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#3 INFEEFEOSHICELSTNFe £/:13 g EEROEL

BT HH TNFa DEH B
—1031 increased [Higuchi, 1998]
no difference [Kaijzel, 2001)
—863 A increased {Hohjoh, 2001]
decreased [Skoog, 1999]
—862(*—863) increased [Higuchi, 1998]
no effect [Uglialoro, 1998] [Kaijzel, 2001]
—857 T increased [Hohjoh, 2001]
no difference [Kaijzel, 2001]
~~856(*—857) increased [Higuchi, 1998]
no effect [Uglialoro, 1998] [Kaijzel, 2001]
—574 no effect [Ugtialoro, 1998]
—376 G/A no effect [Huizinga, 1997][Kaijzel, 1998] [Bayley, 2001]
—308 G/A no effect [Bayley, 2001][Pociot, 1993][Turner, 1995]
[Huizinga, 1997][Uglialoro, 1998]
[Sotgiu, 1999] [Kaijzel, 2001]
(A: TNF2) increased [Huang, 19991 [Kroeger, 2000] [Maurer, 1999]
[Wilson, 1997] [Galbraith, 1998]
—244, —238 increased (in certain cell lines) [Bayley, 2001]
—238 A increased [(Grove, 1997]
decreased [Kaluza, 2000]
no effect [Pociot, 1995] [Huizinga, 1997] [Kaijzel, 1998]
[Uglialoro, 1998]
+70 G/A no effect [Uglialoro, 1998]
+-489 no difference [Kaijzel, 2001]

TNFa, b, ¢, d, e microsatellite

a

no effect (TNF3 )

a2 decreased
a2 and a9 increased
al3 decreased
c no effect (TNFj3)
d3 increased

[Pociot, 1993]
[Derkx, 1995)
[Obayashi, 1999]
[Obayashi, 1999]
[Pociot, 1993]
[Turner, 1995]

LT« (TNFB) Intron 1, Neol RFLP(+4250 G/A), (Thr26Asn) (TNFB*1=Asn26; TNFB *2=Thr26)

no effect (TNFf)

TNFB1(Asn26) increased
TNFB2(Thr26) decreased

[Pociot, 1993]
[Messer, 1991]
[Messer, 1991]

BRI http: //www.bris.ac.uk/pathandmicro/services/GAl/ cytokined.htm % £ 8.
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3. Interleukin—10 (IL-10)

IL-10 i anti-inflammatory 2% 4 F A 4 ~
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F4 BMEESB42OEGFLHEORE
VR Ve %7 TR By GBI ok
LT« intron 1, Neol RFLP S5 B RE T M E 1 (n=110) [Majetschak, 1999]
+250(A: TNFB2) T i 4 T O septic » b (n=280) 9)
shock DR (RR: 2.48(1.28-4.78))
T E B M E # 1 (n=40) 8)
0 (SRR L) 12)
{n=93)
FIMRE D AT (BF2E1R) 7 L (n=23) [Weitkamp, 2000]
TNFa —308(A: TNF2) HilfEREY a vy o Hb GEEEI T N=176)) 5)
B RUMAE 7 L (n=223) 8)
BUE®E sy 7O H b (n=112) [Tang, 2000]
L
A5 1% O B AE MK I RE Y (OR 4.6) (n=152) 6)
WG DOFET R # 1 (OR 2.1) (n=152) 6)
Thi F Ml 45 G ) septic % L (n=280) 9)
shock D B3
TNF«—308(AA) or LTa+250(AA) Tl 95T D septic b (n=280) 9)
shock O T g (RR: 2.51(1.30-4.87))
IL—1ra intron 2, TEIE M S & D (n=354) 12)
86bp VNTR (A2 allele)
IL-1b 43953 C/T(Taql) R o F BB LRI 7 L (n=354) 12)
DT
IL-6 —174(G/G) S o o 2 R & b (n=326) [Schluter, 2002]
PAI-1 promoter (4G/4G) PBEIC X B RE 1 (n=401) 17)
T
MMERETORMERSR 7 L (n=61) 18)
Pk
CD14 —159(T/T) FisEdty a v 7 & 0 ML falE T (OR 5.3) 19)
(n=90)
(C/T) WILAE D REARRIETE 2 L (n=451) [Hubacek, 2000]
TLR4 Asp299Gly allele et a v 7 H Y (n=164) 20)

LT«: lymphotoxin o, 2% ) TNFR O#t{5¥, IL-1ra: IL-1 receptor antagonist, PAI-1: plasminogen activator
inhibitor—1, OR: odds ratio, RR: relative risk, 95% CI: 95 % X

—592 i ® SNP(C/A) &, HI#z & % IL-10
EARRECHRICHETAEV)HRELDN
39, WTFRICHDEEN RV EVIREL D
51,

4. PAI-1

|2, PAI-1 Cid promoter [CFET 5 13
HOFETAGEIE5G LTSN L LR
HY, 4G/AG TWIHIREIZ X 5 ML fE o F1#&
PNEATE L) RENHL—F", IMEEE
TORMERBFERLFHRIITEIZVE VI R

HbdHAHY,
IV. HEES T

1. CD14

IVFFEREIVOLETSY—-THAHCDI4T
i, =159 DO Ch b T~D% R T, soluble
CD14 D& E %R 7 E O, TTRIEMun
MY g v 7BICE L, SEOTAFy TN
T, TTRIZMZAERRFTHS &) HEH
% (odds ratio: 5.30, 95% CI. 1.20-22.50)*.
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Kupffer Cell-Derived Interleukin 10

Is Responsible for Impaired Bacterial Clearance

in Bile Duct-Ligated Mice

Tetsuya Abe,' Toshiyuki Arai,? Atsushi Ogawa,? Takashi Hiromatsu,? Akio Masuda,! Tetsuya Matsuguchi,’

Yuji Nimura,? and Yasunobu Yoshikai?

