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Abstract: Wip1 is a serine/threonine protein phosphatase which plays a critical role in
neutrophil development and maturation. In the present study, we used a neutrophil-
dependent model of intestinal ischemia/reperfusion (I/R) injury to identify the role of Wip1 :
in neutrophil function under the condition of oxidative stress and inflammation. Wip1- o
deficient mice displayed more severe intestinal I/R injury with increased infiltration of ;
neutrophils and higher expression of chemokines like CXCL-1, CXCL-2 and CCL-2, as

well as inflammatory cytokine like TNF-a and IL-17. Studies in Wip1KO>WT full \
hematopoietic chimera mice showed that Wip1 intrinsically regulated the function of \\;

-
>

immune cells after intestinal I/R injury. Through adoptive transfer of neutrophils from WT

mice or mice with deficiency of IL-17, IL-17/Wip1 or Wip1, we demonstrated that Wip1KO neutrophils produced
more IL-17 and eventually led to more severe intestinal I/R injury. Thus, our findings identify Wip1 as an
intrinsic negative regulator of neutrophil inflammation in intestinal I/R injury process.
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INTRODUCTION

Intestinal ischemia/reperfusion (I/R) injury is a
pathological condition which occurs after aortic surgery,
liver and intestinal transplantation, and is characterized
by an initial restriction of blood supply to intestine and
the following restoration of perfusion and re-
oxygenation [1]. 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]. Intestinal I/R injury can also cause systemic
inflammatory responses that ultimately progress to
multi-organ failure and possibly to death.
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Neutrophils, which are one of the earliest innate
immune cells recruited to the sites of infection and
inflammatory  response, are crucial for the
pathophysiology of I/R injury [3]. Too many neutrophils
promote uncontrolled inflammation and intestinal injury,
and the depletion of redundant neutrophils is also
implicated to ameliorate tissue injury in various I/R
models including liver and heart I/R models [4-6]. It is
also noteworthy that too few neutrophils may not allow
for adequate tissue repair [2]. Thus, the accumulation
of neutrophils after intestinal I/R should be tightly
controlled to balance this. Although studies have
implicated a role for complement C3a in mediating the
mobilization of neutrophils [7] and chemokines such as
KC and CXCL-2 in mediating their infiltration into
intestine and lung [8], the precise molecular
mechanisms that control the functions and migration of
neutrophils after intestinal I/R are still needed to be
settled.

Wild-type p53-induced phosphatase 1 (Wip1, also
called PP2C8) is a serine/threonine protein
phosphatase belonging to the type 2Cd protein
phosphatases [9]. It is activated by various stresses
and is involved in various cellular processes such as
tumorigenesis and aging [10, 11]. Wip1 is also
recognized as an oncogenic regulator of tumor
repressor and DNA damage response by inhibiting
several p53-dependent pathways, including ATM-
CHK2-p53 and p38 mitogen-activated protein kinase
(MAPK)—p53 pathways as well as NF-kB pathway [12-
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15]. Previously, we have shown that Wip1 negatively
regulates granulocyte development and maturation
[16]. The antibacterial and inflammatory function of
neutrophils is also critically regulated by Wip1 as its
deficiency in neutrophils contributed to the resistance
to CXCL1-induced CXCR2 internalization and
desensitization, and subsequently the enhanced
migratory ability [17]. Since intestinal I/R injury is a
pathophysiological process which includes oxidative
stress and neutrophils-driven  pathologies, we
employed Wip1-deficient mice to investigate the role of
Wip1 in intestinal I/R injury. We report that Wip1-
deficient mice were more susceptible to intestinal I/R
injury. Mechanistically, this worse I/R pathology
resulted from the increased infiltration of neutrophils
into intestine as depletion of neutrophils in Wip1KO
mice ameliorated I/R injury significantly. Further studies
showed that Wip1-deficient neutrophils displayed
enhanced inflammatory activity through the increased
expression of TNF-a and IL-17A in a cell-intrinsic
manner, indicating that phosphatase Wip1 negatively
masters neutrophil inflammatory response in intestinal
I/R process.

