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Interleukin (IL)-20, a member of the IL-10 family of cytokines, was discovered in 2001. IL-20 acts on multiple 
cell types by activating on a heterodimer receptor complex of either IL-20R1–IL-20R2 or IL-22R1–IL-20R2. 
Recent evidence indicates that IL-20’s interaction with its receptors might have proinflammatory effects on 
chronic inflammatory diseases, particularly rheumatoid arthritis (RA), osteoporosis, and breast cancer. Updated 
information about IL-20, such as its identification, expression, receptors, signaling, and biological activities, 
is illustrated in this review based on our research and the data available in the literature. IL-20 is a pleiotropic 
cytokine, which promotes inflammation, angiogenesis, and chemotaxis. IL-20 also regulates osteoclast differ-
entiation by altering the receptor activator of NF-kB (RANK) and RANK ligand (RANKL) axis. Inflammation, 
angiogenesis, and osteoclastogenesis are critical for the pathogenesis of RA, osteoporosis, and breast cancer-
induced osteolysis. Based on the in vitro and in vivo data and clinical samples, we demonstrated that IL-20 
plays pivotal roles in these three diseases. In experimental models, anti-IL-20 monoclonal antibody ameliorates 
arthritis severity, protects against ovariectomized-induced bone loss, and inhibits breast tumor-induced oste-
olysis. This review presents the clinical implications of IL-20, which will lead to a better understanding of the 
biological functions of IL-20 in these diseases and provide new therapeutic options in the future.
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with neutralizing antibodies, scientists have studied the 
role of IL-10 family cytokines in various inflammatory 
conditions during the past decade (1,3,5,14,42,55,75). In 
contrast to IL-10, which is generally considered to be an 
anti-inflammatory cytokine, IL-20 acts as a proinflamma-
tory cytokine. Recent studies (17,20,22) have implicated 
IL-20 in angiogenesis, chemotaxis, and osteoclastogen-
esis, processes that are critical in various inflammatory 
diseases. This review focuses on new findings on the 
expression and the pathological roles of IL-20 in rheu-
matoid arthritis (RA), osteoporosis, and breast cancer-
induced osteolysis. We also discuss the therapeutic potential 
of an anti-IL-20 monoclonal antibody (mAb) in these 
three diseases.

IL-20

IL-20 was initially identified from the expressed 
sequence tag (EST) databases using an algorithm designed 
to identify translated sequences containing both a signal 
sequence and one or more amphipathic helices com-
monly found in helical cytokines (3). The IL-20 gene was 

INTRODUCTION

Cytokines are critical modulators of immune responses 
and therefore will be ideal targets for new therapeutic 
strategies. Selecting candidates to target and, in particu-
lar, identifying cytokines that regulate the critical steps of 
disease pathways is important to the success of such strat-
egies. Over 100 cytokines and cytokine receptors have 
been identified, some of which are applied as the basis for 
the therapeutics on the market (4).

The interleukin (IL)-10 family of cytokines and the 
closely related interferon (IFN) family of cytokines form 
the larger class II cytokine family (46,56). IL-10, the first 
member of the IL-10 family discovered, was identified by 
Mosmann and colleagues in 1989 (46). The IL-10 fam-
ily includes IL-19, IL-20, IL-22, IL-24, IL-26, IL-28, and 
IL-29 (2,3,11,13,40,79). IL-10, IL-22, and IL-26 are pref-
erentially produced by immune cells (79,80). In contrast, 
IL-19, IL-20, and IL-24 can be secreted by both tissue cells 
and immune cells (18,40,49). Using various techniques, 
such as transgenic mice, gene-deficient mice, or treatment 
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mapped to a 195-kb region on chromosome 1q32, which 
also includes IL-10, IL-19, and IL-24 (3). The other two 
IL-10-related cytokines, IL-22 and IL-26, are on chromo-
some 12q15 (11). Clustering of family members may be 
the result of gene duplication with subsequent divergence 
of function and regulation. There are two potential nuclear 
factor of k light polypeptide gene enhancer in B-cell 
(NF-kB) binding sites; one is upstream from the start codon 
in the IL-20 gene, and the other one is in the 3¢-untranslated 
region of the IL-20 gene (53,62). The latter suggests that 
IL-20 mRNA is rare and short-lived; therefore, IL-20 acts 
as a quickly regulated protein that may have a short but 
basic role in initiating inflammation (70).

