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The relationship between hepatic ischemia-reperfusion
(I-R) and subsequent injury through neutrophil accumu-
lation is well described. Although alterations in reticu-
loendothelial system (RES) function (specifically Kupffer
cell function) after I-R have been delineated, the degree to
which discrete components of RES function (phagocytosis
and killing) are independently modulated under these
conditions has not been quantified. A hepatic segmental
I-R model was established in mice, in which blood supply
to the left lateral lobe of the liver was occluded for 45
minutes, the liver was reperfused, and the laparotomy
incision was closed. Experimental animals were pretreated
with either vinblastin (1.5 mg/kg) to induce neutropenia
or anti–P-selectin monoclonal antibody (mAb; 50
�g/mice) 4 days and 5 minutes before ischemia, respec-
tively. We previously reported that after intravenous
injection of chromium 51 (51Cr) and iodine 125 (125I)
double-labeled Escherichia coli, hepatic 51Cr levels could
be used to reliably quantify hepatic phagocytic clearance
(HPC) of bacteria from blood, whereas the subsequent
release of 125I from the liver accurately paralleled hepatic
bacterial killing efficiency (HKE). Using this double-label
bacteria clearance assay, HPC and HKE were depressed
after I-R, in association with hepatic neutrophil accumu-
lation. Segmental I-R resulted in decreased HPC and
HKE activity in both ischemic and nonischemic hepatic
lobes. Depressions in HPC and HKE were attenuated by
either vinblastin-induced neutropenia or blocking neu-
trophil adhesion to the hepatic endothelium with anti–P-
selectin mAb. These findings support the hypothesis that
I-R induces hepatic RES dysfunction, at least in part,
through P-selectin–mediated neutrophil accumulation.
(Liver Transpl 2003;9:940-948.)

The reticuloendothelial system (RES) is composed
primarily of macrophages resident in the liver

(Kupffer cells [KCs]), spleen, and lung (alveolar mac-

rophages) and is an important component of host
defense against invasive pathogens.1 The liver is the
principle anatomic site of RES activity and is responsi-
ble for approximately 80% of total-body RES func-
tion.2

During the past three decades, liver transplantation
has evolved from an experimental attempt to salvage
desperately ill patients dying of liver failure to preferred
definitive therapy for a defined population of patients
with acute or chronic liver disease. Despite advance-
ments in preoperative, intraoperative, and postopera-
tive patient management and refinements in immuno-
suppressive protocols that have resulted in improved
patient survival, postoperative sepsis has been docu-
mented in the majority of liver recipients.3 Infection
remains the predominant cause of posttransplantation
morbidity and mortality.4-6 The risk for infectious
complications after liver transplantation has been
reported to be between 50% and 83%.4-7 Proportion-
ally, the incidence of septic events seems to be greater
than in recipients of other types of transplanted organs
(i.e., kidney or heart) who undergo similar or often
more intensive regimens of systemic immunosuppres-
sion.

We previously reported that hepatic RES function,
quantified by the liver’s capacity to phagocytose and kill
circulating bacteria or fungi, is altered after liver trans-
plantation in the rat.7 However, these experimental ani-
mal models have not attempted to discriminate the
relative contributions of the components of the entire
transplantation process, including hepatic ischemia-
reperfusion (I-R), replacement of resident donor
phagocytes by bone-marrow–derived monocytes from
the host allograft, and rejection.8 Using a murine
model, segmental warm hepatic I-R experiments were
designed to quantify alterations in hepatic RES func-
tion specifically related to warm I-R.

