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Abstract

AIM: To investigate the role of P-selectin, intercellular
adhesion molecule-1 (ICAM-1) and dendritic cells (DCs)
in liver/kidney of rats with hepatic/renal ischemia-
reperfusion injury and the preventive effect of anti-P-
selectin lectin-EGF domain monoclonal antibody (anti-PsL-
EGFmAb) on the injury.

METHODS: Rat models of hepatic and renal ischemia-
reperfusion were established. The rats were then divided
into two groups, one group treated with anti-PsL-EGFmAb
(n = 20) and control treated with saline (n = 20). Both
groups were subdivided into four groups according to
reperfusion time (1, 3, 6 and 24 h). The sham-operated
group (n = 5) served as a control group. DCs were
observed by the microscopic image method, while P-selectin
and ICAM-1 were analyzed by immunohistochemistry.

RESULTS: P-selectin increased significantly in hepatic
sinusoidal endothelial cells and renal tubular epithelial
cells 1 h after ischemia-reperfusion, and the expression
of ICAM-1 was up-regulated in hepatic sinusoid and renal
vessels after 6 h. CD1a+CD80+DCs gradually increased in
hepatic sinusoidal endothelium and renal tubules and
interstitium 1 h after ischemia-reperfusion, and there was
the most number of DCs in 24-h group. The localization
of DCs was associated with rat hepatic/renal function.
These changes became less significant in rats treated

with anti-PsL-EGFmAb.

CONCLUSION: DCs play an important role in immune
pathogenesis of hepatic/renal ischemia-reperfusion injury.
Anti-PsL-EGFmAb may regulate and inhibit local DC
immigration and accumulation in liver/kidney.

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

Hepatic/renal ischemia-reperfusion injury is very common
clinically, but the exact mechanism is unknown[1-6]. Recently,
it has been reported that cell adhesion molecules play a
crucial role in ischemia-reperfusion injury by mediating the
interaction of polymorphonuclear neutrophils with
endothelium[7-12]. There are evidences that inhibition of the
activities of adhesion molecules especially selectins prevented
leukocyte adhesion, migration and recruitment[12-15]. In
addition, dendritic cells (DCs) and their biological functions
have also been implicated in inflammatory diseases,
autoimmune diseases, graft rejection and tumors[16-21]. Thus,
the roles of DCs in adhesion and migration have attracted
great interest because of  the observations that their
migration into inflamed tissue is mediated by P- or E-selectins
and that they play an important initiating and modulating
role in immune responses within inflamed tissues[15,17-21].
However, the roles of DCs involved in leukocyte infiltration
and immune pathogenesis of hepatic/renal ischemia-
reperfusion injury are largely unknown. In view of the
previous studies[22,23], we further investigated the roles of
P-selectin, intercellular adhesion molecule-1 (ICAM-1) and
DCs in rat hepatic/renal ischemia-reperfusion injury and
the preventive effect of anti-P-selectin lectin-EGF domain
monoclonal antibody (anti-PsL-EGFmAb) on the injury.



MATERIALS AND METHODS

Reagents
The antibodies and reagents used in the experiments included
goat anti-mouse CD1a polyclonal antibody (Santa Cruz
Biotech Co., California, USA), rabbit anti-mouse CD80
polyclonal antibody (BD Biotech Co., San Diego, CA), anti-rabbit
IgG-FITC and anti-goat IgG-RPE (Jackson Co., Baltimore,
USA), P-selectin and ICAM-1 immunohistochemistry LSAB
kits (Mei Hua Biotech Development Co., Beijing, China),
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), blood urea nitrogen (BUN), serum
creatinine (SCr) kits (Shanghai Institute of Medical and
Chemistry, Shanghai, China) and anti-PsL-EGFmAb was
produced in-house[24].