Reverse transcription-polymerase chain reaction 
(RT-PCR), in situ hybridization, and immunohistochem-
istry (IHC) analysis confirmed that IL-20 was expressed 
in a variety of tissues. IL-20 was expressed primarily in 
activated monocytes and in skin, kidney, lung, and repro-
ductive glands. Several cell lines derived from prostate, 
pancreas, skin, lung, kidney, colon, and breast tissue also 
expressed IL-20 at different levels (49). Recent studies 
(17,21–23,39) indicate that other sources for IL-20 are 
endothelial cells, rheumatoid synovial fibroblasts, proxi-
mal tubular epithelial cells, breast cancer cells, and oral 
cancer cells.

Within the IL-10 family, IL-19, IL-20, and IL-24 exhibit 
substantial sharing of receptor complexes. IL-19, IL-20, 
and IL-24 signal through the IL-20R1–IL-20R2 heterodi-
mer (11). In addition, IL-20 and IL-24, but not IL-19, 
bind to another receptor complex composed of IL-22R1 
and IL-20R2 (11,55). Moreover, IL-22 signals through 
IL-22R1–IL-10R2, and IL-26 binds to IL-20R1–IL-10R2 
(68). The interaction of individual IL-10 family cytokines 
with their receptor complexes is ligand specific.

Little is known about signal transduction mechanisms 
coupled to the IL-20 receptor complexes except that they 
all function partly through Janus kinase-signal transducer 
and activator of transcription (JAK–STAT) pathways. 
Several studies have reported that IL-20 signaled through 
different pathways in different cell types: STAT3 in a male 
human immortalized keratinocyte cell line (HaCaT) (3); 
extracellular signal-regulated kinase 1 (ERK1/2) in mouse 
and human RA synovial fibroblasts and mesangial cells 
(22,38); p38 mitogen-activated protein kinase (MAPK), 
C-Jun-N-terminal kinase (JNK), JAK2/STAT5, AKT, and 
ERK1/2 in human and porcine endothelial cells (17,74); 
JNK and ERK1/2 in rat and human epithelial cells (39); 
JNK, ERK1/2, AKT, and p38 in mouse osteoblastic cell 
lines (MC3T3-E1) (20); JNK, ERK1/2, STAT3, and B-cell 
CLL/lymphoma-extra large (Bcl-X

L
)

 
in human and mouse 

breast cancer cells (21); STAT3, AKT, JNK, and ERK1/2 
in human oral cancer cells (23); and ERK1/2, JNK, p38, 
and JAK–STAT in human bladder cancer cells (33).

CLINICAL IMPLICATIONS OF IL-20

An increasing number of the biological activities of 
IL-20 have recently been reported. 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 being poten-
tial targets in therapeutics. An overview of the functional 
properties of IL-20 and their association with bone dis-
eases discovered in our lab is illustrated in the follow
ing sections.

IL-20 and Rheumatoid Arthritis

RA is characterized by chronic inflammation of 
synovial joints with proliferating synovial fibroblasts 
and infiltrating activated leucocytes (in particular by 
memory T-cells, macrophages, and plasma cells) (9,25). 
Angiogenesis in the local synovial tissue of patients with 
RA is considered to be an early step in the pathogenesis 
of RA (29,76). Inflammatory cytokines such as IL-1b, 
IL-6, IL-8, and tumor necrosis factor (TNF)-a are over-
expressed in the affected tissue, in the synovial fluid of 
affected joints, and in the circulation of patients with RA. 
The effects of TNF-a and IL-1b on synovial fibroblasts, 
osteoblasts, osteoclasts, and chondrocytes are important 
in the pathogenesis of RA. These inflammatory cyto
kines are secreted through activation of T-cells, which then 
interact with monocytes and macrophages in RA (54).

