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ABSTRACT. Steatotic livers are more sensitive to ischemia/reperfusion (I/R) and are thus routinely rejected for
transplantation because of their increased rate of primary nonfunction (PNF). Lean livers have less I/R-induced
damage and inflammation due to Kupffer cells (KC), which are protective after total, warm, hepatic I/R with associ-
ated bowel congestion. This protection has been linked to KC-dependent expression of the potent anti-inflammatory
cytokine interleukin-10 (IL-10). We hypothesized that pretreatment with exogenous IL-10 would protect the steatotic
livers of genetically obese (ob/ob) mice from inflammation and injury induced by I/R. Lean and ob/ob mice were
pretreated with either IL-10 or liposomally-encapsulated bisphosphonate clodronate (shown to deplete KC) prior
to total, warm, hepatic I/R. IL-10 pretreatment increased survival of ob/ob animals at 24 hrs post-I/R from 30%
to 100%, and significantly decreased serum ALT levels. At six hrs post-I/R, IL-10 pretreatment increased IL-10
mRNA expression, but suppressed up-regulation of the pro-inflammatory cytokine IL-1� mRNA. However, ALT
levels were elevated at six hrs post-I/R in KC-depleted animals. These data reveal that pretreatment with IL-10
protects steatotic livers undergoing I/R, and that phagocytically active KC retain a hepatoprotective role in the
steatotic environment.
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iver transplant remains the only curative treatment for
cute and chronic irreversible liver failure [1]. Primary
onfunction/dysfunction (PNF), defined as irreversible
raft failure necessitating retransplantation or death not
temming from technical error or acute immunologic
ejection, has significant detrimental effects on patient
orbidity and mortality [2, 3]. Retransplantation necessi-

ates prolonged and expensive stays in intensive care units
hile exerting further demands on an already inadequate
onor pool [4].
ver 25% of donated livers are steatotic (hepatocyte lipid

ccumulation), with clear differences in survival following
iver transplantation and ischemia/reperfusion (I/R) injury
etween lean and fatty livers [5]. Donor livers with greater
han 30% fat content are considered to have a prohibitive
ate of PNF and a higher susceptibility for I/R injury, but
he underlying molecular and cellular mechanisms of fatty
iver transplant failure are not well understood [6, 7]. Fur-
hermore, while the damage that occurs in steatotic livers
s linked to a decreased ability to regenerate ATP after I/R

tress, and an increased sensitivity to proinflammatory fac-
ors, the mechanisms of these effects remain unresolved.
uring the anhepatic phase of a liver transplant proce-
ure; the portal vein is divided, followed by anastomosis of
0

the native portion to the donor organ. Despite techniques
for decompression of the splanchnic circulation, bowel
congestion secondary to reduced portal outflow remains
a feature of clinical transplantation [8]. Bacterial products,
in particular lipopolysaccharide (LPS, endotoxin), a com-
ponent of Gram-negative bacterial cell walls, are thought
to translocate across the bowel wall during portal venous
stasis. LPS levels have been shown to rise in the portal
vein after the anhepatic phase of clinical liver transplan-
tation, presenting as a bolus to the liver upon reperfusion
[9].
There exists a differential inflammatory response between
fatty and lean livers subjected to total, warm, hepatic
ischemia with bowel congestion, where bacterial products
(specifically LPS) translocate across the gut wall during the
ischemic phase and incite toll-like receptor 4 (TLR4) lig-
ands [10, 11]. LPS binds to TLR4 to stimulate activation
of liver sinusoidal endothelial cells (LSEC), with subse-
quent increases in inflammatory injury and hepatocellular
necrosis [12]. Kupffer cells (KC), the resident hepatic

macrophages, may maintain a homeostatic level of inflam-
mation within lean livers through production of IL-10, thus
suppressing LSEC activation and the immunopathologies
of I/R within lean mice [13]. In lean organs, pathological
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nflammation is limited except under severe insults. This
s not the case in steatotic livers where TLR4-dependent
athological levels of inflammation in reperfused steatotic
ivers may be due to a failure of these organs to properly
egulate inflammatory responses.