Extrahepatic cholestasis often evokes liver injury with hepatocyte apoptosis, aberrant
cytokine production, and—most importantly—postoperative septic complications. To
clarify the involvement of aberrant cytokine production and hepatocyte apoptosis in
impaired resistance to bacterial infection in obstructive cholestasis, C57BL/6 mice or
Fas-mutated /pr mice were inoculated intraperitoneally with 107 colony-forming units
of Escherichia coli 5 days after bile duct ligation (BDL) or sham celiotomy. Cytokine
levels in sera, liver, and immune cells were assessed via enzyme-linked immunosorbent
assay or real-time reverse-transcriptase polymerase chain reaction. BDL mice showed
delayed clearance of E. coli in peritoneal cavity, liver, and spleen. Significantly higher
levels of serum interleukin (IL) 10 with lower levels of IL-12p40 were observed in BDL
mice following E. coli infection. Interferon vy production from liver lymphocytes in BDL
mice was not increased after E. coli infection either at the transcriptional or protein
level. Kupffer cells from BDL mice produced low levels of IL-12p40 and high levels of
IL-10 én vitro in response to lipopolysaccharide derived from E. coli. In vivo adminis-
tration of anti-IL-10 monoclonal antibody ameliorated the course of E. coli infection in
BDL mice. Furthermore, BDL-/pr mice did not exhibit impairment in E. coli killing in
association with little hepatic injury and a small amount of IL-10 production. In con-
clusion, increased IL-10 and reciprocally suppressed IL-12 production by Kupffer cells
are responsible for deteriorated resistance to bacterial infection in BDL mice. Fas-
mediated hepatocyte apoptosis in cholestasis may be involved in the predominant IL-10

production by Kupffer cells. (HEPATOLOGY 2004;40:414-423.)

Abbreviations: BDL, bile duce ligaviontbile duci-ligased; IL, interleukin;
TNF-a, tumor necrosis factor a; LPS, lipopolysaccharide; IFN-vy, interferon y;
mAb, monoclonal antibody; TUNEL, terminal deoxynucleotidyl transferase-medi-
ated dUTP nick-end labeling; HBSS, Hanks’ balanced salt solution; ELISA, en-
zyme-linked immunosorbent assay; mRINA, messerniger RNA.
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he high incidence of perioperative infectious

complications in patients with cholestasis is well

documented.!-4 Dysfunction of phagocytes and
bacterial translocation from the gut due to loss of mucosal
integrity are believed to be responsible for septic compli-
cation in patients with obstructive jaundice.!>-# It has
been reported that proinflammatory cytokines, such as
tumor necrosis factor & (TNF-a) and interleukin (IL) 6,
are increased in sera without any exogenous stimuli in
cholestatic conditions, suggesting that cholestasis evokes
inflammatory reaction in the host.%10 It is also demon-
strated that rats and mice with experimental obstructive
jaundice produce higher levels of proinflammatory cyto-
kines including TNF-a, IL-1, and IL-6 after lipopolysac-
charide (LPS) injection compared with those without
obstructive jaundice, and that cholestatic animals are sus-
ceptible to LPS-induced organ failure and mortality.!'-3
However, involvement of anti-inflammatory cytokines in
host resistance to bacterial infection in cholestasis or cy-
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tokine profile in response to exogenously administered
viable bacteria in cholestatic animals remains to be eluci-
dated.

IL-10, an anti-inflammatory cytokine, was first de-
scribed as having an ability to protect mice from LPS-
induced fatal shock by suppressing proinflammatory
cytokine production, including TNF-a and interferon
(IFN) .14 On the other hand, it has also been shown that
IL-10 hampers host defense mechanisms against micro-
bial infection by suppressing macrophage functions.!s
These contrary findings suggest that homeostasis during
bacterial infection is maintained through a delicate bal-
ance between pro- and anti-inflammatory cytokines. It
would thus appear that IL-10 might be involved in the
immune dysfunction in cholestasis.

It has been demonstrated that macrophages are made
capable of producing IL-10 after engulfing apoptotic cells
in general.1617 Because IL-10 is shown to inhibit apopto-
sis pathways in a variety of cells, including hepatocytes,
IL-10 production may play an important role in termi-
nating cell death, including apoptosis, thereby suppress-
ing excessive inflammatory reaction.'® Bile duct ligation
(BDL) evokes liver injury with hepatocyte apoptosis in
mice.!? It has been demonstrated that liver sinusoidal cells
such as Kupffer cells and endothelial cells remove apopto-
tic hepatocytes induced by various stimuli, including lead
nitrate, cycloheximide, and ultraviolet radiation.20-23
From these findings, it is possible to speculate that
Kupffer cells may become capable of producing IL-10
predominantly as a result of ingesting increased apoptotic
hepatocytes in cholestatic liver.

The overall objectives of this study were to elucidate
the underlying mechanisms for impaired bacterial clear-
ance in cholestasis, focusing on pro- and anti-inflamma-
tory cytokines and to determine if aberrant cytokine
production in BDL mice after Escherichia coli infection is
dependent on Fas-mediated apoptosis of hepatocytes. We
found that Kupffer cells but not peritoneal macrophages
produced a large amount of IL-10 after E. coli infection in
mice with cholestasis and that predominant IL-10 pro-
duction by Kupffer cells was associated with hepatocyte
apoptosis. Our data may provide new insight into the
pathogenesis of bacterial infection in cholestasis.