Animal models
Ninety male Wistar rats (Shanghai Experimental Animal
Centers of Chinese Academy of Sciences), weighing 200±10 g
were given free access to food and water for three days
before the experiments. The rats were anesthetized with
2.5% sodium pentobarbital intraperitoneally and randomly
divided into two groups. In group one (n = 40), the ligament
linking liver, diaphragm and abdominal wall were separated,
then portal vein and liver artery that drain blood to left
hepatic lobe were blocked with a microvascular clamp for
60 min. After that the clamp was removed, and reperfusion
occurred. In group two (n = 40), the left renal artery was
blocked with a microvascular clamp for 60 min, then the
clamp was removed and reperfusion started. The right
kidney was cut off before the procedure. The two groups
were then randomly divided into two subgroups, one treated
with anti-PsL-EGFmAb (anti-PsL-EGFmAb-treated group,
n = 20) and one treated with normal saline only (saline-
treated group, n = 20). Anti-PsL-EGFmAb (2 mg/kg) or
normal saline was injected intravenously 5 min before
reperfusion. Five rats in each group were sacrificed
respectively at 1, 3, 6 and 24 h after reperfusion. Sham-
operated rats with anesthesia and opening of celiac cavity
but without blocking of hepatic or renal blood flow (n = 10)
were used as controls.

Collection and measurement methods of specimens
Blood, hepatic and renal tissues were collected at different
time points. Levels of  serum AST, ALT, BUN and SCr
were measured with a 747 automatic analyzer (Hitachi
Boehringer Mannheim, Mannheim, Germany). Hepatic and
renal tissue samples were fixed in 10% formalin and
embedded in paraffin. Sections were cut 5 m thick and
stained with hematoxylin and eosin for light microscopic
examination. Expression of P-selectin and ICAM-1 in
hepatic/renal tissue was detected by an immunohistochemistry
method with an LSAB kit.

Distribution of DCs in hepatic and renal tissues
Dual-label immunofluorescence staining for microscopic
image analysis was used[25]. Hepatic and renal tissue sections
were washed with PBS, and then blocked with 0.3% BSA
for 20 min. The sections were incubated with the appropriate
concentration of goat anti-mouse CD1a polyclonal antibody

and rabbit anti-mouse CD80 polyclonal antibody overnight
at 4 ℃. Subsequently, the sections were washed with PBS,
and added with the appropriate concentration of anti-rabbit
IgG-FITC and anti-goat IgG-RPE antibodies respectively.
The sections were incubated for 1 h at 37 ℃, washed with
PBS and then sealed. PBS was used as a negative control.
DCs were observed by a microscopic image method. CD1a
was positively stained by red-fluorescence and CD80 by
green-fluorescence. Cells with dual staining as shown by
yellow-fluorescence represented DCs. All data were input
into the KS400 imaging process system and software (Vet
3.0), and the area, number and density of DC yellow-
fluorescence were analyzed.

Statistical analysis
The data were presented as the mean±SD for each group.
All analyses were performed using the SPSS 10.0 program.
Correlation analysis and Student’s t test were used. P<0.05
was considered statistically significant.

RESULTS

Histopathologic evaluation
Grossly the left hepatic lobe was more swollen than the
right lobe, and both were dark in color 1 h after reperfusion
in the saline-treated group. Interstitial congestion and
infiltration of  inflammatory cells were observed under the
light microscope. The renal cortices were pale, and the renal
medullae displayed blood stagnation and were dark 1 h after
reperfusion in the saline-treated group. Edema, degeneration
with different extents and necrosis of renal tubular epithelial
cells were observed under  the light microscope.
Simultaneously, interstitial congestion, edema and infiltration
of inflammatory cells were also found. However, the gross
appearance of the liver and kidney in the anti-PsL-
EGFmAb-treated group was similar to that in the sham-
operated group. No degeneration, necrosis, and interstitial
changes appeared in hepatic cells and tubular cells except
for swelling.

