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Abstract

Ischemia—reperfusion injury (IRl) of the liver is a primary cause of post-liver-surgery complications and
ischemic preconditioning (IPC) has been verified to protect against ischemia—reperfusion injury. TIM-4
activation plays an important role in macrophage mediated hepatic IRI. This study aimed to determine whether
IPC protects against hepatic IRI through inhibiting TIM-4 activation. In this study, a model of warm liver
ischemia (90 min) and reperfusion for 6 h was used. Mice were subjected to ischemia—reperfusion injury with
or without ischemic preconditioning and TIM4 blocking antibody. Western blot was determined to detect the
expression of TIM4 protein and mitochondrial apoptosis-related protein expression. Liver function was
evaluated using the level of alanine transaminase (ALT) and aspartate transaminase (AST), cell apoptosis and
pathological examination. We found that compared with the control group, ischemic preconditioning reduced
IRI by decreasing hepatocyte apoptosis, ALT, AST, CD68 and CD3 positive cells, tissue myeloperoxidase
activity(MPO), and downregulating TIM-4 expression. TIM4 blocking could reduce CD68 and CD3 positive
cells in liver. Furthermore, activated monocytes transfusion significantly abolished the protect effect of IPC with
increased hepatocyte apoptosis, ALT, AST, CDé68 and CD3 positive cells while TIM-4 knockdown monocytes
lost this effect. These results suggested that IPC protects against hepatic IRl by downregulating TIM-4 and
indicated TIM-4 would be a novel therapeutic target to minimize IRI.
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Introduction

Ischemia-reperfusion injury (IRI) is a  biliary strictures, clinical dysfunction, and even liver

pathophysiological process in which hypoxic organ
damage is accentuated following the restoration of
blood flow and oxygen delivery to the ischemic tissue.
IRI of the liver can occur during various hepatic
surgeries, including hepatic trauma surgery, and
hepatic resection and transplantation[1], and is a
major cause of morbidity and mortality following
hepatic surgery. Liver IRI after hepatic resection or
transplantation can result in elevated liver enzymes,

failure [1, 2]. Although a number of experiments have
been performed to uncover the mechanisms under-
lying hepatic IR], efficient treatments to minimize this
injury are still unavailable. Therefore, it is essential to
explore novel techniques to ameliorate the
detrimental physiological effects of IRI.

Ischemic preconditioning (IPC) is a process
during which a short period of ischemia is followed
by a period of reperfusion prior to prolonged
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ischemia. IPC was first described in a renal model[3]
and then in a cardiovascular model[4]. In
experimental models, hepatic IPC was reported to
provide promising liver protection [5, 6]. Consistent
with this, the first report of IPC in clinical practice
concluded that IPC may protect steatotic livers from
IRI[7]. Additionally, IPC has been associated with
reduced necrosis and the activation of autophagy in
hepatocytes already damaged by chemotherapy
among patients with colorectal cancer [8]. A
prospective randomized study of 100 consecutive
patients undergoing major liver resection proved the
protective role of IPC in liver IRI in young but not in
older patients[9]. However, the precise mechanism by
which IPC confers protection against hepatic IRI has
not been fully elucidated.

The T-cell immunoglobulin and mucin domain
molecule-4 (TIM4) is conserved between mice and
humans, and is mainly expressed in macrophages,
mature dendritic cells, and some peritoneal B-cells but
not in T-cells [10-14]. TIM-4 regulates adaptive
immune responses such as initiation of T-helper cell-2
polarization and induction of T-helper cell-1 apop-
tosis [11, 15]. TIM-4 is essential for the maintenance of
the homeostatic state of resident peritoneal macro-
phages[16], and the aberrant persistence of TIM-4
leads to dysregulation of lymphocyte activation and
autoimmunity[17, 18]. In our previous study, we
demonstrated that TIM-4 is required for macrophage
migration, phagocytosis, and activation during
hepatic IRI[19]. However, the detailed function of
TIM-4 in hepatic IRI and its role in IPC are unknown.

In the present study, we confirmed the
protective effects of IPC during hepatic IRI in a mouse
model. We then determined whether TIM-4 underlies
this protective effect of IPC. By providing evidence for
the potential mechanism via which IPC protects the
liver from IRI, this research provides novel insights
into potential therapeutic strategies for and molecular
targets in hepatic IRL

Materials and Methods

Animals

Male C57BL/6 mice (5-week-old, 19-21 g) were
obtained from the Shanghai Laboratory Animal
Center, Chinese Academy Sciences, and housed in a
controlled 12-h light/dark cycle environment with
access to chow and water ad libitum. All animal
experiments were performed according to the
Zhejiang University guidelines for animal care and
were approved by the Animal Ethics Review
Committee of Zhejiang University.

