine the key
molecules in the signaling transduction pathways
that induce the various biological effects of IL-20.

Expression profiles of 1L.-20 and its receptors

The expression pattern of IL-20 in a variety of
human tissue types was determined using tradi-
tional RT-PCR, real-time RT-PCR, and in situ
hybridization. IL-20 was mainly expressed in LPS-
treated monocytes, and in skin, kidney, lung, and
placenta tissue. Several cell lines derived from
prostate, pancreas, skin, lung, colon, and breast
tissue also expressed 1L-20 at different level [24].
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Figure 2. 1L-20 is associated with psoriasis. rheumatoid arthritis (RA), and atherosclerosis. 1L.-20 can be induced by LPS, hypoxia
or oxidized LDL (Ox-LDL) in monocytes and TNF-g-stimulated RA synovial fibroblasts. Synovial fibroblasts, neutrophils. endo-
thelial cells, CD8-positive T cells and keratinocytes are target cells for 1L-20. IL-20 acts as a chemoattractant and an angiogenesis
factor by itself and also an inducer for other chemokines and angiogenesis factors. In rheumatoid arthritis, 1L-20 acts on fibro-
blasts using an autocrine pathway, and induces the secretion of MCP-1, IL-6, and IL-8. Directly (solid line) or indirectly (dotted
line) recruited neutrophils, monocytes and T cells in the joints cause more severe inflammation and result in joint swelling and
bone destruction. The induced 1L-20 in monocytes by the stimuli of LPS, oxidized LDL or hypoxia condition in combination with
upregulated 1L-20 receptors on endothelial cells promote migration, proliferation and vascular tube formation of endothelial cells.
The angiogenic effects of 1L-20 on endothelial cells include both direct activity of IL-20 by itself (solid line) and indirect activity
(dotted line) mediated by the induced VEGF, IL-8, bFGF, and MMPs. 1L-20 may trigger CDS8-positive T cells infiltrated in lesion-
al psoriatic skin and mediate proliferative reactions to sustain the hyperproliferation of the keratinocytes in psoriasis by producing
KGF. It may also activate CD8-positive T cells to produce TNF-z and IL-6 and initiate a cascade of inflammation. Chemotaxis,
angiogenesis and inflammation are the hallmarks for rheumatoid arthritis, atherosclerosis and psoriasis.

Because no comprehensive analysis of 1L-20 pro-
tein expression in the tissues had been previously

biological functions and clinical implications of
IL-20 in humans.

performed, we conducted an analysis of its expres-
sion profile on a tissue microarray containing 37
different healthy essential tissues using immuno-
histochemistry staining with mouse monoclonal
anti-hIL-20 antibody. Table 1 provides a summary
of the previous data compared with our new data
about the expression pattern of IL-20 using
immunohistochemical (IHC) staining on tissue
microarray. IL-20 protein was expressed in several
healthy tissue types (Table 1). IL-20 was expressed
in several specific cell-types among these tissues,
namely squamous epithelial cells, endothelial cells,
macrophages, and lymphocytes. IHC staining with
cell-specific markers in these tissues was needed to
further confirm this result. These data will provide
valuable references for further investigation of the

The expression pattern of [L-20 receptor, 1L-
20R1, IL-20R2, and IL-22R1 in a variety of human
tissue types is summarized in Table 2. Of these
tissue types, skin and lung demonstrated abundant
expression of all three receptors. Similarly, only
transcripts of 1L-20 receptor subunits have been
determined so far. The protein levels of IL-20R1
and IL-20R2 need to be confirmed using immuno-
histochemical staining with specific antibodies.

Clinical implications of 11.-20
Based on the expression profiles of 1L-20 and its

receptors, an increasing number of the character-
istics of the biological activities of 1L-20 have been
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Table 1. Expression of 1L-20 in normal tissues.

