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Abstract

Background: Millions of people around the world suffer from bone disorders, likes osteoporosis, rheumatoid
arthritis (RA), and cancer-induced osteolysis. In general, the bone remodeling balance is determined by osteoclasts and
osteoblasts, respectively responsible for bone resorption and bone formation. Excessive inflammation disturbs the
activities of these two kinds of cells, typically resulting in the bone loss.

Main body: IL-20 is emerging as a potent angiogenic, chemotactic, and proinflammatory cytokine related to several
chronic inflammatory disorders likes psoriasis, atherosclerosis, cancer, liver fibrosis, and RA. IL-20 has an important role
in the regulation of osteoclastogenesis and osteoblastogenesis and is upregulated in several bone-related diseases. The
anti-IL-20 monoclonal antibody treatment has a therapeutic potential in several experimental disease models including
ovariectomy-induced osteoporosis, cancer-induced osteolysis, and bone fracture.

Conclusion: This review article provides an overview describing the IL-20’s biological functions in the common bone
disorders and thus providing a novel therapeutic strategy in the future.
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Background
Cytokines participate in numerous physiological events
including the regulation of immune and inflammatory
responses and embryonic development. They are pro-
duced locally and transiently controlling the response
duration [1]. In general, cytokines act on the cells in
three main patterns, including autocrine (act on cells
which secret them), paracrine (act on adjacent cells) and
endocrine (function on distant cells) [2]. The dysregula-
tion of cytokine signaling is usually observed in patients
with immune-mediated diseases [3]. After produced by
active macrophages, proinflammatory cytokines function
as upregulating many inflammatory processes. It has been
reported that many proinflammatory cytokines are related
to the pathogenesis of inflammatory disorders, especially
for TNF-α, IL-1β, and IL-6 [4]. Therapeutic strategy regu-
lating the function of these proinflammatory cytokines
likes TNF-α, IL-1β, and IL-6, by neutralizing them using

blocking antibodies or soluble receptors, have been exten-
sively used over the past decades [5, 6].
Bone homeostasis is retained by the two kinds of bone

cells through the bone resorption and bone formation
processes [7]. Osteoblast precursor cells come from mesen-
chymal stem cells (MSCs), and require Runx2 transcription
factor for development to the mature osteoblast lineage
[8, 9]. Osteoblasts are not only involved in bone forma-
tion, they still regulate the differentiation of osteoclast
through secreting macrophage colony-stimulating factor
(M-CSF), receptor activator of nuclear factor kappa-B lig-
and (RANKL) and osteoprotegerin (OPG). M-CSF facili-
tates the development of osteoclast precursor cells and
promotes their survival. RANKL is an indispensable factor
for osteoclastogenesis which promotes osteoclast differenti-
ation through interacting with the RANK receptor on the
precursor cells. In order to against the excessive bone
resorption, osteoblasts have the ability to secret OPG,
as a soluble decoy receptor, bind to RANKL to suppress
the differentiation of osteoclasts [8, 10–12]. Dysregula-
tion of these two types of cells causes bone disorders,
likes rheumatoid arthritis (RA) and osteoporosis [7, 13].
Proinflammatory cytokines, which are secreted mainly
by macrophages, synovial fibroblasts, and lymphocytes
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within the inflamed synovium, such as TNF-α, IL-1, IL-
6, and IL-17, break the balance of bone homeostasis,
typically resulting in a bone loss and erosion [11, 14].
Interleukin-20 (IL-20), a component of IL-10 family,

activates the signal transduction via two kinds of heterodi-
meric receptor complexes, IL-20R1/IL-20R2 or IL-22R1/
IL-20R2 [15]. Previous studies indicated that IL-20 has a
close connection with psoriasis [16], atherosclerosis [17],
and stroke [18]. Recently, it is revealed that IL-20 is a key
factor in regulating angiogenesis [19], chemotaxis [20],
osteoblastogenesis [21], and osteoclastogenesis [22]. This
review mainly focuses on discussing the pathological role
of IL-20 in the pathogenesis of bone diseases and the
therapeutic potential of anti-IL-20 monoclonal antibody
(mAb) in several inflammation-mediated bone loss dis-
eases such as RA, osteoporosis, cancer-induced osteolysis,
and bone fracture.