Synovial fibroblasts are significantly involved in the 
pathogenesis of RA by synthesizing various proteases, 
superoxide, chemokines, and cytokines such as TNF-a, 
IL-1, granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), and IL-6. Cytokines derived from mac-
rophages and synovial fibroblasts are abundant in the 
rheumatoid synovium (43). Many of these factors are 
important in regulating inflammatory cell migration 
and activation (43). TNF-a is expressed in endothelial 
cells, synovial fibroblasts, osteoclasts, and cartilage from 
patients with RA. The elevated level of TNF-a promotes 
inflammation and bone destruction (12). In addition, 
molecules such as macrophage-specific colony-stimulating 
factor (M-CSF) and receptor activator of NF-kB ligand 
(RANKL), which are expressed in the inflamed synovium, 
stimulate osteoclastogenesis and bone resorption (43). 
Patients with RA manifest irreversible bone destruction 
and poor functional outcomes (43). Therefore, preventing 
bone destruction is important for antiarthritis therapy.

The intracellular signaling involved in regulating IL-20  
expression has been investigated in only a few studies. 
Jones et al. (27) identified a 40-kb conserved region 
between IL-10 and IL-19 that might be involved in the 
transcriptional regulation of IL-10-type cytokines. IL-20 
expression is induced by lipopolysaccharide/toll-like 
receptor 4 (LPS/TLR-4) or IL-1b through p38-mitogen-
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activated protein kinase (16,53). Hypoxia induces syn-
ovial angiogenesis in patients with RA through vascular 
endothelial growth actor (VEGF). This process further 
enhances infiltration of immune cells, the production of 
inflammatory mediators, and causes more severe inflam-
mation (30). We identified a hypoxia-responsive element 
upstream of the promoter of IL-20 (6) and reported that 
in cultured monocytes, HaCaT cells, chondrocytes, and 
human embryonic kidney (HEK293) cells, IL-20 expres-
sion was upregulated by CoCl

2
-mimicked hypoxia. This 

finding suggested that the regulation of IL-20 by hypoxia 
is a general phenomenon in various cells. The NF-kB 
and hypoxia-inducible factor-1 pathways are critical for 
the induction of several genes in the cells in response to 
hypoxia and inflammatory stimuli. It is therefore worth-
while to further investigate the role of NF-kB in hypoxia-
inducible factor-1-regulated IL-20 expression.

Elevated IL-20 protein and all three IL-20 receptor 
subunits (IL-20R1, IL-20R2, and IL-22R1) were detected 
in samples derived from the synovial membranes of 
patients with RA, but not in those of healthy controls 
(22). This finding was confirmed in a collagen-induced 
arthritis (CIA) rat model. IL-20 was produced primarily 
by macrophages and synovial fibroblasts. IL-20 in turn 
induces chemokines such as monocyte chemoattractant 
protein 1 (MCP-1) and IL-8, which recruit neutrophils 
and T-cells into inflamed tissues. In addition to acting as a 
proinflammatory factor, IL-20 may also contribute to RA 
through its effect on angiogenesis and lymphangiogen-
esis (17,74). Antibodies of IL-20 have been confirmed to 
reduce the severity of arthritis in CIA rats (19).

Synovial fibroblasts express both types of IL-20 recep-
tors and could be the target of IL-19, IL-20, and IL-24 
(19,22,66). IL-20 expression is upregulated in inflamed 
synovial membranes. IL-20 induces the activation of 
ERK1/2 and p38 in RA synovial fibroblasts (RASFs); 
induces RASFs to secrete MCP-1, IL-6, and IL-8; and 
promotes neutrophil chemotaxis, RASF migration, and 
endothelial cell proliferation. Both IL-20 and IL-20R1, 
but not IL-20R2 or IL-22R1, were upregulated in the 
CIA rat model (22). IL-20 also induces the expression of 
TNF-a and RANKL in primary cultured synovial fibro-
blasts derived from CIA rats (19). Interestingly, IL-20 
induced RANKL only in the synovial fibroblasts isolated 
from CIA rats, but not from healthy rats (19).

