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Abstract: The imbalance of anti- inflammatory/pro-inflammatory cytokines plays an important role in the
process of atherosclerosis. IL-35 is an anti-inflammatory cytokine comprising the p35 subunit of IL-12 and
the subunit Epstein-Barr virus (EBV) -induced gene 3(EBI3). Accumulating evidence showed that IL-35
up-regulates the expression of anti-inflammatory cytokines, induces the generation of CD4 + regulatory T
cells, inhibits CD4 + effector T cells response and other target cells activity, and reduces the progression
of inflammatory and autoimmune diseases. In addition, it has been found that Ebi3 and p35 strongly co-
expressed in human advanced lesions. Therefore, we hypothesize that IL-35 may become a novel target
for the treatment of atherosclerosis. Further studies are required to investigate the precise effect and the
signaling pathway of IL-35 in atherosclerosis process.

1. Introduction

IL-35, an anti-inflammatory cytokine, was identified in 2007
(Collison et al. 2007; Niedbala et al. 2007). IL-35 is a het-
erodimer cytokine comprising the p35 subunit of IL-12 and the
subunit Epstein-Barr virus (EBV) -induced gene 3(EBI3) which
was identified in B lymphocytes based on its induction following
EBYV infection (Devergne et al. 1996, 1997; Collison et al. 2007,
Niedbala et al. 2007). Besides CD4 + regulatory T (Treg) cells,
activated dendritic cells (DCs), macrophages, endothelial cells
and aortic smooth muscle cells express IL-35 (Allan et al. 2008;
Bardel et al. 2008; Chaturvedi et al. 2011; Collison et al. 2010;
Li et al. 2012; Kempe et al. 2009). Study results demonstrated
that IL-35 is an important anti-inflammatory cytokines and can
efficiently suppress the CD4 + effector T cells (Teff, includ-
ing Th1, Th2, and Th17) activity, induce the generation of Treg
cells, and reduce the progression of inflammatory diseases and
autoimmune diseases, suggesting IL-35 may also be involved
in atherosclerosis (Bettini et al. 2012; Chaturvedi et al. 2011;
Collison et al. 2007, 2010; Kochetkova et al. 2010; Niedbala
et al. 2007).

2. Imbalance of anti-inflammatory/pro-inflammatory
cytokines in atherosclerosis

Atherosclerosis, characterized by extensive lipid deposition and
atherosclerotic plaque formation in the intima, is a chronic
inflammatory disease (Ross 1999). Evidence from atheroscle-
rosis prone models showed that atherosclerosis and plaque
stabilization were related to the imbalance of anti-inflammatory/
pro-inflammatory cytokines (Frostegard et al. 1999; Tedgui and
Mallat 2006). The interactive cascade of inflammatory cells,
chemokines and pro-inflammatory cytokines plays a major role
in the initiation and progression of atherosclerosis and in the
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development of clinical syndromes we recognize as acute coro-
nary syndromes (Frostegard et al. 1999; Alam et al. 2004; Tedgui
and Mallat 2006).

Many pro-atherogenic effects of proinflammatory cytokines
such as IFN-y, TNF-a and IL-17, mainly produced by lym-
phocytes and macrophages, have been identified in cell culture
studies and compound knockout experiments. IFN-y enhances
recruitment of T cells and macrophages to the plaques, promotes
the formation of foam cells, and increases secretion of Thl-
promoting cytokines, which subsequently continues to drive
these processes. IFN-vy also inhibits the formation of fibrous
cap, resulting in vulnerable, ruptureprone plaques. It seems
that TNF-a is important in the early phase of atherosclerotic
lesion development. Oxidized low density lipoprotein (LDL)
stimulates release of TNF-a from monocytes/macrophages in a
dose-dependent manner. TNF-a once released promotes oxi-
dized LDL uptake from differentiating monocytes, resulting
in foam cell accumulation. Clinical evidence has shown that
the expression of TNF-«a in atherosclerotic plaques was asso-
ciated with plaque remodeling and facilitated plaque rupture
and thrombus formation, suggesting that TNF-a also plays crit-
ical role in the onset of acute coronary syndromes (Loppnow
et al. 2008). IL-17, a predominantly proinflammatory cytokine,
is produced by Th17 cells as well as other cell types including
v8 T cells, natural killer (NK) cells, NKT cells and lymph tis-
sue inducer cells. IL-17 induces tissue inflammation mainly by
stimulating the production of TNF-a, IL-6, and MCP-1 as well
as adhesion molecules in inflammatory cells and this ability of
IL-17 could be enhanced by costimulation with TNF-a or IL-
1. Furthermore, IL-17 could contribute to the proinflammatory
milieu of atherosclerosis even in the presence of dominant Thl
immune responses (Eid et al. 2009).