Hepatic and renal function evaluation
The serum levels of  ALT (628±91 /L) and AST
(1608±199 /L) 24 h after hepatic reperfusion were much
higher in the saline-treated group than those in the sham-
operated group (52±11 /L and 80±17 /L respectively,
P<0.01). The group treated with anti-PsL-EGFmAb had
significantly low levels of  ALT (156±21 /L) and AST
(325±37 /L) compared to the saline-treated group (P<0.01).

The levels of BUN (14.54±0.67 mmol/L) and SCr
(102.12±4.67 mol/L) 24 h after hepatic reperfusion were
much higher in the saline-treated group than those in the sham-
operated group (7.88±0.57 mmol/L and 39.00±4.47 mol/L
respectively, P<0.01). However, the anti-PsL-EGFmAb-
treated group presented with significantly low levels of BUN
(8.78±0.46 mmol/L) and SCr (45.62±3.17 mol/L)
compared to the saline-treated group (P<0.01).

Expression of adhesion molecules in hepatic and renal tissues
P-selectin was expressed widely in hepatic and renal tissues
1 h after reperfusion, which was mainly distributed in hepatic
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sinusoidal endothelium and tubular epithelium as yet
maintained low level at 24 h after reperfusion. In addition,
it was also expressed on part of hepatic cellular membrane,
glomerular mesangium, capillary loops, and interstitium.
ICAM-1 was continuously and increasingly up-regulated on
hepatic sinusoidal endothelium and renal interstitium.
However, treated with anti-PsL-EGFmAb, there were no
obvious expressions of P-selectin and ICAM-1 in the hepatic
and renal tissues of the rats.

DC distributive patterns in hepatic and renal tissues
CD1a+CD80+DCs were rarely distributed in hepatic and
renal tissues in the sham-operated group, but largely increased
in the saline-treated group as demonstrated by the imaging
analysis (P<0.01) (Figure 1A-D and Tables 1, 2). Further
results found that DCs were mainly distributed in hepatic
sinusoids and renal interstitium. CD1a+CD80+DCs gradually
increased from 1 h after reperfusion and reached the
peak at 24 h (P<0.01) (Table 3). The number of
CD1a+CD80+DCs in hepatic and renal tissues were
markedly reduced in the anti-PsL-EGFmAb-treated group
compared to the saline-treated group (P<0.05) especially at

24 h after reperfusion (P<0.01) (Figure 1 E-F, Table 3).

Table 1  Dendritic cell distribution in rat hepatic tissue among the
three groups

Group                        n           Area (mm2) of            Number of       Density (n/mm2) of
          CD1a+CD80+ DCs  CD1a+CD80+ DCs  CD1a+CD80+ DCs

Sham­operated       5           415.8±259.4                 98.5±56.8             626.4±291.5

Saline­treated       20       3 542.6±2 435.8d      1 035.6±984.2d          2 654.3±1 025.4d

Anti­PsL                 20       1 982.7±1 456.4b,f          625.4±341.3b,f                962.8±659.1b,f

­EGFmAb­treated

bP<0.01, dP<0.001 vs sham­operated group; fP<0.01 vs saline­treated group.

Table 2  Dendritic cell distribution in rat renal tissue among the
three groups

Group                         n              Area (mm2) of           Number of     Density (n/mm2) of
              CD1a+CD80+DC    CD1a+CD80+DC    CD1a+CD80+DC

Sham­operated       5              356.3±232.0                84.5±63.7              575.3±280.1

Saline­treated       20          2  726.9±1 678.4d                866.9±685.4d          1 647.5±1 376.8d

Anti­PsL                 20          1 610.7±1 025.3b,f         383.4±257.6b,f        932.6±754.1b,f

­EGFmAb­treated

bP<0.01, dP<0.001 vs sham­operated group; fP<0.01 vs saline­treated group.

