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A B S T R A C T

IL-35 is a new anti-inflammatory cytokine identified in 2007, which inhibits inflammation and immune re-
sponses by inducing regulatory T cells and regulatory B cells and suppressing effector T cells and macrophages.
The unique initiator and effector anti-inflammatory properties of IL-35 bring tremendous interest in in-
vestigating its role during cardiovascular disease (CVD) development, in which inflammatory processes are
firmly established as central to its development and complications. In this review, we update recent under-
standing of how IL-35 is produced and regulated in the cells. In addition, we outline the signaling pathways
affected by IL-35 in different cell types. Furthermore, we summarize the roles of IL-35 in atherosclerosis, dia-
betes, and sepsis. We propose a new working model that IL-35 and its receptors are novel homeostasis-associated
molecular pattern (HAMP) and HAMP receptors, respectively, which explains the complex nature of IL-35 sig-
naling as an anti-inflammatory initiator, effector and blocker. Thorough understanding of this topic is significant
towards development of new anti-inflammatory therapies against CVDs and other diseases. (total words: 163)

1. Introduction

Interleukin 35 (IL-35) is an anti-inflammatory cytokine that belongs to
the IL-12 cytokine family. Besides IL-35, the IL-12 family cytokines also
include IL-12, IL-23, and IL-27. IL-35 is a dimeric cytokine with two sub-
units, IL-12A and Epstein-Barr virus induced 3 (EBI3) [1,2]. Of note, the IL-
12A subunit of IL-35 is shared by IL-12 (composed of IL-12A and IL-12B),
whereas its EBI3 subunit is also shared by IL-27 (composed of EBI3 and IL-
27p28) [3]. Secreted by regulatory T cells (Treg) and regulatory B cells
(Breg), IL-35 suppresses the activities of T helper 1 (Th1) cells and T helper
17 (Th1) cells while promoting the development of Treg and Breg [4,5]. In
T cells and endothelial cells, IL-35 signals through either heterodimer or
homodimer of interleukin 12 receptor subunit beta 2 (IL12RB2)/interleukin
6 signal transducer (IL6ST), which subsequently activates heterodimer of
signal transducer and activator of transcription 1 (STAT1)/STAT4 [6,7]. In
B cells, IL-35 engages with heterodimer of IL12RB2/interleukin 27 receptor
subunit alpha (IL27RA), which then induces the activation of STAT1/STAT3
[8].

Cardiovascular diseases (CVDs) are the leading causes of morbidity and
mortality in the western worlds. Nearly three quarters of the CVD-related

death is the result of atherosclerosis, which is a form of chronic autoimmune
inflammatory condition predominantly occurred in middle/large sizes of
arteries associated with specific CVD risk factors including hyperlipidemia,
hyperglycemia, hyperhomocysteinemia, classical obesity, cigarette smoke,
hypertension, infections, etc. [9,10]. Development of atherosclerosis are
fueled by aberrant immune-mediated responses, which contribute to its
adverse clinical outcome including myocardial infarction, stroke, and per-
ipheral artery disease. It has been proposed that proinflammatory and Th1-
related cytokines such as IL-1β and IL-18 promote atherosclerosis devel-
opment [11,12], whereas Treg-related anti-inflammatory cytokines such as
IL-10 and transforming growth factor-β (TGF-β) are anti-atherogenic
[13,14]. These notions are largely supported by the findings from athero-
sclerotic mouse models. It has been shown that transfer of murine IL-10 in
the atherogenic apolipoprotein E (ApoE-/-) mouse model achieved 60%
reduction in atherosclerotic lesion size [15]. In addition, knockout of IL-
10[13] or inhibition of TGF-β signaling[16] in ApoE-/- mice resulted in
300% and 200% increase of atherosclerotic lesion formation, respectively.
Nevertheless, current anti-inflammatory therapies are not clinically effec-
tive against atherosclerosis [17], suggesting that our understanding of the
roles of immune responses during atherosclerosis development is limited,
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and that there is an urgent need in identifying novel therapeutic targets for
the treatment of CVDs. IL-35 is a particularly promising target in this set-
ting, since it is an initiator anti-inflammatory cytokine, which potently
regulates the function of multiple immunosuppressive cell types, including
Treg and Breg [18]. In this review, we summarize current understandings of
several compelling issues: (1) How is IL-35 produced and regulated; (2)
What signaling pathways are activated by IL-35 in the cells; and (3) The
roles of IL-35 in CVDs including atherosclerosis, diabetes, and sepsis. Sys-
temic characterizations of physiological and pathophysiological roles of IL-
35 are significant towards the development of novel anti-inflammatory
therapeutics against CVDs.

