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DEIFE R —2 D77 7 b ERIED L <IZEFRRSITFREICBT S Fh—
MDD T 7 MDA NRBERS T M5 RALOEFETHD
(Ohkohchi et al. Transplant. Proc, in press), ZHE COWMETH 4 IIFEE
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DTS 77 hTh o> THLBIEFEREOMROMER., T/2bbER#EE & v
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ETREBBEREIIEESNI VD3RP RBWVETATHD (BT
FHRIEFNETH), Fxid, BIIT2Z Lick 0 IEREIE & LLEEL % E L
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HEZIT\ i) NF-kappaB, AP-1 72 VOBEERFOEMELEL, MAP *+—F0iE
ML, cjun ¥+ —F¥ (INK ) % MAP %) —¥77 )0 LKICHE
5 MEKK-1 ®°kEns 0 NIK 2YOBRNEERFBL O F—FROE
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A HAEEE TV ERWT MBI EER 2T, 2GR S5) (EMEMD
NREEERESHFEICONT . 7y MMEIRET AR BV B ER &M
BRERT, A Ay, =g a2V /4 FOEEBEFRE LT,

(R] £ 1) FPREZHEMT A L TREEBRLISHER LU, EBR2) &
TERREA, IREBRRLE iz v 3 —MEIERCREE L, 7 v /S—HiaR
WRTHERE Lz, £/ v/ —fERMER TRFTROERBIMA b, £
BR3) ANLDLJFEIZ X 2BBACTHFHIEO - RINX —EARRIXEE LS,
HREFTHZ L CERARRINRMREERNER SN, EiRd) 7 v 3
FEiERIC & 0 IR RS I3 E LA, B MEIC X A3 NMEREE
WEDAETFE LR, LrL, 7y 3—fllaEEicer—FE s re sy —
EFHVVABREATHAZ L TEFE L, BERS) MEEEFAIZBWT DA,
FHETRS, BEERET NFkB iEHEOREE A, £0EILETATIL-18 EA
NEEBIZEL, = a2V /A FELEL eV RE U BHOEE AT — &R
L7,
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Kupffer cells play an important role

in the cytokine production and activation
of nuclear factors of liver grafts

from non-heart-beating donors

Abstract In the non-heart-beating
donor (NHBD) deterioration of mi-
crocirculation of the liver graft is
strongly associated with secretion of
cytokines and eicosanoids. In this
study we investigated the excretion
of cytokines, eicosanoids, and DNA
binding activity of transcription
factors in the grafts from NHBD and
evaluated the effects of the elimina-
tion of Kupffer cells on them. The
purpose of this study was to clarify
the impact of Kupffer cells on tran-
seription factor activity and the that
of cytokine and eicosanoid produc-
tion on reperfusion injury of liver
grafts from NHBD, Wistar rats were
allocated to four groups: (a) control
group: livers were extracted under
heart-beating conditions and per-
fused without cold storage, (b) heart
beating (HB) group: livers extracted
under heart-beating conditions were
perfused after 6 h of cold storage, (c)
non-heart-beating (NHB) group:
livers extracled after cardiac arrest
were perfused after cold storage, (d)
Kupfter cell eliminated (KE) group:
liposome-encapsulated dichlorom-
ethyiene diphosphonate was intra-
venously administered to eliminate
Kupffer cells before extraction, and
the liver was perfused after cold
storage. Cytokines and eicosanoids

in perfusate were measured, DNA
binding activity of nuclear factor »B,
activating protein |, and nuclear
factor-interfeukin 6 of tissue were
investigated. Concentrations of
interleukin 15 and thromboxane B,
in the perfusate were significantly
higher in NHB group, but they were
completely suppressed in the KE
group. A rise in binding activity of
nuclear factor B and activating
protein | was not observed during
cold storage in any groups. but these
activities did increase remarkably
after reperfusion, Significant buildup
of those activities were recognized in
the NHB group, and this phenome-
non was inhibited in the KE group.
The histological structures of the
sinusoid in the KE group were well
maintained, as with those of the
contro! group. These results indicate
that cytokines, eicosanoids, and the
DNA binding activity of the tran-
scripton factor are strongly associ-
ated with reperfusion injury, and
Kupffer cells play an important role
in this mechanism in grafts from
NHBDs,