Figure 1 Dendritic cell distribution in each group (×1 200). A: DCs were rare in rat hepatic tissue after reperfusion in the sham-operated
group; B: DCs were rare in rat renal tissue after reperfusion in the sham-operated group;C: DCs increased in rat hepatic tissue after
reperfusion in the saline-treated group; D: DCs increased in rat renal tissue after reperfusion in the saline-treated group; E: The number of
DCs in rat hepatic tissue after reperfusion was smaller in the anti-PsL-EGFmAb-treated group than in the saline-treated group; F: The number
of DCs in rat renal tissue after reperfusion was smaller in the anti-PsL-EGFmAb-treated group than in the saline-treated group.

Table 3  Dendritic cell distribution at different time points after reperfusion between saline-treated and anti-PsL-EGFmAb-treated groups

CD1a+CD80+ DCs (n/mm2) in rat hepatic tissue         CD1a+CD80+ DCs (n/mm2) in rat renal tissue
         n

            Saline­treated               Anti­PsL­EGFmAb­treated Saline­treated             Anti­PsL­EGFmAb­treated

  1 h          5            1 239.7±965.2            632.7±425.3a 1 076.4±563.9            573.5±376.8a

  3 h          5            1 364.5±1 025.4            671.9±654.1a 1 132.5±925.7            659.8±475.2a

  6 h          5            1 748.9±1 085.1            967.2±977.5a 1 435.6±952.8            975.3±612.8a

24 h          5            3 428.6±1 594.5d        1 249.4±872.9 b 2 864.3±2041.5d                                1 256.2±956.4 b

aP<0.05, bP<0.01 vs saline­treated group, dP<0.01 vs 1 h, 3 h or 6 h group.

A C

D E

B

F



Relationship between DCs in hepatic/renal tissues and hepatic/

renal functions
The correlation analysis showed that the number of DCs
in rat liver and kidney was associated with ALT, AST, BUN
and SCr (r = 0.338, 0.339, 0.412 and 0.526 respectively, all
P<0.05).

DISCUSSION

Recent studies have indicated that the interactions of
leukocytes with endothelium mediated by cell adhesion
molecules, which form the adhesion cascade, are the critical
multistep processes of  leukocyte firm adhesion, activation
and release of inflammatory mediators, which play an
important role in hepatic/renal ischemia-reperfusion
injury[1-15,21-23]. P-selectin mediates the initial, low-affinity
leukocyte-endothelial cell interaction that is manifested as
leukocyte rolling. This transient binding results in further
leukocyte activation and subsequent firm adhesion and
transendothelial migration of leukocytes, both of which are
mediated by interactions between ICAM-1 and other specific
adhesion molecules[26-29]. It has been demonstrated that
blockade of P-selectin or ICAM-1 expression with their
ligands attenuated leukocyte adherence and infiltration during
ischemia and reperfusion injury[14,30-34]. Recently, DCs have
attracted great interest in immune responses or tolerance
and diseases as well as their modulating mechanisms to
migrate inflamed tissue[16,19-21,35,36]. Pendl et al[19], found that
DC migration into inflamed tissue was mainly mediated by
P- or E-selectin at very early stage of inflammation,
suggesting that DCs also play an important role in the
initiation and modulation of the inflammatory response in
tissues. However, the roles of DCs in the hepatic/renal
ischemia-reperfusion injury and P-selectin in mediating DC
migration into the hepatic and renal tissues are not clear so
far.

In our study, hepatic and renal tissues appeared with
significant pathologic damage after ischemia-reperfusion,
including cell swelling, interstitial congestion and
inflammatory cell infiltration, with the increased serum levels
of  ALT and AST, BUN and SCr. We also found that the
expressions of P-selectin and ICAM-1 were time-dependent
in the hepatic and renal tissues. P-selectin was markedly
expressed on hepatic sinusoidal endothelium and renal
tubular epithelium in the early stage of hepatic/renal
reperfusion, and was maintained at a lower level in the late
stage. ICAM-1 was mainly expressed on hepatic sinusoidal
endothelium and renal tubular epithelium in the late stage
of reperfusion. Moreover, P-selectin and ICAM-1
expressions in hepatic and renal tissues were down-regulated,
and paralleled the improvement of hepatic/renal functions
and the decrease of pathologic damage when anti-PsL-
EGFmAb was injected into rats before reperfusion. It has
been reported that leukocyte rolling and recruitment was
delayed when P- or E-selectin deficient mice were infected.
In addition, ischemia-reperfusion induced by renal injury
was markedly attenuated in ICAM-1 deficient mice[20,26,37].
Here we revealed that P-selectin and ICAM-1 played an
important role in inflammation initiated by leukocyte rolling,
adhesion and recruitment into injured tissue. In addition,