IL-20 protein®  TL-20 transcript

Skin + +b
Buccal mucosa + ND
Tongue -+ ND
Esophagus + ND
Stomach + ND
Small intestine + b

Colon + ND
Appendix + ND
Liver + b

Gall bladder - ND
Pancreas + ND
Nasal mucosa + ND
Lung + 4P
Submandibular gland + ND
Tonsil + ND
Thymus + ND
Spleen + _b

Lymph node + ND
Kidney + +b
Ureter + ND
Prostate + ND
Breast + ND
Uterine cervix + ND
Uterus - ND
Endometrium + ND
Fallopian tube -+ ND
Ampulla of Vater + ND
Ovary + ND
Placenta - +b
Testis - ND
Seminal vesicle + ND
Parathyroid - ND
Thyroid gland - ND
Adrenal gland - ND
Eye-retina - ND
Skeletal muscle - ND
Brain + _b

Heart ND -b

Bone marrow ND -b

Fetal liver ND -b

monocytes ND +¢
LPS-treated monocytes ND +¢
NK cells ND =€

B cells ND -

T cells ND -~

Different assays used to determine the expression of IL-20 in
normal tissues are indicated.

dtissue microarray analysis.

PRT-PCR [7, 20, 25].

‘real-time RT-PCR [24, 26]

ND: not determined.

Table 2 Expression of 1L-20 receptor subunits in normal tis-
sues

IL-20R1 IL-20R2 [L-22RI1

Brain +2 _a _a
Heart 42 +a _a
Kidney 4+ _a saef
Spleen _a _a _a

Liver +ab —a 4b gaboef
Colon 42 _a s f
Lung fac yac 4ac
Small intestine +? +3 faef
Muscle + 4@ +a _a
Stomach +2 _a _a f
Testis 42 42 _a
Placenta +2 +a _a
Salivary gland 48 42 _a
Thyroid gland +2 —a 48
Adrenal gland +4 +3 +4
Pancreas 4.& b —8 +/_b +aboe
Ovary +2 +a _a
Uterus 48 _a _a
Prostate +2 —a _a

Skin qaboed pabed aboef
Pheripheral blood leukocytes =% +?  +? _a

Bone marrow -a -2 b _a

Fetal brain 2 -8 _a

Fetal liver 4 _a +a
monocytes _b +b b

NK cells _b b _b

B cells _b 4B +b

T cells _b +b _b

Different assays used to determine the expression of IL-20R1,
IL-20R2, and IL-22R1 in normal tissues are indicated.
*RT-PCR [7, 20, 22, 25, 27].

breal-time RT-PCR [24, 26].

°In situ hybridization [7, 22].

“Immunohistochemical staining [25].

°Northern blot analysis [28].

Micro-array analysis [29].

demonstrated. Although much remains to be
explained about the physiological and pathogenic
mechanisms of action of IL-20, current data
support their association with several diseases
and their therapeutic potential. An overview of
the known or speculated functional properties of
IL-20 and their association with diseases is illus-
trated in this section.

1L-20 and psoriasis

Psoriasis is an inflammatory dermatosis charac-
terized by abnormal epidermal proliferation. Pre-



vious studies indicate that T cells and cytokines are
of major importance in the pathophysiology of
this immune-mediated disorder [7, 22, 30, 31].
Several proinflammatory cytokines are cutane-
ously and systemically overexpressed in psoriasis,
particularly type-1 cytokines (e.g., IL-2, —6, -8,
and —12; IFN-y; and TNF-a), the overexpression
of which is responsible for the initiation, mainte-
nance, and recurrence of skin lesions [31].