Inflammation in RA is most likely sustained by an 
IL-20-dependent autocrine loop: macrophages and syn-
ovial fibroblasts produce IL-20, which in turn induces 
chemoattractants such as MCP-1 and IL-8. The subse-
quent recruitment of neutrophils and T-cells aggravates 
the inflammation. The alteration of RANKL expression 
in synovial fibroblasts by IL-20 also implies that IL-20 is 
involved in regulating bone metabolism.

Bone erosion is another symptom of RA and is asso-
ciated with the severity of disease. Erosion of periar-
ticular cortical bone is caused by excessive local bone 
resorption and inadequate bone formation (67). Low 
bone mass is associated with an increase in the number 
of osteoclasts and with excessive osteoclast activity. 
IL-20 induced TNF-a, RANKL, and IL-17 expression 
in mouse osteoblastic MC3T3-E1 cells (19,20). In addi-
tion, IL-20 is pivotal for the differentiation of osteoclasts 
from hematopoietic stem cells (20). Osteoclasts express 
both types of IL-20 receptors and, therefore, could be the 
target of IL-20. RANK is the specific signaling recep-
tor of RANKL, which regulates osteoclast activation. 
In CIA rats, anti-IL-20 mAb ameliorated the severity of 
arthritis by decreasing hind-paw thickness and swelling, 
preventing bone destruction, and reducing proinflamma-
tory cytokine production in synovial tissue (19). These 
findings suggest that blocking IL-20 significantly inhib-
ited the symptoms of arthritis and the progression of the 
disease in CIA rats.

IL-20 and Osteoporosis

Osteoporosis is a serious public health concern with an 
estimated worldwide incidence of over 200 million (31). 
It is characterized by low bone density, reduced bone 
strength, and increased risk of fracture (50). Osteoporosis 
is caused by an imbalance between bone formation and 
resorption. The major cell types responsible for these two 
processes are osteoblasts and osteoclasts, respectively. 
Both estrogen deficiency in women and androgen defi-
ciency in men cause an imbalance in bone turnover in 
which bone resorption exceeds bone formation. Rapid 
bone loss occurs and is accompanied by the destruction 
of bone microarchitecture (45,69). 

Osteoclasts are derived from the monocyte–macrophage 
cell lineage and strongly express tartrate-resistent acid 
phosphatase (TRAP) type 5 and cathepsin K. The phe-
notype of terminally differentiated mature osteoclasts is 
characterized by the expression of markers such as TRAP 
and the calcitonin receptor (31). The activity of osteo-
clasts is regulated by the parathyroid, calcitonin, and IL-6; 
soluble factors such as MCSF (60); transcription factors 
such as cFos, nuclear factor of activated T-cells, cytoplas-
mic, calcineurin-dependent 1 (NFATc1), and NF-kB; and 
the protein RANKL (73). Bone resorption also involves 
the synthesis of cysteine proteinases such as cathepsin 
K and matrix metalloproteinases (MMPs). The principal 
regulators of osteoclast differentiation, activity, and sur-
vival are RANKL and M-CSF (67). RANKL is expressed 
by osteoblasts and other cells: osteocytes, bone marrow 
stromal cells, T-cells, and B-cells. When RANKL acti-
vates its receptor, RANK, located on the cell surface of 
preosteoclasts and mature osteoclasts, the induction of 



634	hsu  and chang

transcription factors and enzymes promotes osteoclastic 
bone resorption (28).

Our recent study (20) showed that serum IL-20 was highly 
expressed in patients with osteoporosis and in an ovariecto-
mized (OVX)-induced bone loss mouse model of osteopo-
rosis. This is the first evidence that IL-20 was upregulated 
in  the  pathogenesis of osteoporosis. Both M-CSF and 
RANKL are believed to be essential and sufficient for the 
differentiation of osteoclast. However, we found that IL-20 
is also critical for osteoclast differentiation; our evidence 
is that anti-IL-20 mAb completely inhibited osteoclast 
differentiation at the presence of M-CSF and RANKL.