Materials and Methods

Mice and Microorganisms. Eight- to 10-week-old
female C57BL/6 mice and [pr/lpr mice with nonfunc-
tional Fas expression with C57BL/6 background were
purchased from Japan SLC (Hamamatsu, Japan). All
mouse experiments were approved by the University
Committee on Animal Research and received humane
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care in accordance with National Institutes of Health
publication 86-23 (Guide for the Care and Use of Labora-
tory Animals).

E. coli (ATCC No. 26) grown in Trypto-soya broth
(Nissui, Tokyo, Japan) was washed repeatedly, resus-
pended in phosphate-buffered saline, and stored at
—80°C. The concentration of bacteria was quantitated by
plate counts.

Reagents. LPS from E. coli (serotype B6: O26) was
obtained from Sigma Aldrich (St. Louis, MO). 2.4G2
(anti-FcRII/1II-specific monoclonal antibody [mADb], rat
immunoglobulin G, producing hybridoma) was ob-
tained from American Type Culture Collection (Manas-
sas, VA). Phycoerythrin-conjugated anti-B220 and anti-
CD11b mAb, biotin-conjugated anti-Gr.1 and NK1.1
mAb, fluorescein isothiocyanate—conjugated anti-CD3
mAb, and Cy-chrome-conjugated streptavidin were pur-
chased from PharMingen (San Diego, CA). Rat immu-
noglobulin G anti-mouse IL-10 mAb was purchased
from R&D Systems, Inc. (Minneapolis, MN). Control
isotype rat immunoglobulin G was purchased from
Sigma.

Surgical Procedure. After 7 days of acclimation, sur-
gery was performed under sterile conditions. Mice were
anesthetized via intraperitoneal pentobarbital injection
(50 mg/kg). An abdominal midline incision was made,
and the common bile duct was ligated and divided as
described previously.2 Control animals underwent a sham
procedure in which the common bile duct was exposed
but not ligated.

Histological Studies. Liver specimens were removed
and fixed with 10% buffered formalin, paraffin-embed-
ded, and stained with hematoxylin-eosin for light micro-
scopic examination. /» situ terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL)
assay was performed using an i situ apoptosis detection
kit (Apoptag, Intergen, Purchase, NY). All steps were per-
formed according to the instructions of the manufacturer.

Assay for Serum Bilirubin Levels and Alanine Ami-
notransferase Activity. Serum total bilirubin levels were
measured using a commercially available kit following the
manufacturer’s instructions (Sigma Dianostics Kit no.
550 for bilirubin). Serum alanine aminotransferase activ-
ity was determined using the aminotransferase test kit
(Wako, Osaka, Japan).

Preparation of Peritoneal Macrophages. Peritoneal
exudate cells were obtained from peritoneal cavity via la-
vage with 3 mL of Hanks’ balanced salt solution (HBSS).
Peritoneal exudates were centrifuged at 110g for 5 min-
utes, washed twice, and resuspended at optimal concen-
trations in Dulbecco’s Modified Eagle Medium (Gibco,
Grand Island, NY) supplement with 10% fetal bovine
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serum. Peritoneal exudate cells were spread on plastic
plates and incubated for 1 hour in a CO, incubator at
37°C to obtain adherent cells.

Preparation of Kupfffer Cells. Kupffer cells were iso-
lated from sham and BDL mice by collagenase digestion
and differential centrifugation using Percoll (Pharmacia,
Uppsala, Sweden) as described elsewhere?42° with slight
modifications. Briefly, the liver was perfused in situ
through the portal vein with Ca?*- and Mg?*-free phos-
phate-buffered saline containing 10 mM ethylenedia-
minetetraacetic acid at 37°C for 5 minutes. Subsequently
perfusion was performed with HBSS containing 0.1%
collagenase IV (Sigma) at 37°C for 5 minutes. After di-
gestion, the liver was excised and the suspension was fil-
tered. The filtrate was centrifuged twice at 50g at 4°C for
1 minute. The supernatant was collected and centrifuged
at 300g for 5 minutes, and the pellet was resuspended with
buffer. The cell suspension was then layered on top of a
density cushion of 25%/50% discontinuous Percoll
(Pharmacia) and centrifuged at 900g for 20 minutes to
obtain the Kupffer cell fraction, followed by washing with
the buffer again. Cells were plated in 6-cm plastic culture
dishes (FALCON, Becton Dickinson, NJ) and cultured
in RPMI 1640 medium (Gibco) supplemented with 10%
fetal bovine serum and 10 mM hydroxyethylpiperazine-
N-2 ethanesulfonic acid. After incubation for 30 minutes,
nonadherent cells were removed, cold Ca?%- and Mg?*-
phosphate-buffered saline with 10 mM ethylenediami-
netetraacetic acid was added, and the cells were put on ice
for 40 minutes. After tapping the dish gently, the super-
natant was collected and centrifuged at 300¢ for 5 min-
utes. The pellet was resuspended with 1 X 10° cells/mL in
RPMI and immediately used. The purity and cell viability
of Kupffer cells isoplated were more than 91% and 95%
as assessed by phagocytotosis of latex beads and trypan
blue exclusion, respectively (data not shown).