Keywords Non-heart-beating
donor - Liver transplantation
Cytokine « Eicosanoid + Nuclear
transcription Factor « Kupfler cell
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Introduction

Liver transplantation, which is established as a therapy
for end-stage hepatic disease, has become a common
surgical treatment all over the world. Due to technical
progress and the development of immunosuppressive
agents the outcome of liver transplantations has im-
proved markedly, and the indications for transplanta-
tion have been extended. However, donor numbers do
not increase in most countries, and gralt shortage has
become a major problem, especially in Europe and
North America. Consequently the utilization of grafts
from so-called marginal donors, which would previ-
ously have been classified as unsuitable for transplan-
tation, are now being considered [20], and a special
program has been devoted to the use of liver grafts
from donors with cardiac arrvest [8]. According to a
prospective study, the number of donors would in-
crease by 20-25% if donation of liver grafts from
marginal donors were to be introduced [22]. At pre-
sent, however, transplantation of liver grafts from
cardiac arrest donors is rarely carried out because of
the high incidence of primary graft nonfunction
{PGN).

Ischemic reperfusion injury of the liver graft sub-
jected to cold preservation is considered one of the
main factors of PGN [0} It has been reported that
PGN is strongly associated with the involvement of the
impaired sinusoidal endothelial and activated Kupfler
cells [6, 7, 30, 31, 36], We have already reported that
active oxygen production, lipid peroxidation, and ac-
tivation of both neutrophils and Kupffer cells are
strongly associated with the mechanism of PGN [16,
23, 24, 25, 30, 31, 34, 35, 37]. Conditions such as an
agonal state of hypoxemin, hypotension, abnormal
electrolyte levels, and acidosis seem to induce serious
biological reactions by the transplanted liver graft, The
reactions caused by hypoxia and acidosis in NHBD are
-probably more complicated than those induced by
-simple cold storage and reperfusion injucy [41]. Espe-
cially the increase in inflammatory cytokines, such as
“tumor necrosis fuctor ¢ (TNFw), interleukin (1L} 14,

“and IL-6 as well as the increment of DNA binding

shctivity of transcription factors, such as nuclear factor

#xB . (NF-wB) and activating protein 1 (AP-1) are
strongly associated with the mechanism of gralt injury
{5, 26, 33].

The purpose of the present study was to investigite
the mechanism of ischemic reperfusion injury in liver
grafts in a cardiac arrest (NHBD) model focusing on
inflammatory cytokines, eicosanoids, and the DNA
binding activily of transcription factors. We furthermore
wanted to clarify the role of Kupfler cells in ischemic
reperfusion injury.

[y

Materials and methods

Experimental design

Miale Wistar rats (Charles River, Tokye, Japan) weighing 250-300 ¢
were used. Under anesthesiu with ether the livers was extracted and
presevved with and without cold preservation. Livers were divided
into the following fouy groups according to the surgicul procedure
and subsequent tweatment [14]. {a) In the control group, the livers
were extracted under heart-beating conditions and pecfused without
cold storage. {b) In the heart-beating (HB} group. (he livers
were extracted under heart-beating conditions and after 6 h of cold
slorage were perfused witl University of Wisconsin (UW) solution.
{c) In the non-heart-beating (NHB) group, livers were extracled after
cardiac arrest and after 6 h of cold preservation were perfused. (d) In
the Kupfier cell eliminated (KE) group. liposome-encapsulated
dichloromethylene diphosphonate (5 mljkg) was intravenousty
administered to eliminale Kupler cells 42 h before hepatectomy.
lo this group, the livers were extracted after cardiae aurrest and
perfused after 6 h of cold storage. Each group consisted of 6 rats.

Experimental procedure

After hepurinization, 50 mg/kg of Nembutal was intraperitoneally
welministered to induce general anesthesia. The abdomen was
opened with a midline incision. After introduction of a silicone tube
into the common bite duct, the sheath of a 12 gauge needle was
inserted into the portal vein. The inferior vena cava was incised.
and the porial blood wus washed out with 10 ml of physiclegical
sahine at 4°C and UW selution under a pressure ol approximately
10 emHL0. Then, the liver was preserved in UW solution at 4°C.

