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Interleukin-37 (IL-37) is a newly discovered member of IL-1 family. The cytokine
was proved to have extensive protective effects in infectious diseases, allergic
diseases, metabolic diseases, autoimmune diseases and tumors since its
discovery. IL-37 was mainly produced by immune and some non-immune
cells in response to inflammatory stimulus. The [L-37 precursors can convert
into the mature forms after caspase-1 cleavage and activation intracellularly, and
then bind to Smad-3 and transfer to the nucleus to inhibit the production and
functions of proinflammatory cytokines; extracellularly, IL-37 binds to cell
surface receptors to form IL-37/IL-18Ra/IL-1R8 complex to exert
immunosuppressive function via inhibiting/activating multiple signal pathways.
In addition, IL-37 can attenuate the pro-inflammatory effect of IL-18 through
directly or forming an IL-37/IL-18BP/IL-18RB complex. Therefore, IL-37 has the
ability to suppress innate and acquired immunity of the host, and effectively
control inflammatory stimulation, which was considered as a new hallmark of
cancer. Specifically, it is concluded that IL-37 can inhibit the growth and
migration of tumor cells, prohibit angiogenesis and mediate the
immunoregulation in tumor microenvironment, so as to exert effective anti-
tumor effects. Importantly, latest studies also showed that IL-37 may be a novel
therapeutic target for cancer monitoring. In this review, we summarize the
immunoregulation roles and mechanisms of IL-37 in anti-tumor process, and
discuss its progress so far and potential as tumor immunotherapy.
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1 Introduction

Interleukin 37 (IL-37) is a recently identified cytokine belonging
to the IL-1 superfamily. Based on the consensus sequence, shared
receptor and the co-receptor, the IL-1 family cytokines are divided
into three subgroups: including IL-1 subfamily (IL-1ct, IL-1B, IL-
1Ra and IL-33), IL-18 subfamily (IL-18 and IL-37), and IL-36
subfamily (IL-360, IL-36, IL-36y, IL-36Ra and IL-38) (1). In
recent years, increasing studies have focused on the key
regulatory roles of IL-1 family cytokines in innate and adaptive
immunity, for example, the modulation of lymphocyte
differentiation and function in the pathophysiology of human
cancers, among which the anti-inflammatory cytokine IL-37
is highlighted.

IL-37, formerly termed IL-1 family member 7 (IL-1F7), is a
novel anti-inflammatory cytokine of the IL-1 family (1, 2). Since the
first discovery of IL-37 in 2000 through in silico analysis from gene
data banks by Kumar et al. (3), multiple studies have established
that IL-37 was crucial in the coordination of diversity and plasticity
of both innate and adaptive immune responses via downregulating
the production and function of pro-inflammatory cytokines/
chemokines (4-7), thereby served as a negative regulator in
inflammatory diseases such as infectious disease, allergic disease,
metabolic disease and autoimmune diseases, etc. (8-10). In contrast
to other members of the IL-1 family, far less is currently understood
concerning the role of IL-37 in cancer, it may be related to the fact
that its murine or chimpanzee homologue has not yet been
discovered (6). Recently, Hanahan D et al. considered that
inflammation could be one of the hallmarks of tumors (11) and is
inextricably associated with tumorigenesis (12-14). In addition,
accumulated data suggested that the anomalous expression of IL-37
is involved in neoplasms progression and metastasis from different
systems through various fashions, including regulating a series of
cytokines and molecules in tumor-related signaling pathways (15—
19), providing evidence that IL-37 was crucial in regulating the
occurrence, pathogenesis and prognosis of human cancers. In this
review, we draw on recent advances to provide update on the
biological characteristics of IL-37 and its clinical potential as
immunological regulator, therapeutic targets as well as disease
modifiers in cancer.

2 Basic characteristics
2.1 Structure and isoforms of IL-37

IL-37 gene is located on the chromosome band 2q12.21 with a
length of 3.617 kb and the protein with a weight of 17~25 kDa,
adjacent to the regulatory regions of other IL-1 members (20, 21).
The IL-37 gene contains 6 exons, and its precursor can be
alternatively spliced into 5 different variants (IL-37a, IL-37b, IL-
37¢, IL-37d and IL-37¢). However, the function of each variant is
still not fully studied (6). IL-37 was reported to exist in a unique
monomer/dimer equilibrium, and the monomers determine its
extracellular biological effects (22). Upon binding to mast cell-
derived heparin or at a high concentration, the homodimerization
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of IL-37 is promoted and the dimeric forms will then attenuate the
anti-inflammatory action of monomers (22, 23).

IL-37b is the largest and the most extremely studied isoform of
IL-37 with 218 amino acids and intact exon end in its encoding gene
(24), and almost all the experimental studies reported in the
literature are focused on this subtype. IL-37b contains 5 of 6
exons (exons 1, 2, 4, 5 and 6, except exon 3) of the IL-37 gene,
resulting in the most complex, complete and abundant biological
functions of this isoform, while other isoforms are either
nonfunctional or functionally indeterminate (25-27). The
residues between D20 and E21 at the N-terminus of exon 1 in IL-
37b gene is considered as a caspase-1 cleavage site and engenders
the mature form IL-37bA1-20 (amino acids 21-218) (28); there
exists a second cleavage site in the sequence encoded by exon 2,
leading to IL-37b being cleaved into another maturation: IL-37bAl-
45 (amino acids 46-218). The latter form is smaller but with
stronger biological activity, which has been detected in the
supernatant of human embryonic kidney 293 cells transfected
with IL-37 gene (29). Exons 4, 5, and 6, whereas, are predicted to
encode functional proteins involved in forming the characteristic -
trefoil structure of IL-1 family comprising 12 -strands (24). IL-37a
(exons 3, 4, 5, and 6) is the only variant that contains exon 3, which
encodes a catalase cleavage site and a nuclear-localization signal
(30). It has been demonstrated that IL-37a exert similar anti-
inflammatory effects with IL-37b (31). IL-37d (exons 1, 4, 5, and
6) shares exons 4, 5, and 6 with IL-37a as well as IL-37b, and also
encodes the 3-clover secondary structure (3, 26, 32). However, due
to the lack of exon 4, the IL-37¢ (exons 1, 2, 5, and 6) and IL-37e
(exons 1, 5, and 6) are shown to have no biological effects (3).
Together, these structural differences are thought to result in only
IL-37a, IL-37b and IL-37d with biological activity (33).

2.2 Secretion and expression patterns
of IL-37

Consistent with other members of the IL-1 cytokine family
(expect for IL-1Ra), IL-37 is produced as an immature and inactive
precursor with no signal peptide in the cytoplasm and nucleus, and
needs to be cleaved into an active state by caspase-1 protease to
become a mature form (34). Both IL-37 precursors and maturations
could be detected extracellularly, while the secretory mechanisms
remain unclear (Figure 1). Distinct from most cytokines [such as IL-
10 and tumor necrosis factor (TNF)] with a signal peptide secreted
via classical endoplasmic reticulum (ER)/Golgi trafficking, some
scientists put forward that the precursors can be released in states of
cell death or lack of cell membrane integrity in a caspase-1
activation independent manner (28). While the cleaved IL-37 that
underwent an intracellular process depending primarily on caspase-
1 activation are able to be secreted from viable cells into the
extracellular space through an unconventional mechanism that
bypass ER/Golgi secretion route, such as secretory lysosome,
microvesicle shedding, exosome release, secretory autophagy,
passive release during cell lysis or plasma membrane
translocation (34, 35). Another study considered that IL-37
precursors could not enter into the ER as a result of lacking of
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Secretion pattern of IL-37. Inflammasome sensor molecules (such as NLRP3) recognize specific danger signals, including infection, injury or cell
stress, and then trigger inflammasome signal complexes assembly. Caspase-1 precursors accumulated upon the complex and are activated, which
cleaves IL-37 from precursors to maturations. The secretion mechanisms of intracellular IL-37 are still not completely clear, and there are two main
viewpoints. ® The precursors are released in states of cell death or lack of cell membrane integrity without caspase-1 mediation, while the cleaved
IL-37 by caspase-1 intracellularly secrete from viable cells into the extracellular space via an unconventional mechanism that bypass classical ER/
Golgi trafficking. @ Both precursors and mature forms of IL-37 are released from cytosol through unconventional manners. The IL-37 mature forms
outside cells can also be derived from the processing of its precursors by extracellular proteases hypothesized to be secreted by macrophages.

signal peptide, and are released outside cytomembrane along with
maturations through unconventional ways (36). The IL-37 mature
forms outside cells can also be derived from the processing of its
precursors by extracellular proteases hypothesized to be secreted by
macrophages (26). Of note, the inflammasome [e.g., NOD-like
receptor family Pyrin Domain-Containing 3 (NLRP3)] assembly
is responsible for the activation of caspase-1 (28, 37), and is
therefore pivotal in the maturation of IL-37. Caspase-4 can
perform an analogous function with less efficiency compared to
caspase-1, while other enzymes and granzymes are not involved in
this process (25).

IL-37 is widely expressed constitutively in healthy human
tissues, including skin, lymph node, thymus, intestine, airway,
lung, bone marrow and breast, etc. (26, 38). Specifically, the five
isotypes of IL-37 bear slight differences in their amino acid
sequences, making them with variable tissue specific expression
patterns. IL-37a, IL-37b or IL-37c is the only subtype expresses in
the brain, kidney and heart, respectively, while IL-37d and IL-37e
are specifically produced in bone marrow and testis (30, 39, 40). A
broad spectrum of cells has been confirmed to produce IL-37 in
either the cytoplasm or the nucleus, such as epithelial cells,
keratinocytes, tubular epithelial cells and immune cells, including
stimulated B cells, plasma cells, macrophages, natural killer cells
(NKs), dendritic cells (DCs) and CD4+ regulatory T cells (Tregs)
(41-43). Moreover, monocytes, purified from peripheral blood
mononuclear cells (PBMCs), are the major producers of IL-37
(26, 44). Due to the half-life is limited by an instability sequence
in exon 5, IL-37 mRNA is very unstable and can be easily degraded
under normal conditions (45), leading to the low IL-37 protein
expression and circulating concentration (<100 pg/ml) in healthy
individuals (46). However, the synthesis and secretion patterns of
IL-37 are altered under pathological status. A rapid upregulation of
IL-37 in immune cells and peripheral circulation was observed (20)

Frontiers in Immunology

in response to inflammatory stimuli such as lipopolysaccharides
(LPS) (47), Toll-like receptor (TLR) agonists, and cytokines
including transforming growth factor B (TGF-B), tumor necrosis
factor ot (TNF-ov), interferon y (IFN-y), as well as IL-1P3 or IL-18 (48,
49). As a result of the mRNA-degrading proteins being removed
from the instability sequence during above inflammatory stimuli
response, IL-37 gene transcription is stabilized and IL-37 expression
at both mRNA and protein levels increase (46). The expression level
of IL-37 is currently thought to increase only in severe
inflammatory state to avoid inflammatory intensification and
immune storm, rather than in non-inflammatory or mild
inflammatory conditions (47).

3 Molecular mechanisms of IL-37
signal transduction

The signal transduction of IL-37 mainly relies on intracellular
and extracellular mechanisms (Figure 2): intracellular IL-37
translocates into the nucleus in the form of a complex with
Smad-3 to regulate gene expression; and extracellular IL-37 binds
to surface membrane receptor IL-18 Rot and co-binding receptor
IL-1R8 to activate or block downstream signaling pathways. In
addition, IL-18-accociated effects are also involved in the anti-
inflammatory process of IL-37.