There are several lines of evidence suggesting a
role for 1L-20 and its receptor in psoriasis. First,
the overexpression of IL-20 in transgenic mice
causes neonatal death and psoriasis-like skin
abnormalities, including hyperkeratosis, thickened
epidermis, and aberrant epidermal differentiation.
Second, all three IL-20 receptor subunits are
expressed in the skin [22] and are markedly
upregulated in human psoriatic skin [7, 32]. In
addition, IL-20 stimulates signal transduction
through STAT3 in HaCaT cells [7], and STAT3
is activated in human psoriatic lesions [33]. Evi-
dence from our recent study [29] further confirms
that IL-20 and its receptors are involved in the
pathogenesis of psoriasis. Immunohistochemical
staining with specific antibodies and an RT-PCR
assay detected overexpression of 1L-20, IL-20R1,
and IL-20R2 in the keratinocytes of lesional
psoriatic skin [25, 33]. Increased expression of
IL-20 and functional IL-20 receptor complex in
lesional skin from psoriasis patients was believed
to alter the interactions between endothelial cells,
immune cells, and keratinocytes, which leads to
dysregulation of keratinocyte proliferation and
differentiation. Nevertheless, the expression levels
of TL-20R1 and IL-20R2 in the uninvolved skin
from psoriasis patients varied with different indi-
viduals [25], but they were higher than those in the
lesional skin of most patients. These results are
consistent with those from a recent study [34]
proposing that an imbalance in the TL-20 receptor
complexes might contribute to their suspected
pathogenic effects. Other than keratinocytes,
CD8-positive T cells might also serve as target
cells for 1L-20. Real-time RT-PCR demonstrated
that IL-20 treatment upregulated the transcripts of
keratinocyte growth factor (KGF) [25]. Recently,
we further found that IL-20 induced the expression
of TNF-« in CDS8-positive T cells. Induction of
TNF-a protein was also detected in the condi-
tioned medium of IL-20-stimulated CD8-positive
T cells (unpublished data). CD8-positive T cells
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infiltrate lesional psoriatic skin and are considered
important in the pathogenesis of psoriasis [30, 35].
Thus, IL-20 may trigger CDS8-positive T cells
locally and mediate proliferative reactions to
sustain the hyperproliferative status of the kerat-
inocytes in psoriasis by producing KGF. It may
also activate CD8-positive T cells to produce
TNF-o and initiate a cascade of inflammation.

These observations suggest that inhibiting IL-
20 activity might therefore be considered for the
therapy of psoriasis. This might be achieved, for
instance, by using a neutralizing antibody to I1L-20
[25] or an antagonistic soluble extracellular do-
main of the IL-20R1/IL-20R2 receptor complex
[22].

I1L-20 and Rheumatoid arthritis

Rheumatoid arthritis (RA) is an autoimmune
disease characterized by acute and chronic inflam-
mation of the synovial joints and causes them to
loss function and ends in bone destruction.
Although the etiology of RA is unclear, the
molecules involved in the inflammatory process
are becoming better understood. Cytokines, as
essential signal molecules in inflammation, are
known to be involved in the pathogenesis of RA.
Vasculitis with recruitment and activation of
cytokine-producing inflammatory cells, including
monocytes and macrophages, T- and B-lympho-
cytes, and neutrophils, are characteristically found
in affected tissue. Inflammatory cytokines such as
IL-18, 1L-6, IL.-8, and TNF-a are overexpressed in
the affected tissue, in the synovial fluid of affected
joints, and in the circulation of RA patients. The
effects of IL-1§ and TNF-a on synovial cells,
fibroblasts, bone cells (osteoblasts and osteo-
clasts), and chondrocytes are all compatible with
the pathophysiology of RA. These inflammatory
cytokines are produced through the continuous
activation of T cells, which then interact with
monocytes and macrophages in RA [36]. Growing
evidence indicates that innate immune cells such as
neutrophils and mast cells are responsible for a
vast majority of acute and ongoing inflammation
[37, 38].

IL-10 is crucial in the progression of RA.
Endogenous IL-10 partly suppressed the produc-
tion of TNF-o, IL-14, and IL-8 from synovial
macrophages and synoviocytes. Furthermore, IL-
10 was confirmed to have beneficial effects in a
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collagen-induced arthritis (CIA) animal model
because it reduced joint swelling and cytokine
production, indicating that IL-10 in vivo may have
a protective role [39-41].

