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A B S T R A C T

IL-37 is a member of the IL-1 family, but unlike most other members of this family of cytokines, it has wide-
ranging anti-inflammatory properties. Initially shown to bind IL-18 binding protein and prevent IL-18-mediated
inflammation, its known role has been expanded to include distinct pathways, both intracellular involving the
transcription factor Smad3, and extracellular via binding to the orphan receptor IL-1R8. A number of recent
publications investigating the role of IL-37 in atherosclerosis and ischemic heart disease have revealed promising
therapeutic value of the cytokine. Although research concerning the role of IL-37 and its mechanism in ather-
osclerosis is relatively scant, there are a number of well-known atherosclerotic processes that this cytokine can
mediate with the potential of modulating the disease progression itself. This review will probe in detail the
effects of IL-37 on important pathological processes such as inflammation, dysregulated lipid metabolism, and
apoptosis, by analyzing existing data as well as exploring the potential of this cytokine to influence these
properties.

1. Introduction

Since its discovery in 2000 by in silico research, the Interleukin (IL)-
1 family cytokine IL-37 has gained much attention due to its potent
anti-inflammatory properties. Initially shown to prevent IL-18-induced
inflammation via binding to the IL-18 binding protein (IL-18bp), the
mechanisms by which IL-37 functions have been further elucidated in
the last few years to include both intra- and extra-cellular pathways
involving the transcription factor Smad3 and the orphan receptor IL-
1R8, respectively. There are 5 known splice variants of IL-37, desig-
nated a-e [1]. The longest isoform, IL-37b, is predominantly found in
immune cells, and is the most well characterized to date [2].

Notably, there is no known mouse homolog of human IL-37.
However, a landmark 2010 publication by Nold et al. [3] showed that
transgenic mice expressing human IL-37b are protected from acute in-
flammation. The finding that human IL-37 is functional in the mouse
has paved the way for many studies using mouse models to investigate
the role of IL-37 in a wide range of inflammatory diseases. It is worth
noting that IL-37 does exist in many other rodents such as Guinea pigs
and rabbits [4], which could be used to develop a knockout model for
studying IL-37 deficiency in vivo.

Many correlation studies using human samples have shown a strong
connection between IL-37 levels and various disease states. IL-37 ex-
pression has been strongly associated with many inflammatory dis-
eases, both autoimmune [5–9], and infection-related [10,11]. Elevated

plasma IL-37 levels have also been found in human patients with acute
coronary syndrome [12] and atrial fibrillation [13]. Research using
mouse models of pathogenic cardiovascular inflammation, including
ischemia/reperfusion (I/R) injury [14,15], myocardial infarction (MI)
[16,17], and vascular calcification [18,19], reveal significant benefit
from IL-37 expression or treatment in vivo, indicating promising ther-
apeutic value for use of the cytokine to treat the equivalent conditions
in humans. Here we review the potential role of IL-37 in cardiovascular
disease, with a specific focus on its protective effects against athero-
sclerosis development.

2. IL-37 modulates multiple atherogenic macrophage functions

The initiation of atherosclerosis occurs when circulating LDL par-
ticles become trapped within the arterial wall and become modified,
eliciting an inflammatory response. Signaling molecules produced by
cells of the vessel wall, such as endothelial cells and smooth muscle
cells, lead to activation of the innate immune response. Although the
role of IL-37 has been examined in various inflammatory diseases of
both acute and chronic nature, there is limited research on the ther-
apeutic potential of IL-37 to reduce the chronic inflammation and
dysregulated cholesterol homeostasis that drive the pathogenesis of
atherosclerosis. However, the known protective effects of IL-37 on the
various cell types involved in atherogenesis, especially macrophages,
suggest a therapeutic role for the cytokine in preventing or suppressing
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atherosclerosis.