2. IL-35 is an initiator anti-inflammatory cytokine by inducing
Treg and Breg, an effector cytokine in suppressing both innate and
adaptive immune Responses, and a blocker cytokine in limiting
the Accessibility of proinflammatory cytokines to their receptors

In 1997, it was demonstrated for the first time that IL-12A could
heterodimerize with EBI3 to form a potentially naturally occurring pro-
tein [19]. In 2007, this protein was designated IL-35, which was shown
to be highly expressed and secreted by Treg [2]. Deficiency of either

subunit of IL-35 impaired the regulatory activity in Treg, while ectopic
expression of IL-35 conferred suppressive activity on naïve T cells. In
2014, IL-35 production by B cells in mice was found to be also critical for
the protection against experimental autoimmune encephalomyelitis and
experimental autoimmune uveitis [8,20]. In addition, IL-35 induced the
conversion of both mouse and human B cells into Breg, similarly to its
role in the Treg [8,21]. Unlike Treg that is characterized by its specific
transcription factor forkhead box P3 (Foxp3) expression, the identity of
Breg is poorly understood [22,23]. Nevertheless, it has been reported
that IL-35 could amplify its anti-inflammatory signal by inducing itself as
well as IL-10 in T cells and B cells [8,21]. These unique initiator prop-
erties of IL-35 in inducing Treg and Breg, by which IL-35 im-
munosuppression is indirectly enhanced, as well as IL-35 self-amplifica-
tion are unique and different from other anti-inflammatory cytokines
such as IL-10 and TGF-β. It should be noted that IL-35 is not strictly
required for the initiation of IL-10-mediated immunosuppression of Treg
and of in vivo generated Breg [20,24], whereas the function of IL-35-
induced Treg is independent of IL-10, Foxp3, or TGF-β [6]. In addition,
TGF-β could also induce Treg [25]. Thus, other anti-inflammatory cy-
tokines including IL-10 and TGF-β share their duty with IL-35 to initiate
distinct anti-inflammatory programs.