MATERIALS AND METHODS
Mice

C57BL/6 (B6) and CD45.1" B6 mice were
purchased from Beijing University Experimental Animal
Center (Beijing, China). Wip1 knock-out (Wip1KO)
mice were kindly provided by the Key Laboratory of
Human Diseases Comparative Medicine, the Ministry
of Public Health (Beijing, China). Wip1KO mice have
been described [12, 18] and backcrossed with B6 mice
for more than 8 generations to the B6 genetic
background in our lab. IL-17AKO (IL-17KO) mice were
kindly provided by Prof. Zhinan Yin, Nankai University
(Tianjin, China) [19]. Wip1KO and IL-17KO mice were
mated to obtain IL-17/Wip1 double KO (DKO) mice. All
mice were bred and maintained in specific pathogen-
free conditions. Eight-to-12 weeks old sex-matched
littermates were mainly used for experiments unless
otherwise noted. Complete chimeras were generated
by transferring 1-2x10" bone marrow cells (BMCs) from
either WT or Wip1KO mice (CD45.2") into lethally
irradiated synegeneic CD45.1" WT mice [20].
Experimental protocols were approved by the Animal
Ethics Committee of the Institute of Zoology, Beijing,
China.

Mouse Model of Intestinal Ischemia/Reperfusion
(VR)

Male mice were subjected to sham surgery or 30
min of superior mesenteric artery (SMA) ischemia.
After unclamping of the SMA, 0.5 ml warm saline was
administered i.p. into recipients. Sham-operated mice
underwent identical abdominal manipulations as mice
subjected to intestinal I/R (laparotomy, intestinal
retraction and positioning). Small intestine tissues were
collected after sham operation or intestinal I/R for
analysis of tissue injury, inflammation, and cytokine
expression.
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To deplete CD11b*Gr1" cells in vivo, 0.25 mg
depleting anti-Gr-1 mAb (RB6-8C5) was administered
i.p. into recipient mice 3 days before intestinal I/R
protocol. Depletion of neutrophils was confirmed by
staining for circulating neutrophils with anti-Ly6G and
anti-CD11b mAbs and assayed by flow cytometry
(FCM).

Histological Analysis of Intestine I/R Injury

Small intestine (jejunum and ileum) was washed in
ice-cold PBS and fixed overnight in 10% formalin. After
automated dehydration through a graded alcohol
series, tissues were embedded in paraffin, sectioned at
5 microns and stained with hematoxylin-eosin (H&E).
Intestinal H&E sections were graded for intestinal I/R-
induced mucosal injury using the chiu score by a
pathologist blinded to the samples as previously
described [21]. In each section, 50-100 villi were
graded on a six-tiered scale, as previously described
[21]. Briefly, a score of 0 was assigned to a normal
villus; villi with tip distortion were scored as 1; villi
lacking goblet cells and containing Guggenheims'
spaces were scored as 2; villi with patchy disruption of
the epithelial cells were scored as 3; villi with exposed
but intact lamina propria (LP) and epithelial cell
sloughing were assigned a score of 4; villi in which the
lamina propria was exuding were scored as 5; and
finally, villi displaying hemorrhage or denudation were
scored as 6.

Assessment of Neutrophil Infiltration in Intestine
After Intestinal I/R

The isolation of Lamina Propria (LP) cells in small
intestines was performed as previously described [22].
Briefly, small intestines were cut into pieces 0.5 cm in
length and shaken at 250 rpm for 30 min at 37°C in
Hanks’ balanced-salt solution (Life Technologies)
supplemented with 5% (vol/vol) FBS (CellGro) containing
2 mM EDTA for two times. Cell suspensions were passed
through a strainer and the remaining intestinal tissues
was washed and shaken for 30 min at 37°C in RPMI 1640
plus 5% (vol/vol) FBS and type IV collagenase (1mg/ml;
Sigma). Cell suspensions were collected and passed
through a strainer and were further enriched by
centrifugation at room temperature at 500 g for 20 min in
40%/70% Percoll (GE Healthcare) in RPMI-1640. All the
cells were incubated with mAbs to CD45, CD11b and
Ly6G and the neutrophils were assessed for the
expression of these markers by FCM.

