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ABSTRACT. Since the pro-inflammatory cytokine IL-33 and its receptor (ST2) are closely involved in regulating both
innateandadaptive immuneresponses, it isconceivable that theymayplayanimportantrole inorgantransplantation. IL-33
is broadly expressed by multiple cell types such as fibroblasts, epithelial cells, and endothelial cells. As a strong inducer of
type2helperT (Th2) cellular immune responses, IL-33can significantlyprolongallograft survival in organ transplantation
partially via altering gene expression profiles and increasing frequency of regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs). Nevertheless, the IL-33 signaling pathway and its underlying mechanisms remain largely
undefined in transplant biology. This presentmini-review summarizes recent advances in the studies concerning the IL-33/
ST2 signaling pathway and the analysis of its biological function in the field transplantation. The literature points to a
deleterious role of activation of the IL-33/ST2 signaling pathway, giving rise to ischemia/reperfusion, acute kidney injury
and failure, acute heart rejection, as well as liver fibrosis. Under pro-inflammatory conditions, IL-33 expression is
upregulated.AlterationofIL-33 levelshasbeensuggestedasabiomarkerforpredictingorganinjuryandongoingallogeneic
transplant outcome. These studies have deepened our understanding of immunobiological role of IL-33 and its receptor in
organtransplantation.ModulationoftheIL-33/ST2signalingpathwaymightbeutilizedasatherapeutic target intheclinic.
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INTRODUCTION

Interleukin-33 (IL-33) as a member of IL-1 superfami-
ly of cytokines was originally identified as a nuclear
factor from high endothelial venules [1]. In 2005,
Schmitz et al. demonstrated that this molecule has a
similar structure and signaling pathway with IL-1
cytokines and was therefore named IL-33 [2]. Human
IL-33 was localized on chromosome 9 and mouse IL-
33 on chromosome 19. They share 55% homology at
the amino-acid level. Within the IL-1 family, IL-33
most closely resembles IL-18 [3]. IL-33 mRNA is
broadly expressed by multiple organs and cell types in
humans and mice. At the protein level, IL-33 is mainly
expressed by fibroblasts, epithelial cells, and endothe-
lial cells, particularly in high endothelial venules [3].
The IL-33 receptor was a complex consisting of ST2
and IL-1 receptor accessory protein (IL-1RAcp) [4].
IL-33 exerts its biological effects via IL-1 receptor ST2,
activating NF-kB and MAP kinases, and driving
production of type 2 helper T (Th2) cells-associated
cytokines from in vitro polarized Th2 cells. In fact, IL-
33 has a dual function under normal circumstances. As
a nuclear factor intracellular IL-33 is capable of
regulating gene transcription. However, it is released
extracellularly to play an immunomodulatory role in

an autocrine/paracrine manner as tissue cells are
damaged or stressed [5].
IL-33, its receptors ST2, and IL-1RAcP are widely
expressed, particularly by immune cells such as innate
immune cells and T helper 2 (Th2) cells. IL-33 potently
elicitsTh2cytokineproductionandpromotes inflamma-
toryevents, causingpathogenesisofTh2-relateddiseases
including atopic dermatitis, asthma, anaphylaxis [6].
Intriguingly, IL-33 bears anti-inflammatory and protec-
tive effects in cardiovascular diseases such as obesity,
atherosclerosis, cardiac remodeling, and type 2diabetes,
preventing progression of these diseases [5]. Various
studies have shown that IL-33 plays an essential role in
immune regulation of various diseases, especially with
autoimmunediseases[7],allergicdiseases[8], infection[9-
11], tumor [12-14], and cardiovascular diseases [15, 16].
Attempts of our present study are made to analyze the
roles of IL-33 signaling pathway in transplant biology,
which might shed light on unveiling allogeneic immune
responses and transplant tolerance induction.