On the one hand, inflammation stimulates the production of
intracellular IL-37 precursors and triggers the activation of caspase-1,
which in turn cleaves IL-37 precursors to the mature forms (20). The
cleaved IL-37 (amino acids 21-218) binds with phosphorylated
Smad-3 in the cytoplasm that is a kinase downstream of the TGF-3
receptor (20, 50). Then the functional complex traffics into the
nucleus and represses the expression of some inflammation-
promoting kinases such as paxillin, focal adhesion kinase (FAK)
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Molecular mechanisms of IL-37 signal transduction. The signal transduction of IL-37 mainly relies on intracellular and extracellular mechanisms.
Inflammation stimulates the production of intracellular IL-37 precursors and then its cleaved forms by caspase-1 binds with phosphorylated Smad-3.
The IL-37/Smad-3 complex traffics into the nucleus and represses the downstream inflammation-promoting kinases expression and regulates some
signal pathways to exert an anti-inflammation function. Extracellularly, IL-37 binds with IL-18Ra and recruits IL-1R8 on the surface of PBMCs, such
as DCs and macrophages, to form a ternary complex: IL-37/IL-18Ro/IL-1R8, and it is able to suppress pro-inflammatory cytokines and chemokines
via activating and blocking various signaling pathways. In addition, IL-18BP exerts an anti-inflammatory function by binding to IL-18 extracellularly
and preventing it from interacting with the receptor IL-18Roa and IL-18Rp. IL-37 can bind to IL-18BP and enhance the function. Another ternary
complex IL-37/IL-18BP/IL-18Rp hinders recruitment of IL-18Rp to IL-18Ra upon IL-18 association, so as to counteract the pro-inflammatory effects

of IL-18.

and proline-rich tyrosine kinase 2 (Pyk2) (47). On the other hand,
although no specific receptors for IL-37 have been identified (51), a
large number of studies have shown that extracellular IL-37 binds
with IL-18 receptor o (IL-18Ro, or IL-1R5) and recruits IL-1 receptor
8 (IL-1R8, or TIR8/SIGIRR), instead of IL-18R[, on the surface of
PBMCs including DCs and macrophages (48), resulting the
subsequent inhibition of the surrounding pro-inflammatory signal
component myeloid differentiation factor88 (MyD88) signaling
pathway (52). The ternary complex (IL-37/IL-18Ro/IL-1R8)
promote the polarization of monocytes derived macrophages and
DCs towards an anti-inflammatory or tolerate state profile via
enhancing downstream STATS3 signaling pathway (53). They can
also activate PTEN/FOXO/AMPK and MER/DOK(p62) (48), as well
as inhibit MAPK, TAK-1/NF-kB, mTOR/FYN and PI3K/AKT/
mTOR signaling activities to suppress the production of pro-
inflammatory cytokines and chemokines (54-57). These
inflammation inhibition regulatory pathways are also applicable to
the effects of IL-37 intracellularly. In this process, the mature IL-37
binds the receptor in a more efficient manner than the precursor does
(26). In addition, the production and maturation of IL-1f mediated
by the assembly and activation of NLRP3 and Absent In Melanoma 2
(AIM2) inflammasome, as well as that of IL-18 mediated by NLRP3
inflammasome may also be inhibited by the ternary complex,
contributing to the immune-suppressive effect of IL-37 (58, 59).
Additionally, the extracellular IL-37 is capable to bind to IL-18
binding protein (IL-18BP) and/or IL-18Ra noncompetitively (6). IL-
18BP usually binds to IL-18 extracellularly with a high affinity and
prevents it from interacting with the receptors IL-18Rot and IL-18Rp,
thus neutralizing IL-18 induced inflammatory activity, and the
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inhibitory effect of IL-18BP on IL-18 is enhanced in the presence
of IL-37 (60). Furthermore, the binding of IL-37 with IL-18BP
together with IL-18Rp, forms the complex IL-37/IL-18BP/IL-18Rf3
to reduce the recruitment of IL-18RP to IL-18Ro. upon IL-18
association, so as to counteract the pro-inflammatory effects of IL-
18 (61). Nevertheless, it has been reported that the bind of excessive
IL-18BP with IL-37 tended to reduce the anti-inflammatory activity
of both IL-37 and IL-18BP (62). Recently, it was shown that different
levels of IL-37 may display distinct immune-modulation capabilities.
Despite that picomolar concentrations of IL-37 exerts desirable anti-
inflammatory effects, for instance, it can inhibit inflammatory
cytokines production including IL-6, IL-13 and TNF-o from LPS-
activated PBMCs at a very low concentration (63), higher levels of IL-
37 in turn weakens above effects due to its spontaneous formation of
homodimers block the activity of monomers (23), which is also
considered as a mechanism that automatically regulates
excessive immunosuppression.

4 Immunoregulatory effects of IL-37

Over the past decades, the immunoregulatory function of IL-37
has been gradually clarified and proved to suppress innate and
adaptive immunity. Knockdown of IL-37 in human PBMCs or
macrophages increased the production of various pro-
inflammatory cytokines (such as IL-1c, IL-1f, IL-6, IL-17, IL-18,
TNF-a, G-CSF and GM-CSF) and chemokines (such as MIP-2/
CXCL2, BLC/CXCL13, and IL-8/CXCLS) (46). It has been observed
that IL-37 mutant upregulated IL-13 and IL-6 expression in PBMCs
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and macrophages (64), constituting a hyper-inflammatory status
and inducing severe periodontal disease that displayed a striking
association with oral cancer (10, 65). Mountford et al. reported that
intracellular interaction of IL-37 with Smad-3 could interfere with
TGF-B signaling cascade in Kupffer cells, thereby suppressing liver
chronic inflammation to alleviate liver injury and fibrosis, avoiding
eventual hepatocarcinogenesis (66). It has been confirmed that IL-
37 could reverse obesity and insulin resistance by suppressing the
phosphorylation of mTOR and activating AMPK, STAT6 and
transcription factors of Foxo family (63, 67), through which IL-37
decreased inflammatory factors and chemokines derived from
immune cells such as macrophages (68). Recent evidence also
suggested that IL-37 reduced leukocyte recruitment by
downregulating TNF-0,, IL-1B and CXCL8, additionally inhibited
uptake of OxLDL by IL-37-expressing bone marrow-derived
macrophages, and decreased macrophage transmigration towards
monocyte chemotactic protein (MCP)-1. Foam cell formation, pro-
inflammatory cytokines and macrophage infiltration were reduced
under these processes, making IL-37 exerting anti-atherosclerotic
and plaque-stabilized maintaining effects (69, 70).

In the chronic inflammatory environment of allergic rhinitis,
the interaction of IL-37 and its receptor IL-1R8 on CD4" T cells
were considered to negatively regulate the immune response by
reducing their IL-4 and IL-17 production (71). In another airway
hypersensitive state, recombined IL-37 (rIL-37) reduced airway
inflammation and ameliorated asthma progression through
suppressing thymic stromal lymphopoietin (TSLP) expression in
lung tissues via inhibiting NF-xB and ERK1/2 pathways (72). As it
has been shown that asthma was associated with increased lung
cancer risk, this evidence makes IL-37 as a possible inhibitor in lung
cancer (73). Furthermore, chronic low-grade inflammation or
“inflammaging” is viewed as the chief culprit of impairing
immunity and promoting aging, which are deemed to be
associated with gradually increased incidence of cancer in the
elderly (74). Recent research proved that circulating
concentrations of IL-37 declined with aging. RIL-37 decreased
Pdcdl (the gene encoding programmed cell death protein 1 [PD-
1]) and increased Lat and Stat4 (genes involved in T-cell activation)
gene expression levels in CD4"T cells, as well as Lat in CD8™T cells
in aged mice to young levels; besides, rIL-37 directly antagonizes
TNEF-a-induced programs in aging T cells. Therefore, rIL-37
treatment is believed to restore the immune function of T cells
(75). IL-37 was also reported to improve hematopoiesis and B-
progenitor cells functions in aged mice (75), which may represent a
new strategy to overcome B-cell acute lymphoblastic leukemia (B-
ALL) pathogenesis that is partly regulated by the pro-inflammatory
microenvironment (76). These results provide evidence for the
potential roles of IL-37 in cancer.

The IL-37/IL-1R8 axis was also speculated pivotal for
restraining autoimmune response. It is believed that IL-37
prevents LPS-induced DCs from maturation and renders them
tolerogenic via the IL-1R8-TLR4-NF-xB pathway during acquired
immunity inhibition (77), while the tolerogenic DCs (tDCs) induce
the production of antigen (Ag)-specific CD4"Foxp3" Tregs that is
conducive to building the peripheral immune tolerance and
remitting inflammation (8). In addition, IL-37 can reduce the
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expression of the costimulatory molecules including CD40, CD80
and CD86 on the surface of DCs in the process of autoimmune
response, and pro-inflammatory cytokines IL-1f, IL-6 and IL-12
were significantly decreased and anti-inflammatory cytokine IL-10
increased subsequently at both mRNA and protein levels (20).
However, other studies showed that the inflammatory
suppression effect of IL-37 may be independent of subsequent IL-
10 expression (78). Although the increased release of IL-10 is
observed mediated by human IL-37 (hIL-37) in ex vivo colonic
explant tissues from dextran sodium sulfate (DSS)-induced mouse
model of colitis, the protective function of IL-37 is not affected by
the IL-10-receptor antibody blockade (78). Therefore, the potential
mechanisms of IL-37 and IL-10 in co-regulating human immunity
still need to be further explored. Moreover, the presence of IL-37
attenuated the inhibitory effect of Smad-7 on the TGF-f/Smad
pathway through binding with both phosphorylated and
unphosphorylated Smad-3, thereby mitigating the progress of
inflammation. TGF-B/Smad pathway was viewed as a target for
inflammatory bowel diseases (IBD) treatment for its roles in the
suppression of DCs activation and CD8" T cells function, and the
promotion of tolerogenic T cells (79). In another model with DSS-
induced IBD, IL-37 protein was expressed on T cells in human IL-
37 transgenic (hIL-37tg) mice, and the decreased mRNA
expressions of pro-inflammatory cytokines like IFN-y, IL-1f3 and
TNF-o in colon tissues, disease activity index (DAI) and
macroscopic damage score were observed. The results of this in
vivo study revealed IL-37-producing T cells exhibited potent anti-
inflammatory and protective features in IBD (80).

5 Mechanisms of IL-37 in
anti-cancer process

Growing epidemiological evidence suggest that inflammation can
increase the risk of carcinomas (38, 66, 81). Moreover, inflammatory
cells and mediators present in tumor tissues are comparable to those
observed in chronic inflammatory conditions (82, 83). Inflammation
can induce tumorigenesis through two possible pathways: an intrinsic
pathway in which chronic non-resolving inflammation (such as IBD,
obesity and non-alcoholic liver steatohepatitis) increases the
propensity of driving carcinogenesis, and an extrinsic pathway
whereby the construction of the inflammatory microenvironment
that favor tumor events (81). Given the fact that IL-37 is widely
associated with inflammation, studies have shown that IL-37 was
pivotal in anti-cancers processes, including immunoregulation in
tumor microenvironment, inhibition of tumor growth, repression
of angiogenesis and suppression of tumor cells migration, invasion
and metastasis (Figure 3).

5.1 Immunoregulation in
tumor microenvironment

Tumor microenvironment (TME) is typically composed of

tumor cells, surrounding stromal cells (such as immune cells),
extracellular matrix and signal molecules (including cytokines and
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FIGURE 3

Mechanisms of IL-37 in anti-cancer process. IL-37 can stimulate DCs to release more IFN-y to strengthen the anti-tumor activity of T lymphocytes,
enhance local DCs and CD57*NK cells infiltration, and reduce Tregs chemotaxis in tumor sites. TAMs are able to polarize from tumor-promoting M2
to tumoricidal M1 phenotype in the presence of IL-37. Besides, PD-1 and TIM-3 immune checkpoint molecules on immune cells are induced
blocked, and the production of tumor progression-associated cytokines IL-6, IL-1 and TNF-o by tumor cells together with immune cells are
reduced by IL-37. Therefore, IL-37 can mediate immunoregulation in TME through above manners. Moreover, IL-37 can inhibit tumor growth via
reversing the Warburg effect in cancer cells, and the suppression of Wnt5a/5b pathway indued m6A RNA methylation upregulation will inhibit the
self-renewal and differentiation of cancer stem cells. IL-37 can also mediate enhanced autophagy and apoptosis of tumor cells in various ways. In
addition, IL-37 can induce an antiangiogenic effect in cancer cells through increasing antiangiogenic factors expression, as well as decreasing
proangiogenic factors expression and M2 TAMs maturation in tumor angiogenesis. Furthermore, IL-37 can restrain tumor cells migration, invasion
and metastasis via suppressing a variety of signal pathways, kinases and cytokines in cancer cells