Surgical procedures and experimental groups

A total of 48 mice were randomly divided into

four groups (n = 12): sham group, IRI group, IPC+IRI
group, and IPC+IRI+monocyte group. Mice were
anesthetized with 4% chloral hydrate (400 mg/kg,
intraperitoneally injected). The mice were fixed in
position. After skin preparation, a 1.5-cm-long
abdominal incision was made. The abdominal cavity
was opened with a hook, and the xiphoid process was
pulled up and fixed. The left and middle portal vein
branches in the liver were clamped with 4.5-cm-long
vascular clips to induce ischemia in approximately
70% of the liver (the caudate lobes, left lobe, and
middle lobe). Liver ischemia was confirmed under
direct vision as the liver went from dark red to white
in color. At this time, the abdominal wall of the clot
with a temporary clip 90 min. At this moment, we
used a clip to stop temporary closure of the
abdominal wall for 90 min the celiac wall with a
temporary clot clamping clip 90 min. After 90 min, the
vascular clamps were released, and the occurrence of
intra-abdominal bleeding was confirmed. The
abdomen was then closed. Afterwards, the mice were
placed under a lamp to maintain their body
temperature until the scheduled collection of
specimens 6 h later. In the IPC+IRI group, the mice
were subjected to 10 min of ischemia and 10 min of
reperfusion prior to sustained ischemia, as previously
described[19]. Additionally, 6 mice each from the IRI
and IPC+IRI groups were randomly selected to
receive an infusion containing a blocking monoclonal
antibody against TIM-4 (RMT4-53; 0.5 mg/mouse i.v.;
Bio X Cell, West Lebanon, NH, USA) at 1 h prior to the
induction of ischemia[19], and 12 mice from the
IPC+IRI+monocyte groups were randomly selected to
receive a transfusion of activated monocytes
transfected with or without Tim-4 siRNA, at 1 h prior
to the induction of ischemia. We used CD11b
positivity to separate monocytes from peripheral
blood samples and then stimulated the monocytes
with 100 ng/ml lipopolysaccharide for 24 h. At the
end of reperfusion, blood and liver samples were
collected and preserved for subsequent procedures.
All mice were sacrificed by CO; inhalation.

Enzyme-linked immunosorbent assay

In each group, blood samples were collected
after the treatments and used to measure alanine
transaminase (ALT), aspartate transaminase (AST),
and myeloperoxidase levels. Quantitation of the ALT,
AST, and myeloperoxidase levels was performed
using enzyme-linked immunosorbent assay kits (R&D
Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions.

Hematoxylin and eosin staining

After the experiment had ended after 6 h of
reperfusion, the hepatic tissue samples harvested
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from the mice were fixed with 4% paraformaldehyde
for 24 h. After conventional dehydration, wax
infiltration, and paraffin embedding, the tissues were
sectioned at intervals of 4 pm and stained with
hematoxylin and eosin for 5 min. Inflammatory cell
infiltration in the prepared samples was evaluated
under an optical microscope.

Immunohistochemical analysis

Mouse liver tissues were fixed in a 10% formalin
solution for 24 h, embedded in paraffin, sliced,
dewaxed, and hydrated according to conventional
techniques. Then, the samples were incubated with
5% fetal bovine serum for 30 min at room temperature
followed by overnight incubation at 4°C with the
primary antibodies (CD3, abl6669, Abcam,
Cambridge, MA, USA; CD68, abl125212, Abcam,
Cambridge, MA, USA). The samples were again
incubated for 30 min at 37°C after the addition of a
horseradish ~ peroxidase-conjugated  secondary
antibody (anti-rabbit-HPR, 7074, Cell Signaling
Technology, Danvers, MA, USA). The samples were
then treated with diaminobenzidine for coloration.
The cell nuclei were counterstained with hematoxylin,
and the samples were dehydrated in a gradient series,
vitrified with dimethylbenzene, and finally, mounted
with neutral balsam.