ROLE OF IL-33 IN CARDIAC

TRANSPLANTATION

With respect to chronic rejection of heart transplanta-
tion, the main clinical manifestations are progressive
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atherosclerosis leading to vascular stenosis obstruction
and myocardial ischemic lesions. Both innate and
adaptive immune responses can regulate atherogenesis
by altering formation and activation of atherosclerotic
plaques [17]. In 2008, Miller et al. revealed that
formation of plaques could be prevented by the
administration of IL-33, resulting in a reduction of
atherosclerosis development in apolipoprotein E–
deficient mice on a high-fat diet [18]. Accumulating
evidences showed that the IL-33/sST2 axis was
atheroprotective and could be a biomarker for various
cardiovascular diseases [15, 16]. Experimental studies
exhibited that IL-33 had an important role in either
acute or chronic rejection model of mice heart
transplantation. It was reported that IL-33 as a strong
inducer of Th2 immune responses could significantly
prolong allogeneic cardiac graft survival [6]. Each
transplant recipient received a rIL-33 (1.0 mg/day)
intraperitoneally before the day of transplantation
until day 7 posttransplantation. Recipients receiving
rIL-33 treatment, allograft survival time was signifi-
cantly longer (21.7 � 1.6 days) than that of the control
mice (7.2 � 1.2 days). The underlying mechanism was
involved in an augmentation of expression Th2-
associated cytokines such as IL-5 and IL-13. The
percentage of IL-4 splenic cells was increased, whereas
percentage of IFN-gamma splenic cells was decreased
[6]. In the chronic rejection model, the transplant
recipients treated with IL-33 exhibited evidently longer
cardiac allograft survival, which was caused by distinct
cytokine profiles and cells. Use of IL-33 led to a
decrease of pro-inflammatory cytokine IL-17A pro-
duction and an increase of IL-5, IL-10, and IL-13.
Regulatory T cells and B220+ CD19+ B cells were
significantly deposited in the peripheral blood and
allografts. In parallel, it was observed that massive
myeloid-derived suppressor cells (MDSCs) infiltrated
into heart grafts [19]. Further study revealed that
pretreatment with IL-33 in heart transplant recipients
promoted cardiac allograft survival through tilting a
balance from Th1 to Th2 immunity and increasing the
number of tolergenic immune cells such as Tregs and

MDSCs. Recombinant IL-33 combined with lefluno-
mide significantly prolonged cardiac allograft survival
by reducing Th1 type cells and IFN-g expression and
increasing the proportion of Th2 cells, CD4+ Foxp3+
Tregs, and MDSCs (figure 1) [20, 21].

ROLE OF IL-33 IN ACUTE KIDNEY INJURY

(AKI)

Acute kidney injury (AKI) following liver transplant
(LT) is a common event, which may occur in an
incidence higher than 50% in some scenarios [22-24].
Serum IL-33 as a pro-inflammatory cytokine is closely
associated with inflammatory/injury events and multi-
organ dysfunction. It was observed that IL-33
promoted AKI through CD4 T cell-mediated produc-
tion of CXCL1. Neutralizing IL-33 activity by the
administration of a soluble fusion protein ST2 could
suppress CD4+ T cellular infiltration within kidney,
reduce serum creatinine level, and prevent acute
tubular necrosis and apoptosis [25]. A similar clinical
observation was achieved, in which a significant
elevation of serum IL-33 was found in mice with
AKI [26]. Accumulating evidences support the notion
that IL-33 can contribute to occurrence of acute kidney
injury [27, 28].

ROLE OF IL-33 IN KIDNEY
TRANSPLANTATION

Chronic allograft dysfunction (CAD) is the major
factor endangering the long-term allograft survival in
kidney transplantation. IL-33 was shown to be
significantly higher in CAD patients than recipients
with stable allograft function and normal controls
(healthy volunteers) [29]. Similar experimental studies
exhibited that IL-33 was associated with kidney
transplantation recipients (KTRs) with CAD.
Researchers detected serum IL-33 levels by using an
enzyme-linked immunosorbent assay (ELISA) among
healthy volunteers, stable KTRs, KTRs with acute
rejection (AR), and KTRs with CAD. The findings
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Figure 1
Schematic diagram for the role of interleukin (IL)-33 in the elicitation of cell damage and stress causing graft rejection or organ
damage in organ transplantation.
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revealed that IL-33 was significantly upregulated in the
CAD patients compared to the control group.
Furthermore, ex vivo experimental study showed that
IL-33 could induce epithelial to mesenchymal transi-
tion (EMT) in a dose-dependent and time-dependent
manner and promoted both cellular motility and
migration capabilities of HK-2 cells [30]. Further
investigation manifested that kidney ischemia-reper-
fusion injury triggered immediate release of the nuclear
alarmin IL-33 in innate immune response and tissue
injury. Mice lacking IL-33 displayed a well preserva-
tion of renal function and reduction in early tubular
cell injury. This protective effect was involved in a
decrease of recruitment of natural killer (NK) cells,
myeloid dendritic cells, and invariant natural killer T
(iNKT) cells [31].