IL-20 and all three IL-20 receptor subunits (IL-20R1, 
IL-20R2, and IL-22R1) were detected in osteoclast pre-
cursor cells and osteoblasts, which indicated that IL-20 
targeted both osteoclasts and osteoblasts. We demonstrated 
that IL-20 upregulates RANK expression in osteoclasts 
and RANKL expression in osteoblasts. In addition, IL-20 
also enhanced osteoclast differentiation by inducing 
cathepsin G and modulating soluble RANKL production 
by osteoblasts (20). Therefore, IL-20 is an upstream acti-
vator of RANKL–RANK signaling. 

RANKL–RANK signaling-mediated NFATc1 activa-
tion is pivotal for osteoclast differentiation. IL-20 pro-
moted the activation of NF-kB, TNF receptor-associated 
factor 6 (TRAF6), STAT3, NFATc1, and c-Fos; anti-
IL-20 mAb inhibited these activations, which indicated 
that IL-20 regulates osteoclastogenic signals and acts as a 
stimulating factor for osteoclastogenesis.

In an OVX-induced bone loss mouse model (20), anti-
IL-20 mAb protected mice against osteoporotic bone loss 
and increased their bone mineral density (BMD) in vivo. 
Furthermore, we generated IL-20R1-deficient mice (the 
deficiency blocks IL-20 signaling) to confirm the criti-
cal involvement of IL-20 in osteoclastogenesis. IL-20R1-
deficient mice had a higher BMD than did wild-type 
mice (20). These findings suggest that IL-20 is pivotal 
for osteoclast differentiation and that the signaling elic-
ited by IL-20R1 is critical for modulating BMD during 
metabolic bone disease.

IL-20 and Cancer-Induced Osteolysis

Breast cancer is the second leading cause of cancer-
related death in women, with metastasis representing a 
serious cause of morbidity and mortality (48). Breast 
cancer usually metastasizes to the skeleton. About 85% 
of women with advanced-stage breast cancer have bone 
metastases (41). While ductal carcinoma in situ detected 
early is 98% curable, bone metastases are basically incur-
able (26). Metastatic cancer cells tend to colonize the 
heavily vascularized areas of the skeleton, such as the red 
marrow of the long bones, ribs, and vertebrae, where they 
disrupt not only bone physiology, but also hematopoiesis 
and the immune system (7).

In a recent study, we reported that IL-20 may be 
involved in breast cancer and bone metastasis (21). Immu
nohistochemistry (IHC) staining and real-time PCR analy
sis  demonstrated the expression of IL-20 and its three 
receptors in primary breast tumor tissue and bone-
metastasis tissue of patients with breast cancer. Higher 
IL-20 expression was associated with advanced tumor 
stages, greater tumor metastasis, and poor survival. 
Therefore, the expression of IL-20 in breast cancer tissue 
is not only associated with a higher mitotic rate but also 
correlated with advanced tumor stages and bone metas-
tasis. Therefore, IL-20 might be used as a biomarker for 
diagnosing breast cancer.

Metastasis is a process characterized by local inva-
sion, intravasation, transportation of tumor cells to the 
parenchyma of other organs, extravasation, and the estab-
lishment of secondary lesions (15). As breast cancer cells 
establish secondary colonies in the bone microenviron-
ment, tumor cells secrete cytokines, which stimulate 
RANKL expression in osteoblasts and subsequently inter-
act with its receptor RANK on osteoclast, which leads to 
osteoclast differentiation and activation (47). Activated 
osteoclasts then mediate bone degradation by releasing 
proteases, including MMPs and cathepsins. As bone is 
degraded, many growth factors and chemoattractants 
for tumor cells are released and promote bone metasta-
sis (10,47,64). While there is evidence that the MMPs 
secreted from breast cancer cells can resorb bone in vitro 
and contribute to bone degradation in vivo (32), it is now 
well accepted that osteoclasts are largely responsible for 
osteolytic metastatic lesions (8). In addition, the local 
cytokine/MMP/protease milieu generated by the tumor 
microenvironment is important for the growth, metasta-
sis, and immune evasion of breast tumors.