Induction of cardinc arrest

The diaphragm was incised to induce respiratory stop and cardiae
arrest. The rat was left at room temperature for 30 min. Cardiac
arrest was induced 10.0%1.2 (mean +standard) min after the
thoracotomy. Afterwards, the liver was washed out via the portal
vein and exlracted.

Elimination of Kupfler cells

Dichloromethylene diphosphonate was prepured in accordance
with the method described by Van Rooijen [38]. In 20 ml methanol
chloraform (1:1) 75 mg phosphatidylcholine (Sigma, St. Louis,
to., USA) and 11 mg cholesterol (Sigma) were dissolved. and the
mixture was dried in an evaporator under low pressure at 37°C.
This procedure wis repeated twice, A thin phosphatidyleholine and
choleslerol membrane was formed in a fusk. Of dichloromethylene
diphosphonate {Boehringer-Muannheim, Laval, Quebee, Canada)
1.8% g was dissolved in phosphate-buffered solution (PBS), pH 74
at 23°C. The whitish thin membrane was dissolved with the mixed
solution by shaking the flusk for 1 h in a waler bath al 68°C,
Nilrogen gas was placed on the sueface, and the soluwtion was left al
room temperature for 2 b, Then the solution was passed through a
0.6-jum flter. To remove dichloromethylene diphosphonate which
was not encapsufaled in the liposome by this procedure the solution
was diluted with 100 ml PBS and cenlriluged at 5500 rpm for
30 min. The supernatant was diluted with 20 mi PBS and centri-
fuged at 100,000 g far 30 min. After the supernatant was discarded,
the pellet was suspended in 4 ml PBS. This finil solution was
administered intravenously to rats at a dose of § ml/kg body
weight 42 b belore hepatectomy. The eflect of dichloromelhylene
diphosphonate on KuplTer cells has been reported praviously. and
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the validity was confirmed by immunohistological stain using ED2
antibody and cofleid carbon phagocytosis [30).

Perfusion of the liver in vitro

The schema of the reperfusion system of the liver in vitro (s shown
in Fig. 1. The perfusion circuit was filed with Krebs-Henseleire
bicarbonate buffer which was filtrated through a 0.2 um flter. An
oxygen and carbon dioxide gas mixture (95% Oa+35% COa) was
bubbled into the buffer. The buffer was perfused into the portal
vein ol the liver at a pressure of 10 emH.Q for 60 min. Liver
specimens were taken under heart beating conditions, afier cardiac
avvest, during cold preservation (0, 6, 12, 24 h), and 60 min after
perfusion. The specimens were {reeze-clamped in liquid nitrogen.
The frozen tissue sample was stored at -80°C until measurement of
DNA binding activity of transcription factor.

Eicosanoids

Thromboxune (TX) Ba, 6-keto prostaglandin Fy, (6-keto PGF|.)
and leukotriene By that were released into the perfusate from the
liver were assessed by imeasuring eicosanoids concentration in the
perfusate 60 min after reperfusion using commercially available,
enzyme-linked immunosorbent assay kits (Cayman Chemical, Ann
Arbor, Mich., USA).

Cytokines

Inflammatory cytokines, i.e.. TNF, [L-1, and 1L-6 that were re-
leased into lhe perfusate {rom Lhe liver, were assessed by measuring
cytokine concentration in the perfusate 60 min after reperfusion,
using commercially available enzyme-tinked immunosorbent assay
kits {Biosource International, Camarillo, Calif., USA).