L-10 is a potent anti-inflammatory cytokine that limits the
roduction of proinflammatory cytokines and chemokines
y multiple cell types [14]. IL-10 production is key to
he regulation of leukocyte-endothelial cell interactions in
he setting of endotoxemia [15, 16]. IL-10 has also been
hown to reduce the incidence of hepatic injury after var-
ous insults, in particular those mediated through TLR4
ctivation [17, 18]. Importantly, it has been shown that
teatotic livers fail to significantly upregulate IL-10 expres-
ion in response to I/R [19-21]. This effect contrasts lean
ivers in which IL-10 expression increases dramatically
fter reperfusion [22].

raditionally, KC were thought to be involved in the hep-
tic I/R injury process via production of proinflammatory
ytokines and the production of reactive oxygen species
23, 24]. Many studies that have suggested a pathogenic
ole for KC in liver I/R injury utilized gadolinium chlo-
ide (GdCl3) to deplete or deactivate KC. Recently, it has
een proposed that GdCl3 impairs surface expression of
C markers such as F4/80, and promotes a phenotypic

hift within the KC population toward a less inflammatory
henotype [25, 26]. GdCl3 has also been shown to selec-
ively deplete large, highly active KC from the liver [27],

population that produces more superoxide and tumor
ecrosis factor alpha (TNF-�) in response to LPS than
ther populations.

ecent work in our laboratory found that KC are required
or protection of lean livers after hepatic I/R. Lean
ice subjected to total, warm, hepatic I/R with bowel

ongestion suffered significantly more liver injury when
epleted of KC beforehand by administration of liposome-
ncapsulated clodronate (LC) [28]. The liver injury was
ssociated with increased expression of proinflammatory
ytokines and adhesion molecules (i.e. interleukin 1 beta
IL-1�) and intercellular adhesion molecule 1 (ICAM-1))
ithin the liver, and a failure to increase IL-10 expression.
C depletion has also been shown to impair hepatic IL-
0 production after partial hepatectomy [29]. Additionally,
he IL-10 secreted by KC controls proinflammatory medi-
tors released from LSEC in response to LPS challenge
30]. Studies have indicated that macrophages in genet-
cally ob/ob mice possess an altered, pro-inflammatory,
henotype [31]. Furthermore, there is increasing evidence
hat the KC phenotype is altered in the setting of hep-
tic steatosis [32]. Thus, we hypothesized that impaired
C-production of IL-10 sensitizes steatotic livers to I/R

njury.

XPERIMENTAL PROCEDURES

nimal studies

ive-week-old, inbred C57BL/6J (lean) and B6.V-Lepob/J

obese) male mice were purchased from Jackson Labora-
ories (Jackson Laboratory, USA). The mice were allowed
ne week to acclimatize during which they were fed a stan-
ard diet ad libitum. At six weeks of age the mice were used
A.G. Sutter, et al.

for the I/R experiments. Obese mice of this age display
approximately 60% hepatic steatosis [33, 34].
All mice were housed three-to-four per cage in a
temperature-controlled room (22-25◦C), with a 12-hour
light-dark cycle, and provided with water and food avail-
able ad libitum. All experiments were performed under
sterile conditions, were approved by the Medical Univer-
sity of South Carolina Institutional Animal Care and Use
Committee (MUSC IACUC), and were in accordance with
National Institute of Health guidelines for laboratory ani-
mal usage.

Collection of tissue and sera

Blood samples were collected under isoflurane inhalation
anesthesia by sterile cardiac puncture. Mice were eutha-
nized by isoflurane followed by cervical dislocation. Livers
were promptly dissected from the animal. The median,
right, and caudate lobes were immediately snap-frozen in
liquid nitrogen and stored at -80◦C until analysis. The left
hepatic lobe was divided into several sections, and one of
these was stored in RNAlater (Qiagen, USA) for Quan-
titative Real Time RT-PCR analysis. All sections were
obtained in a similar fashion, by the same operator.

