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Intestinal ischemia/reperfusion (I/R) injury is a pathophysiology involving local tissue injury and
organ dysfunction. Accumulating evidence has confirmed that the infiltration of neutrophils is
of central importance in mediating intestinal I/R injury. On the other hand, adequate
neutrophils in the intestine could also benefit the antibacterial translocation and tissue repair.
Consequently, regulation of neutrophil immunity after intestinal I/R might be a promising
therapy for controlling intestinal injury. Wip1 is a serine/threonine protein phosphatase that
acts as the master regulator of tumorigenesis. However, emerging evidence highlights the
importance of Wip1 in regulating neutrophil development, maturation, migration and
neutrophil pro-inflammatory cytokine productions. Our recent studies showed that
Wip1 negatively regulates neutrophil inflammatory responses and plays a protective role in
intestinal I/R injury. In light of this discovery, we believe that Wip1 might be a new
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Intestinal ischemia reperfusion (I/R) injury is a
pathological condition that occurs after aortic
surgery and liver and intestinal transplantation
and is characterized by an initial restriction of
blood supply to the intestine and the following
restoration of perfusion and re-oxygenation [1].
The restoration of blood supply and re-
oxygenation is frequently associated with an
exacerbation of intestinal tissue injury and gut
barrier dysfunction with increased bacterial
translocation, local inflammatory response and
infiltration of innate immune cells especially
during the early phase of reperfusion (2. To
date, although numerous therapeutic approaches
have been implicated in treating I/R injury, no
definite treatment options are available.
Neutrophils, which are one of the earliest
innate immune cells recruited to the sites of
infection and inflammatory response, are cru-
cial for the pathophysiology of I/R injury [3].
High number of neutrophils may promote
uncontrolled inflammation and intestinal
injury, and the depletion of redundant neutro-
phils ameliorated tissue injury in various I/R

models including liver and heart I/R models
[4-6]. It is also noteworthy that decreased num-
ber of neutrophils may not allow for adequate
tissue repair [27.8], and possibly for sufficient
immune responses against intestinal bacterial
translocation [9]. Thus, the appropriate control
of neutrophil immunity after intestinal I/R
might have therapeutic potential.

Wild-type  p53-induced  phosphatase 1
(Wipl, also called PP2C3) is a serine/
threonine protein phosphatase belonging to
the type 2C8 protein phosphatases [10]. It is
activated by various stresses and involved in
various cellular processes such as tumorigenesis
and aging [1112]. Previously, Liu er al [13)
showed that phosphatase Wip1 negatively reg-
ulates granulocyte development and matura-
tion. Furthermore, the andbacterial and
inflammatory function of neutrophils is also
critically regulated by Wipl as its deficiency in
neutrophils contributed to the resistance to
CXCL1-induced CXCR2 internalization and
desensitization, and subsequently the enhanced
migratory ability [14]. Since intestinal I/R
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injury is a pathophysiological process that includes oxidative
stress and neutrophil-driven pathologies, we speculate that
phosphatase Wipl might be a new therapeutic target for treat-
ing intestinal I/R injury.

Neutrophils & I/R injury

I/R injury is a common challenge during organ transplanta-
tion, vascular and general surgery. An imbalance in metabolic
supply and demand results in tissue hypoxia along with micro-
vascular dysfunction, and the following reperfusion in local tis-
sues and/or organs further enhances the activation of innate
and adaptive immune responses and leads to cell death pro-
grams [2]. While I/R injury often refers to a sterile inflamma-
tion, it is a completely different story for intestinal I/R injury.
As is known to all, the intestine contains over 100 trillion
commensal bacterial [15]. It is noteworthy that germ-free
rodents subjected to mesenteric I/R showed higher survival
rates than conventionally raised animals with less intestinal
and lung histopathology [16). Thus, the enteric bacteria also
play a critical role in the pathogenesis of intestinal I/R-induced
local and remote dysfunction [9]. Since neutrophils are respon-
sible for microbiota clearance and augment recovery of transe-
pithelial electrical resistance in ischemia-injured mucosa via the
IL-1B-dependent upregulation of COX-2 [17], the infiltration
of an appropriate number of neutrophils after intestinal reper-
fusion may be beneficial for the recovery of injured local tis-
sues and for the protection from bacterial translocation. Thus,
fine-tuning the infiltration of neutrophils in local tissues has
been of central importance in I/R-induced immune responses
(3.1819]. Too many neutrophils lead to uncontrolled inflamma-
tion and subsequent tdssue injury, whereas too few may
not allow for adequate tissue repair and innate immune
responses [2]. Although animal studies and clinical trials on the
depletion of neutrophils before I/R have been linked to reduce
I/R injury [420-22], depletion of neutrophils is not an ideal
treatment for I/R injury. Therefore, therapies based on the
regulation of local and circulating neutrophils still need to
be elucidated.

