
• BRIEF REPORTS •

Protection against hepatic ischemia/reperfusion injury via

downregulation of toll-like receptor 2 expression by inhibition of

Kupffer cell function

Jin-Xiang Zhang, He-Shui Wu, Hui Wang, Jin-Hui Zhang, Yang Wang, Qi-Chang Zheng

ELSEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(28):4423-4426
www.wjgnet.com                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Jin-Xiang Zhang, He-Shui Wu, Yang Wang, Department of
Emergency Surgery, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030,
Hubei Province, China
Hui Wang, Hereditary Department, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030,
Hubei Province, China
Jin-Hui Zhang, Qi-Chang Zheng, Department of General Surgery,
Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430030, Hubei Province, China
Supported by the National Natural Science Foundation of China,
No. 30200272
Co-first-authors: Jin-Xiang Zhang, He-Shui Wu and Hui Wang
Co-correspondence: He-Shui Wu
Correspondence to: Dr. Jin-Xiang Zhang, Department of Emergency
Surgery, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430030, Hubei
Province, China.  camelzjx@yahoo.com.cn
Telephone: +86-27-62707120
Received: 2004-08-18    Accepted: 2004-12-14

AbstractAbstractAbstractAbstractAbstract

AIM: To elucidate the mechanism of liver protection by
inhibition of Kupffer cells (KCs) function.

METHODS: All the animals were randomly divided into
three groups. Blockade group (gadolinium chloride solution
(GdCl3) injection plus ischemia/reperfusion (I/R) injury):
GdCl3 solution was injected once every 24 h for 2 d via
the tail vein before I/R injury. Non-blockade group (saline
solution injection plus I/R injury): saline instead of GdCl3
as a control was injected as in the blockade group. Sham
group: saline was injected without I/R injury. Liver samples
were collected 4 h after blood inflow restoration. The
blockade of the function of KCs was verified by
immunostaining with an anti-CD68 mAb. Toll-like receptor
2 (TLR2) was immunostained with a goat antimouse polyclonal
anti-TLR2 antibody. Membrane proteins were extracted
from the liver samples and TLR2 protein was analyzed by
Western blot. Portal vein serum and plasma were taken
respectively at the same time point for further detection
of the levels of tumor necrosis factor-α (TNF-α) and alanine
aminotransferase (ALT), an indicator of liver function.

RESULTS: Compared to non-blockade group, CD68+ cells

significantly reduced in blockade group (OPTDI, optical

density integral): 32.97±10.55 vs 185.65±21.88, P<0.01)
and the liver function impairment was relieved partially

(level of ALT: 435.89±178.37 U/L vs 890.21±272.91 U/L,

P<0.01). The expression of TLR2 protein in blockade group
significantly decreased compared to that in non-blockade group
(method of immunohistochemistry, OPDTI: 75.74±17.44
vs 170.58±25.14, P<0.01; method of Western blot, A
value: 125.89±15.49 vs 433.91±35.53, P<0.01). The latter
correlated with the variation of CD68 staining (r = 0.745,
P<0.05). Also the level of portal vein TNF-α decreased in
blockade group compared to that in non-blockade group
(84.45±14.73 ng/L vs 112.32±17.56 ng/L, P<0.05), but
was still higher than that in sham group (84.45±14.73 ng/L
vs 6.07±5.33 ng/L, P<0.01).