chemokines) (84), in which inflammation is an essential
component, constituting a hallmark of cancers (38). Chronic
inflammatory condition in tumors caused by aberrant signaling
following oncogenic mutations is believed to be related to the
suppression of anti-tumorigenic immunity (38). As an anti-
inflammatory cytokine, IL-37 is proposed to activate anti-tumor
immune response by suppressing pro-tumor inflammation that
releases the immune suppression in the TME (85). One possible
mechanism is that the effects of IL-37 on DCs vary in different
immune environments (85). It inhibits DCs function in
inflammatory settings (6), while enhances DCs function in tumor
models, for example, hepatocellular carcinoma (HCC) cells that
overexpressing IL-37 could secrete more specific chemokines (such
as CCL3 and CCL20) to increase the infiltration density of DCs in
tumor sites; in addition, IL-37 could stimulate DCs to produce
higher levels of cytokines such as IFN-y, thereby indirectly
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strengthen the anti-tumor activity of T lymphocytes (86).
Although IL-37 was reported to repress the expression of IFN-y
in IBD to reduce inflammatory response and clinical symptoms,
IFN-y protein level was also measured significantly elevated in
tissues from HCC mice model after intra-tumoral injection with
vaccinia virus expressing IL-37 (VV-IL-37), thereby elicited anti-
tumor effect (87). Additionally, tumor cells themselves can recruit
and activate specific immune cell subtypes including M2
macrophages, myeloid derived suppressor cells (MDSCs) and
Tregs to create an immunosuppressive microenvironment directly
(88). IL-37 is able to promote tumor-associated macrophages
(TAMs) polarization from tumor-promoting M2 to tumoricidal
M1 phenotype via inhibiting IL-6/STAT3 signaling as shown in
cultured HCC cells (HepG2 and Huh-7) and mouse-transplanted
tumor model (89); and reduce the chemotaxis of Tregs that help
tumor cells escape from immunosurveillance such as in lung
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adenocarcinoma A549 cells (90), through which effectively promote
tumor rejection. In assays in HCC Hep3B cells in vitro and HCC
mouse model constructed of Hepal-6 cells in vivo, transduced IL-37
was also verified to enhance local infiltration of CD57NK cells that
expresses IL-18Ra and IL-1R8 chains in tumor sites to suppress
tumorigenicity (15, 91). Moreover, IL-37 reduces tumor promoting
cytokines including IL-6, IL-1 and TNF-o produced by both
tumor cells and immune cells (88). Furthermore, a study on aging
demonstrated that IL-37 abrogated the activation of TNF-o.-
induced NF-xB in T cells and significantly decreased the
expression of PD-1 (a classical coinhibitory factor in tumor-
associated immune escape) on effector CD4" and CD8" T cells
surface to alleviate T cells senility (75, 92). Hamilton JAG et al.
also referred that IL-37 reduced the surface expression of
immunosuppressive protein T cell immunoglobulin and mucin-
containing molecule 3 (TIM-3) in aged backgrounds (75). TIM-3 is
another emerging important immune-checkpoint molecule, whose
blockade on DCs surface activated NLRP3 inflammasome and
promoted puissant anti-tumor immunity (93). Recombinant IL-
37 treatment in the subsequent aging B-ALL mouse model
significantly strengthened anti-leukemia T-cell-mediated immune
responses via preventing PD-1 expression on T cells (75). It is
reasonable to suppose that IL-37 can reduce the exhaustion of
immune cells in the TME and promote the anti-tumor response by
downregulating the expression of PD-1 and TIM-3 protein on other
immune cells surface.

5.2 Inhibition of tumor growth

Warburg effect refers to the aerobic glycolysis that plays an
important role in the rapid growth of cancer cells. It was reported
that IL-37 could reverse the Warburg effect by reducing mTOR
phosphorylation and expression, together with activating AMPK
pathway (94). N6-methylladenosine (m6A) is a common RNA
modification that has been proved to be critical in tumorigenesis
(95), as it participates in the regulation of self-renewal and
differentiation of cancer stem cells (96). The overexpression of IL-37
was able to increase the overall methylation of RNA m6A via inhibiting
Wnt5a/5b pathway in lung adenocarcinoma A549 cells (97), thereby
suppressing tumor proliferation. Moreover, excessive autophagy is
reported to be involved in the process of cell death and proliferation
inhibition (98). High concentration of IL-37 mediated accelerated
autophagosome formation, suppressed the phosphorylation of
various proteins, including p70 ribosomal protein s6 kinase
(p70S6K), 4e-binding protein 1 (4E-BP1), AKT and mTOR in vitro
(99). Further results supplied that IL-37 induced autophagy and
apoptosis by inhibiting PI3K/AKT/mTOR signaling pathway in
HCC cells (SMMC-7721 and Huh-7) (99), thereby suppressing
tumor growth. In addition, IL-37 was also proposed to affect
autophagy through mTOR/ULK1 pathway (100). Bim is a widely
recognized proapoptotic molecule of B-cell lymphoma 2 (Bcl-2) family,
and acts as a crucial tumor suppressor gene taking part in the processes
of apoptosis in a variety of cancers. IL-37 was reported to promote the
apoptosis of cervical carcinoma HeLa and C33A cells via up-regulating
the expression of Bim (101).
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5.3 Repression of angiogenesis

A disruption of the balance between angiogenic stimulators and
inhibitors may result in oncogenic angiogenesis, which has become
another hallmark of cancer (11). Recent microarray studies have
exhibited that IL-37 decreased the expression of proangiogenic
factors such as cytochrome P450 family 1 subfamily B member 1
(CYPIBI), fibronectin 1 (FN1), matrix metalloproteinase (MMP) 2,
melanoma cell adhesion molecule (MCAM) and phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit gamma (PIK3CG), and
increased the expression of an antiangiogenic factor, angiopoietin 1
(ANGPT1) in SK-Hep-1 and SMMC-7721 cells (102), thereby exerts
its tumoral angiogenesis suppression function. IL-37 could also erode
angiogenesis by inhibiting another angiogenic cytokine angiopoietin-2
(Ang-2) for their serum levels were clearly negatively correlated in
multiple myeloma patients (103). Interestingly, an analysis performed
in vitro proclaimed that the direct effect of rIL-37 on human umbilical
vascular endothelial cells (HUVECs) was proangiogenic, but
supernatants derived from IL-37 overexpressed tumor cell lines
switched its function to anti-angiogenesis. The latter indirect effect of
IL-37 depended on the tilt of the balance of factors produced by tumor
cells that regulated angiogenesis, which was demonstrated in murine
HCC model, suggesting the dominant role of IL-37 in vivo was anti-
angiogenesis (102). Moreover, rapid growth of tumors normally leads
to a hypoxia in TME (104), in which condition TAMs are enriched
(105). M2 TAMs were confirmed to be involved in tumor angiogenesis
through producing proangiogenic molecules, such as vascular
endothelial growth factor (VEGF), and releasing a series of enzymes
that enhance angiogenesis, including MMP-2/7/9/12 and
cyclooxygenase-2 (COX-2) (105). It was well-studied that IL-37
could discourage the maturation of M2 TAMs, so as to exert
antiangiogenic effects (102). Various tumor cells were also reported
to express angiogenesis factors under the hypoxic condition to favor
tumor progression, such as IL-6, MMPs, VEGF and hypoxia-inducible
factor (HIF)-1o, and IL-37 treatment was proven to prevent tumor
cells from producing such factors (85, 102). Furthermore, significant
decreased expressions of VEGF and MMP9 mRNA were detected in
SK-Hep-1 cells transfected with IL-37 under hypoxic condition
compared with those in the normal condition, indicating the
antiangiogenic effect of IL-37 was amplified under the hypoxia
condition in TME (102).

5.4 Suppression of tumor cells migration,
invasion and metastasis

It is believed that both cleaved and precursor form of IL-37
could bind with Smad-3 and competitively hindered the formation
of Smad-2/Smad-4/Smad-3 tripartite complex, which was
responsible for the nuclear translocation of Smad-2 and Smad-4,
thus inhibiting the proliferation and invasion of tumor cells in
Smad signaling pathway (106). The upregulation of IL-37 may
inhibit the activation of various signal phosphokinases involved in
tumor metastatic behavior, including ERK 1/2, JNK, p38MAPK and
PI3K (46, 106) intracellularly, and represses tumor cell migration
and adhesion by downregulating paxillin, FAK and protein tyrosine
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kinase-2 (PTK-2) pathways (46). The expressions of potent
molecules classically boost tumor cell proliferation, invasiveness
and viability, such as IL-6, IL-8, MMP 2 and 9, were also verified
reduced in tumor cells that dealt with IL-37 (102, 106).
Furthermore, IL-37 was shown to markedly inhibit STAT3
phosphorylation dose-dependently, whose activation and
expression were authenticated to increase A549 cell proliferation,
invasion and oncogenic inflammation (107). Exogenous IL-37 was
proved to repress the proliferation and migration of cancer cells
directly through B-catenin suppression both in vitro (DLD1 and
HT-29 cells) and in animal models of colorectal cancer (CRC) in
vivo (108). Runt related transcription factor 2 (RUNX2) can activate
genes provoking tumorigenesis and metastasis, the overexpression
of IL-37 in human cervical cancer cells was validated to negatively
regulate their invasion by inhibiting RUNX2 at both mRNA and
protein levels (109). Additionally, the mature IL-37 transferred into
the nucleus was demonstrated to restrain Racl activation (an
important cytoskeleton modulator that regulates cell motility and
was expounded to be involved in aggressive growth and malignant
characteristics of HCC both in MHCC97H cells and nude mouse
models (110)), and subsequently downregulated downstream PAK
phosphorylation as well as epithelial-mesenchymal transition
(EMT) (a biological process in which epithelial cells lose their
intercellular adhesion and acquire a mesenchymal phenotype with
highly migratory and invasive properties (111)), resulting in the
inhibition of the angiogenesis and migration of lung
adenocarcinoma cells (29).

6 Recent advances of IL-37 in cancer
6.1 Digestive system

6.1.1 Hepatocellular carcinoma

HCC is a typical inflammation-related cancer caused by
hepatitis B and C virus (HBV/HCV), aflatoxin exposure or
alcoholism in extreme cases, the absence of active IL-37 protein
may be a factor of increased risk for HCC progression in chronic
HBYV infected patients (16). The increased serum IL-37 levels were
detected in patients with HBV infection and treated with
telbivudine (16). Previous studies have revealed that Oct4
promoted HCC progression under the stimulation of IL-6 (112),
and IL-37 could significantly downregulate the expression of IL-6 in
the diseases. Together with the findings that Oct4 expression
reduced in IL-37-transfected HCC HepG2 and MHCC97H cells,
IL-37 was therefore believed to suppress HCC development through
inhibiting IL-6/Oct4 pathway (113). Furthermore, IL-37 was
reported to protect HCC cells against tumor progression by
activating immunity in TME via regulating NK cells (15). Certain
researches stated that the expression of IL-37 protein in HCC tumor
tissues was decreased and negatively correlated with tumor size,
while its content in surrounding healthy liver tissues was proximity
to normal (15, 113). The low IL-37 expression in tumor tissues was
an independent risk factor for poor prognosis and these primary
HCC patients were followed for shorter overall survival (OS) and
disease-free survival (DFS) (15). Thus, IL-37 may be a significant
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prognostic biomarker and a potential candidate as an
immunotherapy avenue for HCC.

6.1.2 Pancreatic cancer

Recent findings have demonstrated the role of IL-37 in pancreatic
cancers, in which the pancreatic epithelial cells could undergo sustained
inflammation-related adaptive response even after inflammation has
subsided, accompanied with activated KRAS oncogene to promote
tumor development (114). Zhao T et al. found that the levels of IL-37
protein in serum and tumor sites of pancreatic ductal adenocarcinoma
(PDAC) patients were drastically lower than those of healthy controls
and adjacent normal pancreatic tissues. Of note, this change of IL-37
concentrations was negatively correlated with histological grade, tumor
size, lymph node metastasis and vessel invasion (115). A follow-up
survey of PDAC patients revealed that patients with low IL-37 levels
had significantly shorter OS and relapse-free survival (RFS) (115),
indicating that the loss of IL-37 was an independent risk factor for
PDAC progression. IL-37 in addition to alone was sufficient to cause a
decrease in motive and migratory capacity of PDAC cells, it could
sensitize and improve the efficacy of Gemcitabine that acted as the
standard treatment for PDAC both in vivo and in vitro through IL-37/
STAT3/HIF-1o. pathway, thereby reversing the resistance in most of
the treated patients and further exerting the inhibitory effect in tumor
progression (115). Therefore, IL-37 could serve as a potential
biomarker to evaluate disease severity, and a therapeutic strategy
for PDAC.