TdT-mediated biotin-16-dUTP nick-end
labeling assay

TdT-mediated biotin-16-dUTP nick-end labeling
assay was performed using the One-Step TUNEL
Apoptosis Assay kit (Roche, Basel, Switzerland) in
order to detect apoptotic cells in the mouse livers. In
brief, 4-pm-thick paraffin sections were deparaffin-
ized, hydrated, treated with proteinase K for 20 min,
and subsequently incubated with a mixture of a
fluorescent labeling solution of dUTP and the TdT
enzyme at 37°C for 1h in a humidified atmosphere.
As a positive control, sections were incubated with
DNasel for 10 min at room temperature (25°C) before
the fluorescent labeling procedure. Negative controls
were incubated with dUTP for 10min at room
temperature (25°C). Subsequently, the samples were
treated with diaminobenzidine, counterstained with
hematoxylin (to identify the cell nuclei), dehydrated
in a gradient series, vitrified with dimethylbenzene,
and finally, mounted with neutral balsam.

Real-time polymerase chain reaction

Total RNA was isolated using the Trizol reagent
(Invitrogen, Carlsbad, CA, USA), and the RNA
concentration was measured using spectrophotome-
try. Single-stranded cDNA was synthesized using a
c¢DNA synthesis kit (Takara, Kyoto, Japan) according
to the procedures. Reverse transcription-polymerase

chain reaction assays were performed using Applied
Biosystems SYBR Green Mix kits (Applied Biosys-
tems, CA, USA). The following primers were used:
IL-1B, AAATCTCGCAGCAGCACAT (forward) and
CACACACCAGCAGGTTATCA (reverse); Cxcl-1, CT
GGGATTCACCTCAAGAACATC (forward) and CA
GGGTCAAGGCAAGCCTC (reverse); Cxcl-2, CCAA
CCACCAGGCTACAGG (forward) and GCGTCACA
CTCAAGCTCITG (reverse); Tim-4, ACACATTTTCCC
TGCCTCGT (forward) and GCTGTGGCAAGGATTT
CACC (reverse); IL-6, CCACTTCACAAGTCGGAGG
CITA (forward) and CCAGTTTGGTAGCATCCATC
ATTTC (reverse); TNF, TATGGCCCAGACCCTCA
CA (forward) and GGAGTAGACAAGGTACAACCC
ATC (reverse); and IFNy, CATCAGCAACAACATAA
GTGTCATC (forward) and CATTGACAGCTTTGTG
CTGGA (reverse). GAPDH was used as a house-
keeping gene. The results were presented as the ratio
of the gene to GAPDH mRNA (sense and antisense).

Western blot analysis

Total proteins were extracted and quantified
using the bicinchoninic acid method. Equivalent
weights of proteins (40 pg/lane) were separated on
10% SDS-PAGE gels and then transferred to PVDF
membranes (Millipore, Billerica, MA, USA). The
membranes were blocked with 5% non-fat milk in
TBST buffer for 1 h and then incubated overnight with
the following primary antibodies: Bax, 2772 (Cell
Signaling Technology, Danvers, MA, USA); Bcl-2,
ab32124 (Cell Signaling Technology, Danvers, MA,
USA); Bcl-xl, 2764 (Cell Signaling Technology,
Danvers, MA, USA); cleaved caspase-3, 9664 (Cell
Signaling Technology, Danvers, MA, USA); GAPDH,
2118 (Cell Signaling Technology, Danvers, MA, USA);
Tim-4, ab47637 (Abcam, Cambridge, MA, USA). After
being washed twice with TBST, the membranes were
incubated with a horseradish peroxidase-conjugated
secondary antibody (anti-rabbit-HPR, 7074, Cell
Signaling Technology, Danvers, MA, USA) at 1:2000
dilution. Specific bands were visualized using an
enhanced chemiluminescence detection kit.

Flow cytometric analysis

Peripheral blood mononuclear cells were
isolated by centrifugation on Ficoll (Lymphoprep,
PAA, Nycomed, Oslo, Norway) gradients from buffy
coat preparations obtained from mice, and then
washed twice with PBS. The cells were then incubated
with a primary anti-TIM4 antibody (ab47637, Abcam,
Cambridge, MA, USA) for 30 min at 4°C, washed
twice with PBS, and incubated with a secondary
FITC-conjugated antibody (ab6717, Abcam, Cambri-
dge, MA, USA) for 30 min at 4°C. After this, the cells
were washed twice with PBS, incubated with 600 ul
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PBS at room temperature, and examined using flow
cytometry.

Statistical analysis

All values are expressed as the mean + SD. Data
were analyzed with an unpaired, two-tailed Student
t-test and checked using analysis of variance. P < 0.05
was considered statistically significant.