Fig. 1. IL-35, functioning as homeostasis-associated molecular pattern (HAMP), is both an initiator and effector of anti-inflammatory signaling. A. IL-35 is a
responsive anti-inflammatory cytokine in an antigen-independent manner. Homeostatic tissues express “house-keeping” anti-inflammatory cytokine TGF-β to prevent
it from initiation of inflammation. When tissues get inflamed, proinflammatory factors may stimulate tissues to express “responsive” anti-inflammatory cytokine IL-
35 to counteract inflammation response. The induction of IL-35 is quick and potent, in an antigen-nonspecific manner. B. Three types of anti-inflammatory duties of
IL-35. IL-35 functions as a HAMP, which are recognized by a variety of receptor and transcription factor formats and finetunes cellular homeostasis. Sharing its anti-
inflammatory duty with IL-10 and TGF-β, IL-35 induces regulator T cells (Treg) and regulator B cells (Breg) and amplifies the production of IL-35 and IL-10.
Furthermore, IL-35 could also potentially compete with IL-12 and IL-6 signaling (IL-12 and IL-35 shares IL12RB2 receptor subunit while IL-6 and IL-35 shares IL6ST
receptor subunit), and blocks their proinflammatory signaling.
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Despite these significant discoveries, however, the roles of IL-35 in
humans have been challenged since it was found that human T cells,
including Treg, do not constitutively express IL-35 [26]. This apparent
discrepancy could be reconciled by our observations that IL-35 is not
constitutively expressed in human tissues, but it is inducible in response
to inflammatory stimuli [27]. The genes encoding IL-35 subunits are
induced by vascular endothelial cells, smooth muscle cells, and mono-
cytes after activation with proinflammatory stimuli. IL-35 gene pro-
moters can be bound by proinflammatory transcription factors in-
cluding NF-kB; and IL-35 subunit transcripts are targeted by AU-rich
elements and microRNAs, by which IL-35 may achieve its non-con-
stitutive expression status and upregulation in response to in-
flammatory stimuli. Our findings were confirmed by our experimental
report showing that IL-35 is induced in the plasma of mice after lipo-
polysaccharide (LPS) injection as well as in the plasma of sepsis patients
[4]. Furthermore, recent discoveries from our laboratory suggested that
IL-35 is also induced during early atherosclerosis in the plasma and
aortas of atherosclerotic mouse model, ApoE-/- mice as well as in the
plasma of human atherosclerotic patients (Li X and Yang X, un-
published observations). Taken together, these results indicated that IL-
35 is a responsive anti-inflammatory cytokine, which can be inducible
during acute inflammatory response and chronic inflammatory dis-
eases, such as atherosclerosis (Fig. 1A).

In adaptive immune cells, such as naïve Treg co-activated by T cell
antigen receptor-CD3 complex/T cell co-stimulation molecule CD28
and effector T cells stimulated by IL-35, the induction of IL-35 takes
9 days [27]. This contrasts with the observations that IL-35 subunits
could be induced in a few hours in innate immune cell types such as
dendritic cells and monocytes [27]. In one study of LPS-stimulated
monocytes, it was found that IL-35 subunits are potently induced in less
than 3 h [28]. This agrees with our previously findings that plasma IL-
35 level in LPS-challenged mice could be upregulated by hundreds of
folds in less than 1.5 h [7], indicating that IL-35 is induced by LPS from
innate immune cell types in an antigen-independent manner, rather
from the previously characterized adaptive immune cell types including
Treg and Breg (Fig. 1A). Importantly, IL-12 levels in the same mice
were minimally affected after LPS challenge, even though IL-12 and IL-
35 shares the same IL-12A subunit [7]. These observations not only
suggest the specificity of IL-35 rapid induction during inflammatory
responses (Fig. 1A), but also indicate that competition of dimerization
of IL-35 subunits against dimerization of IL-12/IL-27 subunits may be
one of the novel mechanisms underlying IL-35′s anti-inflammatory
cytokine function. Nevertheless, the residues in IL-12A and EBI3 that
are critical for IL-12 and IL-27 dimerization do not mediate IL-35 dimer
formation [29]. Therefore, an affinity/structure-based competition
among the pairing of the IL-12 family subunits is currently an unlikely
hypothesis. Regardless, this competition working model of IL-35 may
apply to its receptor level. Since IL-35 shares its receptor and down-
stream transcription factors with proinflammatory cytokines such as IL-
6 family cytokines (sharing IL6ST), IL-12 (sharing IL12RB2), and IL-27
(sharing IL6ST), engagement of IL-35 with its receptors could poten-
tially limit the availability of these receptors binding to related proin-
flammatory cytokines including IL-6s, IL-12 and IL-27, thus dampening
cellular signaling of those proinflammatory cytokines (Fig. 1B).