6.1.3 Colorectal cancer

Previous studies have proclaimed that IL-37 affected bile acid
metabolism which has been shown to contribute to squamous cell
carcinoma-associated colon cancer (116). The expression of IL-37
located in the cytoplasm of colonic epithelial cells was decreased in
CRC tissues and was negatively associated with the depth of CRC
invasion (70). It is believed that IBD patients with sustained intestinal
epithelial inflammation are at increased risk of developing colon cancer
or CRC (117, 118), while the exist of IL-37 may suppress inflammatory
environment as statement above. Zhu et al. retrospectively analyzed
intra-tumoral IL-37 expression in 337 CRC tissue specimens and the
results showed that IL-37 deficiency was related to a poorer survival
with diminished DFS and OS, suggesting IL-37 was an independent
prognostic factor for CRC patients (70). Moreover, the IL-10 deficient
& IL-37 transgenic (IL-10KO)/IL-37tg hybrid mouse model exhibited
protective effects against subsequent inflammation and colon cancer
during chronic colitis, indicating that the protective effects of IL-37 in
colon cancer was associated with the regulation on IL-10 (119).
Moreover, the inactivation of IL-1R8, one of the IL-37 receptors, was
considered an escape mechanism of CRC (108). Thus, IL-37 may be a
promising prognostic biomarker and a new feasible approach in the
treatment of CRC.

6.1.4 Others

Growing evidence indicates the close interwoven between IL-37
and oral squamous cell carcinoma (OSCC), possibly via
counteracting the effects of IL-18 (120). It was found that serum
levels and PBMC relative mRNA expression of IL-37 were
significantly decreased, while those of IL-18 were obviously
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increased in OSCC patients (121). In addition, analysis illustrated
that higher ratio of serum IL-18/IL-37 in OSCC patients was
significantly correlated with shorter OS, DFS and metastasis-free
survival (MFS) (121), revealing serum IL-18/IL-37 balance affected
the acquired immune response and OSCC progression. Compared
with OSCC patients with lymph node metastases, patients without
lymph node metastases expressed higher levels of IL-37 protein
(121). Furthermore, IL-37 could also inhibit the migration of OSCC
via altering cell polarization (121).

Gallbladder carcinoma (GBC) is the most general malignancy of
the biliary tract (122), and was verified to be associated with IL-37
functions (123). Cytological assays showed that the expression of
IL-37 protein was reduced in GBC cell lines (GBC-SD and NOZ)
compared with non-tumorigenic human intrahepatic biliary
epithelial cell line H69. Further studies demonstrated that IL-37
inhibited HIF-1o. in GBC cells and altered the expression of EMT
markers dose-dependently, led to impeded the cells migration and
invasion (123). It was also observed that in gallbladder cancer cells
transfected with pcD-NA3-IL37, CoCl, processing stabilized the
expression of HIF-1a and inversely regulated the function of IL-37,
GBC-SD and NOZ cells still remained a high migration capability
simultaneously (123). All the evidence suggested that IL-37 could be
a target for prognosis prediction and treatment of OSCC and GBC.

6.2 Respiratory system

6.2.1 Non-small cell lung cancer

Several studies have focused on the influence of IL-37 on NSCLC,
which accounts for 80-85% of lung cancer with 5-year OS rate is
<15% in the US and <10% in China (107, 124). Jiang et al. clarified
that TL-37 concentration in NSCLC patients’ plasma was obviously
decreased, and its downregulation was closely related to the advanced
Tumor Node Metastasis (TNM) stage (107). Consistently, IL-37
mRNA and protein expressions were significantly reduced in
NSCLC tissues, and the descending protein was clearly associated
with tumor state, TNM stage and shorter OS in patients (17).
Interestingly, the expression of IL-37 genes behaved inhibiting
cancer cells proliferation and advancing apoptosis only after the
transplantation of a NSCLC cell line (H1299) into nude mice, but not
in IL-37- transfected H1299 cell lines (17). The study also confirmed
that CD34 protein levels were reduced in IL-37-overexpressing
NSCLC tumor tissues, implying a decrease in microvessel density
(MVD). Moreover, H1299 cells with IL-37-transfected exhibited
lower VEGF levels, and IL-37 treatment apparently handicap the
growth and tubule formation of HUVECs (17). These findings
suggested that IL-37 may play a protective role in the development
of lung cancer by inhibiting tumor angiogenesis. IL-37 may be a
prognostic predictor and therapeutic target for NSCLC.

6.3 Reproductive system
6.3.1 Breast cancer

There are few reports on the role of IL-37 in female breast
cancer so far. A study utilized a mouse 4T1 breast cancer model
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illustrated that although IL-37 was successfully expressed in 4T1
cells after transduction with recombinant adenovirus and the
secreted form was detected in the culture supernatant, the in vitro
proliferation of 4T1 cells was not directly affected (125). In contrast,
antitumor activity was found in immunocompetent BALB/c mice
inoculated with 4T1-IL37 cells, and tumor growth was significantly
retarded (125). This was similar to that observed in NSCLC H1299
cells (17). Further studies found that IL-37 could directly stimulate
the activation and proliferation of CD4+ rather than CD8+ T cells
in vitro, and prevent tumor growth in mice. The antitumor effects of
IL-37 in vivo appeared to be mediated by enhancing T cell function
in TME instead of affecting 4T1 cells directly (125). However, IL-37
was not regarded to obviously improve mice survival rate in the
study of Wang WQ et al. (125). A recent study verified that
circulating IL-37 was highest in ER+/PR+/HER2+ breast cancer
patients, compared to PR+, but not ER+/PR+ patients without
metastasis, suggesting that IL-37 may influence the prognosis of
breast cancer via ER+/PR+/HER2+ signaling (126). Although IL-37
is protective during the development of breast cancer, there is no
significant difference in IL-37 mRNA expression of patients with
metastasis among ER+/PR+/HER2+, ER+/PR+ and PR+ patients,
indicating that IL-37 expression may be stage-dependent, i.e. is
more protective for breast cancer patients without metastasis (126).
This might explain the results of Wang WQ et al. for the high
metastatic characteristic of 4T1 mammary tumor cells.

6.3.2 Cervical cancer

CC is the fourth most common cancer for female in both
incidence and mortality, with approximately 95% cases are caused
by persistent human papillomavirus (HPV) infection and related
long-term chronic inflammation (127). As reported previously, IL-
37 reduced the proliferation and invasion of CC cells by suppressing
the expression of RUNX2 and the phosphorylation of STAT3 (109,
128). Interestingly, the expression of IL-37 mRNA was upregulated
10-fold and 2-fold in HeLa [HPV (+)] and C33A [HPV (-)] cells,
respectively, after transfecting with IL-37 plasmid. This
phenomenon may be associated with HPV infection, which might
suggest that IL-37 may exert a higher anti-cancer efficiency in HPV
(+) compared to that in HPV (-) cervical cancer cells (101). In sum,
these evidences demonstrated the biological function of IL-37 and
offered a potential molecule for CC treatment in the future.

6.3.3 Endometrial carcinoma

Endometrial carcinoma is another most common gynecologic
malignancies. Recently, IL-37 expression was demonstrated to be
clearly reduced in endometrioid adenocarcinoma tissues compared
to that in control endometrium and was significantly related to
myometrial invasion (129). It is well-known that extracellular matrix
(ECM) degradation is involved in cancer cell invasion, and MMP2 is
the key molecule that degrade the basement membrane (130).
Cytological experiments by Wang X et al. testified that IL-37bA1-45
suppressed the migration and invasion of human endometrial cancer
cells in vitro by inhibiting Rac1/NF-kB/MMP2 signal pathway without
affecting their proliferation and colony formation ability (129). In
contrast to the data by Wu TJ et al. (123) and Acconcia F et al. (131),
Wang X et al. found that IL-37bA1-45 had little effects on EMT or
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filamentous actin (F-actin) depolymerization of endometrial cancer
cells, which were both critical to tumor cell invasion and metastasis.
The tissue and cell specificity of IL-37 function may explain this
discrepancy (129). The inhibitory effect of IL-37bAl-45 in cancer
cells metastasis was also verified in a peritoneal metastatic xenograft
model of endometrial cancer (129). Therefore, IL-37 might provide a
novel target for the diagnosis, treatment and prognosis monitoring of

endometrial cancer.

6.4 Urinary system

6.4.1 Renal cell carcinoma

RCC is the most prevalence type of renal malignancies that
derived from renal tubular epithelial cells. It has been shown that
transgenic hIL-37 in tubular epithelial cells suppressed expression
of IL-1B, TNFo and IL-6 induced by IL-18 in a mouse renal
ischemia-reperfusion injury model, and could therefore improve
mononuclear cell infiltration, kidney injury and function (132). IL-
37 serum concentration in RCC patients was decreased compared
to that in healthy controls, and was negatively correlated with
tumor size as well as stage (19). Experiments in vitro verified that
rhIL-37 reduced IL-6, pSTAT3Y705, cyclin D1, and HIF-1a. levels
that contributed to tumor cells proliferation and migration, and
Bcl-2 level that inhibited apoptosis in A498 and Caki-1 cells (19).
Correspondingly, following rhIL-37 administration to the induced
RCC model in male severe combined immune deficiency (SCID)
mice, the tumor volume and weight were significantly declined,
accompanied by obvious reduced staining intensity of proliferation
antigen Ki-67 and the expression of IL-6 and HIF-1c. in the tumor
tissue. In addition, rhIL-37-treated mice exhibited a trend toward
improved survival (19). Overall, IL-37 exerts antitumor effects via
inhibition of IL-6/STAT3 signaling and could be a potential agent
for RCC immunotherapy.

6.5 Blood system

6.5.1 Acute myeloid leukemia

In addition to the suppressive function in solid tumors, IL-37
was also found associated with the progression of AML, which is a
hematological malignancy that generally affects the elderly (>65
years old) and is the most common acute leukemia occurs in adults
(133). Previous studies have illustrated that the dysregulation of the
intricate balance between pro- and anti-inflammatory cytokines in
AML may affect leukemic cells proliferation, relapse and drug-
resistance (134). Serum IL-37 was observed greatly downregulated
in newly diagnosed AML patients, of note, IL-37 level was higher in
the group with favorable prognosis than that of intermediate or
poor prognosis. Furthermore, both IL-37 mRNA and protein levels
restored in complete remission AML patients instead of the
remained low expression in relapsed or refractory patients as the
newly diagnosed ones (133). A very recent study demonstrated that
AML cells secreted more pro-inflammatory cytokine IL-6 by
reconstituting HS-5 cells, thereby increased the aggressive
behavior of AML (135). Further analysis of the latest research
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found that serum IL-37 in AML patients were negatively
correlated with IL-6, and rhIL-37 inhibited the expression of LPS-
stimulated IL-6 in AML patients PBMCs (133), suggesting that IL-
37 is involved in AML through the IL-6 signaling pathway, and may
become a considerable innovative strategy for its treatment
and prognosis.

6.5.2 Multiple Myeloma

MM is the second most common malignant tumor of blood
system (136). Highly proliferative plasma cells can induce
neovascularization by releasing angiogenic cytokines under the
stimulation of inflammatory factors (such as IL-6) (137); and bone
marrow stromal cells secrete effective malignant plasma cell growth
factors simultaneously (103). Both roles work together to promote
tumor growth and resistance. Bone marrow angiogenesis drives the
transition from pre-neoplastic monoclonal gammopathies of
undetermined significance (MGUS) and inactive MM to active
state, and its microvascular density has become a marker of MM
progression and a significant prognostic factor for progression free
survival (PFS) and OS in MM patients (137). A case-control study
demonstrated that serum IL-37 levels in patients with active MM
were significantly lower than that in healthy individuals, while serum
VEGF and Ang-2 levels were obviously increased (103). Further
study found that the serum IL-37 concentration decreased
synchronously with the progression of MM disease, and the above
two angiogenesis factors showed the opposite tendency of IL-37. In
addition, rhIL-37 treatment attenuated the tube formation of
HUVECs, and the secretion of VEGF in the culture supernatant
was also significantly reduced (103). These results suggest that IL-37
may play an important role in angiogenesis in MM progression and
provide a new idea for MM disease staging and treatment.