Results

IPC ameliorates hepatic IRl and relieves
hepatic inflammation during IRI

To determine whether IPC ameliorated hepatic
IRI, we assessed the serum ALT and AST levels, liver
histology, cellular apoptosis, and mitochondrial
apoptosis-related protein expression in the sham, IRI,

IRI group than in the sham group (P < 0.05). IPC prior
to IRI reduced the serum transaminase levels, though
the difference was not statistically significant (Fig 1A).
Histological examination of the liver tissue revealed
that IRI was followed by significant periportal
congestion, severe hepatocyte apoptosis, and diffuse
vacuolation within hepatocytes, as compared to the
sham group. The mice in the IPC+IRI group showed
less apoptosis and damage than did those in the IRI
group. The sham-operated animals exhibited minimal
changes (Fig 1B-C). Moreover, the expressions of the
BCL-2 and BCL-XL proteins, which inhibit apoptosis,
were higher in the IPC+IRI group than in the IRI
group, while those of the apoptosis promoter BAX
protein and the apoptosis marker cleaved caspase-3
were lower in the IPC+IRI group than in the IRI group

. Fig 1D).
and IPC+IRI groups. After 6 h of reperfusion, serum (Fig 1D)
transaminase levels were significantly higher in the
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Figure 1. Changes in serum transaminase levels, liver histology, cell apoptosis, and apoptosis-related proteins after IRl with or without IPC. (A) Serum
alanine transaminase (ALT) and aspartate transaminase (AST) levels determined using enzyme-linked immunosorbent assay (*P < 0.05, **P < 0.01, ***P < 0.001, #P < 0.05). (B-C)
Liver histology examined using hematoxylin and eosin (HE) staining, and cell apoptosis examined using TdT-mediated biotin-16-dUTP nick-end labeling (TUNEL) assay
(magnification, x400; *P < 0.05, **P < 0.01 vs. control; ##P < 0.01 vs. IRl; n = 3 for each experiment). (D) Expression of apoptosis-related proteins measured using western blot
analysis (*P < 0.05, ***P < 0.001 vs. control; ##P < 0.01 vs. IRl; n = 3 for each experiment). (E-F) CD68- and CD3-positive cells on immunohistochemical analysis (**P < 0.01,
P < 0.001 vs. control; n = 3 for each experiment). (G) Detection of IL-6, CXCL-1, CXCL-2, TNF-a, IL-1B, and IFN-y using quantitative polymerase chain reaction assays (*P
< 0.05, P < 0.01, **P < 0.001 vs Control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs IR). (H) Myeloperoxidase (MPO) concentration determined using enzyme-linked
immunosorbent assay (*P < 0.05 vs Control; #P < 0.05 vs IR). (I) Western blot analysis of TIM4 expression (***P < 0.001 vs. control; n = 3 for each experiment). (J) TIM4 mRNA

levels determined using by quantitative polymerase chain reaction assay (*P < 0.05, ¥***P < 0.001 vs Control; #P < 0.05 vs IR). (K) Flow cytometric analysis of TIM4-positive cells
in serum samples.
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Figure 2. Changes in serum transaminase levels, liver histology, cell apoptosis, and apoptosis-related proteins in mice subjected to y IRI with or without
IPC and TIM4 blocking. (A) Serum alanine transaminase (ALT) and aspartate transaminase (AST) levels determined using enzyme-linked immunosorbent assay. (*P < 0.05,
***P < 0.001) (B-C) Liver histology examined using hematoxylin and eosin (HE) staining, and cell apoptosis examined using TUNEL assay (magnification, x400; *P < 0.05 vs. IRI;
n = 3 for each experiment). (D) Apoptosis-related protein expression determined using western blot analysis (*P < 0.05, ***P < 0.001 vs. IRI; n = 3 for each experiment).

To assess the inflammatory response after
hepatic IRI[20], we next examined the levels of
inflammatory cells and cytokines in each study group.
Immunohistochemical analysis showed that the levels
of the macrophage marker CD68 and T-cell marker
CD3 were lower in the IPC+IRI group than in the IRI
group, which indicated less macrophage and T-cell
infiltration in the IPC+IRI group (Fig 1E-F). Quantita-
tive polymerase chain reaction assays showed that the
expressions of the inflammatory cytokines IL-6,
CXCL-1, CXCL-2, TNF-a, IL-1B, and IFN-y were lower
in the IPC+IRI group than in the IRI group (Fig 1G).
Additionally, the myeloperoxidase concentration was
lower in the IPC+IRI group than in the IRI group,
indicating lower polymorphonuclear leukocyte
activation in the former group (Fig 1H). The above
results collectively indicated that IPC significantly
inhibited inflammatory responses during IRI.