Extraction of nuclei from liver tissue

The nuclei were extracted according to the method described by
Dignamn et al. [11]. The lollowing procedure was conducled at 4°C,
The tissue was dissolved in 5 ml of a solution, consisting of 0.6%
IGEPAL CA-630, ie., a nonionic detergent, [50 mi NaCl,
10 mM hydroxyethylpiperazine ethanesulfonic acid (HEPES)
pH 7.9, | mM ethylene diaminetetrancatate (EDTA), and 0.5 mM
phenylmethylsulfonyl Auoride (PMSF). A pestle (Dounce tissue
grinder, Wheaton, Millville, N.J., USA} was used to homogenize
the sample approximately gently ten times. To remove uncrushed
tissues the homogenale was centrifuged al 2000 rpm for 1 min,
The supernatant was centrifuged at 5000 rpm for 5 min. The

Fig. I. Scheme of the perfusion

precipitated nuclei were introduced into a solution which consisted
of 25% glycerol, 20 mM HEPES at pH 7.9, 420 mM NaCl, 1.2 M
MegCls, 0.2 mM EDTA, 0.5 mM dithiothreitol, 0.5 mM PMSF,
2 mil benzamidine, 5 pg/ml pepstatin, 3 pg/ml leupeptin, and
5 ug/ml aprotinin, and the mixtuce was left on the ice for 20 min.
The solution containing nuclei was centrifuged at 6,000 rpm, and
the supernatant was collected. Then the sumiple was stored at
~80°C. Nucleoprotein was quantified using o comumercially avail-
able BCA prolein assay kit (Pierce Chemical, Rockford, IIl., USA).

Electrophoretic mobility shift assay

Electrophoretic mability shift nssay was carried oul to investigate
the DNA binding activity of NF-xB, AP-1, and NF IL-6 (C/EBP) of
the liver specimens, Double-stranded oligonucleotides were pre-
pared as follows: NF-xB: 5-AGT TGA GGG GAC TTT CCC
AGG C-¥, AP-l: 5-CGC TTG ATG AGT CAG CCG GAA-Y
(Promega., Madison, Wis., USA), C/EBP: 5-TGC AGA TTG
CGC AAT CTG CA-Y (Santa Cruz Biotechnology, Santa Cruz,
Calif,, USA), and T4 polynuclzotide kinase (Promega). FPPIATP
was incubated with these oligonucleotides at 37°C for 30 min for
labeling and used s a probe. Then the sample was purified through
Quick Spin G-25 column (Boehringer-Mannheim, Piscataway, N.J.,
USA). The liquid nuclear extract of 15 ug protein and the probe
were incubated with the binding reaction buffer, which consisted of
10 mM Tris-Cl at pH 7.5, 1 mM MgCla, 50 mM NaCl, 0.5 mM
EDTA, 0.5 mM dithiothreitol, 0.5 mM PMSF, 4% glycerol, and
0.1 mg/ml polydeoxyinosinic deoxycytidylic acid at room temper-
ature for 20 min. For the supershift assay, before the addition of the
probe, NF-xB was incubated with anti-p50, p65, and c-Rel anti-
bodies {2 gfsample: Santa Cruz Biotechnology) at 4°C for | h. For
the competition assay, before the addition of the probe, unlabeled
oligonucleotide and mutant oligonucleotide were incubated at room
temperature for 10 min. The sample was electrophoresed in 4%
polyacrylamide gel with Tris-borate-EDTA buffer under 150 V for
2 h. After drying the gel was exposed to the film at -80°C.

Histological findings

Sixty minutes after perfusion the specimens of the liver were fixed
in 10% neutral formaiin, and hematoxylin and eosin staining was
carried out.

Statistics

Alb values and figures are the mean =slandard deviation (SD).
Statistical analysis was carried oul using Student's ¢ test. Dilferences
at the level of P <0.05 were considered statistically significant.

95% 02/ 5% CO:2
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Results
Eicosanoids in perfusate

The concentration of TXB, was significantly higher in
the HB and NHB groups than in the other two groups:
in the KE group it was completely suppressed, as was
that of IL-1 (Table 1). The concentration of 6-keto
PGF,, was significantly higher in the HB group than in
the other groups; in the NHB group it was reduced to
the level in the control group. The ratio of TXB; to 6-
keto PGFy, was significantly higher in the NHB group
than in the other groups; in the KE group it was com-
pletely suppressed (Table 1). Leukotriene B, was not
detected in any of the groups (data were not shown).