6.6 Soft tissue tumor

6.6.1 Fibrosarcoma

The antitumor properties of IL-37 were first reported in 2003,
when Gao et al. described that the regression of well-established
intradermal MCA205 mice fibrosarcoma could be caused following
single intratumor injection of constructed adenoviral vectors
expressing IL-37 (AdIL-37). And complete suppression of tumor
development was observed after multiple injections of the virus in
most animals (18). When rechallenged at different sites with a larger
dose of MCA205 cells, the researchers were surprised to find that all
the tumor-mice rejected the tumor. And following multiple
rechallenges, some mice rejected the injected tumor cells quickly,
while those that rejected slowly eventually eradicated tumors within
a short period of time (18). This manifested that AdIL-37-treated
mice obtained immunity to MCA205 fibrosarcoma. However, the
antitumor activity of AdIL-37 was observed abrogated in MCA205
fibrosarcoma cells-inoculated B6.CB17-Prkdc**¥/Sz] SCID and
B6.Cg-Foxn1™ nude mice that lacked functional T and B cells but
with retained apparently normal Ag presentation and NK cell
function. Cellular immunity may play an essential role in
antitumor effects mediated by IL-37. In addition, abolished

antitumor activity was also occurred in tumor-mice deficient of
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key cytokines in promoting antitumor cellular responses, including
IFN-y and IL-12, even though subsequent of AdIL-37 treatment. A
similar result was described in a mouse model carrying homozygous
mutant Fas ligand gene, where Fas-dependent pathway was
predominant for IL-18 antitumor efficacy. IL-37 appeared to
mediate a mixture of IL-12 and IL-18 like effects (18). On the
contrary, IL-37 was capable of producing substantial antitumor
effects in NKT-deficient mice (18). The data from the research
explained that IL-37 exerted a significant role in the connection
between innate and adaptive immunity, and may be a promising
candidate for tumor immunotherapy (18).

7 Conclusion and future perspectives

IL-37 is a novel cytokine discovered in recent years with a broad
anti-inflammation property by inhibiting inflammatory factors or
molecules, regulating transcription factors and signal kinases through
both intracellular and extracellular pathways in innate and acquired
immunity process. With the deepening of the research on the
association between inflammation and cancer, growing evidence
has shown that the long-term stimulation of inflammation and the
construction of inflammatory microenvironment could contribute to
inducing neoplasms. Therefore, the anti-inflammatory property of
IL-37 was shown to be a potential regulator in the pathogenesis of a
variety of cancers. IL-37 can suppress tumor progression through
multiple pathways, including mediating immunoregulation in tumor
microenvironment, restraining tumor cells proliferation, controlling
angiogenesis, as well as inhibiting cancer invasion and metastasis,
offering valuable information for tumor immune target therapy,
prognosis evaluation and medication guidance. T cells are essential
for controlling the development of B-ALL, data from Hamilton JAG
et al. proved that recombinant IL-37 treatment can rejuvenate aged
endogenous T-cells function and boost the efficacy of aged chimeric
antigen receptor T (CAR-T) cells through downregulating PD-1
surface expression (75). However, apart from the report on B-ALL,
whether IL-37 can facilitate the anti-tumor response by altering
immune checkpoints expression levels and their degrees including
PD-1 and TIM3 in the TME of solid tumors has not been reported so
far, which is worthy of further study. Perhaps IL-37 could compensate
for the boundedness of immune checkpoints blockade therapy (such
as PD-1/PD-L1 blockade currently applied in clinical practice but
with limited effectiveness (138)), or their combined use can
potentially synergize anti-tumor efficacy. Moreover, IL-37 includes
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five different subtypes, and almost all of the studies are aimed at IL-
37b currently because of its most comprehensive and complicated
biological effects. The expressions and functions of other subtypes still
need further exploration. The concrete anti-inflammatory and anti-
tumor mechanisms of IL-37 remains not to be thoroughly studied,
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Author contributions

MG: Investigation, Visualization, Writing — original draft. YJ:
Funding acquisition, Writing - original draft. XG: Methodology,
Resources, Writing - review & editing. WX: Validation, Writing —
review & editing. TX: Validation, Writing - review & editing. SP:
Conceptualization, Funding acquisition, Project administration,
Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the National Natural Science
Foundation of China (82272401, 82202610), Jiangsu Province
Capability Improvement Project through Science and Technology
and Education (ZDXK202239) and the Priority Academic Program
Development of Jiangsu Higher Education Institutions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

4. Bufler P, Azam T, Gamboni-Robertson F, Reznikov LL, Kumar S, Dinarello CA,
etal. A complex of the IL-1 homologue IL-1F7b and il-18-binding protein reduces il-18
activity. Proc Natl Acad Sci USA (2002) 99(21):13723-8. doi: 10.1073/pnas.212519099

5. Dinarello C, Arend W, Sims J, Smith D, Blumberg H, O'Neill L, et al. IL-1 family
nomenclature. Nat Immunol (2010) 11(11):973. doi: 10.1038/ni1110-973

6. Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA. IL-37 is a
fundamental inhibitor of innate immunity. Nat Immunol (2010) 11(11):1014-22.
doi: 10.1038/ni.1944

frontiersin.org


https://doi.org/10.1016/j.immuni.2019.03.012
https://doi.org/10.1111/imr.12621
https://doi.org/10.1074/jbc.275.14.10308
https://doi.org/10.1073/pnas.212519099
https://doi.org/10.1038/ni1110-973
https://doi.org/10.1038/ni.1944
https://doi.org/10.3389/fimmu.2023.1278521
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gu et al.

7. Luo Y, Cai X, Liu S, Wang S, Nold-Petry CA, Nold MF, et al. Suppression of
antigen-specific adaptive immunity by IL-37 via induction of tolerogenic dendritic
cells. Proc Natl Acad Sci USA (2014) 111(42):15178-83. doi: 10.1073/pnas.1416714111

8. Xu WD, Zhao Y, Liu Y. Insights into IL-37, the role in autoimmune diseases.
Autoimmun Rev (2015) 14(12):1170-5. doi: 10.1016/j.autrev.2015.08.006

9. LiuZ, ZhuL, Lu Z, Chen H, Fan L, Xue Q, et al. IL-37 represses the autoimmunity
in myasthenia gravis via directly targeting follicular th and B cells. ] Immunol (2020)
204(7):1736-45. doi: 10.4049/jimmunol.1901176

10. Offenbacher S, Jiao Y, Kim SJ, Marchesan J, Moss KL, Jing L, et al. Gwas for
interleukin-1f Levels in gingival crevicular fluid identifies IL37 variants in periodontal
inflammation. Nat Commun (2018) 9(1):3686. doi: 10.1038/s41467-018-05940-9

11. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell (2000) 100(1):57-70.
doi: 10.1016/s0092-8674(00)81683-9

12. Coussens LM, Werb Z. Inflammation and cancer. Nature (2002) 420(6917):860—
7. doi: 10.1038/nature01322

13. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell (2011)
144(5):646-74. doi: 10.1016/j.cell.2011.02.013

14. Hanahan D, Coussens LM. Accessories to the crime: functions of cells recruited
to the tumor microenvironment. Cancer Cell (2012) 21(3):309-22. doi: 10.1016/
j.ccr.2012.02.022

15. Zhao JJ, Pan QZ, Pan K, Weng DS, Wang QJ, LiJJ, et al. Interleukin-37 mediates
the antitumor activity in hepatocellular carcinoma: role for cd57+ NK cells. Sci Rep
(2014) 4:5177. doi: 10.1038/srep05177

16. Al-Anazi MR, Matou-Nasri S, Al-Qahtani AA, Alghamdi J, Abdo AA, Sanai FM,
et al. Association between IL-37 gene polymorphisms and risk of HBV-related liver
disease in a Saudi Arabian population. Sci Rep (2019) 9(1):7123. doi: 10.1038/s41598-
019-42808-4

17. Ge G, Wang A, Yang J, Chen Y, Yang J, Li Y, et al. Interleukin-37 suppresses
tumor growth through inhibition of angiogenesis in non-small cell lung cancer. J Exp
Clin Cancer Res (2016) 35:13. doi: 10.1186/s13046-016-0293-3

18. Gao W, Kumar S, Lotze MT, Hanning C, Robbins PD, Gambotto A. Innate
immunity mediated by the cytokine IL-1 homologue 4 (IL-1H4/IL-1F7) induces IL-12-
dependent adaptive and profound antitumor immunity. ] Immunol (2003) 170(1):107-
13. doi: 10.4049/jimmunol.170.1.107

19. Jiang Y, Wang Y, Liang L, Gao Y, Chen ], Sun Y, et al. IL-37 mediates the
antitumor activity in renal cell carcinoma. Med Oncol (2015) 32(11):250. doi: 10.1007/
$12032-015-0695-7

20. SuZ, Tao X. Current understanding of IL-37 in human health and disease. Front
Immunol (2021) 12:696605. doi: 10.3389/fimmu.2021.696605

21. Tete S, Tripodi D, Rosati M, Conti F, Maccauro G, Saggini A, et al. IL-37 (IL-
1F7) the newest anti-inflammatory cytokine which suppresses immune responses and
inflammation. Int J Immunopathol Pharmacol (2012) 25(1):31-8. doi: 10.1177/
039463201202500105

22. Eisenmesser EZ, Gottschlich A, Redzic JS, Paukovich N, Nix JC, Azam T, et al.
Interleukin-37 monomer is the active form for reducing innate immunity. Proc Natl
Acad Sci USA (2019) 116(12):5514-22. doi: 10.1073/pnas.1819672116

23. Ellisdon AM, Nold-Petry CA, D'Andrea L, Cho SX, Lao JC, Rudloff I, et al.
Homodimerization attenuates the anti-inflammatory activity of interleukin-37. Sci
Immunol (2017) 2(8):eaaj1548. doi: 10.1126/sciimmunol.aaj1548

24. Dunn E, Sims JE, Nicklin MJ, O'Neill LA. Annotating genes with potential roles
in the immune system: six new members of the IL-1 family. Trends Immunol (2001) 22
(10):533-6. doi: 10.1016/s1471-4906(01)02034-8

25. Kumar S, Hanning CR, Brigham-Burke MR, Rieman DJ, Lehr R, Khandekar S,
et al. Interleukin-1F7b (IL-1H4/IL-1F7) is processed by caspase-1 and mature IL-1F7b
binds to the IL-18 receptor but does not induce IFN-gamma production. Cytokine
(2002) 18(2):61-71. doi: 10.1006/cyt0.2002.0873

26. Cavalli G, Dinarello CA. Suppression of inflammation and acquired immunity
by IL-37. Immunol Rev (2018) 281(1):179-90. doi: 10.1111/imr.12605

27. Sims JE, Smith DE. The IL-1 family: regulators of immunity. Nat Rev Immunol
(2010) 10(2):89-102. doi: 10.1038/nri2691

28. Bulau AM, Nold MF, Li S, Nold-Petry CA, Fink M, Mansell A, et al. Role of
caspase-1 in nuclear translocation of IL-37, release of the cytokine, and IL-37 inhibition
of innate immune responses. Proc Natl Acad Sci USA (2014) 111(7):2650-5.
doi: 10.1073/pnas.1324140111

29. Li Y, Zhao M, Guo C, Chu H, Li W, Chen X, et al. Intracellular mature IL-37
suppresses tumor metastasis via inhibiting racl activation. Oncogene (2018) 37
(8):1095-106. doi: 10.1038/0nc.2017.405

30. Dinarello CA, Nold-Petry C, Nold M, Fujita M, Li S, Kim S, et al. Suppression of
innate inflammation and immunity by interleukin-37. Eur J Immunol (2016) 46
(5):1067-81. doi: 10.1002/eji.201545828

31. Li$S, Neff CP, Barber K, Hong J, Luo Y, Azam T, et al. Extracellular forms of IL-
37 inhibit innate inflammation in vitro and in vivo but require the IL-1 family decoy
receptor IL-1R8. Proc Natl Acad Sci USA (2015) 112(8):2497-502. doi: 10.1073/
pnas.1424626112

32. Busfield SJ, Comrack CA, Yu G, Chickering TW, Smutko JS, Zhou H, et al.
Identification and gene organization of three novel members of the IL-1 family on
human chromosome 2. Genomics (2000) 66(2):213-6. doi: 10.1006/geno0.2000.6184

Frontiers in Immunology

12

10.3389/fimmu.2023.1278521

33. Smith DE, Renshaw BR, Ketchem RR, Kubin M, Garka KE, Sims JE. Four new
members expand the interleukin-1 superfamily. J Biol Chem (2000) 275(2):1169-75.
doi: 10.1074/jbc.275.2.1169

34, Monteleone M, Stow JL, Schroder K. Mechanisms of unconventional secretion of
IL-1 family cytokines. Cytokine (2015) 74(2):213-8. doi: 10.1016/j.cyt0.2015.03.022

35. Sharma S, Kulk N, Nold MF, Grif R, Kim SH, Reinhardt D, et al. The IL-1 family
member 7b translocates to the nucleus and down-regulates proinflammatory cytokines.
J Immunol (2008) 180(8):5477-82. doi: 10.4049/jimmunol.180.8.5477