Preparation of Liver Lymphocytes. Fresh liver was
immediately perfused with sterile HBSS through the pot-
tal vein and then meshed with stainless steel mesh. After
the coarse pieces were removed by centrifugation at 50g
for 1 minute, the cell suspensions were again centrifuged,
resuspended in 8 mL of 45% Percoll (Pharmacia), and
layered on 5 mL of 66.6% Percoll. The gradients were
centrifuged at 600g at 20°C for 20 minutes. Lymphocytes
at the interface were harvested and washed twice with
HBSS.

Bacterial Growth in Organs. After infection, perito-
neal exudates were obtained from the peritoneal cavity by
lavage with 3 mL of HBSS. Serial dilutions of the exudate
samples were plated to determine the number of viable
bacteria. For the enumeration of viable bacteria in the
liver, the liver was perfused with 8 mL of sterite HBSS to
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wash out bacteria in the blood vessels immediately after
mice were bled. The liver and spleen were removed and
separated into sterile Teflon-coated homogenizers (Asahi
Techno Glass Co., Tokyo, Japan) containing 2 mL of
cold phosphate-buffered saline. After each organ was ho-
mogenized thoroughly, the bacterial counts in the ho-
mogenates were established by plating serial 10-fold
dilutions in sterile distilled water on tryptic soy agar (Nis-
sui). Colonies were counted 24 hours after incubation at
37°C.

Serum and Peritoneal Lavage Fluid Cytokine As-
says. TNF-a, IL-12, IL-10, and IFN-vy levels in serum,
peritoneal lavage fluid, and culture supernarants were de-
termined via enzyme-linked immunosorbent assay
(ELISA). ELISAs were performed using Genzyme mAb
according to the manufacturer’s instructions (Genzyme,
Cambrigde, MA).

Flow Cytometry Analysis. Peritoneal exudate cells
were preincubated with a culture supernatant from 2.4
G2 to prevent nonspecific staining. For the identification
of macrophages and polymorphonuclear cells, the cells
were then stained with phycoerythrin-conjugated anti-
CD11b mAb and biotinylated anti-Gr.1 mAb. For the
identification of lymphocytes, the cells were stained with
fluorescein isothiocyanate—conjugated anti-CD3 mAb,
phycoerythrin-conjugated B220 mAb, and biotinylated
anti-NK1.1 mAb. To detect biotin-conjugated mAb, cells
were stained with Cy-Chrome-conjugated streptavidin.
All incubation steps were performed at 4°C for 30 min-
utes. The stained cells were analyzed with a FACSCalibur
flow cytometer (Becton Dickinson, San Jose, CA). The
data were analyzed using FACSCalibur research software
(Becton Dickinson).

Expression of IL-10, IL-12, TNF-o, and IFN-y
Genes in Liver Homogenates, Liver Lymphocytes,
Kupffer Cells, and Peritoneal Macrophages. Total
RNA was extracted from liver homogenates, liver lym-
phocytes, Kupffer cells, and peritoneal macrophages us-
ing TRIzol reagent (Life Technologies, Rockville, MD).
Complementary DNA was synthesized from 2 g of total
RNA by reverse transcription.?é Real-time polymerase
chain reaction was performed with the SYBR Green PCR
Master Mix and ABI PRISM 7700 Sequence Detection
Systems (Applied Biosystems, Foster City, CA) according
to the manufacturer’s suggested protocol. The specific
primers wete as follows: IL-12p40 sense, 5'-CGTGCT-
CATGGCTGGTGCAAAG- 3'; IL-12p40 antisense, 5'-
CTTCATCTGCAAGTTCTTGGGC- 3'; IL-10 sense,
5'-CCAGTTTTACCTGGTAGAAGTGATG- 3'; IL-
10 antisense, 5'-AACTCAGACGACCTGAGGTCCT-
GGATCTGT-3'; IFN-y sense, 5'-AGCGGCTGACT-
GAACTCAGATTGTAG-3"; IFN-vy antisense, 5'-
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GTCACAGTTTTCAGCTGTATAGGG-3"; TNF-a
sense, 5'-GGCAGGTCTACTTTGGAGTCATTGC-
CCC-3"; TNF-w antisense, 5'-ACATTCGAGGCTC-
CAGTGAATTCGG-3'; PB-actin sense, 5'-TGGAA-
TCCTGTGGCATCCATGAAAC-3'; and B-actin anti-
sense, 5'-TAAAACGCAGCTCAGAACAGTCCG-3'.

In Vitro Cytokine Production of Peritoneal Macro-
phages and Kupfffer Cells. Purified peritoneal macro-
phages in Dulbecco’s Modified Eagle Medium (2 X 10°
/mL) or Kupffer cells in RPMI 1640 (1 X 10%/mL) were
harvested in 96-well culture plates and stimulated with
LPS (0.1 pg/mL) for indicated times. Supernatants were
harvested at 0, 3, 6, 10, and 16 hours. TNF-q, 1L-12p40,
and IL-10 concentrations of supernatants were measured
using ELISA.

In vitro IFN-y Production of Cultured Liver Lym-
phocytes. Freshly isolated liver lymphocytes were har-
vested 6 hours after E. coli infection. Liver lymphocytes in
RPMI (5 X 10%/mL) were cultured i vitro for 24 hours
without additional stimulation. Culture supernatants

~ were harvested and analyzed for IFN-y content using
ELISA.

Statistical Analysis. All data are presented as
means = SD. Data were analyzed for significance using
Student’s ¢ test, and a Bonferroni correction was applied
for multiple comparison. A value of P < .05 was consid-
ered statistically significant.