2.1. Intracellular IL-37 expression suppresses inflammatory signaling

It has been shown that IL-37, similar to other IL-1 family cytokines
such as IL-1β, IL-18, and IL-33, is processed by caspase-1 within the cell
to produce the mature IL-37 cytokine after the N-terminal pro-domain
is cleaved. Mature IL-37 can then either be secreted to act extra-
cellularly like other classical cytokines, or similar to the intracellular
pathway of mature IL-1α and IL-33, can translocate to the nucleus and
act as a transcription factor [20–22]. Various danger signals such as
cholesterol crystals and modified LDL particles in the atherosclerotic
plaque can activate IL-1β expression via NLRP3 inflammasome activa-
tion, subsequently leading to inflammatory cytokine signaling and se-
cretion of additional cytokines [23]. Caspase-1-mediated cleavage is
required for IL-37 to function within the nucleus as a transcription
factor [22]. Cleavage is not necessary for IL-37 to function as an ex-
tracellular cytokine since both pro-IL-37 and mature IL-37 bind the IL-
18Rα chain, although the mature form was shown by im-
munoprecipitation to bind with stronger affinity than the uncleaved
form [20]. Mutation of the caspase-1 cleavage site in the first exon of IL-
37b, or use of a pharmacologic caspase-1 inhibitor, leads to inhibition
of nuclear translocation. This results in reversal of its suppressive effects
on inflammatory gene and protein expression [21,22], implicating an
important role for intracellular IL-37 signaling especially in immune
cells.

Gene expression of IL-37 has been suggested to be co-regulated by
the same transcriptional machinery that activates IL-1β and IL-1α
during inflammation, as the promoters of all three genes are in a cluster
on chromosome 2, and come in close proximity following LPS stimu-
lation in monocytes [24]. It has been postulated that secretion of both
the full length and mature IL-37 occurs in stimulated macrophages in an
effort by the immune cells to control excessive inflammatory response
[21]. Nold et al. show that IL-37 is expressed in monocytes treated with
the inflammatory mediators IL-1b, IL-18, IFNg, TNF, and LPS, and also
with TGFβ [3]. Other cell types are known to express IL-37, although
the main source of IL-37b, the most abundant and biologically active
isoform, is immune cells and epithelial cells, a topic that is discussed
further by Dinarello et al. [2].

Further investigation into the intracellular role of IL-37 was inspired
by the identification of IL-37 through a proteomics screen as a potential
binding partner of the transcription factor, Smad3 [25]. This link was
confirmed through co-localization and immunoprecipitation experi-
ments using an epithelial cell line, demonstrating that binding between
IL-37 and Smad3 occurs in vitro after IL-1β stimulation [3]. In the same
study, IL-37 was shown to act through a Smad3-dependent mechanism
in both human THP-1, and mouse RAW264.7 macrophages in vitro. It is
known that Smad3 has a specific preferred DNA binding sequence and
acts as a transcription factor in response to TGF-b signaling [26], but is
unclear whether IL-37 can also bind DNA. Since IL-37 does not have a
nuclear localization sequence, it is likely that it enters the nucleus
bound to Smad3, and acts by enhancing the anti-inflammatory activity
of Smad3 rather than direct DNA binding. Inhibition of Smad3 ex-
pression in vitro by siRNA, or activity by the Smad3 inhibitor SIS3, led
to reversal of the anti-inflammatory effects of intracellularly expressed
IL-37b [3]. Additionally, Smad3 knockdown in vivo by siRNA treatment
of IL-37-Tg mice challenged with LPS led to increased inflammatory
gene and protein expression compared to control IL-37-Tg mice treated
with scrambled siRNA [3], supporting an essential role of Smad3 in the
anti-inflammatory mechanism of IL-37.

The Smad3-TGFβ pathway has been suggested to be protective in
the context of atherogenesis due to its anti-inflammatory signaling
[27,28], however the fibrosis associated with TGFβ activation has made
its function in cardiovascular disease a double-edged sword [29]. Ex-
pression of Smad3 in cardiovascular tissues by adenovirus resulted in
reduced inflammation, decreased macrophage infiltration, and

attenuated lipid accumulation and atherosclerosis development com-
pared to control mice, without inducing pathogenic fibrosis [30]. Al-
though the role of Smad3 and IL-37 signaling in atherosclerosis has not
yet been investigated, Smad3 phosphorylation and nuclear transloca-
tion downregulates expression of oxidized-LDL induced adhesion mo-
lecules via thioredoxin-1 [31], potentially aiding in the prevention of
both the initiating and progressive stages of atherosclerosis develop-
ment.