Immunohistochemistry Staining

Neutrophil infiltration in the small intestine after I/R
was also determined with immunohistochemistry as
described previously with a mAb against PMN (NIMP-
R14, Thermo) [4, 23]. A primary isotype control mAb
(MCA1212, AbD Serotec) was used as a negative
control in all experiments. Sham control and
experimental intestinal tissues stained for neutrophils
were scored for neutrophil infiltration [24]. Positive
staining cells were counted in 20 fields at 200X and the
average was calculated and plotted [24].
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mAbs and FCM

For FCM analysis of surface markers, cells were
stained with Abs in PBS containing 0.1% (wt/vol) BSA
and 0.1% NaNj;. Anti-CD45R/B220 (RA3-6B2), anti-
CD11b (M1/70), anti-Gr-1 (RB6-8C5), anti-CD45.1
(A20), and anti-CD45.2 (104) were purchased from
eBioscience. Anti-CD11b (M1/70) was purchased from
BD Biosciences. Anti-CD45 mAb (30-F11) was from
Biolegend.

Intracellular IL-17A (TC11-18H10.1) expression was
analyzed by FCM according to the Biolegend’s
instructions. Cells were acquired on a FACS Calibur
(Becton Dickinson, CA) or Beckman Coulter Epics XL,
and data were analyzed with CellQuest software. Cell
numbers of various populations were calculated by
multiplication of the total cell number by the
percentages of each individual population from the
same mouse, followed by averaging.

Enzyme Linked Immunosorbent Assay (ELISA) for
Intestinal IL-17A

Small intestine IL-17A levels were measured with
mouse specific IL-17A ELISA kit according to the
manufacturer’s instructions (eBiosciences, San Diego,
CA). Tissues were homogenized in ice-cold RIPA
buffer (150 mM NaCl, 50 mM Tris-HCI, 1mM EDTA,
and 1% Triton-X [pH 7.4]) and samples processed for
mouse specific ELISA Kkits.

Isolation of Neutrophils from BMCs and Adoptively
Transfer

Neutrophils from bone marrow were isolated were
fractionated on a Percoll gradient [16]. The enriched
neutrophil fraction was recovered at the interface of 65%
and 72% Percoll. The purity of the enriched neutrophils
was >80%. Neutrophils were sorted by high speed cell
sorter (MoFlo, Beckman Coulter) using anti-Gr1/CD11b
mAbs for parallel experiments between control and
Wip1KO mice. The purity of the sorted neutrophils was
usually more than 98%. The sorted WT, Wip1KO, IL-
17KO and IL-17/Wip1DKO PMNs (1X106 cells/mouse, in
500 pl PBS) were adoptively transferred to naive IL-17KO
mice by i.v. injection 1 hour prior to intestinal I/R surgery.

RNA and Protein Analysis

Frozen tissue samples were homogenized in ice-
cold lysis buffer containing 10 mM HEPES, 2 mM
EDTA (pH 8), 5 mM DTT, 1 mM Pefabloc, and 1 tablet
of mixture of proteinase inhibitors (Roche). Real-time
PCR was performed with probe sets from Applied
Biosystems and normalized against the endogenous
control gene HPRT. The primers used in the present
study were summarized in Table 1.

Statistical Analysis

All data are presented as the mean+SD. Student’s
unpaired t-test for comparison of means was used to
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compare groups. A P value less than 0.05 was
considered to be statistically significant.

Table 1. Primers used for real-time PCR.