3. IL-35 and its receptors are novel Homeostasis-Associated
molecule pattern (HAMP) and HAMP receptors

The composition and signaling of the IL-35 receptor are firstly stu-
died in T cells [6]. This was based on the findings that IL-35 could
suppress T cell proliferation and converts naïve T cells into IL-35-pro-
ducing induced-Treg (iTr35 cells). Using T cells deficient in IL12RB2
and IL6ST, it was shown that either IL12RB2 or IL6ST is sufficient for
mediating partial IL-35-mediated T cell suppression. Nevertheless, both
IL12RB2 and IL6ST are required for the conversion of naïve T cells into
iTr35 cells, since naïve T cells that lacks either subunit fail to

upregulate IL-35 and develop suppressive activity. Thus, IL-35 could
signal through either heterodimer of the two receptor subunits or
homodimers of each subunit in T cells. Furthermore, IL-35 receptor
signaling requires a heterodimer of STAT1 and STAT4, which could
bind to the promoter regions of IL-35 subunits IL-12A and EBI3, con-
tributing to its self-amplification.

Although it is not confirmed whether aortic endothelial cells (ECs)
could secret IL-35, as we reported, IL-35 could potently inhibit leuko-
cyte adhesion and the induction of EC activation marker gene vascular
cell adhesion molecule (VCAM-1) in response to proinflammatory sti-
muli in ECs [7]. Like the scenario in T cells, the suppressive activity of
IL-35 in ECs requires heterodimer or homodimer IL12RB2/IL6ST re-
ceptor. Both IL12RB2 and IL6ST are present in human aortic en-
dothelial cells, and blocking either subunit reversed the suppressive
effects of IL-35 on VCAM1 gene expression. Notably, engagement of IL-
35 receptors leads to the suppression of mitogen-activated protein ki-
nase (MAPK)-transcription factor activator protein-1 (AP-1) signaling
pathway in ECs.

In B cells, knockdown or neutralizing of IL-35 receptor subunit
IL6ST does not affect IL-35-mediated suppression of B cell proliferation
or IL-10 production [8]. In contrast, silencing either IL-35 receptor
subunit IL12RB2 or IL27RA completely abolished the inhibitory effects
of IL-35 in B cells. Moreover, IL-35 activates STAT1/STAT3, which is
required for IL-35-mediated suppression of B cell proliferation and IL-
10 production. Collectively, these results indicated that IL-35 receptor
has at least 4 types of different formats (two homodimers IL12RB2-
IL12RB2, IL6ST-IL6ST, and two heterodimers IL12RB2-IL-6ST, and
IL12RB2-IL27RA) and elicit at least 2 sets of transcription factor com-
plex (STAT1-STAT4 and STAT1-STAT3).

As we pointed out in our previous report [30], it is significant for us
to propose a new model [31] to recognize novel anti-inflammatory and
homeostatic signals derived from endogenous metabolites. Recent ad-
vances in immunology have clearly demonstrated the well-accepted
“two arms model”. This model states that in addition to pro-in-
flammatory effector and T cell co-stimulatory mechanisms, there are
several anti-inflammatory mechanisms present in the immune system.
These anti-inflammatory mechanisms include T cell co-inhibition/co-
suppression pathways, T cell anergy, regulatory T cells [18], and se-
cretion of anti-inflammatory/immunosuppressive cytokines such as
TGF-β, IL-10, IL-35 [7,27], and IL-37 as we and others reported. We
have reported two types of lysophospholipids such as lysopho-
sphatidylserine (LysoPS), lysophosphatidylethanolamine (LPE) [30], a
few uremic toxins as anti-inflammatory homeostasis-associated mole-
cular patterns (HAMPs), which is a new concept proposed in our recent
report [32]. Moreover, most nuclear receptor family members could
also be characterized as HAMPs (Wang L and Yang X, unpublished
observations). Similar to other endogenous metabolites that we re-
ported[30], here we propose for the first time that IL-35, along with its
IL-12 cytokine family members, are HAMPs for anti-inflammatory
functions and Danger-Associated Molecular Patterns (DAMPs) for pro-
inflammatory functions. IL-35 does not specifically bind to one type of
receptor, but rather loosely possesses a “pattern” feature that is pro-
miscuously recognized by different IL-12 family receptors, which serve
as HAMP receptors [30] (Fig. 1B). This feature of IL-35 is very similar to
high mobility group box 1 (HMGB1), which is a molecular pattern re-
cognized by at least 11 distinct receptors [33]. Of note, IL-35 is not
evolutionally conserved and needs to be transcriptionally induced for
its action, which is different from classical molecular patterns. The
potential advantages for IL-35 to act as a HAMP and bind those pattern
types of homodimer- and heterodimer- receptors may include the fol-
lowing aspects: (1) IL-35 inhibits broad spectrum of inflammation and
immune responses no matter which receptor(s) is expressed and func-
tional in different cell types during various pathogenic inflammatory
processes; (2) IL-35 blocks and interferes with IL-6, IL-12 and IL-27
receptor signaling; and (3) IL-35 maintains systemic and tissue home-
ostasis in a highly responsive and effective manner. This unique
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property of IL-35 might be shared by other IL-12 family members, since
a recent study has found that EBI3 (receptor subunit for IL-35 and IL-
27) could also mediate IL-6 trans-signaling, different from its classical
IL6ST/IL6R receptor format [34].