The relationship between hepatic I-R and subse-
quent liver injury (parenchymal cell and endothelial
cell) is well described. A major component of I-R injury
is caused by the generation of reactive oxygen interme-
diates (ROIs) and consequent neutrophil accumulation
and activation, which induces secondary endothelial
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cell injury.9-11 Studies have shown that leukocyte accu-
mulation is a critical determinant of hepatic I-R
injury,12-16 and P-selectin has an important role in
leukocyte adhesion after hepatic I-R.15,16 The leuko-
cyte-endothelial cell interaction that occurs after I-R
injury has been shown to be a causative factor in the
development of microvascular dysfunction and
release of such cytotoxic mediators as ROIs and a
variety of proteases.10,17-19 The importance of neu-
trophils in this pathophysiologic process is empha-
sized by the observation that neutropenia (induced
with vinblastin and/or an antineutrophil monoclonal
antibody [mAb]) results in markedly decreased
hepatic cell damage after I-R.20,21

Alterations in hepatic RES function have been vari-
ably modulated under conditions of cold or warm I-R.
Caldwell-Kenkel et al22 reported increased KC activity
after cold I-R.23 Rao et al23 suggested that the reperfu-
sion injury to the liver that occurs after cold ischemic
preservation damages endothelial cells and activates
KCs, which, in turn, initate a self-perpetuating injury
pathway). However, warm I-R has been associated with
either the activation or depression of KC function.24-26

These conflicting observations may be attributable in
part to differences in the assay selected to quantify KC
activity, as well as variability in the I-R model itself. As
a consequence of the procurement/preservation/im-
plantation process that occurs during liver transplanta-
tion, both cold and warm I-R events may have a role in
the alteration of hepatic RES function. Our studies
were limited to quantifying the effects of warm I-R,
which also is highly relevant to a number of other clin-
ical situations (e.g., vascular occlusion during hepatic
resection and transient hepatic hypoperfusion during
cardiogenic shock).

Recognizing that the KC is a pluripotent cell that
not only functions to remove pathogens and cellular
debris from the circulation, but also has an important
role in the local and systemic inflammatory response,
previous studies investigating hepatic RES clearance
function under conditions of warm I-R have been lim-
ited to measuring phagocytosis as a sole estimate of KC
activity. The double-labeled bacteria RES assay used in
the experiments described here is capable of further
resolving hepatic phagocyte function into its two
distinct component processes: phagocyte clearance
(phagocytosis) and degradation (killing).

We previously found that two components of the
phagocytosis of circulating microorganisms (phagocy-
tosis and killing) by the hepatic RES may be modulated
independently under conditions of RES activation or
suppression.2 The present study is designed to: (1) dis-

criminately quantify alterations in these two distinct
components of hepatic RES function after segmental
warm hepatic I-R in both the ischemic and adjacent
nonischemic liver, and (2) determine the degree to
which neutrophil-dependent mechanisms are responsi-
ble for this I-R–induced alteration in hepatic RES func-
tion.

Materials and Methods

Animals

Male AKR/J mice (body weight, 28 to 30 g) were purchased
from The Jackson Laboratory (Bar Harbor, ME) and kept in
a light-cycled vivarium with free access to food and tap water.
All experimental protocols were approved by the Animal Care
and Use Committee of The Johns Hopkins University School
of Medicine (Baltimore, MD).

Experimental Model of Lobar Hepatic I-R

Under methoxyflurane inhalation anesthesia, mice under-
went systemic anticoagulation using heparin (40 IU/100 g of
body weight), and a midline laparotomy was performed.
Blood supply to the left lateral lobe of the liver was occluded
with an atraumatic clamp for 45 minutes, after which the
clamp was removed, the liver was reperfused, and the laparot-
omy was closed.

Experimental Protocol

Sham-operated mice were subjected to the same surgical pro-
cedure, but the vessels were not occluded. Groups of I-R mice
received no pretreatment, vinblastin-induced (Velban7; Eli
Lilly & Co, Indianapolis, IN) neutropenia, or anti–P- selectin
mAb (Pharmingen Inc, San Diego, CA). Anti–P-selectin
mAb was injected at a dose of 50 �g intravenously 5 minutes
before inducing ischemia.