CONCLUSION: Inhibition of the function of KCs may
protect liver against I/R injury via downregulation of the
expression of TLR2.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hepatic ischemia/reperfusion (I/R) injury is one of the major
complications of liver resection surgery, transplantation, and
hypovolemic shock[1,2]. Although the detailed biochemical
mechanisms are unclear, activation of Kupffer cells (KCs)
may play an important role. During the very early phase of
I/R injury, the secretion of proinflammatory cytokines by
activated KCs, such as TNF-α, interleukin-1, participates in
liver I/R injury, which precedes the activation of adhesion
factors, chemotactic agents, and the sequestration of
neutrophils in liver. Neutrophil accumulation in the liver
causes direct hepatocellular damage through exhaustion of
hepatic microcirculation by blocking the capillary perfusion
and releasing proteases. So that we can see that KCs are
among the first and key cells that mediate hepatic I/R injury
[3]. Inhibition of the function of KCs elicits the protection
against liver I/R injury. The mechanism of KCs in such an
insult remains unclear. Endotoxin or lipopolysaccharide is a
strong stimulator inducing KCs to secret proinflammatory
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mediators and ultimately leading to endotoxin-induced liver
injury[4,5]. In order to clarify the mechanism of I/R injury
without the effect of endotoxin and the corresponding
cytokines evoked by endotoxin[5,6], we reproduced a lobar
rather than total hepatic I/R injury in a mouse model to produce
a severe hepatic ischemic insult without mesenteric venous
congestion. So that the development of intestinal congestion
and leakage of bacteria or bacterial products into the
circulation can be avoided[6,7].

TLR family members, a kind of newly found transme-
mbrane peptides, recognize pathogen-associated molecular
patterns derived from both Gram-negative and Gram-positive
bacteria such as endotoxin and are capable of sensitizing
danger signals in in vivo environment[1,7,8]. TLRs participate
in the initiation of the downstream inflammatory cascades[8,9].
In previous studies, we have proved that TLR2 and TLR4
are involved in the hepatic I/R pathologic process and the
activation of them is not related to endotoxin[10,11]. Whether
TLR2 expression is affected by the function of KCs is still
unknown. GdCl3 is a kind of experimental drug, which is
capable of blocking KC function specifically, while it has
no effect on other macrophages, such as those residing in
lung or intestinal canals[12,13]. CD68 is a pan-macrophage
endosomal glycoprotein, which belongs to a family of acidic,
highly glycosylated lysosomal glycoproteins and is found in
cytoplasmic granules. It is considered as a specific indicator of
KC activation[14]. That is why we used CD68 immunohistological
staining to assess the inhibition of KC function.

This experiment aimed to observe the variation of  TLR2
expression after the inhibition of the function of KCs and
to further clarify the protective mechanism against hepatic
I/R injury induced by inhibition of the function of KCs.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Animal model and grouping
Male BALB/c mice weighing 20-25 g were supplied by
Experimental Animal Center in Tongji Medical College. Their
age ranged 6-8 wk. The animals were fasted for 12 h with
free access to water and randomly divided into GdCl3 injection
plus I/R injury group (blockade group), saline solution
injection plus I/R injury group (non-blockade group), and
sham operation group (sham group). The animals in blockade
group received injections of GdCl3 solution (0.1 mmol/kg
body weight, Sigma, USA) via tail vein once every 24 h for
two times. The operation was performed 24 h after the last
injection. The animals in non-blockade group were injected
saline solution as control. Mice were anesthetized with
pentobarbital (60 mg/kg). Laparotomy was performed
through a midline incision and an atraumatic clip was placed
across the hepatic hilar to interrupt blood supply to the left
and median lobes of the liver. After 60 min of partial hepatic
ischemia, the clip was removed to initiate hepatic reperfusion.
Sham group mice underwent the same protocol as the control
group without vascular occlusion. After the tissue was
removed, animals were euthanized by injection of an overdose
of pentobarbital. All studies were approved by the Institutional
Animal Care and Use Committee of  Tongji Medical College.

Detection of KC function variation after injection of GdCl3 by
CD68 stain

Liver samples from ischemic lobes were taken after 4 h of
blood supply restoration and immediately fixed with 40 g/L
formaldehyde, dehydrated, and embedded in paraffin for
immu-nohistopathologic examination. Four micrometers of
thick sections were stained with anti-CD68 Ab (Boster Bio.
Co., Wuhan, China). The results were analyzed with a HPIAS
pathological image analyzer and expressed as optical density
integral (OPTDI).