The discovery of IL-20
IL-20 was first discovered from human keratinocyte library
using EST database and structural-based algorithm in 2001
[15]. As a component in the IL-10 family, IL-20 shares
structure homology with other members (IL-10, IL-19, IL-
20, IL-24, and IL-26). Human and mouse IL-20 have 76%
amino acid sequence identity in total 176 amino acids. The
human IL-20 gene maps to a region on chromosome 1 and
is close to IL-10, IL-19, and IL-24. There are two nuclear
factor κB (NF-κB)-binding sites in the IL-20’s promoter,
representing that NF-κB has the ability to drive the tran-
scription of IL-20 [23]. The 3′-untranslated region (UTR)
of IL-20 contains mRNA instability motifs, which indicated
that IL-20 mRNA has a quick turnover rate.

Expression pattern of IL-20 and its receptors
IL-20 transcripts are detected in skin, lung, reproductive
glands, and kidney of the human body. Tissue microarray
analysis shows that IL-20 is preferentially expressed in
macrophages, epithelial cells, endothelial cells, myoepithe-
lial cells, and skeletal muscle cells on normal physiological
condition [24]. We recently found that IL-20 is upregu-
lated in rheumatoid arthritis synovial fibroblasts (RASFs)
[25] and several cancer cells including breast cancer, oral
cancer, and prostate cancer [26, 27].
IL-20 binds to two kinds of receptor complexes, includ-

ing IL-20R1/IL-20R2 and IL-22R1/IL-20R2. Both the het-
erodimer receptor complexes signals partly through the
JAK-STAT pathways [28]. The mRNA expression analysis
showed that the expression of IL-20R1, IL-20R2, and IL-
22R1 have a limited tissue expression pattern [15].

Biological functions of IL-20
Both IL-20 and its receptors are expressed in keratinocytes
and they are found overexpressed in the human psoriatic
skin [15, 29]. IL-20 is able to stimulate the expression of

several cytokines involving in inflammatory reactions, for
instance, TNF-α and MCP-1 [30]. Therefore, IL-20 seems
to be involved in the pathogenesis of psoriasis. IL-20 also
promotes IL-1β expression in hypoxic kidney tubule cells
[31]. The gene expression of TNF-α, IL-6, and IL-1β are
found to be regulated by IL-20 in various cell types, indicat-
ing IL-20 is an upstream key regulator in the processes of
inflammatory responses [26, 32, 33].
Chemokines function as regulating inflammation,

leukocyte trafficking, and the differentiation of immune
cells. Chemokines are also important in selectively recruit-
ing monocytes, neutrophils, and lymphocytes [34]. MCP-1
is a typical chemoattractant of T cells and monocytes. IL-8
is also a chemokine able to recruit neutrophils. Our previ-
ous studies showed that IL-20 upregulates MCP-1 and IL-
8 expression in several types of cells, such as primarily
cultured human disc cells and RASFs [25, 33]. IL-20 also
induces the neutrophil chemotaxis in vitro [25], indicating
IL-20 has chemoattractant properties [35].
Previous studies indicated that IL-20 induces angio-

genesis both in a direct and indirect pattern [19]. IL-20
induces the migration, proliferation, and vascular tube
formation of human umbilical vein endothelial cells
(HUVECs) through regulating matrix metalloproteinase
(MMP)-9, vascular endothelial growth factor (VEGF), fibro-
blast growth factor 2 (FGF2), MMP-2, and IL-8 [19, 36]. In
addition, IL-20 promotes tumor angiogenesis in several
mouse models. In apolipoprotein E deficient (apoE−/−)
mice, IL-20 is able to enhance IL-6 and TNF-α expres-
sion and accelerate the development of atherosclerosis
[17]. Therefore, IL-20 functions as a pleiotropic proin-
flammatory cytokine, which enhances the inflammation,
chemotaxis, and angiogenesis.

Signal transduction of IL-20
According to the IL-20 and its receptors expression pro-
files, the signaling activities of IL-20 were revealed. The
IL-20 expression is induced by IL-1β via p38 MAPK and
NF-κB-dependent pathway [23]. We previously found
the hypoxia induces IL-20 expression in human embryonic
kidney cells, monocytes, keratinocyte, chondrocytes, and
glioblastoma cells [18]. Several studies have reported that
IL-20 triggers JAK-STAT3 pathways in HaCaT cells [18]
and renal baby hamster kidney fibroblasts transfected with
IL-20 receptors, IL-20R1 and IL-20R2 [15]. IL-20 induces
the translocation of STAT3 from cytosol to nuclear in
HaCaT cells [15]. IL-20 also activates different signal path-
ways in different cell types, such as extracellular signal-
regulated kinase 1/2 (ERK1/2) in RASFs [25] and p38, JNK,
ERK1/2 in HUVECs [19]. IL-20 was shown to promote the
activation of JNK, ERK and STAT3 and induced apoptosis
through caspase 9 activation in HK-2 (human proximal
tubular epithelial cells) [31]. IL-20 induces the expression
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of MMP-9 and activates ERK1/2, p38 MAPK, JNK, and
JAK-STAT signaling pathways in bladder cancer cells [37].