Primers Sequence (Sense/Antisense)
CXCL-2 5-CCAAGGGTTGACTTCAAGAAC-3’
5-AGCGAGGCACATCAGGTACG-3
COL2 5-ACCTGCTGCTACTCATTCAC-3
5-TTGAGGTGGTTGTGGAAAAG-3’
CXCL-1 5-GCACCCAAACCGAAGTCATAG-3
5-AGAAGCCAGCGTTCACCAGA-3’
ICAM-1 5-GTCCGCTGTGCTTTGAGAA-3’
5-GGTCCTTGCCTACTTGC-3’
TNE-q 5-TACTGAACTTCGGGGTGATTGGTCC-3'
5-CAGCCTTGTCCCTTGAAGAGAACC-3'
IL-17A 5'-TCCAGAAGGCCCTCAGACTA-3'
5-ACACCCACCAGCATCTTCTC-3'
HPRT 5'-AGTACAGCCCCAAAATGGTTAAG-3'
5-CTTAGGCTTTGTATTTGGCTTTTC-3'

CXCL-1, Chemokine (C-X-C motif) ligand 1; CCL-2, Chemokine (C-C motif)
ligand 2; CXCL-2, Chemokine (C-X-C motif) ligand 2; ICAM-1, intercellular
adhesion molecule-1; TNF-a, tumor necrosis factor-alpha; IL-17, interleukin-17.

RESULTS

Wip1-Deficient Mice Show Severe Intestinal I/R
Injury

We first determined whether Wip1KO mice were
more susceptible to intestinal I/R injury. Wip1KO and
WT mice were subjected to intestinal I/R, and the degree
of intestinal injury after reperfusion for 3 hours were
examined. As shown in Fig. (1), Wip1KO mice
developed severe necrotic damage to the intestinal
mucosa with sloughing of the villous tips and lifting of the
epithelium from the LP, development of sub-epithelial
Gruenhagen’s spaces (Fig. 1A). Chiu intestinal injury
score in Wip1KO mice was also significantly higher than
that in WT mice (P<0.01, Fig. 1B). It is also notable that
there was higher percentage of neutrophils in SI-LP of
Wip1KO mice (Fig. 1C), and the number of neutrophils
was also significantly increased in Wip1KO mice than
WT mice (P<0.01, Fig. 1D). Myeloperoxidase (MPO) is
an abundant heme protein in neutrophils, with potent
vascular inflammatory properties [25]. MPO levels were
significantly elevated in WT mice subjected to I/R and
increased further with Wip1 deficiency (data not shown).
Next, we measured pro-inflammatory cytokines and
chemokines mRNAs responsible for the infiltration of
neutrophils and inflammatory damage in the intestine
with real-time PCR. We found that the local expression
of CXCL-2, CCL-2, CXCL-1, ICAM-1, TNF-a and IL-17
in I/R intestine were all significantly increased in
Wip1KO mice than those in WT mice (P<0.01, Fig. 1E).
These results collectively indicated that Wip1KO mice
were more susceptible to intestinal I/R injury.
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Wip1KO mice suffered from more severe intestinal I/R injury than WT mice. A) H&E staining of the intestinal

samples of WT and Wip1KO mice after sham and I/R injury treatment respectively. B) The chiu intestinal injury score of WT and
Wip1KO mice were summarized. C) The staining of Ly6G and CD11b in gated CD45" cells of intestinal tissues of WT and
Wip1KO mice after sham- or I/R-treatment. D) The total cell number of CD11b*Ly6G" neutrophils in WT and Wip1KO mice after
I/R injury. E) The expression of CXCL-2, CCL-2, CXCL-1, ICAM-1, TNF-a and IL-17 in intestinal tissues of WT and Wip1KO
mice were detected by real-time PCR. Data were shown as Mean+SD (N=5). One representative of at least two independent
experiments was shown. **P<0.01 compared among the indicated groups.