Resuits

Fas-Dependent Hepatocyte Apoptosis in Obstruc-
tive Jaundice. Five days after BDL, serum bilirubin lev-
els reached 13.2 * 4.6 mg/dL and remained at the plateau
thereafter in C57BL/6 mice. Histological examination re-
vealed that liver in BDL mice exhibited infrequent focal
necrosis and cellular infileration with marked bile duct
proliferation, whereas liver of sham-operated mice
showed almost normal appearance (Fig. 1A and 1B). For
all subsequent experiments, mice undergoing BDL for 5
days were used. Apoptotic cells were next identified using
the TUNEL technique. After 5 days of BDL, hepatocytes
undergoing apoptosis could be observed (Fig. 1B and 1E).
In contrast, the number of TUNEL-positive cells re-
mained low in control mice and BDL-/pr mice (Fig. 1D
and 1F). These results suggest that BDL induces hepato-
cyte injury, including Fas-dependent apoptosis.

Increased Susceptibility of BDL Mice to E. coli
Infection. To evaluate bactericidal activity of BDL mice,
we examined the kinetics of bacterial growth in peritoneal
cavity, liver, and spleen after intraperitoneal inoculation
with E. coli (1 X 107 colony-forming units/mouse). As
shown in Fig. 2, the bacterial counts were significantly
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Fig. 1. Representative histological sections of the liver on the 5th
postoperative day. (A-C) Hemotoxylin-eosin stain. (D-F) TUNEL stain. (A,
D) Sham-operated mouse. (B, E) BDL mouse. (C, F) BDL-/pr mouse. Bile
duct proliferation and cellular infiltration were seen in both wild type and
Ipr mice after BDL, whereas focal spotty necroses were observed only in
wild type mice with BDL. Increased numbers of TUNEL-positive cells
(arrowheads) were observed in the liver of BDL mice in contrast to
sham-operated or BDL-lpr mice. Data shown are representative of 3
independent experiments. HE, hemotoxylin-eosin; TUNEL, terminal de-
oxynucleotidy! transferase-mediated dUTP nick-end labeling; BDL, bile
duct ligation.

higher at any time point after E. coli infection in BDL
mice than in sham-operated mice (P < .05). Because
these results were consistent with previous reports,>27:28
we concluded that bacterial killing is severely impaired in
BDL mice.

Emergence of Peritoneal Exudate Cells After E. coli
Infection in BDL Mice. A prominent increase in poly-
morphonuclear cells, which are thought to be responsible
for rapid elimination of the bacteria, was observed in the
peritoneal cavity after an intraperitoneal infection with £.
coli. To elucidate the cause for deteriorated exclusion of
bacteria in BDL mice, we examined the influx of phago-
cytes in the peritoneal cavity after E. colf inoculation.
There was no substantial difference in numbers of poly-
morphonuclear cells, lymphocytes, or macrophages in the
peritoneal cavity between BDL and sham-operated mice
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Fig. 2. Delayed clearance of E. coli in liver, spleen, and peritoneal
cavity in BDL mice. Data are representative of 4 separate experiments
and are expressed as the mean = SD for 5 mice in an experiment. ()
BDL mice. ({J) Sham-operated mice. CFU, colony-forming units.

at 6 hours after E. coli infection when a large difference in
number of viable bacteria was seen (Fig. 3). The numbers
of polymorphonuclear cells and macrophages were signif-
icantly larger at 24 hours in BDL mice after E. coli infec-
tion, presumably due to increased bacterial burden at this
stage. These results indicate that accumulation of phago-
cytes is not impaired in BDL mice after E. co/s infection.

Aberrant Cytokine Production in BDL Mice After
E. coli Challenge. Cytokine production was examined
in the sera of sham-operated and BDL mice after E. coli
infection. As shown in Fig. 4A, serum TNF-a and IL-10
levels were maximal at 1 hour after E. coli infection, while
the IL-12 level reached a peak at 3 hours after infection in
both BDL and sham-operated mice. Serum IL-10 levels
were significantly higher in BDL mice than in sham-op-
erated mice, while increases in IL-12 levels were signifi-
cantly suppressed in BDL mice (P < .05). There was no
significant difference in serum TNF-a level between
sham-operated and BDL mice. The patterns of cytokine
profile of peritoneal lavage fluid were similar to those of
the serum (Fig. 4B). Neither IL-4 nor IFN-vy was detected
in the sera or peritoneal lavage fluids of either BDL or
sham-operated mice at any stage after E. coli infection
(data not shown). These results clearly indicated that mice
with obstructive jaundice present predominant IL-10
production over IL-12 after E. coli infection.

IFN-y Production By Liver Lymphocytes of BDL
Mice After E. coli Infection. To further investigate the
cytokine profiles in BDL mice, we next examined messen-
ger RNA (mRNA) expression in the whole liver homog-
enates of BDL mice or sham-operated mice after E. coli
infection. Consistent with serum cytokine levels, high ex-
pression of IL-10 mRNA together with low expression of
IL-12p40 mRNA was seen in BDL mice. Notably, ex-
pression of IFN-y mRNA was not increased in liver of
BDL mice after E. coli infection (Fig. 5A).
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Because IFN-y is necessary for macrophages to be ac-
tivated so that they may kill microorganisms, we next
determine the quantitative difference in IFN-vy produc-
tion by liver lymphocytes becween BDL and sham-oper-
ated mice. The expression of IFN-y mRNA remained
suppressed in liver lymphocytes isolated from BDL mice
at any time point after E. coli infection compared with
those from sham-operated mice (Fig. 5B). Moreovet,
whereas liver lymphocytes isolated from sham-operated
mice 6 hours after E. coli infection produced a high level
of IFN- iz vitre without additional stimulation, IFN-vy
production was barely detectable in lymphocytes from
BDL mice (Fig. 5C).