Hepatic RES Assessment in Vivo

To measure hepatic RES function, we discriminately quanti-
fied hepatic phagocytic clearance and killing using the dual-
labeled Escherichia coli clearance method previously described
and validated.2 Briefly, an ampicillin-resistant XLI-BLUE
strain of E coli (American Type Culture Collection, Rockville,
MD) grown on Mueller-Hinton agar were labeled with 0.1
mCi of 5-iodine 125 [125I] iodo-2�-deoxyuridine (125I-
UdR, IM-355V; Amersham, Arlington Heights, IL) in Tryp-
ticase soy broth (Becton Dickinson, Cockeysville, MD). Cul-
tures were incubated for 18 hours at 37°C, washed three times
with normal saline, pelleted, and incubated with 0.05 mCi of
sodium chromate (Na2

51CrO4; CIS-11; Amersham). Bacte-
ria concentration in suspension was adjusted to an optical
density of 0.6 (1.0 � 108 bacteria/mL) in a spectrophotome-
ter at 600 nm. Chromium 51 (51Cr) and 125I remained
bound to the bacteria (cytoplasm and DNA, respectively) for
at least 4 hours in vivo, as well as in vitro, and contained less
than 2% free 51Cr or 125I.2

941Hepatic RES Dysfunction After I-R
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Under methoxyflurane anesthesia, these double-labeled E
coli (4H108) were injected into the jugular vein of I-R or
control mice 1, 4, or 24 hours after laparotomy. Ninety min-
utes after injection of bacteria, mice were killed by cervical
dislocation. The liver was removed and ischemic and nonisch-
emic hepatic lobes were separated. After each lobe was
weighed, 51Cr and 125I content were determined by 1 minute
of gamma-counting of samples, using 50- to 175-keV and 0-
to 20-keV windows, respectively. As validated in previous
experiments, hepatic 51Cr content is an accurate indicator of
bacterial phagocytic clearance. In contrast to 51Cr, 125I-UdR
is released from the liver after bacterial cell death; thus,
hepatic 125I reflects the number of viable E coli remaining in
the liver. After hepatic 51Cr and 125I content had been nor-
malized by wet weight, hepatic phagocytic clearance (HPC)
and hepatic killing efficiency (HKE) were determined as fol-
lows:

HPC (%) � hepatic 51Cr/total injected dose of 51Cr

� 100

HKE (%) � (hepatic 51Cr B hepatic 125I)/hepatic 51Cr

� 100

Hepatic Myeloperoxidase

Hepatic myeloperoxidase (MPO) activity was used to esti-
mate neutrophil accumulation in the liver. In I-R experi-
ments, MPO activity was measured in both ischemic and
nonischemic lobes. MPO activity was determined spectro-
photometrically in 50 mmol/L of phosphate buffer (pH 6.0)
containing 0.165 mg/mL of o-dianisidine hydrochloride and
0.15 mmol/L of hydrogen peroxide. Change in absorption
per minute was determined at 460 nm.

Hepatic polymorphonuclear leukocyte accumulation. As an
additional indicator of hepatic neutrophil accumulation after
warm I-R, polymorphonuclear leukocytes (PMNs) were
quantified histologically in formalin-fixed paraffin sections of
the liver obtained at each reperfusion-sampling time point. A
commercially available kit (91-C; Sigma-Aldrich, St. Louis,
MO) was used to stain for sinusoidal and postsinusoidal-
sequestrated PMNs using the well-established napthol AS-D

chloroacetate esterase procedure according to the manufac-
turer’s directions. At least four random sections from each
group were analyzed by viewing (blindly) 50 random high-
power fields (HPFs; original magnification �400) on each
section. Results are expressed as number of PMNs/50 HPF.