All three IL-20 receptors were expressed in clinical 
specimens and breast cancer cell lines, which suggested 
that IL-20 acts in an autocrine manner in breast cancer. 
We found that IL-20 induced breast cancer cell prolifera-
tion and migration and promoted tumor progression by 
increasing the expression of MMP-9, MMP-12, cathep
sin K, and cathepsin G (21). Therefore, IL-20 might 
provide a good microenvironment for tumor growth and 
metastasis.

Breast cancer that metastasizes to bone also leads to 
pathological bone destruction, which causes osteolysis 
and fractures. Continuation of the vicious cycle depends 
on a continuous supply of osteoclast precursors and 
mature osteoclasts that can be activated by RANKL (26). 
IL-20 stimulated osteoclast differentiation by modulating 
RANK–RANKL expression (20). Therefore, IL-20 may 
be involved in breast cancer-mediated bone osteolysis by 
regulating osteoclastogenesis.

In summary, IL-20 participates in breast cancer-
mediated bone metastasis and induces osteolysis through 
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four possible mechanisms: (i) IL-20 enhances tumor 
progression by promoting tumor cell proliferation and 
migration; (ii) IL-20 supplies a microenvironment for 
tumor colonization in bone by increasing the expression 
of MMP-9, MMP-12, cathepsin K, and cathepsin G; (iii) 
IL-20 increased osteoclastogenic activity by upregulating 
cathepsin G expression in osteoclasts and tumor cells; 
and (iv) IL-20 also controls osteoclastogenesis by upreg-
ulating RANK–RANKL signals, which provides a link 
between inflammation and tumor-induced osteolysis.

In a murine model of breast cancer, we found that 
IL-20 was highly expressed in the tumor mass, which is 
consistent with our clinical findings. IL-20 is a hypoxia-
inducible gene, and the hypoxia response element has 
been identified on the IL-20 promoter (6). Therefore, one 
possible mechanism upregulating IL-20 in the tumor may 
be the response of cancer cells to hypoxia in the solid 
tumor mass. Taken together, these data suggest that IL-20 
may be a novel target for breast cancer therapy.

THeRAPEUTIC POTENTIAL OF ANTI-IL-20 mAb
Rheumatoid Arthritis

CIA is an experimental model of human RA that is 
widely used for studying disease processes as well as for 
evaluating potential therapeutic agents. Two drugs that 
target TNF-a, namely, etanercept and infliximab, amelio-
rate inflammation and joint destruction of RA. However, 
therapy against TNF-a is clinically effective in only 
40–70% of patients (43,58,65), which indicates that some 
novel targets for drug development should be explored.

We showed that anti-IL-20 mAb treatment reduced the 
severity of arthritis in CIA rats by inhibiting inflamma-
tion and bone destruction (19). In addition, treatment with 
anti-IL-20 mAb combined with etanercept significantly 
ameliorated arthritis by decreasing hind-paw swelling, 
preventing cartilage damage and bone loss, and reducing 
the expression of IL-20, TNF-a, IL-6, IL-1b, RANKL, 
and MMPs in synovial tissue. Treatment with anti-IL-20 
mAb combined with etanercept protected rats from CIA 
better than did treatment with etanercept alone. In addi-
tion, treatment with anti-IL-20 mAb not only neutralized 
IL-20, but also reduced TNF-a, IL-1b, and IL-6 simulta-
neously in a CIA model, which suggested that anti-IL-20 
mAb may have advantages over current drugs on the mar-
ket. These observations provide evidence that IL-20 is a 
novel target and that anti-IL-20 mAb may be a potential 
therapeutic for RA.