2.2. Secreted IL-37 suppresses inflammation via extracellular signaling

The study of the extracellular function of IL-37 gained momentum
after it was discovered that IL-37b binds the IL-18Rα chain and also the
IL-18 binding protein (IL-18bp). IL-37 is structurally similar to IL-18
and fits within the binding site of IL-18Rα to competitively inhibit
binding of IL-18 and subsequent recruitment of the co-receptor, IL-
18Rβ [32]. It is not surprising that IL-37 also shares significant
homology with another anti-inflammatory member, IL-1 receptor an-
tagonist (IL-1Ra), which competitively inhibits IL-1β from binding the
IL-1R [33]. A similar antagonistic role for extracellular IL-37 was in-
vestigated and has now been confirmed by multiple studies. Treating IL-
37-Tg mice with neutralizing antibodies against IL-37 resulted in re-
versal of its anti-inflammatory effect on levels of pro-inflammatory
cytokines in the serum after stimulation with LPS [21,34], supporting a
clear role for IL-37 in quelling systemic inflammation though an ex-
tracellular mechanism.

Recently it has been discovered that a complex consisting of IL-37,
IL-18Rα, and the orphan receptor IL-1R8 (also known as SIGIRR), is
necessary for IL-37 to inhibit inflammatory signaling [34]. Although a
specific receptor for IL-37 has not been found, there still exists the
possibility that IL-37 may also act through an extracellular pathway
apart from SIGIRR and IL-18Rα. However, complexing of the three
proteins was visualized by bioluminescence resonance energy transfer
in fresh human PBMCs [18], and appears to be the main mechanism
through which IL-37 acts extracellularly. The disruption of the complex
formation by inhibiting either IL-18Rα or SIGIRR in THP-1 macro-
phages or PBMCs resulted in significant reversal of the anti-in-
flammatory effects of IL-37 in vitro and in vivo [34]. Nold-Petry et al.
compared total phosphorylated proteins in LPS-stimulated macro-
phages and dendritic cells isolated from wild-type, IL-37-Tg, or IL-37-
Tg/SIGIRR-deficient mice. They demonstrated that effective IL-37
binding to the IL-18Rα and SIGIRR receptor complex leads to reduced
phosphorylation of TAK1, Fyn, and the NF-κB pathways mediators IκBε,
p65 and p105. Additionally, extracellular IL-37 signaling was shown to
increase phosphorylation of the anti-inflammatory mediators Stat3,
Mer, PTEN and p62 [34]. This set of changes in phosphorylation of key
signaling proteins acts in suppressing the inflammatory response. In-
terestingly, Nold-Petry et al. also observed anti-inflammatory effects of
IL-37 that were independent of extracellular signaling through SIGIRR,
including reduced phosphorylation of various MAP kinases, the focal
adhesion kinase FADK, and the NF-κB kinase IKKβ. This supports the
hypothesis that IL-37 plays a dual role in preventing inflammation
through both extracellular as well as intracellular mechanisms.

Macrophages that stably express IL-37b in vitro show significant
reduction in inflammatory cytokine production, decreased lipid uptake,
and reduced macrophage transmigration towards the chemoattractant
MCP-1 [74]. However, it is unclear what contribution the intracellular
mechanism has compared to the autocrine signaling that may occur
from secreted IL-37b. It is clear that IL-37b-expressing macrophages
secrete the protein into the circulation of mice that have undergone
bone marrow transplantation of HSC transduced with IL-37b [74]. This
may have played a significant role in the reduction of systemic in-
flammation, particularly concerning endothelial cell activation, which
is generally accepted as an initiating event in the development of
atherosclerosis.

Many of the same inflammatory pathways that are suppressed by IL-
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37b in immune cells are likely affected by a similar mechanism in cell
types such as endothelial cells and vascular smooth muscle cells. It has
recently been shown that cardiac microvascular endothelial cells from
IL-37-Tg mice show significantly less inflammatory response following
LPS stimulation, with decreased NF-kB signaling and reduced MCP-1
production [35], further supporting a protective role for IL-37 in pre-
venting the initiation of atherosclerotic plaque development. In patient
samples of calcified human aortas, IL-37 was found to be significantly
elevated compared to normal aortic tissues [36]. Immunohistochemical
staining revealed that macrophages as well as vascular smooth muscle
cells appeared to be the main sources of IL-37 within the calcified
plaque areas, indicating that both cell types express IL-37 under con-
ditions of chronic inflammation. Human dendritic cells and peripheral
blood mononuclear cells (PBMC) have also been shown to secrete IL-37
[3]. We have found that IL-37b expressed specifically in macrophages
attenuates atherosclerosis development in vivo using ldlr−/− mice [74],
although further investigation is needed to determine whether intra-
cellular expression of IL-37 specifically in other immune cells, VSMC, or
aortic endothelial cells is also protective against atherogenesis.