IL-20 and bone diseases
IL-20 in rheumatoid arthritis
As a systemic autoimmune disease, RA affects approxi-
mately 1% population worldwide. In RA, the immune sys-
tem mistakenly attacks joints and causes inflammation,
resulting in swelling and pain and bone destruction [38].
Although the cause of RA is controversial and heteroge-
neous, it’s believed that the major mechanism of RA is
chronic inflammation [39]. One of the main characteristics
of RA is the proliferating synovial fibroblasts and infiltrating
immune cells in synovial joints. Several studies revealed the
RASFs play an important role in RA initiation through se-
creting matrix-degrading enzymes (MMPs), chemokines,
and cytokines, likes TNF-α, IL-6, IL-1β, and granulocyte-
macrophage-colony-stimulating factor (GM-CSF) [40].
Angiogenesis is also a hallmark in the early stage of RA

pathogenesis, which enhancing immune cells into the syn-
ovial tissue [41]. It is observed that several angiogenic fac-
tors such as VEGF and FGF2 are highly expressed in
RASFs [42]. In our previous study, IL-20 is also an angio-
genic factor which induces the migration, proliferation,
and vascularization both in vitro and in vivo [19]. Based
on these observations, we hypothesize that IL-20 may be
an upstream mediator in the RA progression.
We and other groups reported that the level of IL-20

in synovial fluid was significantly higher in RA patients
than in OA patients,, while no difference was observed
in serum levels of IL-20 between these groups [25, 43, 44].
However, one study revealing no difference was observed
on the IL-20 level in synovial fluid between RA and OA
patients [45]. The discrepancies might be due to some dif-
ferences in the disease stages, drug-use history, and ex-
perimental procedure.
In our previous study, both IL-20 and its receptors are

detected in RA synovial membranes and fibroblast-like
synoviocytes (RA FLS) isolated from RA patients. IL-20
promotes the growth of endothelial cells (HUVECs), the
migration of RA FLS and the chemotaxis of immune
cells [25]. Furthermore, IL-20 stimulates the expression
of IL-6, IL-8 and MCP-1 in RA FLS through ERK-1/2
signaling activation [25]. Other group showed that pro-
inflammatory cytokines, including TNF-α and IL-1β, in-
duced IL-20 expression in RA FLS [46]. These results
indicated IL-20 is a critical mediator in the proinflamma-
tory cytokine cascade and contributes to joint inflamma-
tion in the pathogenesis of RA. A recent study reported
that the secretion of IL-20 in RA may be stimulated by
TLR ligands. The level of IL-20 was induced in RA pa-
tients’ PBMCs by TLR ligands, such as Poly I:C and LPS,
rather than the proinflammatory cytokines, such as TNFα
and IL-1β [43]. Therefore, the secretion of IL-20 may be

independent of the proinflammatory cytokines in RA. IL-
20 is not only a chemoattractant by itself but also an in-
ducer of other chemokines. The data indicate that IL-20 is
a determinant factor in RA and IL-20 antagonists may
have potential therapeutic effects for RA [35].
We generated collagen-induced arthritis (CIA) experi-

mental model to examine the role of IL-20 in RA. Based
on the observation that both IL-20 and IL-20R1 are
highly expressed in the CIA rats’ synovial tissue, we intra-
muscularly electroporated soluble IL-20R1 (sIL-20R1) plas-
mid DNA to block IL-20’s function through inhibiting IL-
20R1 signaling and found that the arthritis severity of the
CIA rats was significantly reduced. Anti-IL-20 monoclonal
antibody (mAb) 7E significantly improves the symptoms of
arthritis through reducing thickness and swelling of hind-
paw, suppressing bone destruction, and inhibiting the pro-
duction of proinflammatory cytokines in synovial tissue.
It is known that TNF-α, IL-20, IL-6, and IL-1β are all