Differences in Cytokine Production Between
Kupffer Cells and Peritoneal Macrophages of BDL
Mice. To seck the source of serum cytokines produced
after E. coli inoculation, we compared cytokine produc-
tion by Kupffer cells with that by peritoneal macrophages
in response to LPS derived from E. coli in vitro. The
peritoneal macrophages and Kupffer cells isolated from
BDL or sham-operated mice were stimulated 77 vitro with
LPS, and the concentrations of TNF-a, I1-12, and IL-10
in the culture supernatants were determined via ELISA.
As shown in Fig. 6A, the peritoneal macrophages of BDL
mice produced considerably higher levels of TNF-a but
significantly lower levels of IL-10 3 hours after LPS stim-
ulation than those of sham-operated mice. The level of
IL-12p40 production was higher in the peritoneal mac-
rophages of BDL mice at 10 hours and 16 hours after LPS

stimulation compared with those of sham-operated mice.
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Fig. 3. Kinetics of peritoneal exudate cells of sham-operated ({1} and
BDL (#) mice after intraperitoneal inoculation with 107 colony-forming
units of E. coli were analyzed with flow cytometry. Accumulation of
immune cells after E. coli infection was not impaired in BDL mice. Data
are representative of 3 separate experiments and are expressed as the
mean =+ SD for 4 mice in an experiment.
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On the other hand, Kupffer cells from BDL mice, in
response to LPS, produced a larger amount of IL-10 and
a smaller amount of IL-12 compared with those from
sham-operated mice (Fig. 6B). There was no difference in
TNF-a production by Kupffer cells between BDL and
sham-operated mice.

We further compared mRNA expression for IL-10,
IL-12p40, and TNF-a in Kupffer cells and peritoneal
macrophages between BDL and sham-operated mice after
LPS stimulation. As shown in Fig. 5D and 5E, IL-10
mRNA was increased in Kupffer cells of BDL mice after
LPS stimulation, whereas the peritoneal macrophages of
BDL mice expressed less IL-10 mRNA than those of
sham-operated mice. Increase in IL-12p40 mRNA was
only marginal in Kupffer cells of BDL mice but promi-
nent in the peritoneal macrophages of BDL mice after
LPS stimulation. TNF-a mRNA increased more mark-
edly in both Kupffer cells and peritoneal macrophages of
BDL mice after LPS stimulation compared with those in
sham-operated mice. These results indicate that perito-
neal macrophages and Kupffer cells from BDL mice re-
spond differently to LPS in terms of IL-10 and IL-12
production and that the cytokine profiles of peritoneal
macrophages are similar to those of Kupffer cells in sham-
operated mice.

Effect of IL-10 Neutralization on Resolution of
E. coli Infection. Because IL-10 is known to hamper the
resolution of bacterial infection in mice, we next deter-
mined whether or not increased IL-10 production in
BDL mice is responsible for the impaired host defense
against E. coli infection. BDL mice were injected intra-
peritoneally with anti-1L-10 neutralizing mAb (200 ug/
mouse) 2 hours before E. coli challenge, and the number

it v}
[

Hours after infection

Hours afler infuction

of the bacteria in organs was examined 24 hours after
infection. As shown in Fig. 7, impaired bactericidal activ-
ity was reversed by administration of anti—IL-10 mAb in
BDL mice. These results suggest that early IL-10 produc-
tion by Kupffer cells might be responsible for hampered
resolution of E. coli infection in BDL mice.

IL-10 Production in Fas-Mutated BDL Mice After
E. coli Infection. As demonstrated above, we found that
BDL induced predominant IL-10 production specifically
by Kupffer cells in mice. We hypothesized that Kupffer
cells in BDL mice have been changed to readily produce
IL-10 as a result of ingesting apoptotic hepatocytes, be-
cause it is demonstrated that macrophages produce IL-10
after ingesting apoptotic cells to prevent unnecessary im-
mune responses.'®!7 To investigate this possibility, Fas-
mutated fpr/lpr (lpr) mice were used in the next
experiment, because /pr mice are shown to be resistant to
cholestatic liver injury, which partially involves Fas-de-
pendent hepatocyte apoptosis. As shown in Fig. 1E, he-
patocyte apoptosis was seen in liver of BDL mice, whereas
few apoptotic hepatocytes were observed in liver of fpr
mice undergoing BDL (Fig. 1F); this is consistent with
previous reports.’*2? There was no difference in serum
total bilirubin levels between wild type and /pr mice after
BDL, but serum alanine aminotransferase activity of fpr
mice was significantly lower in /pr mice than in wild type
mice (42.2 = 12.4IU/L vs. 85.1 = 15.6 IU/L; P < .05).
As expected, serum I1-10 level of BDL-/pr mice after E.
coli infection was comparable to that of sham-operated
mice (Fig. 8B). Surprisingly, the bacterial number in or-
gans 24 hours after E. coli infection was significantly lower
in BDL-/pr mice when compared with BDL wild type