Quantitative Measurement of P-Selectin
Expression in Vivo

The technique and validation of this assay have been previ-
ously described.27 Briefly, the binding mAb (RB40.34;
Pharmingen Inc) was labeled with 125I, and the nonbinding
(control) mAb (R3-34, Pharmingen Inc) was labeled with 131I
using the chloramine T method.28 Under methoxyflurane
anesthesia, the jugular vein was cannulated with a P-10 cath-

eter (Becton Dickinson, Sparks, MD), and a mixture of 10 �g
of 125I-labeled monoclonal antibody against P-selectin and an
equal volume of nonbinding immunoglobulin labeled with
131I were injected intravenously. After 5 minutes of circula-
tion, the mice were killed and the liver was flushed with 20
mL of cold heparinized phosphate-buffered saline buffer solu-
tion through the portal vein. The liver was excised and divided
into ischemic and nonischemic lobes. Samples of both isch-
emic and nonischemic liver were placed in cuvettes, and
residual radioactivity was determined in a 14800 Wizard 3
gamma-counter (Packard Instrument Co, Downers Grove,
IL). P-Selectin expression in ischemic and nonischemic lobes
was calculated by subtracting 131I from 125I.

Analysis of Data

Data are expressed as mean � SEM. Differences in means
were evaluated for statistical significance by Student’s t-test or
one-way analysis of variance (ANOVA). One-way ANOVA
was performed to assess differences in HPC and HKE among
the three groups. Separate t-tests with Bonferroni correction
were used to make pairwise comparisons of groups. P less than
.05 is considered significant.

Results

Neutropenia Induced by Vinblastin

To determine the optimal dose of vinblastin, separate
animals were administered an intravenous injection of
0.75, 1.5, or 3.0 mg/kg of vinblastin. After 4 days,
peripheral blood was sampled and neutrophil counts
were determined. Neutropenia was induced by vinblas-
tin at doses greater than 1.5 mg/kg. However, pancyto-
penia was induced by 3.0 mg/kg (Fig. 1). Therefore, a
vinblastin dose of 1.5 mg/kg was selected.

Segmental Hepatic I-R

Hepatic RES function. Hepatic I-R resulted in
decreased whole liver HPC of E coli, reflected by
decreased hepatic 51Cr content at 90 minutes compared
with the sham operation group. HPC decreased 1
through 4 hours after I-R, then returned to near-base-
line values by 24 hours after I-R (Fig. 2A). To discrim-
inate HPC in ischemic and nonischemic lobes, data for
each were normalized per gram of tissue. There was no
difference in mean lobar weights between the I-R group
and sham-operated group (data not shown). HPC in
ischemic and nonischemic hepatic lobes was depressed
compared with levels observed in livers recovered from
sham-operated mice. Maximal HPC suppression was
noted in the ischemic lobe. In both ischemic and non-
ischemic tissue, phagocytic activity reached a nadir 4
hours after I-R and had returned to near-normal levels
after 24 hours (Fig. 2B). One hour after reperfusion,

942 Sakamoto et al
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HKE in ischemic and nonischemic lobes was markedly
decreased compared with controls. Similar levels of
HKE depression were observed in ischemic and non-
ischemic lobes 4 hours after I-R. By 24 hours after I-R,
HKE in both lobes had returned to near-baseline levels
(Fig. 2C).

Hepatic neutrophil accumulation. Neutrophil recruit-
ment in postischemic liver was assessed by biochemical
(MPO activity) and histological (PMN staining) anal-

Figure 1. Peripheral-blood (A) leukocyte and (B) neutro-
phil counts 4 days after vinblastin treatment (mean �
SEM; n � 3 to 4 mice for each part).

‹
Figure 2. Depression of hepatic phagocytosis and killing
after hepatic I-R. (A) Whole-liver HPC of E coli deter-
mined 90 minutes after injection. Data expressed as per-
centage of controls. (B) Lobar HPC of E coli (hepatic 51Cr
content per gram of tissue) for sham, ischemic, and non-
ischemic liver. (C) Lobar HKE for sham, ischemic, and
nonischemic liver (mean � SEM; n � 4 to 5 mice. *P <
.05 v sham. **P < .01 v sham).