involved in the pathogenesis of RA, and RANKL is also
regarded as a key factor in bone erosion in RA [47].
MMPs, matrix-degrading enzymes secreted by RASFs
(Rheumatoid arthritis synovial fibroblasts), are consid-
ered a key factor in RA initiation [48]. The anti-IL-20
mAb 7E downregulates the proinflammatory cytokines
(IL-20, IL-6, and IL-1β), RANKL and matrix metallopro-
teinase (MMP-1, − 3, and − 13) in the CIA rats’ synovial
tissues [49]. This result demonstrates anti-IL-20 mAb 7E
both reduce the symptoms of arthritis and help to pre-
vent bone destruction.
In RA, osteoclastic bone resorption typically causes bone

erosions at the sites of synovitis that rich in RANKL. RA
FLS and osteoblasts are the cellular sources of RANKL pro-
duction. A recent study reported that IL-17 produced by
Th17 cells acts on osteoblasts to promote bone destruction
[50]. IL-20 enhances the expression of RANKL and IL-17
in osteoblastic MC3T3-E1 cells, suggesting IL-20 might be
a critical factor in the osteoclastogenesis through regulating
RANKL/RANK axis [51]. According to the data, we pro-
posed IL-20 is closely related to the progression of RA.
Therefore, targeting IL-20 may significantly improve the
severity of arthritis.

IL-20 in osteoporosis
Osteoporosis is a critical risk factor for fragility fractures,
causing substantial morbidity and mortality, especially
for elders [8]. Osteoporosis occurs when the speed of
osteoclastic bone resorption goes beyond that of the
osteoblastic bone formation, and typically accompanied
by the consequences of the loss of bone mineral density
(BMD) and a decrease of bone structure and strength.
We previously observed that concentration of IL-20 in

serum was obviously higher in osteopenia and osteopor-
osis patients compared to healthy ones, suggesting IL-20
might involve in the bone loss [22]. In ovariectomy (OVX)-
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induced osteoporotic mice, anti-IL-20 mAb 7E treat-
ment not only increased the tibia BMD but also de-
crease the number of osteoclasts on the bone surface.
Moreover, the C-terminal telopeptide of collagen (CTX),
which is the bone resorption marker, was found down-
regulated in the serum after anti-IL-20 mAb 7E
treatment.
Excessive osteoclast activity leads to bone loss in osteo-

porosis. The osteoclast differentiation needs the upregula-
tion of M-CSF and RANKL [52, 53]. Both M-CSF and
RANKL are believed to be essential and sufficient for the
differentiation of osteoclast. A previous study [54] indicated
that IL-20 was not involved in differentiation of osteoclasts
from synovial fluid cells. However, they incubated IL-20
alone in synovial fluid cells without M-CSF and RANKL.
Thus, their culture system may not be suitable for osteo-
clast differentiation. In our in vitro osteoclast differentiation
system, we found that IL-20 alone without M-CSF and
RANKL did not trigger osteoclast differentiation. However,
we also found that IL-20 is critical for osteoclast differenti-
ation; our evidence is that anti-IL-20 mAb 7E completely
inhibited osteoclast differentiation in the presence of M-
CSF and RANKL. Therefore, although M-CSF and RANKL
are considered to be enough for osteoclastogenesis in gen-
eral, our data demonstrated that IL-20 is another critical
factor involving in osteoclast differentiation.
Both osteoclasts precursor cells and mature osteoclasts

express IL-20 and IL-20’s receptor, showing IL-20 may
act on the autocrine manner in these cells. The inter-
action between RANKL and RANK is essential to the
differentiation of osteoclast [12]. When RANKL bind-
ing to the RANK receptor on osteoclast precursor
cells, the activated signal drives osteoclastogenesis
from hematopoietic progenitor cells to mature osteo-
clasts [10, 12]. IL-20 has the ability to upregulate the
expression of RANK and several markers of osteoclast
differentiation (likes NFATc1, c-Fos, cathepsin K, and
TRAP) in osteoclast precursor cells. While these activ-
ities were inhibited after anti-IL-20 mAb 7E treatment.
Previous study showed that cathepsin G protease
which is produced by osteoclasts, cleaves the extracel-
lular domain of RANKL from osteoblasts and releases
soluble RANKL (sRANKL) to promote osteoclastogenesis
[55]. We found that IL-20 induces cathepsin G secretion
in osteoclasts and modulated sRANKL formation. Fur-
thermore, IL-20 also induces the RANKL expression in
preosteoblasts. The observations support that IL-20 mod-
ulates osteoclast differentiation through multiple different
pathways.
In the OVX-induced osteoporotic model, blocking IL-

20’s function by treating anti-IL-20 mAb 7E or by using
IL-20R1 deficiency showed a protective effect against
bone destruction. Therefore, the strategy of blocking IL-
20 may help us fight against osteoporosis.