Warm I/R

Prior to surgery, mice were anesthetized with a single,
intraperitoneal injection of pentobarbital at 50 mg/kg body
weight. The abdomen was shaved and prepped with beta-
dine and 70% ethanol, and a small vertical incision through
the skin and peritoneum was made slightly to the right of
the animal’s midline, below the costal margin. A sterile cot-
ton swab was used to expose and delineate the porta-hepatis
and a pediatric vessel loop was drawn under and around the
portal triad. The vessel loop was then tightened to induce
total hepatic ischemia for 15 min, a time shown to produce
significant hepatic injury in ob/ob mice [35]. At the end
of the ischemia period, the vessel loop was removed, and
the portal vein, hepatic artery, and liver were observed for
restoration of blood flow (reperfusion). Sham operations
were performed on obese mice to control for the possibility
of increased sensitivity to mechanical manipulation. Sham
animals underwent all elements of the procedure except
ischemia. Warm, isotonic saline (0.5 mL) was administered
into the peritoneal cavity to compensate for intraoperative
fluid loss. Both layers of the incision, skin and peritoneum,
were closed with a running 5-0 proline suture. The animal
was immediately placed in a temperature-controlled recov-
ery cage, and allowed free access to food and water upon
waking. Surviving animals were monitored hourly follow-
ing surgery, and animals were sacrificed at six and 24 hrs
following reperfusion.

Kupffer cell depletion

When applicable, 48 hrs prior to ischemia, animals were
injected with 0.2 ml of the indicated doses of liposo-
mal clodronate (dichloromethylene biphosphonate, LC)
jen (www.clodronateliposomes.org) and was produced as
described elsewhere [36]. It was previously shown by our
lab that this dose and time course results in complete abla-
tion of F4/80+ cells in the liver [28].
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[28]. There was a marked increase in IL-1� mRNA lev-
els in diluent-treated ob/ob animals (figure 3). In contrast,
IL-1� mRNA levels in Wt and IL-10 pretreated ob/ob ani-
mals did not increase following I/R. IL-10 pretreatment
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Figure 1
L10 protection of steatotic livers

L-10 supplementation

hen applicable, animals were pre-treated with recom-
inant murine IL-10 (BD Biosciences, USA). Animals
eceived 1 �g of IL-10 diluted in 0.5 mL saline, approx-
mately 30 min prior to the I/R via intravenous injection
f the dorsal tail vein. This dose significantly reduced I/R
njury in lean models [28].

erum transaminase measurement

hole blood was allowed to clot at room temperature
or 20 min followed by centrifugation at 3,500 g for five
in at room temperature to separate the serum. Serum

lanine aminotransferase (ALT) concentrations were mea-
ured with a Synchron LX20 system (Beckman Coulter,
SA) and expressed as international units per liter (Clin-

cal Laboratory Services, Medical University of South
arolina, Charleston, SC, USA).

uantitative real time RT-PCR

he mRNA coding for IL-10, IL-1�, and glyceraldehyde
-phosphate dehydrogenase (GAPDH) was quantified
y quantitative PCR. Total RNA was isolated by phe-
ol chloroform extraction, followed by silica membrane
urification and DNAse digest (Qiagen, USA). There-
fter, 1 mg of total RNA from each sample was
sed for reverse transcription using the Transcriptor
rst-strand cDNA synthesis kit (Roche) to generate
rst-strand complementary DNA. A polymerase chain
eaction mixture was prepared with the use of SYBR
reen I PCR Master Mix (Roche, USA) and followed
y amplification on a Roche LightCycler 480 instru-
ent. The primer sequences used were as follows:
APDH forward 5’-TTCACCACCATGGAGAAGGC-
’ and reverse 5’-GGCATGGACTGTGGTCATGA-3’,
L-1� forward 5’-CAACCAACAAGTGATATTCTCC-3’
nd reverse 5’-GATCCACACTCTCCAGCTGCA-3’, IL-
0 forward 5’-GGTTGCCAAGCCTTATCGGA-3’ and
everse 5’-ACCTGCTCCACTGCCTTGCT-3’, and TNF-

forward 5′-GCACCACCATCAAGGACTCA-3′ and
everse 5′-TCGGAGGCTCCAGTGAATTCG-3′. Ther-
al cycling conditions were 10 min at 95◦C followed by

5 cycles at 95◦C for 10 seconds, 60◦C for 20 seconds and
2◦C for 20 seconds. Cm values ranged from 25-35 for
he cytokine gene transcripts. The expression of each gene
as normalized to GAPDH mRNA, and calculated with

espect to the baseline control using the comparative cycle
hreshold method (��Cp).