2.3. Modulation of lipid metabolism by IL-37

Elevated levels of lipids in circulation result in their accumulation
within the extracellular matrix of the subendothelial space [37]. The
trapped LDL particles are modified and taken up by monocyte-derived
macrophages, which are unable to metabolize the modified lipid species
and undergo a pathological transformation into lipid-laden foam cells
[38,39]. Foam cell accumulation beneath the endothelium is the hall-
mark of early stage atherosclerotic plaque formation termed “fatty
streak”. This unrestricted uptake of lipoproteins and fatty acids by
macrophages leads to cellular dysfunction, apoptosis and necrosis
[40–42]. It was reported that IL-37 expression was found in foam cells
within atherosclerotic plaques [1], implicating a potential role in
macrophage lipid homeostasis in the context of cardiovascular disease.

The discovery that IL-37 activity is dependent on the transcription
factor Smad3 and that IL-37 expression is induced by TGFβ provides
evidence for a potential role of IL-37 in regulating macrophage cho-
lesterol uptake. Activation of the TGFβ-Smad3 signaling pathway has
been shown to reduce macrophage foam cell formation [43,44], and
has also been shown to play a critical role in the resolution of the in-
flammatory response [45,46]. Resolution of inflammation provides an
additional avenue for preventing foam cell formation and secondary
necrosis caused by defective cholesterol efflux after lipid loading [47].

Recently it has been shown that IL-37 and Smad3 are expressed in
macrophage foam cells of rabbit atherosclerotic plaques after vascular
balloon injury [48], confirming that the pathway is activated in
atherosclerotic macrophages in vivo. Macrophage inflammatory re-
sponse to Ox-LDL was dampened by the parallel treatment with re-
combinant IL-37b [49] or when macrophages were manipulated to
express IL-37b [74]. Furthermore, IL-37-Tg mice fed a high-fat diet
(HFD) for 16 weeks show reduced plasma levels of cholesterol, and
trended towards reduced free fatty acids and triglycerides, compared to
wild-type controls [50], further implicating a role for IL-37 in the
regulation of cholesterol homeostasis. These investigators also showed
that AMP-activated kinase (AMPK) is an important signaling protein
downstream of IL-37, providing a putative mechanism for IL-37 in-
volvement in macrophage lipid handling [50]. The reduced serum
cholesterol levels observed in IL-37-Tg mice might be an effect of AMPK
activation in the liver in response to IL-37, although this remains to be
investigated. Activation of AMPK attenuates accumulation of oxidized
LDL (ox-LDL) in mouse macrophages by upregulating the expression of
ATP-binding cassette transporter A1 (ABCA1) and G1 (ABCG1), the
predominant mediators of macrophage cholesterol efflux [51]. Fur-
thermore, AMPK deficiency led to decreased fatty acid oxidation and
increased inflammatory response in mouse macrophages [52]. Inter-
estingly, we have found that IL-37b expression in mouse bone marrow-

derived macrophages leads to increased gene and protein expression of
ABCA1 and ABCG1 [74]. Thus, IL-37 may have an effect on reverse
cholesterol transport through AMPK, which would aid in the resolution
of aberrant macrophage accumulation of modified lipids and prevent
foam cell formation [73]. Taken together, these findings provide strong
support for a protective role of IL-37 in the regulation of macrophage
inflammation as well as lipid homeostasis, both key drivers of athero-
sclerosis.

2.4. Anti-apoptotic properties of IL-37

Apoptotic cells are rapidly cleared by macrophages under normal
conditions through a process termed efferocytosis. This important me-
chanism of cell clearance throughout the body has been shown to be
defective in atherosclerotic plaques, leading to increased necrosis and
inflammation [53]. ROS production as well as various pro-in-
flammatory cytokines are known to induce macrophage apoptosis [54].
Additionally, excessive loading of macrophages with materials they
cannot effectively digest has been shown to cause impaired engulfment
of apoptotic cells [55], implicating the massive accumulation of lipids
found in macrophage foam cells within the plaque microenvironment as
a major cause of the impaired efferocytosis seen in atherosclerosis.