IL-20 in cancer-induced osteolysis
As a leading cause of cancer death among women, breast
cancer remains a serve public health issue worldwide [56].
Nowadays, the therapeutic strategies targeting primary
breast tumor are improved obviously, but treatments for
metastasis are still a big issue [57]. Metastatic breast can-
cer accounts for the majority of deaths from breast cancer
[58]. It was reported that about 85% of advanced stage
breast cancer patients have bone metastasis, resulting in
incurable osteolysis [59].
We previously found that both IL-20 and its receptors

(IL-20R1 and IL-20R2) are overexpressed in the sites of
primary tumor and bone-metastasis in breast cancer pa-
tients, and the higher expression of IL-20 is correlated
with poorer clinical outcome [27].
There are many cytokines, MMPs and proteases se-

creted by tumor microenvironment to help cancer
metastasize to distant organs [60, 61]. Previous studies
[37, 62, 63] reported that MMP-12, MMP-9, and cathep-
sin K accelerate extracellular matrix (ECM) degradation
leading the invasion and metastasis of cancer cells. We
found that IL-20 is able to stimulate the growth, migration,
and function as an upstream mediator to enhance MMP-9,
MMP-12, cathepsin K, and cathepsin G secretion in cancer
cells. These proteases are implicated in the interaction be-
tween tumor and stroma and help cancer to metastasize.
Therefore, IL-20 might provide a suitable microenviron-
ment for breast cancer metastasis.
The crosstalk between tumor cells, osteoblasts, osteo-

clasts, and bone extracellular matrix form a vicious cycle
for the initiation and development of metastatic lesions
in the skeleton. In breast cancer-induced osteolytic bone
metastasis model, anti-IL-20 mAb 7E treatment not only
inhibited the bone colonization but also protested
against the osteolytic bone loss in mice. The data suggest
that IL-20 is a key factor involved in the progression of
breast cancer and anti-IL-20 mAb has a therapeutic po-
tential to protect breast-cancer induced osteolysis.
Prostate cancer is the third leading cause of death among

men worldwide. The prostate cancer patients died mainly
because of the bone metastasis and frequently accompanied
by the serve symptoms of bone pain and bone fracture
[64, 65]. Epithelial-mesenchymal transition (EMT) is a
cellular event describing epithelial cells losing connec-
tion with each other and dedifferentiate to acquire mes-
enchymal phenotype, which enhances the migratory
and invasive abilities [66–68]. After the EMT, cancer
cells begin to leave the primary site into the bloodstream,
entry into the vascular system and undergo extravasation
from the circulation to distant sites [69].
Cancer cells secrete IL-1, IL-6, and M-CSF to stimulate

the activation of osteoclast [70, 71]. These cytokines also
act on osteoblast to induce RANKL expression. After bind-
ing with RANK on osteoclasts, RANKL through signaling
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activation to induce the maturation of osteoclasts [10, 72].
The active osteoclasts and the prostate cancer cells secrete
the proteolytic enzyme cathepsin K to degrade the ECM
and contribute to bone resorption and metastasis [73]. Both
cathepsin G and cathepsin K play crucial roles in tumor-
induced osteolysis, and they are also potentially a novel
therapeutic target for treating cancer [74, 75].
IL-20 and its three receptors transcripts are detected

in the human prostate adenocarcinoma tissue samples,
indicating that prostate cancer is one of the targets of
IL-20. In vitro, IL-20 significantly enhances the prolifera-
tion, migration, and anchor-independent growth in prostate
cancer cells [76]. IL-20 is involved in the EMT through
ERK1/2, AKT, p38, and NF-κB pathways by inhibiting
epithelial marker E-cadherin expression, and promoting
mesenchymal marker N-cadherin, STAT3, vimentin, and fi-
bronectin expression. We also found that IL-20 enhances
RANKL production through regulating cathepsin G and
cathepsin K in prostate cancer cells [76]. In vivo, anti-IL-20
mAb 7E not only shrank the tumor mass but also pre-
vented prostate cancer-induced bone loss [76]. The data
demonstrate that IL-20 masters in regulating of cancer-
induced bone osteolysis.