mice, whereas no significant difference in bacterial clear-
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sions in (A) liver homogenates and
(B) liver lymphocytes after E. coli
infection and in (D) Kupffer cells
and (E) peritoneal macrophages af-
ter LPS stimulation. Cytokine gene
expressions were quantitated using
real-time polymerase chain reac-
tion. Cytokine mRNA expressions of
liver homogenates and liver lym-
phocytes were pooled from 4 mice
in each group after E. coli infection.
Cytokine gene expressions of cul-
tured Kupffer cells and peritoneal
macrophages were pooled from 5
mice in each group before and after
stimulation with LPS (0.1 mg/mL).
The expression of mRNA levels for
each cytokines were normalized as
a ratio using B-actin mRNA as a
housekeeping gene. (C) In vitro
IFN-y production of liver lympho-
cytes after E. coli infection in sham-
operated and BDL mice. Liver
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sham BDL lymphocytes were isolated from
each group before and after E. coli
infection and cultured in vitro for
24 hours without additional stimu-
lation. Culture supernatants were
analyzed for IFN-y content via
ELISA. IFN-y was not detected in
culture supernatants of sham-oper-
ated or BDL mice before infection.
Results were derived from 6-8
mice per group. *P < .05. IL, in-
terleukin, 1FN-y, interferon -,
mRNA, messenger RNA; BDL, bile
duct ligation; TNF-c, tumor necrosis
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ance was seen between sham and sham-/pr mice (Fig. 8A).
These results indicate that Fas may be partially involved in
increased IL-10 production by Kupffer cells and subse-
quent impairment in bacterial killing in BDL mice.

Discussion

Although bile duct ligation has been shown to induce
impairment in bacterial clearance, only a few reports have
addressed the bactericidal activity in cholestatic animals
from a standpoint of pro- and anti-inflammatory cyto-
kines.?7:28 We show here that increased IL-10 production
with decreased IL-12 release in the serum following E. coli

sham BDL

factor «;

infection is characteristic of BDL mice as opposed to
sham-operated mice. The early IL-10 production was po-
tentially involved in impaired resolution of E. coli infec-
tion because in vivo administration of anti~IL-10 mAb
significantly augmented bacterial clearance in BDL mice.
We concluded that Kupffer cells were major sources of
serum cytokines because these serum cytokine levels were
well correlated with those produced by Kupffer cells but
not peritoneal macrophages.

T cells and natural killer cells, in the presence of IL-12,
initially produce IFN-+y after bacterial infection; later in-
crease in IL-10 suppresses IFN-y production by these
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tion by peritoneal macrophages
(2 X 105/mL) and Kupffer cells
(1 X 10%/mL) after stimulation with
LPS (0.1 pg/mL) are shown. Culture
supematants were collected at the
indicated time points. TNF-a, IL-
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were determined via ELISA. Each
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4 experiments. *P << .01 versus the
sham-operated group. (E) BDL
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lymphocytes, leading to subsidance of inflammatory reac-
tion.1439 We have reported previously that IFN-y is im-
portant for bacterial clearance after E. coli infection in
mice.?! In fact, we have shown in the present study that
liver lymphocytes of sham-operated mice expressed abun-
dant levels of IFN-y mRINA after E. coli infection, al-
though the serum level of IFN-+y was not detected even in
sham-operated mice. On the other hand, those from BDL
mice expressed only a marginal level of IFN-y mRNA.
Furthermore, in vitro IFN-vy production was significantly
higher in liver lymphocytes of sham-operated mice when
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challenge, and the numbers of the bacteria in liver, spleen, and perito-
neal cavity were examined 24 hours after infection. *P < .05; **P <
.01. CFU, colony-forming units; IgG, immunoglobulin G; IL, interleukin;
BDL, bile duct ligation.
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compared with those of BDL mice. These data strongly
suggest that the predominant IL-10 production and con-
comitant suppression of IL-12 production by Kupffer
cells in BDL mice might be responsible for host defense
dysfunction against bacterial infection.

We have demonstrated that there is no significant dif-
ference in serum TNF-a production between sham and
BDL mice after E. coli infection. In contrast, previous
papers reported that BDL mice produced a large amount
of TNF-« after LPS stimulation.132 This may reflect a
difference of LPS versus whole bacterial challenge. In fact,
we found in our experimental model that serum TNE-«
levels of BDL mice were more than 10 times higher than
those of sham-operated mice 1 hour after 4 mg/kg LPS
injection (data not shown).

A notable finding in this study is a difference in ex vivo
production of IL-10 and IL-12 in response to LPS be-
tween Kupffer cells and peritoneal macrophages from
BDL mice. We found that peritoneal macrophages from
BDL mice were able to produce a large amount of IL-12
and TNF-c, whereas IL-10 production was prominent in
Kupffer cells from BDL mice. These results suggest that
cytokine production by Kupffer cells and peritoneal mac-
rophages are differentially regulated by their milieu. Al-
though serum factors in cholestasis (e.g., increased
concentrations of bile acids and bilirubin) are shown to
affect functions of immune cells, it seems unlikely that
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Fig. 8. Bacterial clearance in Fas-mutated ipr mice with BDL. (A) Bacterial clearances in organs 24 hours after E. coli challenge were counted
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5 mice. (B) Serum 1L-10 production in ipr mice 1 hour after E. coli infection. Serum IL-10 level was lower in BDL-Ipr mice compared with that in
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such serum factors are involved in the differential regula-
tion of Kupffer cells and peritoneal macrophages.?-33-35