tatistical analysis

ll values here are expressed as mean ± standard error
f the mean. Statistical significance was chosen a priori
s � ≤0.05. For single, pairwise comparisons of nor-
ally distributed data sets, Student’s t-test was used. For
ultiple comparisons of means, a one-way analysis of

ariance with Tukey-Kramer post hoc tests was used.
or non-normally distributed data, complimentary non-

arametric methods were applied: the Mann-Whitney U
est and Kruskal Wallis’s one-way analysis of variance
ith Dunn’s post hoc test. Hypothesis testing was per-

ormed using GraphPad PRISM version 5 for Windows
GraphPad Software, USA).
71

RESULTS

IL-10 pretreatment improves survival and decreases
liver damage after I/R

To determine if supplementation with IL-10 would protect
ob/ob mouse livers from I/R-induced hepatic injury, we
pretreated (30 min) animals with murine recombinant IL-
10 (1 �g) or diluent via tail vein injection. Animals were
then subjected to 15 min, total, warm, hepatic ischemia
followed by reperfusion, which has been previously shown
to recapitulate the clinical phenomenon of bowel conges-
tion during the anhepatic phase [35]. The steatotic livers
of ob/ob mice are more sensitive to I/R than lean organs,
and 15 minutes of total, warm, ischemia time leads to
significant injury in these animals as others, as we have
previously reported [37-39]. All sham-operated and lean
animals survived in this study (figure 1). Ob/ob animals
had a 24-hr survival rate of approximately 30%, but IL-
10 treatment increased survival of ob/ob animals to 100%
(figure 1). Additionally, IL-10 pretreatment of ob/ob ani-
mals resulted in significantly decreased ALT levels at 24
hrs as compared to control-treated ob/ob mice (figure 2).
This change indicates that at 24 hrs, hepatocellular injury
was significantly reduced in IL-10 supplemented ob/ob
animals. However, the decrease in ALT was not present
at six hrs. Lean (wild type, Wt) animals suffered very lit-
tle injury secondary to this modest period of ischemia. As
previously shown, ALT levels of lean animals after reperfu-
sion were in fact lower than sham-operated, obese animals
[40].
To investigate further the effect of exogenous IL-10 on the
inflammatory milieu in the livers of ob/ob mice following
I/R, we used real-time qRT-PCR to examine transcription
levels of key cytokines in the process of inflammation-
mediated hepatic cytotoxicity, i.e. TNF-� and IL-1�, at
six hrs post-I/R [41]. This time point was chosen based
upon previous data demonstrating cytokine expression to
be maximally upregulated around this point post-insult
IL-10 supplementation increases animal survival. Obese (Ob) or
lean (wild type, WT) mice were subjected to 15 min, warm I/R or
sham surgery and monitored for 24 hrs. Some Ob mice were given 1
�g IL-10 (Ob IL-10) 30 min prior to I/R. IL-10 pretreatment restored
survival in ob/ob mice (p<0.05, log rank). Data are expressed as mean
± SEM; n = 3-6/group.
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Figure 2
IL-10 decreases hepatic injury following I/R. Mice subjected to
I/R as described in Figure 1 were evaluated for ALT, an indicator
of liver damage, at six and 24 hrs post-reperfusion. Hepatic injury
was significantly reduced in IL-10-supplemented ob/ob (Ob IL-10)
mice compared to ob/ob controls (Ob) at 24 hrs (*p<0.05). Data are
expressed as mean ± SEM; n = 3-6/group.
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IL-10 pretreatment modulates post-I/R cytokine expression.
Mice were evaluated for hepatic cytokines IL-1�, TNF-�, and IL-10
mRNA at six hrs post-reperfusion by qRT-PCR. IL-1� mRNA levels
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KC depletion increases injury in ob/ob mice after I/R