943Hepatic RES Dysfunction After I-R
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ysis. MPO activity in both ischemic and nonischemic
lobes was increased at 1, 4, and 24 hours after I-R. Peak
activity was noted at 4 hours, and for all times, MPO
activity in the ischemic liver exceeded that of nonisch-
emic liver (Fig. 3A). Similarly, PMN accumulation in
livers in both ischemic and nonischemic lobes was sig-
nificantly greater than in livers of sham-operated con-
trols at 1 and 4 hours after I-R (Fig. 3B).

P-Selectin expression in the liver. There were two peaks
of P-selectin expression occurring 30 minutes and 4
hours after reperfusion. Early increases in P-selectin

expression were significantly greater than those in
sham-operated controls only in the ischemic liver.
However, at 4 hours, both ischemic and nonischemic
liver had P-selectin levels substantially greater than con-
trol levels (Fig. 4).

Effect of Vinblastin and Anti–P Selectin mAb
Treatment

Neutrophil accumulation. The elevation in MPO
activity in the liver 4 hours after I-R was blocked by
either vinblastin-induced neutropenia or pretreatment
with anti–P-selectin mAb (Fig. 5A). Similarly, PMN
accumulation in livers 4 hours after I-R in either vin-
blastin or P-selectin antibody-treated mice was signifi-
cantly less than in livers of sham-control mice (Fig. 5B).

RES function. Vinblastin-induced neutropenia
restored post-ischemic HPC activity to normal levels in
I-R mice. Although vinblastin-induced neutropenia
resulted in HKE suppression in the absence of ischemia,
pretreatment of mice with vinblastin before I-R atten-
uated the suppression of HKE seen in untreated I-R
mice. Similarly, HPC and HKE depression after I-R
was attenuated by pretreatment with anti–P selectin
mAb (Fig. 6). RES function in control mice was not
affected by administration of the anti–P-selectin mAb
(data not shown).

Discussion

In our previous studies, distribution of dual-labeled E
coli in the liver, lung, and spleen was 75% to 80%, 3%

Figure 4. Lobar hepatic I-R results in increased P-selectin
expression in both ischemic and nonischemic lobes
(mean � SEM; n � 5. **P < .01 v sham).

Figure 3. Hepatic neutophil accumulation after I-R. (A)
MPO activity over time after hepatic I-R (mean � SEM;
n � 4 to 5 mice. **P < .01 v sham by ANOVA). (B) PMN
staining. Livers were subjected to 45 minutes of ischemia
(45I) and 60 or 240 minutes of reperfusion (60R or 240R)
in vivo. Paraffin sections were specifically stained for
PMNs as described in Materials and Methods, and PMNs
were counted in 50 HPFs. (Mean � SEM; n � 3 mice.
**P < .01 v sham by ANOVA).

944 Sakamoto et al
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to 5%, and 5% to 10%, respectively, supporting the
hypothesis that under normal conditions, clearance of
this pathogen from systemic circulation is dependent
largely on the phagocytosis and killing activity of resi-
dent hepatic macrophages (KCs).2 We also reported
that hepatic RES function, quantified by the liver’s
capacity to phagocytose and kill circulating bacteria or
fungi, is altered after liver transplantation in rats.7

However, the precise mechanism(s) responsible for
RES dysfunction after liver transplantation has not
been determined. These experiments therefore focused
on alterations in hepatic RES function (phagocytosis
and killing) specifically related to the process of warm

hepatic I-R, one unavoidable component of liver trans-
plantation.

Our data suggest that two distinct components of
hepatic RES function, phagocytic clearance and killing
of bacteria, are depressed after segmental warm hepatic
I-R. Although alterations in hepatic phagocytic func-
tion after hepatic I-R have been reported by others, to
our knowledge, suppression of phagocytic killing has
not been described previously.29-31 Importantly, our
studies show that hepatic RES function decreased not
only in the ischemic lobe, but also in the nonischemic
lobe.