Kuppfer cells are shown to be activated by engulfing
apoptotic hepatocytes induced by various stimuli.?0-23
Because macrophages are demonstrated to become capa-
ble of producing IL-10 after engulfing apoptotic bod-
ies, 1617 it is possible to speculate that Kupffer cells in
cholestatic mice are also activated to generate IL-10 pre-
dominantly after ingesting increased apoptotic hepato-
cytes induced by BDL. To evaluate this possibility, we
conducted a series of experiments using Fas-mutated Jpr
mice, which are demonstrated to be resistant to Fas-me-
diated hepatocyte apoptosis. We have shown that pr mice
are resistant to BDL-induced hepatocyte apoptosis and
that /pr mice with BDL are able to kill E. co/7 efficiently to
a similar extent to that of sham-operated mice, with a
small amount of IL-10 production. These results strongly
support the scenario that BDL induces predominant
IL-10 production by Kupffer cells through ingesting Fas-
mediated apoptosis of hepatocytes. It has also been dem-
onstrated that Fas signaling in macrophages induces
IL-10 gene expression.?¢ We have recently reported that
natural killer T cells in the liver express Fas-ligand directly
through toll-like receptors induced by gram-negative bac-
teria such as Salmonella choleraesuis and E. coli3738 Taken
together, it also seems likely that Fas-expressing Kupffer
cells in BDL mice are susceptible to signals via Fas-ligand
expressed on natural killer T cells after E. coli infection
and predominantly produce IL-10. Further studies are
needed to clarify the mechanism of predominant IL-10
production by Kupffer cells in BDL mice.

In conclusion, increased IL-10 and reciprocally sup-
pressed IL-12 production by Kupffer cells is responsible
for deteriorated resistance to bacterial infection in BDL
mice. Fas-mediated hepatocyte apoptosis may be involved
in the predominant IL-10 production by Kupffer cells.
These data support the clinical practice of biliary drainage
before surgery to decrease perioperative septic complica-
tions. Moreover, our findings may provide a therapeutic

approach to the control of cholestasis-associated bacterial
infection.
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Surgical Anatomy of the Bile Ducts at the Hepatic Hilum as
Applied to Living Donor Liver Transplantation

Masayuki Ohkubo, MD, Masato Nagino, MD, Junichi Kamiya, MD, Norihiro Yuasa, MD,
Koji Oda, MD, Toshiyuki Arai, MD, Hideki Nishio, MD, and Yuji Nimura, MD

Objective: To evaluate anatomic variations of the biliary tree as
applied to living donor liver transplantation.

Summary Background Data: Anatomic variability is the rule
rather than the exception in liver surgery. However, few studies have
focused on the anatomic variations of the biliary tree in living donor
liver transplantation in relation to biliary reconstruction.

Methods: From November 1992 to June 2002, 165 patients under-
went major hepatectomy with extrahepatic bile duct resection;
right-sided hepatectomy in 110 patients and left-sided hepatectomy
in 55. Confluence patterns of the intrahepatic bile ducts at the
hepatic hilum in the surgical specimens were studied.

Results: Confluence patterns of the right intrahepatic bile ducts
were classified into 7 types. The right hepatic duct was absent in 4
of the 7 types and in 29 (26%) of the 110 livers. Confluence patterns
of the left intrahepatic bile ducts were classified into 4 types. The left
hepatic duct was absent in | of the 4 types and in ! (2%) of the 55
livers.

Conclusions: In harvesting the right liver from a donor without a
right hepatic duct, 2 or more bile duct stumps will be present in the
plane of transection in the graft in 3 patterns based on their relation
to the portal vein. Accurate knowledge of the variations in the
hepatic confluence is essential for successful living donor liver
transplantation.

(Ann Surg 2004;239: 82-86)

Living donor liver transplantation (LDLT) is an accepted
alternative for patients waiting for cadaveric liver trans-
plantation, especially in countries where the availability of
brain-dead donors is severely restricted. The evolution of this
procedure has expanded its applicability to the right liver lobe
donations.!? A precise understanding of general anatomic
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principles and common variations is the key to safe LDLT.
Despite extensive work on the anatomic and technical aspects
of LDLT,? few studies have focused on the anatomic varia-
tions of the biliary tree in relation to the safety of bile duct
division and reconstruction.* Misunderstanding of the biliary
anatomy can lead to severe postoperative complications.’
Therefore, we studied the anatomic variations of the biliary
tree based on our clinical experience with biliary malignan-
cies to enhance the safety of LDLT.

PATIENTS AND METHODS

Between November 1992 and June 2002, 165 patients
underwent major hepatectomy with extrahepatic bile duct
resection: right-sided hepatectomy (right hepatectomy and
right trisectionectomy) in 110 patients and left-sided hepa-
tectomy (left hepatectomy and left trisectionectomy) in 55.
Surgical specimens were used for this study.

After performing cholangiography on the specimen, the
extrahepatic bile duct was opened longitudinally from the
distal margin of resection to the proximal margin. The spec-
imen was fixed in 10% formalin for several days and serially
sectioned at 5-mm intervals. [ntrahepatic segmental and sub-
segmental ducts and extrahepatic bile ducts were identified on
the serial sections according to our classification system,
which is similar to Couinaud’s classification.®~®Subsegmen-
tal areas of the liver were identified initially, followed by
identification of biliary ducts from the subsegmental ducts to
the segmental and sectional ducts. The bile ducts in each
section was reconstructed three-dimensionally and drawn on
a paper two-dimensionally. We refer to this technique as the
“pressed flower method.” Histologic extension of cancer
along the bile ducts was mapped in each scheme (Fig. 1).
Confluence patterns of the bile ducts at the hepatic hilum
were determined using these two-dimensional records. Sur-
gical specimens of right-sided hepatectomies (n = 110) were
used to study the confluence patterns of the right intrahepatic
and extrahepatic bile ducts (the right anterior and posterior
sectional bile ducts, and the right and common hepatic ducts).
Surgical specimens of left-sided hepatectomies (n = S5) were
used to study confluence patterns of left intrahepatic and
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