Detection of TLR2 protein in ischemic hepatic lobes
Membrane proteins of ischemic liver tissues (100 mg) were
extracted (1× PBS, 10 mL/L NP40, 5 g/L sodium desoxycho-
late, 1 g/L sodium dodecyl sulfate, 10 g/L phenylmethylsulfonyl
fluoride, 30 mL/L aprotinin, 1 mol/L sodium orthovanadate).
After quantification and aliquot, the samples were degenerated
by boiling, separated on 85 g/L SDS-PAGE and transferred
to nitrocellulose membranes. Filters were blocked 50 g/L nonfat
milk in blocking buffer (TBS-T, 50 mmol/L Tris-Cl, pH 7.5,
150 mmol/L NaCl, 0.2 g/L Tween 20), and incubated with
anti-TLR2 antibody (Santa Cruz, CA, USA) for 2 h and
with peroxidase-conjugated secondary antibody for 1 h at
37 . Specific bands were revealed with DAB solution and
analyzed by Gel-Pro-Analyzer 4 as the value of A.

Other 4-µm-thick sections were stained with a goat
antimouse TLR2 polyclonal antibody (Santa Cruz, CA, USA).
The results were expressed as OPTDI and analyzed with a
HPIAS pathological image analyzer.

The relationship between the expressions of CD68 and
TLR2 was analyzed with Spearman, bivariate assay.

Examination of ALT and TNF-ααααα in portal vein after injection of
GdCl3

Blood samples from portal vein were taken for assay of
plasma alanine aminotransferase (ALT) and TNF-α level.
The ALT activity was determined by an automatic
biochemistry analyzer (HITACHI 2000, Japan) in Laboratory
of Union Hospital. TNF-α level was assayed by an ELISA
kit (JINGMEI Bio. Co., China).

Statistical analysis
All numeric data were expressed as mean±SD. Differences
between blockade and non-blockade groups were analyzed
by t-test with SPSS 10.0 software. The correlation between
CD68 staining and TLR2 expression was analyzed with
Spearman assay. P<0.05 was considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

Variation of KC function after injection of GdCl3

When KCs were blocked with GdCl3, the CD68+ reaction
was weaker in blockade group than in non-blockade group
(Figure 1A). CD68 content was shown as absolute value
OPTDI (Area×OPTDM), which was 32.97±10.55 vs 185.65
±21.88. The difference between them was significant
(P<0.01), suggesting that the function of  KCs was inhibited
in blockade group.

Detection of TLR2 in ischemic hepatic lobes by immunological
stain
The positive immunoreaction of TLR2 in slices was weaker
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in blockade group than in non-blockade group (Figure 1B),
which was shown as OPDTI (75.74±17.44 vs 170.58±25.14).
The difference between them was significant (P<0.01).

Figure 1  Effect of GdCl3 injection on CD68 (A) and TLR2 (B) expression in
blockade and non-blockade groups. bP<0.01 vs non-blockade group.

Variation of TLR2 protein expression in ischemic hepatic lobes
After 4 h restoration of blood supply, the expression of
TLR2 protein, which was detected by Western blot increased
in the non-blockade group compared to sham group (A:
433.91±35.53 vs 52.86±13.58, P<0.01). The injection of
GdCl3 significantly down regulated the expression of TLR2
in ischemic lobes compared to the non-blockade group
(125.89±15.49 vs 433.91±35.53, P<0.01, Figure 2). Correlation
analysis indicated that the downregulation of TLR2 expression
between blockade and non-blockade groups was correlated
with that of CD68 (r = 0.745, P<0.05).

Figure 2  Detection of TLR2 expression by Western blot. bP<0.01 vs non-
blockade group, dP<0.01 vs sham group.

Effect of GdCl3 injection on portal vein plasma ALT and serum
TNF-ααααα
After 4 h restoration of  blood supply, the level of  ALT in
portal vein, an indicator of liver function, was higher in
non-blockade group than in sham group (890.21±272.91
U/L vs 40.66±15.42 U/L, P<0.01).The value in blockade

group decreased to 435.89±178.37 U/L. The difference
between blockade and non-blockade groups was significant
(P<0.01, Figure 3A).