ROLE OF IL-33 IN LIVER ISCHEMIA-
REPERFUSION INJURY

Ischemia-reperfusion is an inevitable process for
clinical organ procurement and implantation, in which
blood supply is reconstructed and subsequently free
oxygen radicals and pro-inflammatory cytokines are
produced to result in graft injury [32]. IL-33 as an
alarmin is released by necrotic cells after tissue damage
or acute tissue injury [33-35]. Experimental studies
exhibited that IL-33 had a hepatoprotective role in
mice during liver ischemia/reperfusion injury. Re-
search data suggested that IL-33 had direct protective
effects on hepatocytes, which was associated with
activation of NF-kB, p38 MAPK, cyclin D1, and Bcl-
2. It limited liver injury and reduced the stimulus for
inflammation [36]. A study revealed that lL-33 could be
systematically and locally produced in Iiver during the
I/R injury process. Pretreatment with lL-33 was
therapeutic for hepatic I/R injury, possibly via indu-
cing a shift from Th1 to Th2 [35]. Recent study showed
that liver ischemia and reperfusion injury caused
formation of neutrophil extracellular traps (NET),
which contributed to organ damage in liver surgeries.
It was reported that IL-33 was released from liver
sinusoidal endothelial cells to promote NET formation
during liver I/R injury, exacerbating inflammatory
cascades and sterile inflammation [35, 37].

ROLE OF IL-33 IN LIVER FIBROSIS AND

FAILURE

The major sources of IL-33 in normal liver from both
mice and humans were the liver sinusoidal endothelial
cells [38]. The role of IL-33 in the development of
inflammatory liver diseases has been intensively
studied [35, 39]. Both IL-33 and ST2 are elevated in
inflammatory liver diseases [40]. Evidence indicated
that IL-33 is a critical mediator of hepatic fibrosis in
vivo and produced in response to chronic hepatocellu-
lar stress. IL-33 expression was positively correlated
with both ST2 expression and collagen expression in
fibrotic livers. As acute liver injury occurred, IL-33
released by damaged hepatocytes and activated hepatic
stellate cells might act as an activator of tissue-
protective mechanisms. Overexpression of IL-33 was

required and sufficient to cause severe liver fibrosis in
both humans and mice [38, 39, 41, 42]. IL-33 drove
fibrotic livers through activating hepatic stellate cells
[43]. Clinical study showed that both chronic and acute
hepatic failure was significantly associated with
increased serum level of IL-33 and soluble ST2, as
evidenced by a significant elevation of peripheral level
of these twomolecules in chronic and acute liver failure
and acute-on-chronic liver failure (ACLF) patients. It
is a sign of systemic immune hyperactivation in order
to down-regulate inflammation [41]. Clinical or
experimental investigations on role of IL-33 in liver
transplantation are required in the future since no any
data has been shown.

CONCLUSIVE REMARKS

IL-33 and its receptor (ST2) play important roles in the
regulation of innate and adaptive immune responses.
IL-33 is closely involved in immune tolerance in organ
transplantation through altering cytokine profiles and
increasing frequencies of Th2 cells, Tregs, and
myeloid-derived suppressor cells (MDSCs). All these
aforementioned findings could deepen our understand-
ing of biological role of IL-33 and its receptor ST2 in
the field of organ transplantation. Modulation of IL-
33 bioactivity might be utilized as a therapeutic target
in clinic.
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