IL-20 in bone fracture
Bone fracture is the most frequent traumatic injuries in
human [77]. The fracture healing process can be divided
into three determinant stages, inflammation, repair and
remodeling [78].
Fracture healing is a complex and a dynamic process be-

ing governed by a variety of cellular elements and cytokines,
in which osteoclasts and osteoblasts are the two important
cell types. Osteoclasts are responsible for cartilage
resorption and remodeling during fracture healing by
secreting acid and proteinases. On the other side,
osteoblasts synthesize the bone matrix and promote
mineralization [8, 9, 79]. IL-20 and its receptors transcripts
were detected in osteoclasts, osteoblasts, and chondrocytes
in the bone fracture callus [21]. Also, we found the IL-20 is
upregulated in the serum of bone fracture animal model,
and anti-IL-20 mAb 7E treatment enhanced bone forma-
tion. Anti-IL-20 mAb 7E treatment not only raised the
number of osteoblasts but also inhibited the number of oste-
oclasts at the bone callus during fracture healing. The data
indicate that IL-20 has the ability to inhibit osteoblastogene-
sis and promotes osteoclastogenesis. IL-20 is a determinant
factor in regulating the balance between the differentiation
of osteoclast and osteoblast. Bone homeostasis is a combin-
ation of osteoclast and osteoblast activity. We found IL-20
has an inhibitory effect on the osteoblast maturation from
mouse preosteoblastic MC3T3-E1 cells [21]. However,
others have found IL-20 induced the mineralization of
primary human osteoblasts [80]. The effect of these different
mechanisms needs further clarification.

We used IL-20R1 deficiency mice to study the im-
portance of IL-20R1 during bone fracture healing. The
fractures healing rate of IL-20R1−/− mice showed more
quickly than wild-type. Furthermore, the osteoclast
number in the bone surface is less in the IL-20R1−/−

mice than wild-type mice. The results suggest that IL-
20/IL-20R1 signaling mediates bone homeostasis and is
involved in metabolic bone disease.
Sclerostin is reported to inhibit bone formation through

downregulating the differentiation, the proliferation and
the function of osteoblast function [81, 82]. IL-20 and
sclerostin are positively correlated in the serum of bone
fracture, osteopenia, and osteoporosis patients. Further-
more, IL-20 targeted osteoprogenitor MC3T3-E1 cells to
enhance sclerostin expression and inhibit OPG expres-
sion. By using human amniotic fluid-derived cells to study
the role of IL-20 in osteoblastogenesis, IL-20 could inhibit
the gene expression of multiple osteoblast differentiation
factors, such as osterix (OSX), RUNX2, and Atf4. IL-20
not only regulated Wnt/β-catenin signaling to inhibit
OSX expression but also directly suppressed OSX pro-
moter activity. The data demonstrate that IL-20 regulates
both the pro- and anti- osteogenic processes to inhibit
osteoblast maturation [21].

The therapeutic potential of anti-IL-20 mAb
Rheumatoid arthritis
As the progress of medical advances, the treatment of RA
has changed a lot, from the traditional treatments such as
glucocorticoids and nonsteroidal anti-inflammatory drugs
(NSAIDs) to the cytokines-based therapy [83]. Since the
1990s, anti-TNF-α mAb has become the major biological
drugs for treating RA [84]. However, it is estimated ap-
proximately 40% RA patients are not sensitive to TNF
blockade therapeutics [85]. Severe arthritis could even be
observed in the TNF knockout mice. This evidence in-
dicates some unknown factors involved in the TNF-
independent pathway may have critical effects on the
RA pathogenesis. Thus, targeting single pathogenic fac-
tor is not enough for treating RA [86].
Based on our previous findings, IL-20 modulates several

pathways in RA progression: (I) IL-20 induces MCP-1, IL-
6, TNF-α, and IL-8 expression in RA FLS, causing the re-
cruitment of neutrophils and promote inflammation [25].
(II) IL-20 functions as an angiogenic factor, IL-20 induces
VEGF, FGF2, and MMPs expression in endothelial cells to
facilitate the infiltration of immune cells into inflamed
synovial tissues [19, 25]. (III) IL-20 functions as an
osteoclastogenic cytokine to promote osteoclastogene-
sis through regulating RANKL, RANK, and IL-17 and
then causes bone destruction [49].
We used the CIA rat model to investigate whether the