Several factors have been studied for the regulation of local
and systemic neutrophils. The complement protein C5a, which
is locally produced and activated, acts as a pathological factor
in amplifying sterile inflammation in numerous I/R models [19].
Mechanism studies showed that the interaction of C5a with its
receptors C5aR leads to the release of cytokines and chemo-
kines and finally promotes tissue recruitment of neutrophils [23].
Another complement protein C3a, which is the upstream ana-
phylatoxin of C5a, also plays a role in intestinal I/R injury and
functions through different mechanisms from C5a [24]. The use
of C3aR agonists successfully reduced neutrophil mobilization
in circulation to ameliorate intestinal I/R pathology [24]. It is
noteworthy that therapies based on the inhibition of the com-
plement system to reduce the number of neutrophils after I/R
have been examined in animal models with partial effectiveness,
and results from clinical trials have largely been disappointing
due to the limitation of the inhibitors used [25-27]. It is also

notable that the complexity of the complement system and
incomplete mechanistic insight into the functional cascade may
lead to difficulties in the therapeutic targeting of complement
pathways [2].

Evidence from the studies on IL-17A, one of the most
important cytokines in the intestine [28], has also suggested a
crucial role for neutrophils in various I/R models. IL-17A
can be greatly produced by various subsets of cells including
YOT cells [29], Paneth cells [30] and even neutrophils them-
selves after I/R [4]. The elevated level of IL-17A promotes
cell apoptosis and the expression of chemokines and adhe-
sion molecules on local resident cells to recruit granulocytes
to target tissues and/or organs. The resistance to intestinal
I/R injury in IL-17A-depleted mice and IL-17A knock-out
mice [30] indicated that targeting IL-17A to eliminate the
higher number of infiltrating neutrophils into local tissues
may be a promising therapy for I/R injury. However, as
mentioned above, IL-17A is crucial for effective immune
responses against commensal bacteria and pathogens in the
intestine (3132]. The simple depletion of IL-17A may induce
severe side effects such as infection and bacterial transloca-
tion [31,33] and limit clinical trials.

Phosphatase wip1 & neutrophils

Phosphatase Wipl has long been recognized as an oncogene in
tumorigenesis because of its overexpression in human tumors,
as well as the phenomenon of tumor-resistant Wip1-deficient
mice (34]. Emerging evidence also highlights the importance of
Wipl in regulating stress-induced and DNA-damage-induced
pathways [35]. Our group did a series of work on the roles of
Wipl in immune and inflammatory responses and identified
an unknown role of Wipl in regulating neutrophil immu-
nity (131 We found that Wipl was preferentially expressed in
neutrophils among immune cells, and the Wipl expression was
gradually upregulated during the differentiation of myeloid
precursors into mature neutrophils. Furthermore, the Wipl
expression level was negatively correlated with the inflammatory
cytokine production by neutrophils in sepsis patients. Through
establishing Wip1-deficient mice and chimera mice with Wip1
knock-out hematopoietic cells, we discovered an expanded pool
of neutrophils with hypermature phenotypes in the periphery.
Further 7 vivo and in vitro studies showed that Wip1 intrinsi-
cally regulates neutrophil development and maturation through
the p38-MAPK pathway [13. Thus, phosphatase Wipl also
plays a critical role in the generation and homeostasis of
neutrophils.