36. Conti P, Lauritano D, Carafta A, Gallenga CE, Kritas SK, Ronconi G, et al. New
insight into systemic mastocytosis mediated by cytokines IL-1B and IL-33: potential
inhibitory effect of IL-37. Eur J Pharmacol (2019) 858:172473. doi: 10.1016/
j.ejphar.2019.172473

37. Chen HM, Fujita M. IL-37: A new player in immune tolerance. Cytokine (2015)
72(1):113-4. doi: 10.1016/j.cyt0.2014.11.025

38. Zhu Y, Qin H, Ye K, Sun C, Qin Y, Li G, et al. Dual role of IL-37 in the
progression of tumors. Cytokine (2022) 150:155760. doi: 10.1016/j.cyt0.2021.155760

39. Shi Y, Massagué J. Mechanisms of TGF-beta signaling from cell membrane to
the nucleus. Cell (2003) 113(6):685-700. doi: 10.1016/s0092-8674(03)00432-x

40. Quirk S, Agrawal DK. Immunobiology of IL-37: mechanism of action and
clinical perspectives. Expert Rev Clin Immunol (2014) 10(12):1703-9. doi: 10.1586/
1744666X.2014.971014

41. Fonseca-Camarillo G, Furuzawa-Carballeda J, Yamamoto-Furusho JK.
Interleukin 35 (IL-35) and IL-37: intestinal and peripheral expression by T and B
regulatory cells in patients with inflammatory bowel disease. Cytokine (2015) 75
(2):389-402. doi: 10.1016/j.cyt0.2015.04.009

42. Shuai X, Wei-min L, Tong YL, Dong N, Sheng ZY, Yao YM. Expression of IL-37
contributes to the immunosuppressive property of human CD4+CD25+ Regulatory T
cells. Sci Rep (2015) 5:14478. doi: 10.1038/srep14478

43. Rudloff I, Cho SX, Lao JC, Ngo D, McKenzie M, Nold-Petry CA, et al. Monocytes
and dendritic cells are the primary sources of interleukin 37 in human immune cells.
Leukoc Biol (2017) 101(4):901-11. doi: 10.1189/jlb.3MA0616-287R

44. Li S, Amo-Aparicio J, Neft CP, Tengesdal IW, Azam T, Palmer BE, et al. Role for
nuclear interleukin-37 in the suppression of innate immunity. Proc Natl Acad Sci USA
(2019) 116(10):4456-61. doi: 10.1073/pnas.1821111116

45. Bufler P, Gamboni-Robertson F, Azam T, Kim SH, Dinarello CA. Interleukin-1
homologues IL-1F7b and IL-18 contain functional mrna instability elements within the
coding region responsive to lipopolysaccharide. Biochem J (2004) 381(Pt 2):503-10.
doi: 10.1042/BJ20040217

46. Abulkhir A, Samarani S, Amre D, Duval M, Haddad E, Sinnett D, et al. A
protective role of IL-37 in cancer: A new hope for cancer patients. J Leukoc Biol (2017)
101(2):395-406. doi: 10.1189/jlb.5RU0816-341R

47. Jia H, Liu J, Han B. Reviews of interleukin-37: functions, receptors, and roles in
diseases. BioMed Res Int (2018) 2018:3058640. doi: 10.1155/2018/3058640

48. Boersma B, Jiskoot W, Lowe P, Bourquin C. The interleukin-1 cytokine family
members: role in cancer pathogenesis and potential therapeutic applications in cancer
immunotherapy. Cytokine Growth Factor Rev (2021) 62:1-14. doi: 10.1016/
j.cytogfr.2021.09.004

49. Wu C, Ma ], Yang H, Zhang ], Sun C, Lei Y, et al. Interleukin-37 as a biomarker
of mortality risk in patients with sepsis. J Infect (2021) 82(3):346-54. doi: 10.1016/
jjinf.2021.01.019

50. Luo C, ShuY, Luo J, Liu D, Huang DS, Han Y, et al. Intracellular IL-37b interacts
with smad3 to suppress multiple signaling pathways and the metastatic phenotype of
tumor cells. Oncogene (2017) 36(20):2889-99. doi: 10.1038/0nc.2016.444

51. Theoharides TC, Tsilioni I, Conti P. Mast cells may regulate the anti-
inflammatory activity of IL-37. Int J Mol Sci (2019) 20(15):3701. doi: 10.3390/
ijms20153701

52. Nold-Petry CA, Lo CY, Rudloff I, Elgass KD, Li S, Gantier MP, et al. IL-37
requires the receptors IL-18Rar and IL-1R8 (Sigirr) to carry out its multifaceted anti-
inflammatory program upon innate signal transduction. Nat Immunol (2015) 16
(4):354-65. doi: 10.1038/ni.3103

53. Melillo JA, Song L, Bhagat G, Blazquez AB, Plumlee CR, Lee C, et al. Dendritic
cell (DC)-specific targeting reveals stat3 as a negative regulator of DC function. ]
Immunol (2010) 184(5):2638-45. doi: 10.4049/jimmunol.0902960

54. Jiang J, Yu K, Jiang Z, Xue M. IL-37 affects the occurrence and development of
endometriosis by regulating the biological behavior of endometrial stromal cells
through multiple signaling pathways. Biol Chem (2018) 399(11):1325-37.
doi: 10.1515/hsz-2018-0254

55. Ye C, Zhang W, Hang K, Chen M, Hou W, Chen J, et al. Extracellular IL-37
promotes osteogenic differentiation of human bone marrow mesenchymal stem cells
via activation of the PI3K/AKT signaling pathway. Cell Death Dis (2019) 10(10):753.
doi: 10.1038/s41419-019-1904-7

56. Qi F, Liu M, Li F, Lv Q, Wang G, Gong S, et al. Interleukin-37 ameliorates
influenza pneumonia by attenuating macrophage cytokine production in a MAPK-
dependent manner. Front Microbiol (2019) 10:2482. doi: 10.3389/fmicb.2019.02482

57. Hou T, Sun X, Zhu J, Hon KL, Jiang P, Chu IM, et al. IL-37 ameliorating allergic
inflammation in atopic dermatitis through regulating microbiota and AMPK-mTOR
signaling pathway-modulated autophagy mechanism. Front Immunol (2020) 11:752.
doi: 10.3389/fimmu.2020.00752

frontiersin.org


https://doi.org/10.1073/pnas.1416714111
https://doi.org/10.1016/j.autrev.2015.08.006
https://doi.org/10.4049/jimmunol.1901176
https://doi.org/10.1038/s41467-018-05940-9
https://doi.org/10.1016/s0092-8674(00)81683-9
https://doi.org/10.1038/nature01322
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1038/srep05177
https://doi.org/10.1038/s41598-019-42808-4
https://doi.org/10.1038/s41598-019-42808-4
https://doi.org/10.1186/s13046-016-0293-3
https://doi.org/10.4049/jimmunol.170.1.107
https://doi.org/10.1007/s12032-015-0695-7
https://doi.org/10.1007/s12032-015-0695-7
https://doi.org/10.3389/fimmu.2021.696605
https://doi.org/10.1177/039463201202500105
https://doi.org/10.1177/039463201202500105
https://doi.org/10.1073/pnas.1819672116
https://doi.org/10.1126/sciimmunol.aaj1548
https://doi.org/10.1016/s1471-4906(01)02034-8
https://doi.org/10.1006/cyto.2002.0873
https://doi.org/10.1111/imr.12605
https://doi.org/10.1038/nri2691
https://doi.org/10.1073/pnas.1324140111
https://doi.org/10.1038/onc.2017.405
https://doi.org/10.1002/eji.201545828
https://doi.org/10.1073/pnas.1424626112
https://doi.org/10.1073/pnas.1424626112
https://doi.org/10.1006/geno.2000.6184
https://doi.org/10.1074/jbc.275.2.1169
https://doi.org/10.1016/j.cyto.2015.03.022
https://doi.org/10.4049/jimmunol.180.8.5477
https://doi.org/10.1016/j.ejphar.2019.172473
https://doi.org/10.1016/j.ejphar.2019.172473
https://doi.org/10.1016/j.cyto.2014.11.025
https://doi.org/10.1016/j.cyto.2021.155760
https://doi.org/10.1016/s0092-8674(03)00432-x
https://doi.org/10.1586/1744666X.2014.971014
https://doi.org/10.1586/1744666X.2014.971014
https://doi.org/10.1016/j.cyto.2015.04.009
https://doi.org/10.1038/srep14478
https://doi.org/10.1189/jlb.3MA0616-287R
https://doi.org/10.1073/pnas.1821111116
https://doi.org/10.1042/BJ20040217
https://doi.org/10.1189/jlb.5RU0816-341R
https://doi.org/10.1155/2018/3058640
https://doi.org/10.1016/j.cytogfr.2021.09.004
https://doi.org/10.1016/j.cytogfr.2021.09.004
https://doi.org/10.1016/j.jinf.2021.01.019
https://doi.org/10.1016/j.jinf.2021.01.019
https://doi.org/10.1038/onc.2016.444
https://doi.org/10.3390/ijms20153701
https://doi.org/10.3390/ijms20153701
https://doi.org/10.1038/ni.3103
https://doi.org/10.4049/jimmunol.0902960
https://doi.org/10.1515/hsz-2018-0254
https://doi.org/10.1038/s41419-019-1904-7
https://doi.org/10.3389/fmicb.2019.02482
https://doi.org/10.3389/fimmu.2020.00752
https://doi.org/10.3389/fimmu.2023.1278521
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gu et al.

58. Chan AH, Schroder K. Inflammasome signaling and regulation of interleukin-1
family cytokines. J Exp Med (2020) 217(1):¢20190314. doi: 10.1084/jem.20190314

59. Rudloft I, Ung HK, Dowling JK, Mansell A, D'Andrea L, Ellisdon AM, et al.
Parsing the IL-37-mediated suppression of inflammasome function. Cells (2020) 9
(1):178. doi: 10.3390/cells9010178

60. Watanabe M, Goto N, Watanabe Y, Nishiguchi S, Shimada K, Yasunga T, et al.
Evolution of interleukin-18 binding proteins and interleukin-1 receptor, type ii
proteins. Int ] Mol Med (2005) 15(4):561-6. doi: 10.3892/ijmm.15.4.561

61. Boraschi D, Italiani P, Weil S, Martin MU. The family of the interleukin-1
receptors. Immunol Rev (2018) 281(1):197-232. doi: 10.1111/imr.12606

62. Banda NK, Vondracek A, Kraus D, Dinarello CA, Kim SH, Bendele A, et al.
Mechanisms of inhibition of collagen-induced arthritis by murine IL-18 binding
protein. ] Immunol (2003) 170(4):2100-5. doi: 10.4049/jimmunol.170.4.2100

63. Ballak DB, Li S, Cavalli G, Stahl JL, Tengesdal IW, van Diepen JA, et al.
Interleukin-37 treatment of mice with metabolic syndrome improves insulin sensitivity
and reduces pro-inflammatory cytokine production in adipose tissue. J Biol Chem
(2018) 293(37):14224-36. doi: 10.1074/jbc.RA118.003698

64. Zhang ZZ, Zhang Y, He T, Sweeney CL, Baris S, Karakoc-Aydiner E, et al.
Homozygous IL37 mutation associated with infantile inflammatory bowel disease. Proc
Natl Acad Sci USA (2021) 118(10):e2009217118. doi: 10.1073/pnas.2009217118

65. Li TJ, Hao YH, Tang YL, Liang XH. Periodontal pathogens: A crucial link
between periodontal diseases and oral cancer. Front Microbiol (2022) 13:919633.
doi: 10.3389/fmicb.2022.919633

66. Mountford S, Effenberger M, Noll-Puchta H, Griessmair L, Ringleb A, Haas S,
et al. Modulation of liver inflammation and fibrosis by interleukin-37. Front Immunol
(2021) 12:603649. doi: 10.3389/fimmu.2021.603649

67. Supino D, Minute L, Mariancini A, Riva F, Magrini E, Garlanda C. Negative
regulation of the IL-1 system by IL-1R2 and IL-1R8: relevance in pathophysiology and
disease. Front Immunol (2022) 13:804641. doi: 10.3389/fimmu.2022.804641

68. Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, inflammation
and immunity. Nat Rev Immunol (2006) 6(10):772-83. doi: 10.1038/nri1937

69. Law CC, Puranik R, Fan ], Fei ], Hambly BD, Bao S. Clinical implications of IL-
32, IL-34 and IL-37 in atherosclerosis: speculative role in cardiovascular manifestations
of COVID-19. Front Cardiovasc Med (2021) 8:630767. doi: 10.3389/fcvm.2021.630767