The serum TNF-α level in portal vein was higher in
non-blockade group than in sham group (112.32±17.56 ng/L
vs 6.07±5.33 ng/L, P<0.01) after 4 h blood supply restoration.
When the function of KCs was blocked by injection of GdCl3,
the level of portal vein TNF-α was decreased remarkably
(84.45±14.73 ng/L vs 112.32±17.56 ng/L, P<0.01), which
might be an indirect indicator of KC inhibition (Figure 3B).

Figure 3  Portal vein ALT (A) and TNF-α (B) levels. bP<0.01 vs non-blockade
group, dP<0.01 vs sham group.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

KCs play an important part in mediating ischemia and
reperfusion injury[15]. When activated during ischemia and
subsequent reperfusion, they generate excessive inflammatory
cytokines and oxygen-derived free radicals, which play a
particularly important role in the pathogenesis of hepatic
ischemia and reperfusion injury with an increased release
of  TNF-α and histological impairment. GdCl3, a specific
inhibitor of KCs, is often used as a tool for studying the role
of KCs[16]. GdCl3 is capable of protecting liver from injury
mediated by the activation of KCs through depletion of
lipid peroxidation. In the present study, injection of GdCl3
selectively inhibited the activation of KCs, but did not induce
hepatotoxicity. On the contrary, the impairment of  liver
function was relieved.

TLR2 can be activated during the process of hepatic I/R
injury[10]. When TLR2 is activated, its cytoplasmic portion
would conduct signals to two distinct signaling pathways,
JNK and NF-κB, resulting in the proinflammatory cascade
and excessive production of TNF-α[17]. TLRs recognize
two kinds of signals. One is related to pathogen-associated
molecular pattern molecules, which claims the existence of
pathogens[9]; the other is linked with some danger signals
inside or outside the body, which does not need the existence
of pathogens[18]. Hypothesis infers that TLRs may be the
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candidate of a key “gate” through which the down stream
inflammatory cascade is initiated[17]. TLR2 and TLR4 are
activated in liver I/R injury[10,11], but the factors regulating
the expression of TLRs have not been revealed.

Previous study has proved that NF-κB activation may
be important in “switching off” the cytokine cascade during
I/R injury. TNF-α plays a central role in mediating such an
insult[7]. Nevertheless, what happens preceding the NF-κB
activation and TNF-α release? Where is the switch point
that starts a crucial inflammatory cascade involving the
activation of NF-κB during the I/R pathological process?
Activation of TLR2 results in the activation of NF-κB[17],
and NF-κB activation in the liver could be downregulated
by KC blockade. In this paper, we confirmed that blocking
the function of KCs downregulated the expression of TLR2
in ischemic lobes in mice partial hepatic I/R model, and the
levels of  TNF-α and ALT in portal vein decreased at the
same time, suggesting that inhibition of  KC function may
protect liver from I/R injury by suppressing the release of
TNF-α through downregulation of TLR2 expression. On
the other hand, KCs might play an important role in mediating
liver injuries and inflammatory disorders in the liver by
changing the TLR2 signal transduction pathway. But
compared to the sham group, the levels of portal vein TNF-
α and ALT were still higher in blockade group, indicating
that besides activation of KCs there are other factors
regulating the expression of TLR2. Whether KCs themselves
or cytokines secreted by KCs regulate the expression of
TLR2 in ischemic lobes remains unclear.

KCs are major contributors to cytokine production in
hepatic I/R injury[15]. Although many factors, including
reactive oxygen species, Ca++ overload, adhesive molecules,
nitrogen monoxide, etc, contribute to the pathogenesis of
hepatic I/R injury, all these factors exert their role after the
activation of KCs and the resulting inflammatory cascade[3].
Further study on inflammatory reaction controlled by TLRs
and KCs may resolve the enigma of hepatic I/R injury.
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