Osteoporosis

Choices of established palliative and disease-modifying  
therapies are available for osteoporosis. None of them  
are curative; however, they are only partially effective for  
slowing down or stopping disease progression. Pharma
cological agents for treating osteoporosis may be classified  

as antiresorptive or osteoanabolic, depending on whether 
the principal means of improving bone strength is inhib-
iting osteoclastic bone resorption or stimulating osteo-
blastic bone formation. RANKL inhibitors such as 
osteoprotegerin and anti-RANKL antibody are inhibitors 
of bone resorption, presumably because of their effects on 
osteoclasts. Denosumab (Prolia and Xgeva; Amgen Inc., 
Thousand Oaks, CA, USA) is a fully human monoclonal 
antibody with high specificity for RANKL. By binding to 
RANKL, denosumab prevents its interaction with RANK, 
thereby inhibiting bone resorption by reducing osteo-
clast formation, activity, and survival (35). Denosumab 
is approved for the treatment of postmenopausal women 
with osteoporosis at high risk of fracture and for treatment 
to increase bone mass in women at high risk of fracture 
who are taking adjuvant aromatase inhibitor therapy for 
breast cancer. Denosumab at a different dose is approved 
for the prevention of skeletal-related events in patients 
with bone metastases from solid tumors (35). The scle-
rostin inhibitor AMG 785 (anti-sclerostin mAb) (Amgen 
Inc.) stimulated bone formation and improved the strength 
of the fracture callus in a primate fibular osteotomy model 
(37). AMG 785 is in the process of phase II/III clini-
cal trials in postmenopausal women with osteoporosis. 
Bone formation is linked to resorption through coupling 
factors (36,44), so treatment with antiresorption agents 
may result in the simultaneous suppression of bone for-
mation, which may compromise the efficacy of the drug 
(37,51,59,61). Therefore, it will be more beneficial to iden-
tify an agent that synchronously regulates bone resorption  
and formation.

In an OVX-induced bone loss model (20), anti-IL-20 
mAb protected OVX mice against bone loss and increased 
their bone density. In the in vitro assay, we showed that 
anti-IL-20 mAb reduced not only the number of TRAP+ 
osteoclasts, but also the activity of RANK–RANKL 
signals. In addition, anti-IL-20 mAb almost totally pre-
vented the RANKL-induced activation of TRAF6, c-Fos, 
NFATc1, and STAT3. Thus, anti-IL-20 mAb not only 
blocks the production of IL-20 but also of the protein 
RANKL. It affects not only osteoclast formation but also 
osteoblast function; hence, it may have advantages over 
denosumab. Therefore, we conclude that anti-IL-20 mAb 
is a potential therapeutic for protecting against osteoporo-
tic bone loss.

Cancer-Induced Osteolysis

Most metastasis of breast cancer to bone causes oste-
olytic lesions. The induction of aberrant osteoclastogen-
esis is only part of the equation. Breast cancer cells also 
inhibit osteoblast differentiation and adhesion, downregu-
late collagen synthesis, and increase osteoblast apoptosis. 
Thus, bone loss is the result of excessive bone degradation 
and insufficient bone replacement. In the final stages of 
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breast cancer-induced osteolysis, the cancer cells, fueled 
by growth factors released from the degraded matrix, 
expand unchecked (7).

Since the discovery of RANKL and its role in bone 
remodeling, the field of bone metastasis has moved rap-
idly. It is now generally accepted that the bone microen-
vironment is critical to the colonization and growth or 
dormancy of metastasized tumors. Our recent data 
showed that IL-20 provides a microenvironment for 
tumor colonization in bone by increasing the expres-
sion of MMP-9, MMP-12, cathepsin K, and cathepsin G 
(21). IL-20 modulates osteoclastogenesis by upregulat-
ing RANK–RANKL, which provides evidence that IL-20 
is critical for tumor-induced osteolysis. Furthermore, 
anti-IL-20 mAb inhibited tumor proliferation, increased 
tumor cell apoptosis, and reduced bone colonization in 
a mouse cancer model. Anti-IL-20 mAb also protected 
against bone loss in intratibial breast cancer-injected 
osteolytic mice. Therefore, in vivo data demonstrated 
that anti-IL-20 mAb modulates bone turnover and pro-
vides an unfavorable microenvironment for tumor cells 

to colonize and grow. Thus, anti-IL-20 mAb is a poten-
tial therapeutic agent for inhibiting breast tumor growth 
and bone colonization and eventually protecting against 
cancer-induced osteolytic bone loss.