70. Zhu B, Luo J, Jiang Y, Yu L, Liu M, Fu J. Prognostic significance of nomograms
integrating IL-37 expression, neutrophil level, and mmr status in patients with
colorectal cancer. Cancer Med (2018) 7(8):3682-94. doi: 10.1002/cam4.1663

71. Li C, Shen Y, Wang J, Ma ZX, Ke X, Wang ZH, et al. Increased expression of IL-
1R8 and a possible immunomodulatory role of its ligand IL-37 in allergic rhinitis
patients. Int Immunopharmacol (2018) 60:152-9. doi: 10.1016/.intimp.2018.04.002

72. Meng P, Chen ZG, Zhang TT, Liang ZZ, Zou XL, Yang HL, et al. Il-37 alleviates
house dust mite-induced chronic allergic asthma by targeting tslp through the NF-«xB
and ERK1/2 signaling pathways. Immunol Cell Biol (2019) 97(4):403-15. doi: 10.1111/
imcb.12223

73. Kantor ED, Hsu M, Du M, Signorello LB. Allergies and asthma in relation to
cancer risk. Cancer Epidemiol Biomarkers Prev (2019) 28(8):1395-403. doi: 10.1158/
1055-9965.EPI-18-1330

74. Henry CJ, Marusyk A, DeGregori J. Aging-associated changes in hematopoiesis
and leukemogenesis: what's the connection? Aging (Albany NY) (2011) 3(6):643-56.
doi: 10.18632/aging.100351

75. Hamilton JAG, Lee MY, Hunter R, Ank RS, Story JY, Talekar G, et al.
Interleukin-37 improves T-cell-mediated immunity and chimeric antigen receptor T-
cell therapy in aged backgrounds. Aging Cell (2021) 20(2):e13309. doi: 10.1111/
acel.13309

76. Rabe JL, Gardner L, Hunter R, Fonseca JA, Dougan J, Gearheart CM, et al. IL12
abrogates calcineurin-dependent immune evasion during leukemia progression. Cancer
Res (2019) 79(14):3702-13. doi: 10.1158/0008-5472.CAN-18-3800

77. Liu T, Liu ], Lin Y, Que B, Chang C, Zhang J, et al. IL-37 inhibits the maturation
of dendritic cells through the IL-1R8-TLR4-NF-xB pathway. Biochim Biophys Acta Mol
Cell Biol Lipids (2019) 1864(10):1338-49. doi: 10.1016/j.bbalip.2019.05.009

78. McNamee EN, Masterson JC, Jedlicka P, McManus M, Grenz A, Collins CB,
et al. Interleukin 37 expression protects mice from colitis. Proc Natl Acad Sci USA
(2011) 108(40):16711-6. doi: 10.1073/pnas.1111982108

79. Jia Y, Anwaar S, Li L, Yin Z, Ye Z, Huang Z. A new target for the treatment of
inflammatory bowel disease: interleukin-37. Int Immunopharmacol (2020) 83:106391.
doi: 10.1016/j.intimp.2020.106391

80. Chen Z, Wang S, Li L, Huang Z, Ma K. Anti-inflammatory effect of IL-37-
producing T-cell population in DSS-induced chronic inflammatory bowel disease in
mice. Int ] Mol Sci (2018) 19(12):3884. doi: 10.3390/ijms19123884

81. Mantovani A, Barajon I, Garlanda C. IL-1 and IL-1 regulatory pathways in
cancer progression and therapy. Immunol Rev (2018) 281(1):57-61. doi: 10.1111/
imr.12614

82. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation.
Nature (2008) 454(7203):436-44. doi: 10.1038/nature07205

83. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related
inflammation, the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis (2009) 30(7):1073-81. doi: 10.1093/carcin/bgp127

Frontiers in Immunology

13

10.3389/fimmu.2023.1278521

84. Bejarano L, Jordao MJC, Joyce JA. Therapeutic targeting of the tumor
microenvironment. Cancer Discovery (2021) 11(4):933-59. doi: 10.1158/2159-
8290.CD-20-1808

85. Mei Y, Liu H. II-37: an anti-inflammatory cytokine with antitumor functions.
Cancer Rep (Hoboken) (2019) 2(2):e1151. doi: 10.1002/cnr2.1151

86. LiuY, Zhao JJ, Zhou ZQ, Pan QZ, Zhu Q, Tang Y, et al. IL-37 induces anti-tumor
immunity by indirectly promoting dendritic cell recruitment and activation in
hepatocellular carcinoma. Cancer Manag Res (2019) 11:6691-702. doi: 10.2147/
cmar.5200627

87. Zhang Z, Zhang J, Zhang Y, Xing J, Yu Z. Vaccinia virus expressing IL-37
promotes antitumor immune responses in hepatocellular carcinoma. Cell Biochem
Funct (2019) 37(8):618-24. doi: 10.1002/cbf.3438

88. Baker KJ, Houston A, Brint E. IL-1 family members in cancer; two sides to every
story. Front Immunol (2019) 10:1197. doi: 10.3389/fimmu.2019.01197

89. Zhang Z, Zhang J, He P, Han J, Sun C. Interleukin-37 suppresses hepatocellular
carcinoma growth through inhibiting M2 polarization of tumor-associated
macrophages. Mol Immunol (2020) 122:13-20. doi: 10.1016/j.molimm.2020.03.012

90. Chen YH, Zhou BY, Wu GG, Liao DQ, Li J, Liang SS, et al. Effects of exogenous
il-37 on the biological characteristics of human lung adenocarcinoma A549 cells and
the chemotaxis of regulatory T cells. Cancer biomark (2018) 21(3):661-73.
doi: 10.3233/cbm-170732

91. Molgora M, Barajon I, Mantovani A, Garlanda C. Regulatory role of IL-1R8 in
immunity and disease. Front Immunol (2016) 7:149. doi: 10.3389/fimmu.2016.00149

92. Han Y, Liu D, Li L. PD-1/PD-LI pathway: current researches in cancer. Am |
Cancer Res (2020) 10(3):727-42.

93. Dixon KO, Tabaka M, Schramm MA, Xiao S, Tang R, Dionne D, et al. Tim-3
restrains anti-tumour immunity by regulating inflammasome activation. Nature (2021)
595(7865):101-6. doi: 10.1038/5s41586-021-03626-9

94. Ballak DB, van Diepen JA, Moschen AR, Jansen HJ, Hijmans A, Groenhof GJ,
et al. IL-37 protects against obesity-induced inflammation and insulin resistance. Nat
Commun (2014) 5:4711. doi: 10.1038/ncomms5711

95. Roignant JY, Soller M. m(6)A in mRNA: an ancient mechanism for fine-tuning
gene expression. Trends Genet (2017) 33(6):380-90. doi: 10.1016/j.tig.2017.04.003

96. Zhang C, Chen Y, Sun B, Wang L, Yang Y, Ma D, et al. m(6)A modulates
haematopoietic stem and progenitor cell specification. Nature (2017) 549(7671):273-6.
doi: 10.1038/nature23883

97. Mu X, Zhao Q, Chen W, Zhao Y, Yan Q, Peng R, et al. IL-37 confers anti-tumor
activity by regulation of m6A methylation. Front Oncol (2020) 10:526866. doi: 10.3389/
fonc.2020.526866

98. Su Z, Yang Z, Xu Y, Chen Y, Yu Q. Apoptosis, autophagy, necroptosis, and
cancer metastasis. Mol Cancer (2015) 14:48. doi: 10.1186/s12943-015-0321-5

99. Li TT, Zhu D, Mou T, Guo Z, Pu JL, Chen QS, et al. IL-37 induces autophagy in
hepatocellular carcinoma cells by inhibiting the PI3K/AKT/MTOR pathway. Mol
Immunol (2017) 87:132-40. doi: 10.1016/j.molimm.2017.04.010

100. Wu TT, Li WM, Yao YM. Interactions between autophagy and inhibitory
cytokines. Int J Biol Sci (2016) 12(7):884-97. doi: 10.7150/ijbs.15194

101. Ouyang P, An W, Chen R, Zhang H, Chen D, Jiang E, et al. IL-37 promotes cell
apoptosis in cervical cancer involving bim upregulation. Onco Targets Ther (2019)
12:2703-12. doi: 10.2147/0tt.S201664

102. Mei Y, Zhu Y, Teo HY, Liu Y, Song Y, Lim HY, et al. The indirect
antiangiogenic effect of IL-37 in the tumor microenvironment. ] Leukoc Biol (2020)
107(5):783-96. doi: 10.1002/jlb.3ma0220-207rr

103. Li ZC, Sun MD, Zheng YQ, Fu HJ. The low expression of IL-37 involved in
multiple myeloma - associated angiogenesis. Med Sci Monit (2016) 22:4164-8.
doi: 10.12659/msm.897451

104. Petrova V, Annicchiarico-Petruzzelli M, Melino G, Amelio I. The hypoxic
tumour microenvironment. Oncogenesis (2018) 7(1):10. doi: 10.1038/s41389-017-0011-
9

105. Pan Y, Yu Y, Wang X, Zhang T. Tumor-associated macrophages in tumor
immunity. Front Immunol (2020) 11:583084. doi: 10.3389/fimmu.2020.583084

106. Bello RO, Chin VK, Abd Rachman Isnadi MF, Abd Majid R, Atmadini
Abdullah M, Lee TY, et al. The role, involvement and function(S) of interleukin-35
and interleukin-37 in disease pathogenesis. Int J Mol Sci (2018) 19(4):1149.
doi: 10.3390/ijms19041149

107. Jiang M, Wang Y, Zhang H, Ji Y, Zhao P, Sun R, et al. Il-37 inhibits invasion
and metastasis in non-small cell lung cancer by suppressing the IL-6/STAT3 signaling
pathway. Thorac Cancer (2018) 9(5):621-9. doi: 10.1111/1759-7714.12628

108. DangJ, He Z, Cui X, Fan J, Hambly DJ, Hambly BD, et al. The role of IL-37 and
IL-38 in colorectal cancer. Front Med (Lausanne) (2022) 9:811025. doi: 10.3389/
fmed.2022.811025

109. Ouyang P, Wu K, Su L, An W, Bie Y, Zhang H, et al. Inhibition of human
cervical cancer cell invasion by IL-37 involving runt related transcription factor 2
suppression. Ann Transl Med (2019) 7(20):568. doi: 10.21037/atm.2019.09.38

110. LiuS, Yu M, He Y, Xiao L, Wang F, Song C, et al. Melittin prevents liver cancer
cell metastasis through inhibition of the racl-dependent pathway. Hepatology (2008) 47
(6):1964-73. doi: 10.1002/hep.22240

frontiersin.org


https://doi.org/10.1084/jem.20190314
https://doi.org/10.3390/cells9010178
https://doi.org/10.3892/ijmm.15.4.561
https://doi.org/10.1111/imr.12606
https://doi.org/10.4049/jimmunol.170.4.2100
https://doi.org/10.1074/jbc.RA118.003698
https://doi.org/10.1073/pnas.2009217118
https://doi.org/10.3389/fmicb.2022.919633
https://doi.org/10.3389/fimmu.2021.603649
https://doi.org/10.3389/fimmu.2022.804641
https://doi.org/10.1038/nri1937
https://doi.org/10.3389/fcvm.2021.630767
https://doi.org/10.1002/cam4.1663
https://doi.org/10.1016/j.intimp.2018.04.002
https://doi.org/10.1111/imcb.12223
https://doi.org/10.1111/imcb.12223
https://doi.org/10.1158/1055-9965.EPI-18-1330
https://doi.org/10.1158/1055-9965.EPI-18-1330
https://doi.org/10.18632/aging.100351
https://doi.org/10.1111/acel.13309
https://doi.org/10.1111/acel.13309
https://doi.org/10.1158/0008-5472.CAN-18-3800
https://doi.org/10.1016/j.bbalip.2019.05.009
https://doi.org/10.1073/pnas.1111982108
https://doi.org/10.1016/j.intimp.2020.106391
https://doi.org/10.3390/ijms19123884
https://doi.org/10.1111/imr.12614
https://doi.org/10.1111/imr.12614
https://doi.org/10.1038/nature07205
https://doi.org/10.1093/carcin/bgp127
https://doi.org/10.1158/2159-8290.CD-20-1808
https://doi.org/10.1158/2159-8290.CD-20-1808
https://doi.org/10.1002/cnr2.1151
https://doi.org/10.2147/cmar.S200627
https://doi.org/10.2147/cmar.S200627
https://doi.org/10.1002/cbf.3438
https://doi.org/10.3389/fimmu.2019.01197
https://doi.org/10.1016/j.molimm.2020.03.012
https://doi.org/10.3233/cbm-170732
https://doi.org/10.3389/fimmu.2016.00149
https://doi.org/10.1038/s41586-021-03626-9
https://doi.org/10.1038/ncomms5711
https://doi.org/10.1016/j.tig.2017.04.003
https://doi.org/10.1038/nature23883
https://doi.org/10.3389/fonc.2020.526866
https://doi.org/10.3389/fonc.2020.526866
https://doi.org/10.1186/s12943-015-0321-5
https://doi.org/10.1016/j.molimm.2017.04.010
https://doi.org/10.7150/ijbs.15194
https://doi.org/10.2147/ott.S201664
https://doi.org/10.1002/jlb.3ma0220-207rr
https://doi.org/10.12659/msm.897451
https://doi.org/10.1038/s41389-017-0011-9
https://doi.org/10.1038/s41389-017-0011-9
https://doi.org/10.3389/fimmu.2020.583084
https://doi.org/10.3390/ijms19041149
https://doi.org/10.1111/1759-7714.12628
https://doi.org/10.3389/fmed.2022.811025
https://doi.org/10.3389/fmed.2022.811025
https://doi.org/10.21037/atm.2019.09.38
https://doi.org/10.1002/hep.22240
https://doi.org/10.3389/fimmu.2023.1278521
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gu et al.