In an acute lung injury model in mice, our group further
demonstrated that the migration of neutrophils, as well as their
proinflammatory cytokine production, was also tightly con-
trolled by phosphatase Wipl [14]. Wipl-deficient mice dis-
played increased bactericidal activities to Swaphylococcus aureus
and were hypersensitive to Lipopolysaccharide-induced acute
lung damage with increased neutrophil infiltration and inflam-
mation. Mechanism studies showed that the increased migra-
tion ability of Wipl knock-out neutrophils was mediated by
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Wip1 down-regulates neutrophil function

decreased CXCR2 internalization and desensitization through
the p38 MAPK pathway [14].

To better clarify the possible relationship between neutrophil
and Wipl in mediating intestinal I/R injury, we established a
mesenteric I/R model and found that Wip1-deficient mice dis-
played much more severe intestinal pathology with increased
neutrophil infiltration in local intestinal tissues compared to
WT mice. Furthermore, we discovered that Wipl negatively
regulates the expression of IL-17A in neutrophils (siew XE, Du JE,
ZHAO Y, ET AL., UNPUBLISHED DATA).

Therefore, phosphatase Wipl acts as a master regulator of
neutrophil homeostasis and immune function, and controlling
of Wipl may be an alternative to regulating neutrophil immu-
nity after intestinal I/R.

Expert commentary & five-year view: weighing the
benefits of Wip1-based therapy for intestinal I/R injury
Oxidative stress, especially for the burst of oxygen-free radicals,
is generated after I/R and is known to prime inflammatory cells
for subsequent stimuli [2]. During numerous downstream path-
ways of oxidative stress, Toll-like receptor 4 and the following
NF-xB pathway play important roles in mediating intestinal
I/R injury [2). Since Wipl has been implicated to be responsi-
ble for oxidative stress [36] and a downregulator for NF-xB sig-
naling (37], therapeutic target of Wipl may be beneficial in
treating intestinal I/R injury. Oshima et al. found that in a
model of colonic epithelial barrier dysfunction induced by
hydrogen peroxide, Wipl was upregulated by H,O, in a
p53-dependent manner. [z vivo and in vitro studies further
indicated that the upregulated expression of Wipl functioned
to protect the colonic mucosal permeability and maintain the
function of tight junctions by selectively dephosphorylating and
inactivating p38 MAP kinase [38].

Except for local intestinal injury, remote organ and/or tissue
injury, especially lung injury after intestinal I/R, is also medi-
ated by the increased infiltration of neutrophils [39-41]. Our

recent studies have shown that Wip1-deficient mice were more
hypersensitive to Lipopolysaccharide-induced acute lung dam-
age with increased neutrophil infiltration and inflammation [14].
Furthermore, through establishing an intestinal I/R injury
model, we found that Wipl-deficient mice displayed much
more severe lung injury after intestinal reperfusion with higher
number of infiltrated neutrophils (SHen XF, Du JF, Zuao Y, ET AL,
Unrususiiep Data). Thus, modulating the expression of Wipl in
neutrophils might also help to regulate the infiltration of neu-
trophils and its inflammatory activities to ameliorate lung
injury after intestinal I/R.

In conclusion, phosphatase Wip1 might act as a master regu-
lator for the control of local and remote infiltration of neutro-
intestinal I/R, and epigenetic regulation of
phosphatase Wipl expression may be a critical mechanism

phils  after

underlying neutrophil immunity after intestinal I/R, as well as
oxidative stress. Agents or other means to increase Wipl
activity could be a new therapeutic strategy for treating intesti-
nal I/R injury.
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Key issues

e Intestinal ischemia/reperfusion (I/R) injury is a major challenge during intestine transplantation, superior mesenteric artery embolus and

general surgery. Currently, there are no ideal therapies for treating intestinal I/R injury.

e Intestinal I/R injury is often characterized as a neutrophil-driven pathology, and better control of neutrophil infiltration in local and

remote tissues, as well as their pro-inflammatory cytokine production, is crucial to treating intestinal I/R injury.

e Phosphatase Wip1 acts as a master regulator for neutrophil immunity, which influences the development and maturation of neutrophils

and their antimicrobial and inflammatory activities.

e The Wip1 expression level was negatively correlated with inflammatory cytokine productions of neutrophils in sepsis patients.
Wip1-deficient mice were also hypersensitive to Lipopolysaccharide-induced acute lung injury.
e Neutrophil immunity is tightly controlled by Wip1, and targeting Wip1 may be a promising approach for treating I/R injury.
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