To investigate the role of KC in the development of hep-
atic I/R injury and expression of IL-10 within the steatotic
environment, we removed KC from mice prior to ischemia
by pretreating mice with LC 48 hours prior to 15 min,
total, warm, hepatic I/R. This LC dose and time course
has previously been shown by our lab to deplete KC from
the liver completely, while not inducing detectable hep-
atic injury [28]. Liver damage in LC-treated Wt mice, as
assessed by ALT levels, was no greater than diluent-treated
Wt animals at six and 24 hrs post-reperfusion (figure 4).
This suggests that KC depletion by LC does not signifi-
cantly exacerbate I/R injury in lean mice subjected to only
15 min of hepatic ischemia. ALT levels in ob/ob mice were
elevated compared to Wt mice, and LC treatment signifi-
cantly exacerbated this increase in ALT at six hrs but not
24 hrs. The peaking of serum aminotransferase levels at
six hours after reperfusion marks the acute phase of hepa-
tocellular necrosis [42]. Serum aminotransferase proteins
are subsequently cleared by sinusoidal endothelial cells
and other non-parenchymal cells [43]. These data indicate
that KC depletion prior to hepatic I/R increases injury in
ob/ob, but not lean mice.
To investigate further the role of KC in hepatic inflamma-
tory activation of ob/ob mice after I/R, we used real-time
qRT-PCR to examine transcription levels of IL-10. Ob/ob
mice showed a significant reduction in IL-10 mRNA
expression compared to lean mice (figure 5). LC-treated
ob/ob mice failed to show significant changes in IL-10
mRNA expression after I/R, as compared to diluent-
treated, control ob/ob mice (figure 5).

DISCUSSION

This study addressed two main questions: whether exoge-
nous recombinant IL-10 can be used to prevent the
increased injury occurring in steatotic livers, and whether
KC play a different role in I/R within the steatotic versus
lean liver. Dysregulated inflammatory responses are known
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Figure 4
LC-treated ob/ob animals have increased injury. Obese (Ob) or
lean (wild type, WT) mice were subjected to 15 min, warm, I/R or
sham surgery and monitored for 24 hrs. Some Ob mice were given
ifferent from each other (a is significantly different from b), p<0.05.
ata are expressed as mean ± SD; n = 3-6.

owever, did not abolish TNF-� upregulation. This sug-
ests that IL-10 pretreatment may prevent upregulation in
xpression of the inflammatory cytokine IL-1� after I/R in
teatotic livers.
e also investigated if expression of IL-10 is altered

n steatotic mice or by IL-10 administration. In Wt ani-
als, IL-10 mRNA levels increased five-fold, six hrs

ost-I/R. In diluent-treated ob/ob animals, there was
nly a two-fold increase in IL-10 mRNA levels, but
xogenous IL-10-augmented ob/ob mice had similar IL-

0 mRNA levels as seen in Wt mice. This experiment
ight suggest that the presence of IL-10 increases IL-10

ranscription.

LC (Ob LC), 48 hrs prior to I/R to depleted KC. Hepatic injury was
significantly increased in OB LC mice at six hrs when assessed by
measuring circulating levels of ALT (*p<0.05). Data are expressed
as mean ± SEM; n = 3-6.
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ifferent from b), p<0.05. Data are expressed as mean ± SD; n = 3-6.

o be of central importance to the development of steatotic
iver I/R injury. The failure of steatotic livers to sig-
ificantly upregulate expression of the anti-inflammatory
ytokine IL-10 was implicated in this process. Thus, the
evelopment of interventions capable of modifying the
epatic inflammatory milieu is important to the future, safe
se of fatty liver grafts in transplantation.
n our IL-10 studies, exogenous IL-10 administration
ncreased survival and attenuated one aspect of the injury
hat occurs during I/R in the setting of steatosis as indi-
ated by lower ALT values at 24 hours (figures 1-2). This
ay occur via various mechanisms such as downregu-

ation of inflammatory cytokine expression, prevention
f endothelial cell activation, or recruitment of regula-
ory T cells [44]. Endothelial cells have been shown to
lay a role in the pathogenesis of sepsis, with changes
n permeability and protein expression after exposure to
anger signals [45]. Adenoviral IL-10 can prevent expres-
ion of adhesion molecule such as ICAM-1 and vascular
ell adhesion protein 1 induced on endothelial cells after
ypoxia/reoxygenation in the cerebral vasculature [46].
imilarly, the chronic colitis present in IL-10-deficient
ice has been linked to increased expression of adhe-