During the inflammatory process, anti-inflammatory cytokines
are also produced and tend to modulate the inflammatory
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cellular signaling pathways. IL-10 and TGF-B1, the critical
anti-inflammatory cytokines, have been widely investigated in
atherosclerosis disease. IL-10 is a pleiotropic cytokine mainly
produced by T cells, DCs, and monocytes/macrophages that
inhibits a broad array of immune parameters including Thl
and Th2 type cytokines production, antigen presentation, and
antigen-specific T-cell proliferation. IL-10 binds to the IL-10
receptor complex and plays an active role in limiting the inflam-
matory response in the vessel wall. The antiatherogenic effect
of IL-10 has been demonstrated using gain and loss of func-
tion strategies in atherosclerosis-prone mouse models. IL-10
has an inhibitory effect on lesion size and promotes plaque sta-
bilization. However, pro-inflammatory cytokines strongly are
expressed in atherosclerotic plaques, whereas IL-10 is expressed
in the minority of atherosclerotic plaques (Uyemura et al. 1996).
TGF-B1 is a potent anti-inflammatory, immunosuppressive and
pro-fibrotic cytokine. TGF-f1 inhibits recruitment of leuko-
cytes into the lesion, the formation of foam cell, and Thl type
response. TGF-B1 promotes plaque stabilization through the
induction of collagen and smooth muscle cell synthesis of tissue
inhibitors of MMPs. In fact, both IL-10 and TGF-31 levels were
markedly decreased in patients with advanced atherosclerosis
and accompanied with the onset of acute coronary syndrome,
and high concentrations of IL-10 and TGF-B1 were associated
with a favorable outcome in patients with coronary artery disease
(Grainger et al. 1995; Heeschen et al. 2003; Ji et al. 2009).
Taken together, imbalance of anti-inflammatory/pro-
inflammatory cytokines may play an important role in the
initiation and progression of atherosclerosis and the onset of
acute coronary syndromes.

3. IL-35 and atherosclerosis

IL-35, an anti-inflammatory cytokine, is an IL-12 family mem-
ber cytokine composed of an « chain p35 and a 3 chain Ebi3
(Collison et al. 2007; Niedbala et al. 2007). The p35 subunit is
also associated with the p40 subunit to form IL-12 and Ebi3 is
also associated with the p28 subunit to form IL-27, another mem-
ber of the IL-12 family. Both IL-12 and IL-27 has been found
to promote Th1 cells development, suggesting their atherogenic
effect (Uyemura et al. 1996; Jankowski et al. 2010; Jafarzadeh
et al. 2011). The EBI3/p35 heterodimer has been confirmed to
suppress Teff cells activity, expand Treg cells effect, attenuate
established collagen-induced arthritis, and eventually was des-
ignated as IL-35 (Niedbala et al. 2007). It has shown that IL.-35
was constitutively secreted by mouse Foxp3+ Treg cells but not
activated Teff cells (Collison et al. 2007). Furthermore, the reg-
ulatory activity of Ebi3 or p35 knockout mice Treg cells was
significantly reduced than that of wild-type Treg cells in vivo
and in vitro and does not ameliorate insufficiently the process
of colitis, suggesting that IL-35 is critical to the regulatory
activity of Treg cells in mice (Collison et al. 2007; Liu et al.
2012; Yang et al. 2008). IL-35 may also play pivotal role in
human Treg cells. Stimulated by anti-CD3 and anti-CD28, the
expression of both EBI3 and p35 in human Treg cells were
higher significantly than that in Teff cells. In addition, neu-
tralizing anti-IL-35 completely abolished the suppression of
human Treg cells (Chaturvedi et al. 2011). Especially, the con-
version of suppressed target Teff cells into Foxp3-independent
Treg population, namely iTr35, could be induced efficiently by
IL-35 in both human and mice (Chaturvedi et al. 2011; Col-
lison et al. 2010, 2012; Seyerl et al. 2010). When co-cultured
with DC activated by human rhinovirus (R-DC), iTr35 also can
be induced and secret IL-35. This effect could be reverted by
blocking the inhibitory receptors B7-H1 and sialoadhesin on
R-DC, suggesting an important mechanism in regulating the
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IL-35 expression (Seyerl et al. 2010). Besides inducing the gen-
eration of iTr35 cells and suppressing the proliferation of Teff
cells, IL-35 performs its biological effect via up-regulating the
expression of anti-inflammatory cytokines such as IL-10 and
IL-35, and inhibiting directly the other target cells activity.