Wip1 Intrinsically Controls Immune Cells to

Regulate Intestinal I/R Injury

Does Wip1 directly affect immune cells in the
intestinal I/R injury model? We adoptively transferred
WT or Wip1-deficient BMCs into lethally irradiated
synegeneic recipients to establish full hematopoietic
chimeras. The established chimeras were confirmed by
flow cytometry with staining donor-derived CD45.2"
cells and >92% of immune cells in the periphery blood
were derived from the donor WT or Wip1KO mouse
cells (Fig. 2A). These chimera mice were then
challenged with intestinal I/R injury. As shown in Fig.
(2), WT mice grafted with Wip1KO BMCs suffered from
more severe intestinal injury than WT mice grafted with
WT BMCs, as indicated by HE staining and chiu score
(Fig. 2B). Meanwhile significantly higher percentages
and cell number of neutrophils infiltrated in the intestine
in WT mice with Wip1KO BMCs than in WT mice after
I/R injury (P<0.01, Fig. 2C). When measuring intestinal
CXCL-2, CCL-2, CCL-1, ICAM-1, TNF-a, and IL-17,
mRNAs, significantly increased expressions of all these
molecules including pro-inflammatory cytokines and
chemokines were detected in WT mice got Wip1 BMCs
compared to WT mice got WT BMCs (P<0.01, Fig. 2D).
Conversely, Wip1KO mice grafted with WT BMCs
showed similar level of Chiu intestinal injury score as
WT mice got WT BMCs (data not shown). Thus, Wip1

intrinsically influences immune cells to modulate
intestinal I/R injury in mice.

Depletion of Neutrophils Ameliorates Intestinal I/R
Injury in WT and Wip1KO Mice

Given the key role of infilirating neutrophils in
driving intestinal I/R injury [3, 7, 26], we asked whether
depletion of neutrophils may ameliorate intestinal I/R
injury in Wip1KO mice. The injection of anti-Gr-1 mAbs
3 days before I/R significantly depleted most of
circulating neutrophils in both WT and Wip1KO mice
(Fig. 3A). The pathological changes and chiu intestinal
injury score also declined to a low level in WT mice
receiving anti-Gr-1 mAbs compared to WT mice
receiving isotype IgG (Fig. 3B, C). Impressively, the
intestinal pathological alteration and chiu intestinal
injury score in Wip1KO mice receiving anti-Gr-1 mAbs
declined to the similar level as WT mice receiving anti-
Gr-1 mAbs after reperfusion for 3 hours (Fig. 3B, C).
When measured the mRNA expressions of pro-
inflammatory cytokines and chemokines, we found that
the expressions of the pro-inflammatory cytokines and
chemokines in intestinal tissues of WT and Wip1KO
mice subjected to I/R were decreased after the
treatment with anti-Gr-1 mAbs. These results indicated
that the elevated level of intestinal I/R injury in Wip1KO
mice was mainly mediated by the increased infiltration
of neutrophils.
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Fig. (2). Mice with Wip1-deficient immune cells were more sensitive to intestinal I/R injury than WT mice. Lethally
irradiated WT mice were transplanted with either WT or Wip1 BMCs. After full chimera established, these mice were challenged
with sham or I/R injury. A) The chimeras were determined by flow cytometry after white blood cells were stained with anti-
CD45.1 and anti-CD45.2 mAbs. B) H&E staining of the intestinal samples of chimera mice with either WT BMCs or Wip1KO
BMCs after sham and I/R injury treatment respectively. The chiu intestinal injury score of mice transplanted with WT and
Wip1KO BMCs were summarized. C) The staining of Ly6G and CD11b in gated CD45" cells of intestinal tissues of chimera
mice with WT and Wip1KO after sham- or I/R-treatment. D) The total cell number of CD11b’Ly6G" neutrophils in chimera mice
with WT and Wip1KO BMCs respectively after I/R injury. E) The expression of CXCL-2, CCL-2, CXCL-1, ICAM-1, TNF-a and IL-
17 in intestinal tissues of chimera mice with WT or Wip1KO BMCs were detected by real-time PCR. Data were shown as
Mean+SD (N=4). One representative of three independent experiments was shown. *P<0.01, **P<0.01 compared among the

indicated groups.