ion molecules, and endogenous IL-10 production is key
o leukocyte-endothelial cell interactions in the setting of
ndotoxemia [15, 16].
LT levels were significantly higher in IL-10-pretreated
b/ob animals at six hours compared to Wt lean mice, but
imilar to Wt mice at 24 hours. Previous investigations have
efined a critical role for ATP depletion and mitochondrial
ysfunction in steatotic liver I/R injury. It is probable that
he failure of IL-10 to significantly reduce liver injury at
he earlier six-hour time point is due to a relative indepen-
ence of this initial injury from inflammation. However,

epatocyte death and dysfunction during this early phase
f reperfusion due to oncotic mechanisms would also be
ssociated with the release of endogenous, innate, immune-
ctivating ligands such as high-mobility group protein B1
73

and heat shock proteins. Thus, in the later stages of injury,
IL-10 may prevent the endogenous damage-associated
molecular patterns (DAMPs) from activating inflamma-
tory programs of cytokine expression, thus slowing the
continued injury past the initial metabolic insult.

It has also been shown that gut-derived LPS, and its recep-
tor TLR4, are critical in determining the increased injury
and mortality observed after reperfusion of steatotic liv-
ers. In our experiments, all of the mice pretreated with
IL-10 survived to 24 hours, despite significant liver injury
as indicated by ALT levels at six hours (figures 1-2).
Furthermore, the majority of the mortalities within the
control ob/ob group occurred quite early, between two-
four hours after reperfusion (figure 1). This implies that
different mechanisms may be at play between the sur-
vival benefit of IL-10 pretreatment and the associated
decreased injury observed at 24 hours. IL-10 pretreat-
ment may prevent the initial shock occurring at the time
of reperfusion when an endotoxin bolus hits the liver
through the portal system. This initial inflammatory insult
results in the activation of endothelial cells, expression
of proinflammatory cytokines, and mitochondrial dysfunc-
tion [47]. As discussed earlier, IL-10 suppresses cytokine
expression and endothelial cell activation. IL-10 can also
attenuate responses to endothelin, which is involved in the
early microcirculatory disturbances of hepatic reperfusion
injury [48, 49]. Prevention of early pathological changes
in endothelial function may explain IL-10’s effects on sur-
vival at these time points. We showed a decrease in the
upregulation of the cytokine IL-1� in ob/ob mice after
I/R when animals were pretreated with IL-10 (figure 3).
Hepatic I/R injury is mediated, in part, by neutrophil
recruitment to the liver during reperfusion, and IL-1�
receptor knockouts have been shown to decrease neutrophil
recruitment after hepatic I/R [50]. Also, overexpression
of IL-1� receptor antagonist within the liver reduces I/R
injury [51, 52].

We observed no effect of IL-10 treatment on TNF-� tran-
script levels. This was rather unexpected given the critical
role of TNF-� in reperfusion injury and response to LPS via
TLR4. The fact that this does not exclude the null hypoth-
esis does not mean that TNF- � levels were not changed by
IL-10 administration, only that we were unable to identify
such an effect. This may also be the result of the ‘snap-
shot’ nature of our analysis in a dynamic system. Finally,
is also known that IL-10 functions to down-regulate TNF-
� production by destabilization of its mRNA transcript. It
is not known if our PCR primers could detect this specific
degradation of the mRNA transcript or at what time point.

Upregulation of IL-10 mRNA expression in IL-10-pre-
treated ob/ob mice after I/R is an unusual finding (figure 3).
IL-10 is known to be a suppressor of pan-cytokine
expression [53]. Thus one would expect decreased IL-10
expression levels in animals receiving recombinant IL-
10. It may be the case the IL-10 pre-treatment polarizes
immune cells within the liver toward an anti-inflammatory
phenotype, or promotes the formation of regulatory T-cells
[54]. For example, the addition of recombinant human IL-
10 to T-cells derived from the intestinal mucosa of celiac

disease patients increases the frequency of T-cells that pro-
duce IL-10 in response to stimulation [55]. However, few
studies are available which investigate IL-10 expression
after IL-10 pretreatment and acute injury.
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his study was performed to investigate the hypothesis that
C play a different role within the steatotic liver subjected

o I/R compared to lean livers. Decreased IL-10 expression
n both steatotic livers and KC-depleted lean livers sub-
ected to I/R suggests that KC within the fatty liver may
e skewed toward an M1 or pro-inflammatory phenotype.
f this were the case, depletion of KC should protect ob/ob
ice from hepatic I/R injury, rather than exacerbate it as

een in this study (figure 4). Numerous studies have defined
pathological role for KC within the reperfused liver