In our previous study, we proved that TIM-4 is
required for macrophage migration, phagocytosis,
and activation leading to hepatic IRI, and that the
blocking of TIM4 signaling relieves hepatic IRI[19].
Thus, we hypothesized that IPC may protect against
hepatic IRI by decreasing TIM4 signaling. To validate
this hypothesis, we examined the expression of TIM4
in the sham, IRI, and IPC+IRI groups. The results
showed that IRI obviously increased the protein
expression and transcription of TIM4, while IPC
reduced this IRI-induced TIM4 elevation (Fig 1 I-K).

TIM-4 participates in IPC-mediated hepatic
protection from IRI

To further explore the role of TIM4 in the
liver-protective effects of IPC, we examined the serum
ALT and AST levels, liver histology, cell apoptosis,
and mitochondrial apoptosis-related protein express-
ion in mice subjected to IRI, IRI+TIM4 antibody
treatment, or IPC+IRI+TIM4 antibody treatment. The
results showed that TIM4 blocking significantly
decreased the ALT and AST levels (Fig 2A). Liver
tissue histology and TUNEL analysis revealed that
TIM4 blocking could minimize hepatic IRI and
hepatocyte apoptosis (Fig 2B-C). Moreover, TIM4
blocking promoted BCL2 and BCL-XL expression, but
inhibited BAX and cleaved caspase-3 levels (Fig 2D).
However, IPC combined with TIM4 blocking did not
further enhance IPC-mediated protection against IRI,
possibly because TIM4 downregulation is involved in
the liver-protective effects of IPC.

TIMA4 blocking underlies IPC-mediated
alleviation of hepatic inflammatory responses
during IRI

To further explore the potential contribution of
TIM4 blocking in IPC-mediated liver protection, we
examined the levels of inflammatory cells and
cytokines after TIM4 blocking. We found that TIM4
blocking obviously reduced CD68 and CD3 express-
ion (Fig 3A-B) as well as IL-6, CXCL-1, CXCL-2,
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TNEF-a, IL-1B, and IFN-y levels (Fig 3C). Moreover,
TIM4 blocking decreased serum myeloperoxidase
concentrations (Fig 3D). However, IPC combined
with TIM4 blocking did not further inhibit the
IRI-induced inflammatory responses. These results
indicated that IPC may inhibit IRI-induced inflamm-
atory responses by downregulating TIM4 expression.

The liver-protective effects of IPC are
mediated through Tim-4 inhibition

To determine whether the liver-protective effects
of IPC depend on TIM-4 expression, we used CD14 to
separate mononuclear cells from peripheral blood,
stimulated the cells with 100 ng/ml lipopolysacch-
aride for 24 h, and then transfused the mice with
activated monocytes. We found that the liver-
protective effects of IPC disappeared in the mice that
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received the monocyte transfusion compared with
those in the IR+IP group. Activated monocytes
significantly increased the ALT and AST levels
compared to the levels in the IR+IP group (Fig 4A).
Liver tissue histology and TUNEL analysis revealed
that activated monocytes could minimize hepatic IRI
and hepatocyte apoptosis (Fig 4B, 4C), but
interestingly, TIM-4 knockdown could reverse these
effects. Almost immediately, activated monocyte
treatment promoted BCL2 and BCL-XL expression
and inhibited BAX and cleaved caspase-3 levels (Fig
4D). However, TIM-4 inhibition also decreased BCL2
and BCL-XL expression and increased BAX and
cleaved caspase-3 levels. These findings indicate that
the liver-protective effects of IPC were related to
TIM-4 expression.
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Figure 4. Changes in serum transaminase levels, liver histology, and apoptosis-related proteins in mice subjected to IRl and ischemic preconditioning
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apoptosis proteins expression (***P < 0.001 vs. IPC+IRI; ##P < 0.01 vs. IPC+IRI+monocyte; n = 3 for each experiment).