blockade of IL-20 improves the disease activity. The
anti-IL-20 mAb 7E treatment significantly ameliorated
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the arthritis symptoms and prevented CIA rats from
bone destruction. Furthermore, the combination of anti-
IL-20 mAb 7E with Etanercept (the inhibitor of TNF-α)
treatment showed the synergistic effect and was more effi-
cient than the Etanercept treatment alone. Therefore, the
combination of anti-IL-20 mAb with other cytokine block-
ades may also be a promising anti-rheumatic strategy.
In our CIA rat model, both IL-20 and IL-20R1 were

upregulated in the synovial tissue compared with healthy
control rats [25]. However, one study indicated that IL-
20 mRNA expression from the paws and lymph nodes of
CIA mice was very low [87]. The mRNA transcripts of
IL-20R1 was also low and indicated a negative correlation
with paw disease scores [87]. Therefore, very low local ex-
pression of IL-20 in the diseased paws and lack of correl-
ation with disease severity may explain the lack of efficacy
of anti-IL-20 treatment in the mouse CIA model.
Both rheumatoid factors (RFs) and anti-cyclic citrulli-

nated peptide (anti-CCP) are autoantibodies typically found
in the blood and synovial fluid of RA patients, which are
used for the early diagnosis of RA [88]. Seropositive (RF-
and anti-CCP- positive) RA patients are accounted for
about 60–80% RA patients [89, 90]. Recently, the levels of
IL-20 were found significantly elevated in the seropositive
RA patients than in seronegative RA patients [43, 54]. In
addition, the serum and the synovial fluid levels of IL-20
were correlated with the RA disease activity, such as the
DAS28 score, the number of swollen and tender joints [43].
In a phase 2a trial (NNC0109–0012), anti-IL-20 mAb
seems to be effective particularly in the patients with
seropositive RA (RF- and anti-CCP- positive) rather
than seronegative RA patients, but the phase 2b trial
(NCT01636843) failed because the primary efficacy
endpoint was not met [91]. It is not clear if seronega-
tive RA patients were excluded in the phase 2b trial. It’s
believed that there are different inflammatory pathways
involved in the seropositive and seronegative patients
[92]. Based on our previous data, not all the RA pa-
tients highly expressed IL-20 in the synovial fluid [25].
The IL-20 level was significantly elevated in the sero-
positive RA patients compared with that in the sero-
negative RA patients [43, 54]. Thus, this observation
suggests IL-20 is closely related to the autoantibodies
(rheumatoid factors and anti-CCP) and may be a key
mediator for regulating these factors, which awaits fur-
ther exploration.
On the other hand, failure in the clinical trial may be

due to the redundancy effect in the IL-20 cytokine sub-
family [93]. As a member of IL-20 subfamily, IL-19 was
also overexpressed in CIA rat model, and treatment of
anti-IL-19 antibody significantly ameliorated the severity
of arthritis [94]. IL-24, which shares the same receptor
complex with IL-20, was also upregulated in synovial
fluid and plasma of RA patients [45, 95]. A recent study

showed that a broad blockade of IL-20 subfamily (includ-
ing IL-19, IL-20, and IL-24) by using soluble-IL-20R2-Fc
fusion protein significantly ameliorated the severity of
arthritis in CIA model [96]. These findings indicate mul-
tiple members of IL-20 subfamily may be involved in the
pathogenesis of RA.
In 2017, a new oral JAK (Janus kinase) inhibitor –

Tofacitinib (Xeljanz) was approved for the moderate and
severe RA treatment [97]. In the treatment-refractory
population, Tofacitinib significantly improved the disease
severity and symptoms of RA patients [98]. The JAK re-
ceptor tyrosine kinases family binds to the cytokine re-
ceptors and elicits an inflammatory response inside cells
[99, 100]. IL-20 is believed to activate JAK/STAT path-
way to regulate its biological function. However, whether
Tofacitinib efficiently inhibits IL-20 signaling needs to
be further confirmed.