In addition to its potential role in preventing foam cell formation
and the subsequent apoptosis and/or necrosis that follows in the plaque
microenvironment in vivo, IL-37 has been shown to attenuate apoptosis
of cardiomyocytes in vitro and in vivo, as shown by reduced Caspase-3
cleavage and TUNEL staining [14]. Furthermore, it was recently de-
monstrated that IL-37 downregulates many of the signaling pathways
involved in cardiovascular inflammation and apoptosis [56,57], in-
cluding JNK, JAK/STAT, MAP kinases, and c-Jun [34]. Additionally, we
have found that macrophages expressing recombinant human IL-37
show decreased apoptosis when challenged with DMSO or the apoptosis
inducer, camptothecin [74].

A link between apoptosis and autophagy has been suggested [58],
and it is possible that IL-37 affects both processes during atherosclerotic
plaque development. Macrophages with defective autophagy show in-
creased apoptosis after lipid loading compared to controls, and mice
with defective autophagy develop more severe atherosclerosis [59].
Extracellular IL-37 treatment has been shown to decrease mTOR [34]
and increase AMPK phosphorylation [50], which have both been shown
to activate autophagy [60], further supporting a protective role of IL-37
in the context of atherosclerosis.

3. Protective effects of IL-37 in animal models of cardiovascular
diseases

There are numerous publications to date investigating the expres-
sion and effects of IL-37 in the context of cardiovascular disease, cov-
ering disease states such as tissue injury due to ischemia, vascular
calcification and atherosclerotic plaque development. The unifying
theme in all of these studies is that IL-37 has a protective role against
these cardiovascular pathologies.

Reperfusion with recombinant IL-37 protein immediately following
a period of ischemia in vivo has been shown to reduce damage and
improve organ function in mice after ischemia/reperfusion (I/R) injury
[14,15]. In a mouse model of cardiac I/R injury, IL-37-treated mice
showed improved outcomes including decreased infarct size, in-
flammatory signaling, neutrophil infiltration and ROS production
compared to controls. The authors speculate that these factors likely
account for the observed decrease in cardiomyocyte apoptosis in IL-37-
treated mice [17]. Given the causal link between JNK-mediated in-
flammatory signaling and apoptosis in hepatic ischemic injury [61],
and the known downregulation of JNK signaling by IL-37 [34], it is
possible that the protective effects of IL-37 in this context are due to
suppression of such pathways.

Similar protective effects were observed in two different studies
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using a mouse model of myocardial infarction (MI) [16,17]. Re-
combinant IL-37-treated mice showed decreased MPO and TLR-4 ex-
pression, and NF-kB activity in heart tissue, while exhibiting improved
cardiac function following MI compared to controls [17]. Interestingly,
the IL-37-treated mice showed significant upregulation of the anti-in-
flammatory cytokine IL-10 in the serum, indicating that IL-37 not only
suppresses expression of inflammatory mediators, but also promotes the
production of anti-inflammatory mediators [17]. In another mouse
model of MI, IL-37 expression by dendritic cells after adoptive transfer
significantly increased the number of regulatory T cells, decreased in-
flammation and fibrosis within the heart, and improved cardiac func-
tion [16]. Zhu et al. were the first to investigate the effects of IL-37 on
the adaptive immune system after myocardial infarction, although
previous studies have shown that IL-37 induces a tolerogenic DC phe-
notype that suppresses the adaptive immune response [62]. It is inter-
esting to note that monocytes and DCs were identified as the primary
sources of IL-37 among human immune cells [63]. Interestingly, while
monocytes were responsible for a majority of the expression, DCs were
the only cell type to show steady state IL-37 secretion without in-
flammatory stimulus such as LPS [63], indicating their role in con-
stitutive immune suppression and potential for preventing cardiovas-
cular disease complications.