4. IL-35 and atherosclerosis

Atherosclerosis is a chronic inflammatory disorder of the arteries,
involving both inflammation and autoimmune processes [35]. Due to
the immunomodulatory nature of IL-35, considerate interest has been
developed to investigate its role in the development of atherosclerosis.
One of the earliest report investigating the role of IL-35 in athero-
sclerosis development comes from examination of the expression of IL-
35 subunits in human atheromatous lesions by immunohistochemistry.
It was found that one of the IL-35 subunit, EBI3, is detectable in lesional
endothelial cells, smooth muscle cells, and macrophages [36]. In ad-
dition, the other subunit of IL-35, IL-12A, was also present at high levels
throughout the atheroma samples and co-expressed with EBI3. Another
study examined plasma IL-35 levels in patients with acute coronary
syndrome (ACS, including unstable angina pectoris and acute myo-
cardial infarction) and stable angina pectoris, in comparison to chest
pain syndrome controls [37]. The plasma levels of IL-35, alongside with
other anti-inflammatory cytokines such as IL-10 and TGF-β, were found
to be significantly decreased in the stable angina pectoris, and further
decreased in ACS patients, compared with those in the chest pain
syndrome control group. By contrast, the plasma levels of IL-27 (which
shares EBI3 subunit with IL-35) and IL-12 (which shares IL-12A subunit
with IL-35) were increased in the ACS patients in comparison with
patients with stable angina pectoris and chest pain syndrome, in-
dicating the specificity of IL-35 level changes in these patients. Fur-
thermore, there was a positive correlation between plasma IL-35 levels
and left ventricular ejection fraction, while IL-27 negatively correlated
with the heart function feature in these patients [37]. Genetics study
also provided strong evidence that IL-35 plays an important role in the
development of atherosclerotic disease. The IL-12A rs2243115 and EBI3
rs428253 polymorphisms were found to be associated with decreased
risk of developing premature coronary artery disease (CAD) in the
Genetics of Atherosclerotic Disease (GEA) study of 1162 patients with
CAD and 873 controls [38]. However, it should be noted that these two
associated polymorphisms did not correlate with plasma IL-35 level
changes; and that two other polymorphisms, EBI3 rs4740 and rs4905,
were associated with different levels of IL-35 only in the healthy control
groups. Taken together, these results indicate that IL-35 is a promising
biomarker for atherosclerotic disease, and may also serve as a potential
therapeutic target for the treatment of disease. This notion was sup-
ported by the findings that exogenous treatment of IL-35 significantly
attenuates atherosclerotic lesions in ApoE-/- mice, which is a mouse
model for atherosclerosis [39]. The inhibitory effect of IL-35 in ather-
ogenesis was attributed to the findings that IL-35 significantly de-
creased plasma levels of total cholesterol and total triglyceride; and that
it also significantly upregulated Foxp3 expression in the plasma and
lesion, an indication of enhanced activity of regulatory T cells. Despite
these results, the roles of endogenous IL-35 in atherosclerosis devel-
opment remain unclear. This is related to the fact that IL-35 shares its
subunit with IL-12 and IL-27, and that knockout of either subunit of IL-
35 will also result in the loss of either IL-12 or IL-27, respectively.
Nevertheless, it has been found that deficiency of EBI3 in athero-
sclerosis-prone low density lipoprotein receptor knockout mice resulted
in significantly larger atherosclerotic lesions, due to enhanced accu-
mulation and activation of macrophages in arterial walls [40]. These
results indicated that the gene EBI3 itself (which is shared by both IL-35
and IL-27) suppresses the development of atherosclerosis. Although IL-
27 has been reported to inhibit atherosclerosis [40,41], further studies
are still needed to dissect the role of IL-35 and IL-27 in atherosclerosis.