this study indicated that blockade of P-selectin and the early
events of leukocyte adhesion attenuated inflammatory cell
infiltration and pathologic damage, consistent with previous
studies that blockade of P-selectin inhibits platelet and its
activation and improves hepatic/renal functions after
ischemia-reperfusion injury[38,39-42].

DCs are the most potent antigen-presenting cells that
have many biological functions involved in many
inflammatory processes[15,16,20,21]. In this study, we performed
CD1a and CD80 dual-label immunofluorescence staining
for the analysis of DC migration into hepatic and renal
tissues, and found that CD1a+CD80+DCs were significantly
recruited into hepatic and renal tissues of the saline-treated
group, but were rare in the sham-operated group.
CD1a+CD80+DCs were mainly distributed in the hepatic
sinusoids and renal interstitium in agreement with acute
immune inflammation of hepatic sinusoids and renal
interstitial damage. Our results suggest that DCs may be
involved in neutrophil infiltration within the liver and kidney
in the early stage of ischemia-reperfusion because their
numbers paralleled hepatic and renal damage. Furthermore,
we found that CD1a+CD80+DCs started to accumulate
within the hepatic and renal tissues 1 h after reperfusion
and reached the peak at 24 h after reperfusion, matching with
the increasing hepatic and renal damage. CD1a+CD80+DC
distribution and populations within hepatic and renal tissues
were positively associated with hepatic and renal functions,
indicating that DCs play a major role in hepatic/renal
reperfusion injury. The potential mechanisms of DCs’ insult
on the liver and kidney after the onset of reperfusion might
be that they migrate into the injured hepatic sinusoids and
renal interstitium, subsequently activate CD4+T cells and
allow them to release pro- and anti-inflammatory cytokines,
which initiate and maintain the local inflammatory response
and tissue injury [2,5,43-46].

It is generally assumed that biological functions of DCs
are associated with their homing, which are mediated and
modulated by different time-dependent adhesion molecules
and chemokines and their interactions[16,19,21,35,47-50]. Our
results of P-selectin and ICAM-1 expression at high levels
within the l iver and k idney were consistent with
CD1a+CD80+DC distribution in hepatic sinusoids and renal
tubular interstitium and tissue injury. However, we showed
that P-selectin and ICAM-1 expressions were inhibited,
CD1a+CD80+DC populations were reduced and the injury
was attenuated in hepatic and renal tissue in anti-PsL-
EGFmAb-treated group. These results support the
hypothesis that DC infiltration and accumulation is related
to P-selectin and ICAM-1 expression and mediation, and
suggest that P-selectin and ICAM-1 adhesion cascade
mediate DC migration into hepatic and renal tissues, initiating
immune inflammation in hepatic/renal ischemia-reperfusion
injury. Furthermore, blockade of  P-selectin and ICAM-1
inhibits the migration of the DCs of adhesion cascade to
the hepatic and renal tissues, and thus attenuates hepatic
and renal pathological damage[48,51,52].

In conclusion, DCs play an important role in immune
pathogenesis of hepatic/renal ischemia-reperfusion injury.
Anti-PsL-EGFmAb may regulate and inhibit local DC
immigration and accumulation in liver/kidney. These
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findings may be important to further elucidate the
mechanisms of hepatic/renal ischemia-reperfusion injury
and to explore an efficient approach of anti-adhesive
intervention.
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