The protective effects of IL-37 on myocardium also extends to aged
mice (20–24 months old), including both IL-37-Tg as well as mice
treated with recombinant IL-37 [35]. Following challenge with LPS,
mice were analyzed for cytokine levels in myocardial tissue, as well as
secretion in the serum. NF-kB activation and MCP-1 production were
measured in isolated cardiac microvascular endothelial cells from IL-
37-Tg and control mice, revealing decreased levels of both in-
flammatory mediators by IL-37. Wild-type mice treated with re-
combinant IL-37 showed significantly improved left ventricle function
compared to controls after challenge with endotoxemia. Although
protective in both IL-37 treatment scenarios, the different results ob-
served when IL-37 is expressed by the cells affected, versus mice treated
systemically by injection with recombinant IL-37 protein implies dis-
tinct intra- and extracellular mechanisms of IL-37 on its target cells.

The effectiveness of recombinant IL-37 treatment in preventing
atherosclerosis was tested in atherosclerosis-prone, diabetic apoE−/−

mice. Treatment with recombinant IL-37 injections for 16 weeks re-
sulted in reduced atherosclerotic plaque size and vulnerability, de-
creased inflammatory cytokines in the serum, and decreased vascular
calcification compared to control mice [19]. We have also observed an
atheroprotective role of IL-37 in mice using the ldlr−/− mouse model.
Following bone marrow transplantation of hematopoietic stem cells
(HSC) transduced with either IL-37b or EGFP control, we found that
atherosclerotic plaque development was mitigated due to macrophage-
specific expression of IL-37b after 10 weeks of HFD [74]. We found that
although most circulating cytokines measured were not different be-
tween groups, macrophage IL-37 expression in vivo led to reduced cir-
culating M-CSF levels compared to control mice, potentially effecting
the recruitment of monocytes/macrophages to the growing plaque.
Another atherosclerosis study, using ldlr−/− mice transplanted with IL-
37-Tg hematopoietic stem cells, showed no difference in plaque size
after 8 weeks of HFD, although there was a reduction in circulating
immune cells, and inflammatory response of peritoneal macrophages
[64]. One difference between this study and others is that female mice
were used, which are known to develop less severe atherosclerosis than
males [65]. The authors propose that the severity of inflammation was
not great enough to elicit significant IL-37 expression to affect athero-
sclerosis development, although its concentration in the sera of the
mice was not reported. The authors observed reduced expression of the
neutrophil chemoattractant KC, as well as reduced circulating neu-
trophil levels, indicating that IL-37 might have effected early athero-
sclerosis, when neutrophils are thought to play a larger role.

The beneficial effects of IL-37 treatment in cell types other than
immune cells have also been documented. Aortic valve interstitial cells

(AVIC) isolated from diseased human aortic valves stimulated with TLR
agonists show decreased IL-37, with increased bone morphogenic pro-
tein-2 and alkaline phosphatase expression, and presence of calcified
deposits via NF-κB and ERK1/2 signaling, compared to healthy control
AVIC [18]. When AVIC were treated with IL-37, these pathogenic ef-
fects were reversed. Similar protective findings were observed in IL-37-
Tg mice compared to controls challenged with a TLR4 agonist or pro-
longed high fat diet, revealing decreased thickening of the aortic valve
as well as reduced lipid deposition and calcification of aortic valve
leaflets [18]. Additionally, IL-37-treated human coronary artery en-
dothelial cells stimulated with a TLR2 agonist showed reduced ex-
pression of the adhesion molecule ICAM1 as well as decreased NF-κB
activity [66]. These findings suggest a potential therapeutic value of IL-
37 in treating a range of cardiovascular pathologies.

4. IL-37 in human diseases

The recognition of IL-37 as a potential therapeutic cytokine has led
to its investigation in human populations. Through analysis of data
from the 1000 Genomes Project, 114 modern human haplotypes of the
IL-37 gene have been identified in the general population [4]. Sequence
variants have been shown to affect IL-37 protein stability [67], poten-
tially contributing to different levels of protection or susceptibility from
inflammatory diseases [68]. Elevated IL-37 expression has been
strongly associated with many human diseases including colitis [5],
psoriasis [6], rheumatoid arthritis [7], systemic lupus erythematosus
[8] asthma [69], inflammatory bowel disease [9] and viral infection
[10,11]. It is speculated that the increased expression of IL-37 is part of
a compensatory mechanism to keep the excessive, and often damaging,
inflammation of these various pathologies in check.