5. IL-35 and type 1 diabetes

As many as three million Americans suffer from type 1 diabetes
(T1D); and T1D is associated with around 10-fold increased risk for
cardiovascular diseases (CVDs) [42]. We previously reported that pro-
longation of Treg survival enhances Treg suppression of T1D [43,44].
Due to the autoimmune nature of T1D, significant efforts have been
made to investigate the role of anti-inflammatory cytokine IL-35 in
T1D. Early reports showed that ectopic expression of IL-35 by pan-
creatic β-cells led to substantial, long-term protection against auto-
immune diabetes in nonobese diabetic (NOD) mice, which is a mouse
model for human T1D [45]. These mice exhibited decreased islet in-
filtration of lymphocytes, including antigen-specific reactive T cells,
which were attributed to diminished T-cell proliferation and G1 arrest.
Another study showed that ectopic IL-35 expression by splenic dendritic
cells from NOD mice also induced a delayed and less severe form of
diabetes, an effect accompanied by the increase of suppressive T cells in
pancreatic lymph nodes [46]. A third study investigated the role of
systemic application of IL-35 in the multiple dose streptozotocin in-
duced (MLDSTZ) T1D model [47]. This report demonstrated that in
MLDSTZ mice, Treg were induced, and showed decreased production of
anti-inflammatory cytokines such as IL-35 but increased production of
proinflammatory cytokines. IL-35 administration both prevented and
counteracted established MLDSTZ T1D, likely through upregulating IL-
35 production in Treg. Systemic IL-35 treatment also reversed estab-
lished T1D in the NOD mouse model. Furthermore, plasma IL-35 levels
were found to be decreased in human T1D patients compared to age-
matched controls. Moreover, the serum and vitreous levels of IL-35
were significantly decreased in proliferative diabetic retinopathy pa-
tients compared to those in the controls. Lastly, the capacity of IL-35 to
suppress ongoing autoimmunity in NOD mice was tested by gene
therapy method. An adeno-associated virus vector containing IL-35
transgene expression was selectively targeted to β cells via an insulin
promoter. Vaccination of this construct towards NOD mice at a late
preclinical stage of type 1 diabetes not only successfully suppressed β-
cell autoimmunity but also blocked T1D onset [48]. This was accom-
panied by reduced numbers of islet-infiltrating lymphocytes and den-
dritic cells. Taken together, these results demonstrated promising
therapeutic potential of targeting IL-35 in the treatment of T1D and its
associated CVD complications.