In healthy humans, EBI3 is expressed at high levels in placen-
tal trophoblast cells, activated DCs and lymphocytes, and at
lower levels in macrophages and endothelial cells but not in
normal resting CD3+T cells, whereas the p35 gene is constitu-
tively expressed at low levels in the majority of cell types, and
both of them do not express in heart or vessels (Devergne et al.
1996; Bardel et al. 2008; Li et al. 2012). Under inflammatory
conditions, IL-35 could be up-regulated to control fully-blown
inflammation in all the tissue of human. T cells are easily found
in human lesions. EBV-specific T lymphocytes were frequently
observed in human atherosclerotic plaques indicating the abil-
ity of these T lymphocytes to secret IL-35 and the association
between IL-35 and atherosclerosis (de Boer et al. 2006). Apart
from T cells, human non-T cells, such as microvascular endothe-
lial cells and aortic smooth muscle cells express IL-35 after
stimulation by the pro-inflammatory cytokines TNF-a, IL-1(3,
and/or IFN-y (Li et al. 2012). Kempe et al. (2009) obtained
plaque samples from patients with symptomatic carotid plaques.
They found Ebi3 and p35 strongly co-expressed in endothelial
cells, macrophages, and vascular smooth muscle cells in almost
all advanced lesions, whereas p28 weakly stained, suggesting
that not IL-27 but IL-35 is critical in atherosclerosis process.
The study also demonstrated that vascular smooth muscle cells
could be the source of IL-35 in inflammatory context.

More recently, we recruited 161 patients with coronary artery
disease (CAD) (including 43 patients with stable angina pec-
toris, 62 patients with unstable angina pectoris and 56 patients
with acute myocardial infarction) and 47 chest pain syndrome
patients without coronary stenosis verified by coronary angiog-
raphy (Lin et al. 2012). We found that the anti-inflammatory
cytokines IL-35, IL-10, and TGF-B1 levels were significantly
decreased in patients with CAD, whereas the pro-inflammatory
cytokines IL-12 and IL-27 levels were significantly increased
in patients with CAD. In addition, we found that lower IL-35
levels were positively correlated with LVEF in CAD patients,
suggesting that the plasma IL-35 level is not only a potential
predictor for symptoms onset of CAD, but also plays a critical
role in myocardial function of CAD.

4. Hypothesis

Not only the imbalance of anti-inflammatory/pro-inflammatory
cytokines but the imbalance of Teff cells and Treg cells is
involved in atherosclerosis. So far, the atherogenic effects of Th1
and Th17 have been confirmed in cell culture studies and ani-
mal experiments. Blocking the effect of Th1 and/or Th17 could
efficiently attenuate atherosclerosis in atherosclerosis prone
models. Evidence from clinical studies showed that Thl and
Th17 dominated both in human atherosclerotic plaque and cir-
culation (Eid et al. 2009). Although Treg cells could inhibit
Teff cells response and play a protective role in the progression
of atherosclerosis, the suppressive function of peripheral Treg
cells was significantly reduced in acute coronary syndromes
(Ait-Oufella et al. 2006; Mor et al. 2006; Zhong et al. 2012).

Based on these studies, we hypothesize that IL-35 may become
a novel target for the treatment of atherosclerosis. IL-35 may
ameliorate the atherosclerosis process and improve the progno-
sis of CAD by up-regulating the expression of anti-inflammatory
cytokines, inducing the generation of Treg cells, and inhibiting
Teff cells response and other target cells (such as endothelial
cell, macrophage, and vascular smooth muscle cell) activity.
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However, the exact role of IL-35 still remains uncertain and fur-
ther studies are required to investigate the precise effect and the
signaling pathway of IL-35 in atherosclerosis process.
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