111. Zhang Y, Weinberg RA. Epithelial-to-mesenchymal transition in cancer:
complexity and opportunities. Front Med (2018) 12(4):361-73. doi: 10.1007/s11684-
018-0656-6

112. Chang TS, Wu YC, Chi CC, Su WC, Chang PJ, Lee KF, et al. Activation of IL6/
IGFIR confers poor prognosis of HBV-related hepatocellular carcinoma through
induction of oct4/nanog expression. Clin Cancer Res (2015) 21(1):201-10.
doi: 10.1158/1078-0432.CCR-13-3274

113. Guo H, Li P, SuL, Wu K, Huang K, Lai R, et al. Low expression of IL-37 protein
is correlated with high oct4 protein expression in hepatocellular carcinoma. Gene
(2020) 737:144445. doi: 10.1016/j.gene.2020.144445

114. Del Poggetto E, Ho IL, Balestrieri C, Yen EY, Zhang S, Citron F, et al. Epithelial
memory of inflammation limits tissue damage while promoting pancreatic
tumorigenesis. Science (2021) 373(6561):eabj0486. doi: 10.1126/science.abj0486

115. Zhao T, Jin F, Xiao D, Wang H, Huang C, Wang X, et al. IL-37/ STAT3/ HIF-
low Negative feedback signaling drives gemcitabine resistance in pancreatic cancer.
Theranostics (2020) 10(9):4088-100. doi: 10.7150/thno.42416

116. Claessen MM, Lutgens MW, van Buuren HR, Oldenburg B, Stokkers PC, van
der Woude CJ, et al. More right-sided IBD-associated colorectal cancer in patients with
primary sclerosing cholangitis. Inflammation Bowel Dis (2009) 15(9):1331-6.
doi: 10.1002/ibd.20886

117. Shawki S, Ashburn J, Signs SA, Huang E. Colon cancer: inflammation-
associated cancer. Surg Oncol Clin N Am (2018) 27(2):269-87. doi: 10.1016/
j.$0¢.2017.11.003

118. Shah SC, Itzkowitz SH. Colorectal cancer in inflammatory bowel disease:
mechanisms and management. Gastroenterology (2022) 162(3):715-30.e3.
doi: 10.1053/j.gastro.2021.10.035

119. Mountford S, Ringleb A, Schwaiger R, Mayr D, Kobold S, Dinarello CA, et al.
Interleukin-37 inhibits colon carcinogensis during chronic colitis. Front Immunol
(2019) 10:2632. doi: 10.3389/fimmu.2019.02632

120. Ding L, Zhao X, Zhu N, Zhao M, Hu Q, Ni Y. The balance of serum IL-18/IL-37
levels is disrupted during the development of oral squamous cell carcinoma. Surg Oncol
(2020) 32:99-107. doi: 10.1016/j.suronc.2019.12.001

121. Lin L, Wang J, Liu D, Liu S, Xu H, Ji N, et al. Interleukin-37 expression and its
potential role in oral leukoplakia and oral squamous cell carcinoma. Sci Rep (2016)
6:26757. doi: 10.1038/srep26757

122. Lazcano-Ponce EC, Miquel JE, Muiioz N, Herrero R, Ferrecio C, Wistuba II,
et al. Epidemiology and molecular pathology of gallbladder cancer. CA Cancer J Clin
(2001) 51(6):349-64. doi: 10.3322/canjclin.51.6.349

123. Wu TJ, Xu B, Zhao GH, Luo J, Luo C. IL-37 suppresses migration and invasion
of gallbladder cancer cells through inhibition of HIF-low Induced epithelial-
mesenchymal transition. Eur Rev Med Pharmacol Sci (2018) 22(23):8179-85.
doi: 10.26355/eurrev_201812_16510

124. Chen YH, Zhou BY, Wu XJ, Xu JF, Zhang JA, Chen YH, et al. CCL22 and IL-37
inhibit the proliferation and epithelial-mesenchymal transition process of NSCLC
A549 cells. Oncol Rep (2016) 36(4):2017-24. doi: 10.3892/0r.2016.4995

Frontiers in Immunology

14

10.3389/fimmu.2023.1278521

125. Wang WQ, Zhao D, Zhou YS, Hu XY, Sun ZN, Yu G, et al. Transfer of the IL-
37b gene elicits anti-tumor responses in mice bearing 4T1 breast cancer. Acta
Pharmacol Sin (2015) 36(4):528-34. doi: 10.1038/aps.2015.3

126. Ma Y, SuH, Wang X, Niu X, Che Y, Hambly BD, et al. The role of IL-35 and IL-
37 in breast cancer - potential therapeutic targets for precision medicine. Front Oncol
(2022) 12:1051282. doi: 10.3389/fonc.2022.1051282

127. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: globocan estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer ] Clin (2018) 68(6):394-424. doi: 10.3322/caac.21492

128. Wang S, An W, Yao Y, Chen R, Zheng X, Yang W, et al. Interleukin 37
expression inhibits STATS3 to suppress the proliferation and invasion of human cervical
cancer cells. J Cancer (2015) 6(10):962-9. doi: 10.7150/jca.12266

129. Wang X, Wei Z, Tang Z, Xue C, Yu H, Zhang D, et al. IL-37bA1-45 suppresses the
migration and invasion of endometrial cancer cells by targeting the racl/NF-kB/MMP2
signal pathway. Lab Invest (2021) 101(6):760-74. doi: 10.1038/s41374-021-00544-2

130. Najafi M, Farhood B, Mortezaee K. Extracellular matrix (ECM) stiffness and
degradation as cancer drivers. J Cell Biochem (2019) 120(3):2782-90. doi: 10.1002/
jcb.27681

131. Acconcia F, Barnes CJ, Kumar R. Estrogen and tamoxifen induce cytoskeletal
remodeling and migration in endometrial cancer cells. Endocrinology (2006) 147
(3):1203-12. doi: 10.1210/en.2005-1293

132. Yang Y, Zhang ZX, Lian D, Haig A, Bhattacharjee RN, Jevnikar AM. IL-37
inhibits IL-18-induced tubular epithelial cell expression of pro-inflammatory cytokines
and renal ischemia-reperfusion injury. Kidney Int (2015) 87(2):396-408. doi: 10.1038/
ki.2014.295

133. Wei X, Li Y, Zhang G, Wang N, Mi M, Xin Y, et al. IL-37 was involved in
progress of acute myeloid leukemia through regulating IL-6 expression. Cancer Manag
Res (2021) 13:3393-402. doi: 10.2147/CMAR.S303017

134. Binder S, Luciano M, Horejs-Hoeck J. The cytokine network in acute myeloid
leukemia (AML): A focus on pro- and anti-inflammatory mediators. Cytokine Growth
Factor Rev (2018) 43:8-15. doi: 10.1016/j.cytogfr.2018.08.004

135. Hou D, Wang B, You R, Wang X, Liu J, Zhan W, et al. Stromal cells promote
chemoresistance of acute myeloid leukemia cells via activation of the IL-6/STAT3/
OXPHOS axis. Ann Transl Med (2020) 8(21):1346. doi: 10.21037/atm-20-3191

136. Moreau P, Kumar SK, San Miguel J, Davies F, Zamagni E, Bahlis N, et al.
Treatment of relapsed and refractory multiple myeloma: recommendations from the
international myeloma working group. Lancet Oncol (2021) 22(3):e105-el8.
doi: 10.1016/S1470-2045(20)30756-7

137. Ronca R, Taranto S, Corsini M, Tobia C, Ravelli C, Rezzola S, et al. Pentraxin 3
inhibits the angiogenic potential of multiple myeloma cells. Cancers (Basel) (2021) 13
(9):2255. doi: 10.3390/cancers13092255

138. Kumagai S, Togashi Y, Kamada T, Sugiyama E, Nishinakamura H, Takeuchi Y,
et al. The PD-1 expression balance between effector and regulatory T cells predicts the
clinical efficacy of PD-1 blockade therapies. Nat Immunol (2020) 21(11):1346-58.
doi: 10.1038/s41590-020-0769-3

frontiersin.org


https://doi.org/10.1007/s11684-018-0656-6
https://doi.org/10.1007/s11684-018-0656-6
https://doi.org/10.1158/1078-0432.CCR-13-3274
https://doi.org/10.1016/j.gene.2020.144445
https://doi.org/10.1126/science.abj0486
https://doi.org/10.7150/thno.42416
https://doi.org/10.1002/ibd.20886
https://doi.org/10.1016/j.soc.2017.11.003
https://doi.org/10.1016/j.soc.2017.11.003
https://doi.org/10.1053/j.gastro.2021.10.035
https://doi.org/10.3389/fimmu.2019.02632
https://doi.org/10.1016/j.suronc.2019.12.001
https://doi.org/10.1038/srep26757
https://doi.org/10.3322/canjclin.51.6.349
https://doi.org/10.26355/eurrev_201812_16510
https://doi.org/10.3892/or.2016.4995
https://doi.org/10.1038/aps.2015.3
https://doi.org/10.3389/fonc.2022.1051282
https://doi.org/10.3322/caac.21492
https://doi.org/10.7150/jca.12266
https://doi.org/10.1038/s41374-021-00544-2
https://doi.org/10.1002/jcb.27681
https://doi.org/10.1002/jcb.27681
https://doi.org/10.1210/en.2005-1293
https://doi.org/10.1038/ki.2014.295
https://doi.org/10.1038/ki.2014.295
https://doi.org/10.2147/CMAR.S303017
https://doi.org/10.1016/j.cytogfr.2018.08.004
https://doi.org/10.21037/atm-20-3191
https://doi.org/10.1016/S1470-2045(20)30756-7
https://doi.org/10.3390/cancers13092255
https://doi.org/10.1038/s41590-020-0769-3
https://doi.org/10.3389/fimmu.2023.1278521
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Novel insights into IL-37: an anti-inflammatory cytokine with emerging roles in anti-cancer process
	1 Introduction
	2 Basic characteristics
	2.1 Structure and isoforms of IL-37
	2.2 Secretion and expression patterns of IL-37

	3 Molecular mechanisms of IL-37 signal transduction
	4 Immunoregulatory effects of IL-37
	5 Mechanisms of IL-37 in anti-cancer process
	5.1 Immunoregulation in tumor microenvironment
	5.2 Inhibition of tumor growth
	5.3 Repression of angiogenesis
	5.4 Suppression of tumor cells migration, invasion and metastasis

	6 Recent advances of IL-37 in cancer
	6.1 Digestive system
	6.1.1 Hepatocellular carcinoma
	6.1.2 Pancreatic cancer
	6.1.3 Colorectal cancer
	6.1.4 Others

	6.2 Respiratory system
	6.2.1 Non-small cell lung cancer

	6.3 Reproductive system
	6.3.1 Breast cancer
	6.3.2 Cervical cancer
	6.3.3 Endometrial carcinoma

	6.4 Urinary system
	6.4.1 Renal cell carcinoma

	6.5 Blood system
	6.5.1 Acute myeloid leukemia
	6.5.2 Multiple Myeloma

	6.6 Soft tissue tumor
	6.6.1 Fibrosarcoma


	7 Conclusion and future perspectives
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