A variety of mechanisms and cytotoxic mediators
have been implicated in I-R–dependent parenchymal
cell and endothelial cell damage, including ROIs, pro-
teases, cytokine release, adhesion molecule expression,

Figure 6. Attenuation of I-R–induced HPC and HKE
depression by vinblastin or anti–P-selectin mAb. (A)
Whole-liver HPC 4 hours after I-R. (B) HKE 4 hours after
I-R in ischemic and nonischemic liver (mean � SEM; n �
4 to 5. **P < .01 v I-R alone).

Figure 5. Effect of vinblastin and anti–P-selectin mAb
treatment. (A) Elevation in liver MPO activity after I-R is
blocked by pretreatment with vinblastin or anti–P-selec-
tin mAb (mean � SEM; n � 4 to 5 mice. *P < .05 v sham.
**P < .01 v sham). (B) PMN sequestration at 4 hours after
hepatic I-R was inhibited by pretreatment with vinblastin
or anti–P-selectin mAb (mean � SEM; n � 3 mice. *P <
.01 v nontreatment I-R controls).

945Hepatic RES Dysfunction After I-R
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and neutrophil accumulation.9,10,12-16,19-21,32-35 Infil-
trating neutrophils have been implicated as key media-
tors of I-R injury associated with numerous organs,
including the intestine, heart, brain, skeletal muscle,
and liver.21,36-39 The neutrophil is thought to have a
central role, given the evidence that neutrophil elimi-
nation with vinblastin or blocking of neutrophil activity
with mAb appears to be cytoprotective in the setting of
I-R.20,21 Our central hypothesis therefore was that RES
dysfunction after I-R also was neutrophil dependent, at
least to some degree. In this study, neutrophil accumu-
lation in postischemic liver was assessed by both bio-
chemical (MPO activity) and histological (PMN stain-
ing) analyses. Neutrophil accumulation increased from
1 to 4 hours after hepatic I-R. Strikingly, neutrophil
accumulation in nonischemic hepatic tissue also
increased with kinetics similar to those observed in isch-
emic liver. Moreover, peak MPO activity in ischemic and
nonischemic lobes correlated with a nadir of hepatic RES
(phagocytosis and killing) dysfunction. Finally, neutrope-
nia attenuated I-R–dependent hepatic RES dysfunction
in both ischemic and nonischemic lobes.

P-Selectin is an important adhesion molecule
expressed on the surface of endothelial cells that, in
turn, initiates rolling as an initial step in neutrophil
accumulation.40 Essani et al,41 Zibari et al,42 and oth-
ers43-46 have begun to define the role of hepatic P-selec-
tin expression in the pathophysiological state of shock
and I-R–induced injury. It has been reported that anti–
P-selectin can protect against hepatic I-R injury.47,48

Mice deficient for P-selectin showed a wide range of
protective effects, including decreases in PMN infiltra-
tion and platelet sequestration, decreased release in
serum transaminase levels, and improved animal sur-
vival after total hepatic ischemia.15 We determined that
after I-R, overall intrahepatic P-selectin expression was
augmented in a biphasic pattern. Within 30 minutes of
I-R, P-selectin expression was induced within the isch-
emic liver tissue, reaching levels significantly greater
than in controls.

In many tissues, P-selectin is stored in Weibel-
Palade bodies in endothelial cells and expressed on the
cell surface rapidly (posttranslationally) after stimula-
tion. However, liver sinusoidal endothelial cells have
been reported to contain no Weibel-Palade bodies.49

The first small peak of P-selectin expression may be
caused by expression within the terminal hepatic
venules and central collecting veins. To support this,
similar kinetics of P-selectin expression in the liver has
been shown to occur after exposure of the liver to lipo-
polysaccharide.50 However, this study was not designed
to address the specific intrahepatic localization of P-se-

lectin expression (or of leukocyte accumulation). A sec-
ond larger peak of P-selectin expression was seen 4
hours after I-R. At this time, P-selectin expression
increased significantly not only in the ischemic lobe,
but also in the adjacent nonischemic liver. This time
course corresponds to the well-known transcriptionally
regulated synthesis of new protein.51

One could speculate that upregulation of P-selectin
expression at this time might be induced by a soluble
mediator, such as tumor necrosis factor-� (TNF-�)
and/or interleukin-1 (IL-1) through a transcriptional
factor. Armstead et al,52 Essani et al,41 and others
reported that TNF-� and/or IL-1 induced elevation of
P-selectin messenger RNA levels in the liver. Further-
more, Scales et al53 reported that after segmental
hepatic ischemia tissue, TNF-� levels in nonischemic
liver increased. Similarly, Zizzi et al27 reported that
P-selectin levels in the nonischemic right kidney
increased significantly after isolated left renal I-R.