Concluding Remarks

The involvement of IL-20 in skin inflammation has 
been reported in many studies (3,34,63,70,77,78). Our 
recent studies indicate that IL-20 is a pleiotropic cytokine 
with potent inflammatory, angiogenic, chemoattractive, 
and osteoclastogenic effects, all of which are character-
istics of RA, osteoporosis, and cancer-induced osteolysis. 
This review addresses the associations between IL-20 
and these three diseases. We propose a working model 
showing how IL-20 is involved in disease progression 
(Fig. 1).

Blocking the activities of cytokines constitutes a suc-
cessful therapeutic for inflammation-associated diseases 
(52,57,71,72) because they are key players in the physio-
logical and pathological processes of multicellular organ-
isms. There is an increasing interest in finding specific 

Figure 1.  Biological functions of interleukin-2- (IL-20) in the pathogenesis of RA, osteoporosis, and cancer-induced osteolysis. IL-20 
may contribute to the pathogenesis of rheumatoid arthritis (RA), osteoporosis, and cancer-induced osteolysis through five possible 
pathways: by promoting [i] synovial fibroblasts to secrete proinflammatory cytokines, which amplify the inflammatory response in 
synovial tissue; [ii] immune-cell infiltration and chemotaxis by inducing chemokines; [iii] osteoclast differentiation by inducing cathe-
psin G and modulating soluble (s) receptor activator of nuclear factor of k light polypeptide gene enhancer in B-cells (NF-kB) ligand 
(RANKL) production by osteoblasts; [iv] osteoclastogenesis by altering RANK–RANKL signaling, which provides a link between 
synovial inflammation and bone destruction; and [v] nurturing a microenvironment for tumor colonization in bone by upregulating 
matrix metalloproteinases (MMPs) and cathepsins. Therefore, IL-20 is pivotal in many phases of the disease progression of RA, osteo-
porosis, and cancer-induced osteolysis. MCP-1, monocyte chemoattractant protein 1; TNF-a, tumor necrosis factor-a.
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cytokines that play a dominant role in distal portions of 
the pathogenesis of inflammatory processes and disor-
ders. We preferably want to regulate only the functions 
of local tissue that are pivotal in the pathogenesis of a 
specific disease. IL-20 was upregulated only in local 
synovial fluid, but not in the serum of patients with RA. 
Both IL-20 and IL-20R1 were detected specifically in the 
synovial fibroblasts derived from CIA rats, but not from 
healthy rats. On the other hand, higher expression of IL-20 
in breast tumors was correlated with clinical outcome. 
Clinical tumorous breast tissue also expressed higher lev-
els of IL-20 and its receptors than did nontumorous breast 
tissue. These data confirm that IL-20 was upregulated in 
specific local tissue during the pathological conditions of 
RA, osteoporosis, and breast cancer. Therefore, blocking 
the activities of IL-20 in these three diseases will be a 
novel strategy. Anti-IL-20 mAb is currently under devel-
opment for treating RA. Information from clinical trials 
will help us to better understand the role of IL-20. A fully 
human recombinant monoclonal antibody of anti-IL-20 
developed by Novo Nordisk (Copenhagen, Denmark) 
has been tested in a clinical trial that yielded no safety 
issues (24). Novo Nordisk has finished their phase IIA 
trial for anti-IL-20 mAb and started a phase IIB clinical 
trial for RA.

In summary, available data suggest that IL-20 has a 
broad spectrum of biological effects in many phases of 
disease progression in RA, osteoporosis, and cancer-
induced osteolysis. These observations suggest that anti-
IL-20 mAb may be a feasible treatment option for these 
three diseases in the future.
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