IL-17 Plays a Critical Role in Intestinal I/R Injury

IL-17 was discovered to play a critical role in various
I/R injury models [25, 27-29]. To assess whether IL-
17A was important in our experimental models, we
employed IL-17KO mice for intestinal I/R. We found
mice deficient in IL-17A were resistant to intestinal
injury after intestinal I/R compared to WT mice, as
indicated by the HE staining and chiu score (Fig. 4A,
B). There was also less infiltration of neutrophils in the
intestinal tissues in IL-17KO I/R mice than in WT I/R
mice, which was confirmed by immunohistochemistry
staining for Gr-1 positive cells (P<0.05, Fig. 4C). The
levels of pro-inflammatory cytokines and chemokines
were also significantly reduced in IL-17KO I/R mice
compared to WT I/R mice as determined by real-time
PCR (Fig. 4D). These results indicated that IL-17 is
essential for intestinal I/R injury in mice.

IL-17-Producing Neutrophils Play a Critical Role in
Intestinal I/R Injury in WT and Wip1KO Mice

Based on the importance of infiltrated neutrophils
and IL-17 in intestinal I/R injury, we speculated whether
neutrophils-produced IL-17 contributed to the
enhanced intestinal I/R injury in Wip1KO mice. As the
first step, we performed intracellular staining for IL-17A

in SI-LP neutrophils after intestinal I/R. A dramatically
elevated level of IL-17A in Wip1KO neutrophils was
detected compared to that in WT mice after reperfusion
for 3 hours (Fig. 5A). To evaluate the importance of
neutrophils-derived IL-17A in intestinal I/R injury, we
adoptively transferred PMNs isolated from WT,
Wip1KO, IL-17KO or IL-17/Wip1DKO mice to IL-17KO
recipients one hour prior to intestinal I/R. IL-17KO mice
receiving no cells with sham-operation or intestinal I/R
were settled as control groups. Adoptive transfer of
Wip1KO and WT PMNs into IL-17KO mice significantly
increased intestinal I/R pathological alteration and chiu
score compared to IL-17KO mice received IL-17KO, IL-
17/Wip1DKO PMNs (Fig. 5B, C), indicating neutrophils-
produced IL-17 is closely involved in intestinal I/R
injury. Consistently IL-17A protein in intestinal tissues
of IL-17KO mice received WT and Wip1KO PMNs was
significantly higher than in IL-17KO mice received IL-
17KO or IL-17/Wip1KO PMNs, which showed no
detectable IL-17, as detected by ELISA assays (Fig.
5E).

Since CXCL-1, CCL-2, ICAM-1 and CXCL-2 are
thought to be regulated partly by the expression of IL-

17A [30-32], and are important for the infiltration of
neutrophils into tissues. We found that CXCL-1, CCL-2,
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Fig. (3). Depletion of neutrophils significantly decreased intestinal I/R injury in Wip1KO mice. WT and Wip1KO mice were
injected with depleting anti-Gr-1 mAb 3 days before I/R injury as described in materials and methods. A) Anti-Gr-1 mAb
efficiently depleted CD11b*Ly6G" cells in WT and Wip1KO mice. B) H&E staining of the intestinal samples of WT and Wip1KO
mice after sham and I/R injury treatment respectively. C) The chiu intestinal injury score of WT and Wip1KO mice were
summarized. D) The expression of CXCL-2, CCL-2, CXCL-1, ICAM-1, TNF-a and IL-17 in intestinal tissues of WT and Wip1KO
mice were detected by real-time PCR. Data were shown as Mean+SD (N=4). One representative of two independent
experiments was shown. *P<0.05, **P<0.01 compared among the indicated groups.