That IL-20 may be involved in inflammatory
joint diseases was reported in a recent study [42]
that used immunohistochemistry combined with
digital microscopic analysis to demonstrate the
expression of IL-20 in the inflamed synovium of
patients with rheumatoid arthritis. Immunohisto-
chemical staining indicated that not only IL-20,
but also all three of its receptors, were expressed in
synovial membranes and synovial fibroblasts
(RASFs) derived from the synovial tissue of RA
patients and CIA rats, a model thought to mimic
human RA [23]. This finding offers a possibility
about the role of IL-20 involved in RA. We
speculate that IL-20 may play a role in RA by via
autocrine pathway.

Furthermore, we demonstrated that RA pa-
tients expressed significantly higher levels of 1L-20
in synovial fluid than that in controls [23]. The
recruitment of neutrophils, macrophages, and
lymphocytes into joint tissue is a hallmark of RA
in humans. Several chemokines, including IL-8,
MCP-1, RANTES, and MIP-1, were expressed in
tissue from the inflamed joints of patients with RA
[43-49]. Our migration assay also confirmed that
IL-20 induced neutrophil chemotaxis in vitro, and
IL-20 upregulated the production of IL-6, IL-8,
and MCP-1 by RASFs [23]. IL-8 recruits neu-
trophils and MCP-1 is a potent chemoattractant of
monocytes and T cells. Therefore, [L-20 by itself is
a chemoattractant and an inducer of other chemo-
kines. The proinflammatory cytokines, TNF-« and
IL-1p were shown to induce 1L-20 in RA fibro-
blast-like synoviocytes [42]. The clinical success of
therapeutic strategies of neutralizing TNF-a (EN-
BREL) or IL-18 has highlighted their relevance to
the pathogenesis of RA [50-52]. Overall, we
propose that macrophages and TNF-a-stimulated
synovial fibroblasts to secrete IL-20, which acts on
fibroblasts using an autocrine pathway, and
induces the secretion of MCP-1 and IL-8. Directly
and indirectly recruited neutrophils, monocytes,
and T cells into joints causes more severe inflam-
mation that increased joint swelling or bone
destruction.

These data suggest that an IL-20 antagonist
might be helpful for RA therapy. Soluble rat IL-
20R1 extracellular domain in expression vector

was introduced into CIA rats using intramuscular
electroporation five and ten days after inducing
primary CIA. It significantly decreased the symp-
toms of arthritis and the progression of the disease
in CIA rats [23].

I1L-20 and atherosclerosis

Atherosclerosis is a chronic inflammatory disease
of the arterial wall characterized by the progressive
accumulation of lipids, extracellular matrix, and
cells, including macrophages, T lymphocytes, and
smooth muscle cells [53]. Inflammation plays a
major role in atherosclerosis plaque disruption and
thrombosis, and, therefore, greatly influences the
occurrence of coronary syndromes and mortality
[54-56]. IL-10, important in atherosclerosis lesion
formation and stability, is a protective factor
against the effect of environmental pathogens on
atherosclerosts [57].

Angiogenesis plays a crucial role in the pro-
gression of atherosclerosis plaque. Studies that
demonstrated a higher prevalence of neovascular-
ization in lesions with plaque rupture, mural
hemorrhage, or unstable angina showed the clin-
ical importance of the neovascularization of
plaque [58, 59].

Endothelial cells expressed IL-20R1 and IL-
20R2 [60] and might be target cells for IL-20. IL-
20 induced proliferation and migration on human
umbilical vein endothelial cells (HUVECs) [20].
The formation of new microvessels in human
atherosclerotic plaque is associated with high
cellular proliferation in the plaque [61]. IL-20 also
induced the expression of the angiogenesis factors
bFGF and VEGF, and of matrix metalloprotein-
ase-2 (MMP-2) in HUVECs [20]. VEGF plays a
crucial role in the development of atherosclerosis
and increases in hypercholesterolemia [62]. VEGF
protein and mRNA increase in unstable plaques
[63, 64]. Thus, IL-20 may affect the progression of
atherosclerosis through VEGF. MMP-9 and -2
have been implicated in the development of
atherosclerosis and plaque rupture in acute coro-
nary syndromes (ACS) [65]. Our data demon-
strated that IL-20 induced MMP-2 transcript in
HUVECs, indicating that IL-20 may play a crucial
role in atherosclerotic plaque growth and stability,
thus determining the disease outcome. All these
biological activities of [L-20 were also observed in
human microvessel endothelial cells (HMECs)