Concerning cardiovascular disease patients, elevated plasma IL-37
has been found in individuals with acute coronary syndrome [12,70]
and atrial fibrillation [13]. Recently it was shown that a human genetic
variant of IL-37 in the population is associated with an increased risk of
coronary artery disease (CAD) [71]. This allele variant, SNP rs3811047
of IL-37, is associated with decreased expression of IL-37, indicating
that IL-37 expression in humans has a protective role in the prevention
of inflammation and cardiovascular pathologies.

5. Therapeutic considerations with special emphasis on
dimerization of IL-37

The intracellular signaling pathways of IL-37b in preventing in-
flammatory response in cardiovascular disease are important when
considering direct manipulation of immune cells, especially macro-
phages. It might be worth considering gene therapy options to express
IL-37 intracellularly, especially given the differences between its intra-
and extracellular signaling pathways. However, the most straightfor-
ward therapeutic routes would involve injection of IL-37 protein in-
travenously, or use of a targeted drug delivery system that would most
likely act through the extracellular signaling pathway to accomplish its
anti-inflammatory objective within the body.

Recently, IL-37b has been crystallized and shown to form head-to-
head homodimers [72], which significantly reduces its anti-in-
flammatory capacity. The IL-37b protein exists in a pro and mature
state, which have different estimated dimerization association con-
stants of 5nM and 4uM, respectively [1,20]. In various cell types, the
molecular weight of IL-37b protein was 25 kDa, characteristic of the
monomer, but in PBMCs, the molecular weight of IL-37b has been re-
ported to vary from ∼25 kDa to 45 kDa, indicating dimerization [3].
This head-to-head orientation of IL-37 dimers is unique in the IL-1 su-
perfamily of cytokines, and may act to diminish the anti-inflammatory
potency of IL-37 by hindering formation of the IL-37/IL-18Ra/IL-1R8
complex at the cell surface. Ellisdon et al. developed two variants of IL-
37b, which have mutations within the homodimer binding region at
either Tyr 85 (Y85A) or Asp 73 (D73K) [72]. Both mutations completely
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ablate dimer formation and restore its anti-inflammatory capacity.
Treatment of THP-1 cells or PBMCs with monomeric IL-37b mutants
reduced the expression of inflammatory cytokines and conferred
markedly greater protection against endotoxic shock in mice.

Regulating the ratio between IL-37 monomers versus homodimers
should be considered when developing potential therapeutic treatments
using IL-37 to suppress excessive inflammation. The dimerization (and
possibly oligomerization) capabilities of IL-37 may diminish the desired
anti-inflammatory effect in vivo, as the shifts in the monomer-to-dimer
ratio could lead to reduced bioactivity. Recent findings suggest that the
greatest anti-inflammatory effects are seen with concentrations of IL-
37b ranging from 1 pg/ml to 10 ng/ml, while essentially ineffective at
higher concentrations [3]. Moreover, unmodified, mature IL-37 be-
comes pro-inflammatory at a concentration of 100 ng/ml while the
mutated, monomeric variants remain anti-inflammatory at this high
concentration [72]. Further investigation into the stability, safety and
efficacy of IL-37 treatment options needs to be carried out before it can
be used to treat human disease. However, the mounting evidence in
favor of a protective role in many diverse inflammatory diseases makes
IL-37 a very promising therapeutic option for use in the future.

6. Conclusion

Although it has been only a few years since its discovery, the re-
search looking into the potential role of IL-37 in fighting many different
types of inflammatory diseases has been robust. In the context of
atherosclerosis, IL-37 has the potential to modulate several pathways
that lead to atherosclerosis development, including inflammation, lipid
homeostasis and cell survival. Several murine studies have shown the
atheroprotective effects of IL-37. However, most of the studies invol-
ving human populations have been associative rather than testing the
direct effects of IL-37 on the disease process. A cartoon depicting IL-37’s
role in modulating atherosclerotic macrophage function as well as its
role in various inflammatory cardiovascular pathologies is summarized
in Fig. 1. Although the evidence thus far is strong that IL-37 has the
potential to be a promising therapeutic target in preventing or treating
atherosclerosis, many more studies, especially involving its efficacy and
safety for long-term treatment, are needed to validate this potential.
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