CXCL-2 and ICAM-1 mRNA levels were significantly
higher in IL-17KO mouse recipients received Wip1KO
PMNs than those in IL-17KO recipients received WT
PMNs, while there were no significant differences
among IL-17KO recipients received no cells, IL-17KO
PMNs, and Wip1/IL-177DKO PMNs (Fig. 5F). In
addition, more ICAM and TNF-a mRNA expression
was detected in IL-17KO mice received Wip1KO PMNs
than mice received WT PMNs (P<0.01, Fig. 5F). We
also found there were higher MPO levels in intestinal
tissues in IL-17KO recipients received WT or Wip1KO
PMNs compared to IL-17KO mice received no cells, IL-
17KO PMNs or WT PMNs (data not shown). Thus,
these results suggested that Wip1KO neutrophils likely
produced more IL-17 to promote the infiltration of
neutrophils in the intestinal tissues, and eventually led
to more severe intestinal injury after intestinal I/R.

DISCUSSION

Wip1 has long been recognized as an oncogene in
tumorigenesis because of its over-expression in human

tumors and a profound tumor-resistant phenotype of
Wip1-dificient mice [33-35]. Recent years, Wip1 has
also been identified to play an important role in several
physiological processes including neurogenesis and
aging [17, 33]. Our recent studies have demonstrated
the importance of Wip1 in immune responses [16, 36].
Wip1 critically regulates granulocyte development and
maturation [16], as well as the anti-bacteria and
inflammatory function of neutrophils in mouse models
[17]. In the present study we found that Wip1KO mice
developed much more severe intestinal I/R injury after
30 min of SMA occlusion and 3 hr of reperfusion when
compared to WT mice. Through establishing full
hematopoietic chimeras, we further showed that Wip1
intrinsically regulate immune cells to impact intestinal
I/R injury. Importantly, we provide evidence that
Wip1KO mice produced more IL-17A after intestinal
I/R, which drove more infiltration of neutrophils into
intestinal tissues, and eventually led to more severe
intestinal I/R injury in Wip1KO mice.

I/R injury has long been recognized as sterile
inflammation [4], while it is a completely different story
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Fig. (4). IL-17KO mice were more resistant to intestinal I/R injury than WT mice. A) H&E staining of the intestinal samples
of WT and IL-17KO mice after sham and I/R injury treatment, respectively. B) The chiu intestinal injury score of WT and IL-
17KO mice were summarized. C) The cell number of neutrophils in intestinal tissues of WT and Wip1KO mice after I/R injury. D)
The expression of CXCL-2, CCL-2, CXCL-1, ICAM-1, and TNF-a in intestinal tissues of WT and IL-17KO mice were detected by
real-time PCR. Data were shown as Mean+SD (N=4). One representative of at least two independent experiments was shown.

*P<0.05, **P<0.01 compared between the indicated groups.

when referred to intestinal I/R as there localized
various microorganisms such as commensal bacteria
and pathogens [37]. Bacteria translocation is a
common feature of intestinal I/R injury which may
enhance intestinal I/R injury. Hence, intestinal I/R injury
is more complex than those in other organs and
tissues. As depletion of neutrophils ameliorated
intestinal I/R injury in both of WT and Wip1KO mice,
better control of the infiltration of neutrophils may be of
central importance for the process of intestinal I/R
injury. Too many neutrophils may promote uncontrolled
inflammation and damage intestinal tissues, while too
few may not allow for adequate immunity against
bacteria translocation. Indeed, we discovered
increased infiltration of neutrophils in Wip1KO mice
subjected to intestinal I/R when compared to WT mice,
as well as more severe intestinal I/R injury with
elevated levels of pro-inflammatory cytokines and
chemokine such as TNF-a, CXCL-2, CCL-2, CCL-1
and IL-17. Our previous studies showed that Wip1KO
neutrophils expressed high levels of CXCR2, the ligand
for CXCL-1/CXCL-2, than WT cells. Thus, the higher
expressions of CXCR2 in Wip1KO neutrophils would
drive more neutrophils into intestinal I/R tissues. Similar
results were obtained in full hematopoietic chimeras in
which WT mice grafted with Wip1KO BMCs. Therefore,
Wip1 intrinsically regulates neutrophil inflammation and

migration and subsequently impacts intestinal I/R injury
in mice.