[20]. 1L-20 also induced vascular tube formation
in vitro and in vivo [20]. Furthermore, T11.-20 and its
IL-20R1/IL-20R2 receptor complex were ex-
pressed in the atherosclerosis plaque of humans
and ApoE-deficient (ApoE™'") mice (unpublished
data). 1L-20 expression was detected in both the
foam cells and the endothelial cells lining the
microvessels of atherosclerotic lesions, and IL-
20R1/IL-20R2 expression was detected in micro-
vascular endothelium. We postulate that increased
expression of 1L-20 by macrophages and endothe-
lial cells may serve as paracrine or autocrine
factors for endothelial cells. In addition, we found
that oxidized L.LDL, an inflammatory stimulus in
atherosclerosis plaque and hypoxia condition,
dramatically increased IL-20 expression by mono-
cytes and macrophages (unpublished data). The
increased IL-20 secretion in combination with
upregulated 1L-20 receptors on endothelial cells
would promote proliferation, migration and vas-
cular tube differentiation of endothelial cells,
thereby stimulating angiogenesis.

Heuze-Vourc’h et al. recently reported that IL-
20 was an anti-angiogenesis cytokine that down-
regulated COX-2 and PGE, in human bronchial
epithelial and endothelial cells [66]. IL-20-
dependent inhibition of COX-2 and PGE, oc-
curred through the IL-22R1/IL-20R2 dimers and
inhibited experimental angiogenesis. Our results
showed that TL-20 promoted angiogenesis in vitro
and in vivo [20]. These apparently contradictory
findings might have been caused by different assay
systems. Heuze-Vourc’h er al. used an indirect
assay by treating cells with PMA and showing that
IL-20 inhibited PMA-induced angiogenesis
through the COX-2 regulatory pathway [66].
Other PMA-induced pathways may influence the
effects of IL-20 on angiogenesis, however. It is
worth exploring the different downstream
signaling of 1L-20 through different receptor
complexes. It is possible that I1L-20 regulate
angiogenesis via pro- and anti- angiogenic activ-
ities in different tissues according to the microen-
vironment.

Conclusions and perspectives
The involvement of IL-20 in skin inflammation has

been reported in several studies [32, 67, 68]. Our
recent studies demonstrate T1.-20 is a pleiotropic
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cytokine with potent inflammatory, angiogenic,
and chemoattractive effects, all of which are
characteristics of psoriasis, RA, and atherosclero-
sis. This review addresses the associations between
IL-20 and these three diseases. We propose a
working hypothesis of how 1L-20 may be involved
in the disease process summarized in the Figure 2.
Epidemiological studies have demonstrated an
association between the increased morbidity of
atherosclerosis and RA [69, 70] and between the
increased morbidity of RA and psoriasis [71-74].
Angiogenesis plays a crucial role in the pathogen-
esis of psoriasis and RA, and in the progression of
atherosclerosis plaque. Blocking the activities of
IL-20 may provide benefits in inflammation-
associated diseases. Moreover, combined treat-
ment could be used for these multi-factor diseases
to alleviate their severity and slow down their
progression.

In conclusion, IL-20 and its receptors are
associated with many diseases. These observations
give new insight into the immunobiological roles
of TL-20 in different organs and suggest that [L-20
and its receptor complexes may become new
therapeutic targets of drugs that block their
activation in TL-20-associated diseases. These
include antibodies or small molecules that neu-
tralize 1L-20, that block IL-20 cell-surface recep-
tors, or that inhibit IL-20 intracellular signaling
molecules.
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