Osteoporosis and bone fracture
Many skeletal diseases, such as osteoporosis and bone
fracture, are results of the excess osteoclast activity or
the decreased osteoblast activity. The current drugs for
treating osteoporosis are designed to inhibit the osteo-
clastic bone resorption or to promote the osteoblastic
bone formation, however, there is still no drug can re-
duce the severity of osteoporosis efficiently [86]. Cur-
rently, there aren’t any drugs available to boost bone
formation to treat osteoporosis and bone fracture.
RANKL-RANK signaling is a determinant pathway for

osteoclast differentiation. RANKL blockade, such as anti-
RANKL mAb and OPG, inhibit the bone resorption by
suppressing osteoclastogenesis [101, 102]. Denosumab
(Amgen Inc.) is an anti-RANKL mAb to treat postmen-
opausal women with osteoporosis and bone metastasis
[63, 103]. Sclerostin is a glycoprotein that inhibits the
activation of osteoblasts. The sclerostin inhibitor –
AMG785 (Amgen Inc.) has protective effects against
osteoporosis in preclinical studies and is in the clinical
trials for treating postmenopausal women with osteo-
porosis [63, 104, 105]. It should be noted that many
factors have impacts on both bone formation and re-
sorption. Anti-resorption agents alone treatment prob-
ably simultaneous inhibits bone formation, in turn,
compromises the efficacy of the drug [106, 107]. There-
fore, we need to search for novel therapeutic targets
and develop new anti-osteoporotic drugs.
We previously showed that IL-20 regulates osteoclas-

togenesis through enhancing the RANK and cathepsin G
expression and inducing the RANKL expression in oste-
oblasts. Therefore, IL-20 affects not only the formation
of osteoclast but also influences the function of osteo-
blast. Furthermore, we found IL-20 also directly targets
on osteoblasts to suppress osteoblastogenesis through
inducing sclerostin expression and inhibiting RUNX2,
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OSX, Atf4, and OPG expression. In OVX-induced bone
loss model, the anti-IL-20 mAb 7E suppresses osteoclasts
differentiation and increases the BMD. Also, anti-IL-20
mAb 7E treatment promotes osteoblast differentiation
and significantly increases the rate of bone healing in vivo.
Therefore, the anti-IL-20 mAb 7E not only inhibits osteo-
clastogenesis but also promotes osteoblastogenesis. The
result indicates that blocking of IL-20’s function is a po-
tential way to treat osteoporosis and bone fracture, with
more advantages than current drugs on the market.

Cancer-induced osteolysis
Recently, breast cancer and prostate cancer have become
the highest cancer incident around the world. These two
types of cancer often cause bone metastasis. Dysregula-
tions of osteoblastogenesis and osteoclastogenesis are a
critical mechanism for cancer-induced osteolysis. We gen-
erally consider the bone microenvironment has an impact
on the colonization of cancer cells and metastasis.
IL-20 induces the expression of MMP9, MMP-12,

RANKL, cathepsin K and cathepsin G in cancer cells.
The result suggested that IL-20 regulates many critical
factors, which are involved in bone metastasis. In 4 T1
breast cancer-induced osteolytic bone metastasis model,
anti-IL-20 mAb 7E treatment not only inhibited bone
colonization but also prevented the osteolytic bone loss in
mice. In PC-3 prostate cancer-induced osteolytic bone me-
tastasis model, we found the similar effects, treatment of
anti-IL-20 mAb 7E not only restrained prostate cancer
growth but also protected against cancer-induced osteoly-
sis. The data indicates anti-IL-20 mAb 7E is able to regulate

the bone formation and form the microenvironment harm-
ful to tumor cells. Thus, blocking IL-20 is a promising
therapeutic strategy to halt breast tumor growth and bone
colonization, in turn, prevent cancer-induced bone loss.

Conclusions
We addressed the multifunctional roles of IL-20 involv-
ing in bone-related diseases in this review. There is a
summarized working model that IL-20 implicated in the
pathogenesis of these bone-related diseases (Fig. 1). IL-
20 is a pleiotropic proinflammatory cytokine, which has
the ability to enhance the inflammation, angiogenesis,
and chemotaxis. In addition, IL-20 is a crucial mediator
that regulating the balance between osteoclastogenesis
and osteoblastogenesis. The observation makes us realize
the novel biological functions of IL-20 in different cell
types. Blocking IL-20’s function including monoclonal
antibodies or small molecules may be a feasible treatment
option for IL-20-mediated bone loss-related diseases in
the future. Furthermore, the combined treatment of anti-
IL-20 mAb with current drugs might be useful for these
multifactorial diseases to slow down the progression and
ameliorate their severity.
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