It was reported previously that blocking P-selec-
tin by pretreatment with anti–P-selectin mAb or
P-selectin glycoprotein-1 decreases hepatic PMN
accumulation (MPO activity) and protects against
hepatic I-R injury.47,54 In murine models, neutrophil
rolling in postischemic postsinusoidal venules is
completely blocked by anti–P-selectin mAb.42,55

Our data indicate that anti–P-selectin antibody sub-
stantially attenuates I-R–induced hepatic RES dys-
function. Moreover, vinblastin-induced neutropenia
also blunted the I-R–induced RES dysfunction in
this model.

Vollmar et al55 reported that postsinusoidal (but not
sinusoidal) neutrophil accumulation correlated with
hepatic I-R injury. It therefore would be reasonable to
suggest that anti–P-selectin mAb attenuates I-R–in-
duced hepatic RES dysfunction through blocking of
neutrophil accumulation, mainly within postsinusoidal
venules. This is consistent with the findings of Steinhoff
and Brandt,56 who found variability in intravascular
and interstitial expression patterns of adhesion mole-
cules in human liver allografts. P-Selectin expression
was upregulated after I-R–induced hepatic inflamma-
tion only on portal venous, central venous, and arterial
endothelium. However, sinusoidal cells remained P-se-
lectin negative under a variety of acute and chronic
inflammatory conditions after liver transplantation.56

Reported evidence suggests that leukocyte recruitment
into inflamed liver sinusoids does not required selectins,
with one notable exception: I-R.

Although our data are consistent with P-selectin–
mediated neutrophil accumulation after hepatic I-R, it
is arguable whether interventions directed against P-se-

946 Sakamoto et al
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lectin directly protect in any model of neutrophil-in-
duced liver injury. A recent report by Kubes et al16

provided an explanation for these contradictions. They
convincingly showed that reduced neutrophil accumu-
lation and tissue protection induced by P-selectin inter-
ventions in I-R models are secondary effects caused by
gut protection, rather than directly related to mecha-
nisms in the liver. Furthermore, they proposed that
antiadhesion therapy is effective in liver I-R in sinusoi-
dal and postsinusoidal venules, perhaps in part because
of a beneficial effect at the level of the intestine.

Despite our observations that neutrophil accumula-
tion impairs hepatic RES function after I-R, we recently
reported that leukocytes appear to be important pri-
marily to the phagocytic killing of systemically circu-
lating bacteria by the normal hepatic RES under phys-
iological conditions.57 Interestingly, elimination of
neutrophils has different effects on phagocytosis and
bacterial killing in controls compared with animals sub-
jected to hepatic I-R. The mechanism for these differ-
ent disparate observations cannot be defined by this
study, but could be attributed to either complex inter-
actions between leukocytes and KCs or, more likely,
greater neutrophil accumulation in the liver after I-R.

In summary, this study indicates that phagocytosis
and killing of E coli within the liver is depressed by up
to 50% after hepatic I-R, in association with hepatic
neutrophil accumulation. Segmental I-R results in
decreased phagocytic killing in both ischemic and non-
ischemic liver tissue. This I-R–dependent suppression
of distinct components of RES function is attenuated
by either vinblastin-induced neutropenia or blocking
neutrophil adhesion to hepatic endothelium with anti–
P-selectin mAb, indicating that I-R–induced hepatic
RES dysfunction is caused, at least in part, by P-selec-
tin–mediated neutrophil accumulation.
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