56, 57]. As discussed earlier, KC are also implicated in
he protection of lean livers from I/R injury through IL-10
roduction, thus fulfilling an anti-inflammatory function.
owever, in the steatotic liver, the absence of sufficient

L-10 upregulation at reperfusion leaves the function KC
n this environment in doubt. Thus, to assess whether KC

ay, in the absence of broad anti-inflammatory IL-10 pro-
uction, be pro-inflammatory or deleterious, we depleted
b/ob mice of KC with liposomal clodronate prior to I/R.

C did retain a similar functional role within lean and
teatotic livers subjected to I/R, as KC-depleted ob/ob
ice suffered increased injury as indicated by elevated

erum ALT levels at six hrs post-reperfusion (figure 4).
his suggests a continued beneficial role for KC in the

iver subjected to I/R, despite the presence of steatosis.
he fact that IL-10 expression in LC-treated mice was not
ignificantly attenuated also calls into question whether
C protect the steatotic livers through IL-10 production

figure 5). Since there was no significant difference in IL-10
RNA between control ob/ob animals and those depleted

f KC, the depletion of KC sensitizes steatotic livers to I/R
njury through non-IL-10-dependent mechanisms.

C are an integral component of the reticuloendothelial
ystem, and are primarily responsible for the clearance
nd detoxification of gut-derived LPS [58]. KC detoxify
ndotoxin derived from the portal system via acyloxyacyl
ydrolase, which removes the fatty acyl chains decorating
ipid-A that are necessary for LPS recognition by MD2-
LR4 [59]. In the absence of KC, endotoxin would not be
ffectively metabolized within the liver and could continue
o induce injury. It was previously shown in our lab that in
he absence of KC, LPS is present after I/R within the liver,
here it binds to sinusoidal endothelial cells. Endothe-

ial cell activation by LPS leads to secretion of vasoactive
ediators and proinflammatory cytokines, and the upreg-

lation of adhesion molecules, enabling neutrophil and
onocyte adhesion. Ultimately, this inflammatory excess

eads to increased hepatic damage following LPS challenge
nd death. Thus, the absence of KC may promote injury
hrough cytokine-independent mechanisms. These results
uggest that indiscriminant depletion of KC would not be
n effective strategy for reducing steatotic liver I/R injury.

n spite of significant improvements in the field of liver
ransplantation, there are wide gaps in our knowledge that
revent the effective use of all potential donor organs.
ll current pharmacological interventions dealing with
besity and steatosis are long-term treatments, requir-
ng weeks to months. Consequently, in the setting of a
teatotic donor liver, these interventions are ineffective.
functional window of approximately 18-24 hrs exists
etween the identification of non-living donors and organ
rocurement where intervention is possible. Herein lies
he need for fast-acting pharmacological manipulations
A.G. Sutter, et al.

that will stabilize and protect the steatotic liver from the
insults that render these organs more susceptible to PNF.
An interventional protocol for increasing the safe uti-
lization of steatotic livers in transplantation should target
both the initial, hyper-acute injury, as well as the later,
inflammation-associated damage. Pretreatment with IL-10
is a promising strategy for the prevention inflammatory
injury occurring within steatotic livers after I/R. Unlike
most disease processes where therapies must be curative
rather than preventative, liver transplantation provides the
opportunity for pretreatment of organs or patients before
acute insult. IL-10 may provide a means to reduce steatotic
I/R injury in the setting of transplantation, and thus drasti-
cally increase the number of useable livers.

Disclosure. Financial support: These studies were supported by
a RO1 grant from NIH (5RO1DK069369-05). Conflict of interest:
none.
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