6. IL-35 and sepsis

Sepsis, caused by bacterial infection, strikes about 700,000 people
annually. Epidemiologic evidence shows that endotoxemia at the levels
as low as 50 pg/ml constitutes a strong risk factor for the development
of atherosclerosis [49,50]. In addition, chronic infections conferred an
increased risk of atherosclerosis even in low-risk populations who
lacked classic vascular disease risk factors. We have reported previously
that in human patients with sepsis, plasma IL-35 levels were also sig-
nificantly higher than that of healthy controls [7]. Moreover, in mice
with LPS-induced endotoxemia, plasma concentration of IL-35 was
dramatically increased, which occurred as early as 1.5 h after LPS
challenge and lasted for 24 h. Similarly, plasma IL-27 level was also
quickly induced after LPS challenge in mice, but decreased after 24 h.
These results strongly support the notion that both IL-35 and IL-27 are
responsive cytokines, which are upregulated in response to inflamma-
tion and play distinct roles during different stage of the inflammatory
response. Another independent group reported similar findings. IL-35
concentration was found to be significantly higher in serum samples
from adult or child patients with sepsis when comparing with that from
healthy controls [49]. Furthermore, plasma IL-35 concentrations also
positively correlated with sepsis severity, with patients who suffer from
septic shock having the highest amount of IL-35 levels in their blood
samples. After effective treatment of sepsis, IL-35 levels were also found
to return to normal values. These results indicated IL-35 may serve as
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an ideal biomarker for sepsis diagnostics. Another recent study ex-
amined this issue and found that the diagnostic performance of IL-35
was superior to that of procalcitonin, C-reactive protein, and other
commonly used markers for early onset sepsis [51].

In terms of its role in vascular inflammation during sepsis, it was
found that IL-35 could inhibit leukocyte adhesion to the endothelium in
the mouse vessels of lung and cremaster muscle induced by LPS [7].
Mechanistically, IL-35 was shown to suppress LPS-induced endothelial
cell activation by engaging its receptor IL6ST and IL12RB2 and subse-
quently inhibiting MAPK-AP-1 signaling pathway. The role of en-
dogenous IL-35 during sepsis was also examined by studying EBI3 gene
knockout mice [7]. EBI3-/- mice showed similar levels of leukocyte
adhesion in the vessels of lung and cremaster muscle with or without
LPS challenge. Nevertheless, exogeneous IL-35 could still inhibit LPS-
induced leukocyte adhesion in EBI3-/- mice. Furthermore, we have
shown that IL-27, which shares EBI3 subunit with IL-35, could sig-
nificantly induce endothelial cell activation. These results indicate that
EBI3 gene itself is neither proinflammatory nor anti-inflammatory
during acute vascular response to LPS stimulation, due to the opposing
roles of IL-35 and IL-27. Thus, fine-tuning of the production of IL-35
and IL-27 is important in controlling the scale of vascular inflammation
in sepsis.

7. Concluding remarks and future directions

During the last 10 years since the discovery of IL-35, significant
progress has been made to characterize the biology of IL-35 and its
implication in different diseases such as CVDs. As a type of responsive
anti-inflammatory cytokine that potently suppresses multiple pro-in-
flammatory cell types while promoting suppressive immune cells, IL-35
holds great promise for the treatment of inflammatory diseases.
Nevertheless, before translational studies of IL-35 could occur, further
characterizations of both physiological and pathological role of IL-35
are required. Firstly, although IL-35 can promote the function of certain
Treg and Breg subsets, block pro-inflammatory signaling and inhibit
innate immune responses, currently it is unclear when these effects take
place temporally and spatially relative to each other and within a CVD-
specific context. More specifically, IL-35 could be found in the ather-
osclerotic lesions, but it remains unknown what cells are producing IL-
35 and what cells are recruited to the plaque by IL-35. Moreover, it is
not known what cell types are affected by IL-35. Secondly, although IL-
35-regulated genes have been reported in cancer cells [52], the sig-
naling pathways activated/inhibited by IL-35 and the genes regulated
by IL-35 in the primary cell types relevant to CVDs remain poorly
characterized. Lastly, the precise endogenous roles and underlying
mechanisms of IL-35 in CVDs, such as atherosclerosis and myocardial
infarction, need to be established using IL-35 subunit knockout mouse
models. Given the unique dual initiator and effector anti-inflammatory
roles of IL-35 during inflammatory response, clinical expectation is high
towards new IL-35-targeted therapies in CVDs and other inflammatory/
autoimmune diseases.
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