IPC-mediated alleviation of hepatic
inflammation disappeared after treatment
with activated monocytes during IRI

In this study, we demonstrated that
TIM-4 blocking inhibited the IRI-induced inflamma-
tory responses, and that IPC did not affect this
finding. We hypothesized that IPC may inhibit
IRI-induced inflammatory responses by down-
regulating TIM4 expression. To confirm this, we
transfused TIM-4-positive monocytes; we found that

this increased cell apoptosis compared to the IR+IPC
group, and that this effect was reversed after TIM-4
knockdown (Fig 5A). IPC did not inhibit IRI-induced
inflammation in mice treated with activated
monocytes. In addition, CD68 and CD3 expression
(Fig 5B, 5C) as well as IL-6, CXCL-1, CXCL-2, TNF-a,
IL-1B, and IFN-y levels (Fig 5D) were increased in
these mice compared with the IR+IP group. However,
these levels were decreased after TIM-4 inhibition.
Furthermore, TIM-4 knockdown decreased MPO
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expression, while activated monocytes increased  broadly classified into biochemical, genetic, and

MPO expression in the IR+IP group (Fig 5E). surgical. However, no efficient therapeutic strategies
. . to inhibit IRI are as yet available[22]. Considering the
Discussion harmful clinical effects of IR], it is essential to develop

IRI is a multifactorial process that plays a major ~ more efficient strategies to overcome IRL
role in liver damage during hepatic resection or
transplantation [1, 21]. Strategies to relieve IRI can be
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Figure 5. Changes in inflammatory cells and cytokines in mice subjected to IRl and IPC with or without transfusion of activated monocytes and TIM4
knockdown. (A) Flow cytometry analysis was used to detect cell apoptosis. (B and C) CD68- and CD3-positive cells on immunohistochemical analysis (**P < 0.01, ***P <
0.001 vs. IPC+IRI; ##P < 0.01, ###P < 0.001 vs. IPC+IRI+monocyte; n = 3 for each experiment). (D) Detection of IL-6, CXCL-1, CXCL-2, TNF-a, IL-1B, and IFN-y using
quantitative polymerase chain reaction assays (**P < 0.01 vs. IPC+IRI; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. IPC+IRI+monocyte). (E) MPO concentration determined using
enzyme-linked immunosorbent assay (**P < 0.01 vs. IPC+IRI; ##P < 0.01 vs. IPC+IRI+monocyte).
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One strategy that has been used in clinical
practice to confer protection against subsequent IRI is
IPC. IPC was first proposed by Zager et al. to limit
damage to the kidney[3]. In animal experiments, the
protective role of IPC has been proved in several
organs, such as the brain[23], lung[24], and kidney
[25]. IPC of the liver was first reported by Lloris-Carsi
et al. in 1993[26]. Accumulating evidence has proved
that IPC can limit the damage caused during hepatic
IRI[27]. However, a few studies have reported that
IPC does not prevent hepatic IRI [28, 29]. Hence, more
studies are needed to confirm the benefit of IPC
during hepatic IRL In the present study, we employed
a mouse model to verify the role of IPC in hepatic IRL
The results showed that the AST and ALT levels and
apoptosis rate were significantly lower after IPC
treatment than after IRI alone. IPC could reduce
macrophage and T-cell infiltration and cytokine
secretion during hepatic IRL. Our results provide a
theoretical foundation for the use of IPC to minimize
hepatic IRI and show that IPC significantly inhibited
inflammatory responses during IRI and protected the
mouse liver against IRL

To further explore the underlying mechanism,
we focused on the TIM4 protein, as our previous
study had shown that TIM-4 signaling was required
for innate immunity-driven hepatic inflammatory
damage during IRI[19]. Tim-4, a member of the TIM
family, has attracted much research attention as a
potential regulator of immune responses[15, 30, 31].
Tim-4 overexpression has been reported t o decrease
nitric oxide production and inducible nitric oxide
synthase expression in lipopolysaccharide- or
IFN-y-stimulated macrophages[32]. These findings
indicate that TIM4 may participate in the
IPC-mediated protection of the liver from IRI In the
present study, we for the first time found that IPC
could reduce IRI-induced TIM4 expression.
Furthermore, we proved that IPC combined with
TIM4 blocking did not further enhance IPC-mediated
protection against IRI and TIM4 blocking produced
the same protective effects as IPC by inhibiting
inflammatory responses. Moreover, the liver-
protective effects of IPC disappeared after monocyte
transfusion in mice subjected to IRL; however, these
effects were restored after TIM-4 inhibition. Thus, our
results indicate that TIM4 mediates the
liver-protective effect of IPC during IRL

Taken together, our study demonstrated that
IPC could protect the mouse liver against IRl by
reducing inflammatory reaction and that TIM4 was a
potential mediator of these protective effects of IPC.
Although further basic and clinical experiments are
needed to confirm our results, our study suggests that

IPC is an efficient strategy to minimize hepatic IRI,
and that Tim-4 may be a novel target for treating IRI.
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