IL-17A is identified to play a critical role in numerous
I/R models through regulating cell apoptosis and the
infiltration of granulocytes [25, 38, 39]. IL-17A is also
suggested to stable chemokines mRNAs [40] and
regulate the function of the potential inflammatory
mediator matrix metalloproteinases 3 (MMP3) to
promote I/R injury [25]. In the present study, we found
that Wip1KO neutrophils produced more IL-17 than WT
neutrophils. Adoptive transfer of Wip1KO neutrophils
into IL-17KO mice caused significantly more severe I/R
damage than transfer of WT neutrophils into IL-17KO
mice. Importantly, adoptive transfer of IL-17/Wip1DKO
neutrophils failed to do so in IL-17KO mice. Thus, the
increased IL-17 production by Wip1KO neutrophils
might contribute to the enhanced intestinal I/R injury in
mice. The expression of IL-17 in neutrophils have been
identified in various models such as fungal infection
[41], liver I/R injury [4], and liver fibrosis [42]. IL-23
signal pathway was thought to be of central importance
in regulating the expression of IL-17 in neutrophils.
Using intestinal I/R models and Wip1KO mice, we
showed that Wip1 negatively regulated the expression
of IL-17 in neutrophils. Further studies will be needed
to shed light on how Wip1 regulate the IL-17
expression in neutrophils.
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Fig. (5). Wip1-deficient neutrophils promote intestinal I/R injury through higher expression of IL-17A. A) Neutrophils
were isolated from SI-LP of WT or Wip1KO I/R mice and were then treated with medium or PMA/lonomycin for 5 hrs, the
expression of IL-17 in neutrophils were then determined by intracellular staining FCM. Wip1KO neutrophils produced more IL-17
than WT neutrophils. (B-C) IL-17KO mice were i.v. injected with WT, Wip1KO, IL-17/Wip1DKO and IL-17KO PMNs respectively
1 hr before I/R injury. The intestinal pathological changes and cytokines were detected. B) H&E staining of the intestinal
samples of IL-17KO mice with IL-17KO, WT, IL-17/Wip1DKO and Wip1KO PMNs after I/R injury were shown. C) The chiu
intestinal injury score of IL-17KO mice with IL-17KO, WT, IL-17/Wip1DKO and Wip1KO PMNs were summarized. D) The cell
number of neutrophils in the intestinal tissues of IL-17KO mice with IL-17KO, WT, IL-17/Wip1DKO and Wip1KO PMNs after I/R
injury. E) The protein levels of IL-17A in the intestinal tissues of IL-17KO mice with IL-17KO, WT, IL-17/Wip1DKO and Wip1KO
PMNs were detected by ELISA assays. F) The expression of CXCL-2, CCL-2, CXCL-1, ICAM-1 and TNF-a in the intestinal
tissues of IL-17KO mice with IL-17KO, WT, IL-17/Wip1DKO and Wip1KO PMNs were detected by real-time PCR. Data were
shown as Mean+SD (N=4). One representative of two independent experiments was shown. *P<0.05, **P<0.01 compared
among the indicated groups.

In summary, Wip1 deficiency in neutrophils caused
more neutrophil infiltration and enhanced inflammatory
cytokine production like TNF-a and IL-17 in intestinal
I/R injury. In addition, the increased IL-17 expression in
Wip1KO neutrophils might contribute to the enhanced
intestinal I/R damage in Wip1KO mice. Nevertheless,
the phosphatase Wip1 negatively regulates neutrophil
inflammatory activation and migration in the intestinal
I/R injury mouse model. Wip1, which is an intrinsic
negative master for neutrophils, may be a promising
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