Cytokines in perfusate

The concentration of 1L-18 was significantly higher in the
INHB group than in the other groups; in the KE group
the production of I L-1f suppressed to the same level in the
control group (Table 1). The values in the HB and NHB
groups were slightly elevated, but there was no statistically
significant difference between group, In the KE group,
however, the production of TNFa was suppressed to
the same level as in the control group (Table 1). [L-6 was
not detected in any of the groups {data were not shown}.

Transcriptions factor

No NF-«B activity was observed, in spite of cold pres-
ervation in each group. After 60 min of reperfusion ac-
tivity in the NHB group was clearly higher than in the
other groups. Activity in the KE group was lower than
in the NHB group. In the competition and supershift
assays of the nuclear extract from the NHB group, the
band was abolished by 100-fold excess of unlabeled
wild-type oligonucleotide (lane wt), In contrast, the

Table 1. Cylokines and eicosanoids in perfusate 60 min after
reperfusion (A8 heart beating group: the liver, extracted under
heart beating conditions, was perfused after 6 h of cold storage
with solution, NH#8 non-heart-beating group: the liver extracted
after cardiac arrest was perfused after 6 h of cold preservation, KE

mutated oligonucleotide had no effect on the band in the
NHB group (lane mt). Supershift assay with antibodies
against p50, p65, and c-Rel showed the identity of dif-
ferent NF-xB members. In the NHB group the p50/p50
homodimer was dominant (Fig. 2).

No AP-| activity was observed in spite of cold pres-
ervation. Activity after 60 min of reparfusion was
markedly higher in the NHB group than in the other
groups. Activity in the KE group was lower than in the
NHB group. In competition assays the band of NHB
was abolished by 100-fold excess of unlabeled wild- type
oligonucleotide (lane wt). In contrast, the mutated oli-
gonucleotide had no effect on the band in the NHB
group (lane mt; Fig. 3).

DNA binding activity of NF-IL6 was observed dur-
ing cold preservation, and after 60 min of reperfusion
the binding activity remained unchanged in all three
groups. [n the competition assay the band of NHB was
abolished by 100-fold excess of unlabeled wild-type oli-
gonucleotide (tane wt). In contrast, the mutated oli-
gonucleotide had no effect on the band in the NHB
group (lane mt; Fig. 4),

Histological findings

In the HB group the structure of the liver was well-
maintained, although a slight disorder was recognized in
the perisinusoidal area, In the NHB group the sinusoidal
structure was remarkably deteriorated, and a hydropic
change in parenchymal hepatocytes was observed. The
histological structure was well maintained in both the
control and KE groups (Fig. 5).

Discussion

The use of iiver grafts from NHBD is still a matter
of controversy in clinical transplantation. In some

Kupffer call eliminated group: liposome-encapsulited dichlorom-
ethylene diphosphonate was administered intravenously to elimi-
nate Kupfler cells 24 h before extraction of the liver, and perfused
after 6 b of cold storage)

Group Conirol HB NHB KE
Eicosunoid
6-keto PGF;, (pg/ml} 178+ 72 346+ 119 150 + 30 120+ 50
TXBs {pg/ml} 8| +26 p17+ 5254 2703 4 1330 17+18
TX B,f6-keto PGF, ratio 0.4£0.1 43£23 18.6£9.6% 0101
Cytokine
IL-1t {pg/ml) 34.2+13.0 328+ 122 6l.4+14.7* 40,6+ 18.5
TNFx (pghml) 0.3+0.0 4.5+6.3 3.2+355 0.4+0.6

*P < 0,05 versus all other groups,
P <005 versus KE group

Iy

21
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cold preservation

HB NHB KE

0 6 1224 0 6 12240 6 12 24 r

Fig. 2. Electrophoretic mobility assay of NF-nwB activation. No
activity was observed in spite of cold preservation in each group.
Activity after 60 min of reperfusion was markedly higher in the
NHB group and lower in the KE group than in other groups. In
the competition and supershift assays of the nuclear extract from
the NHB group the band was abolished by 100-fold excess of
unlabeled wild-type oligonucleotide {fune wi). In contrast, the
mutated oligonucleotide had no effect on the bund in the NHB
group (ke rir). Supershift assay with antibodies against p50, p63,
and c-Rel showed the identity of differant NF-xB members, In the
NHB group the p30/p50 homodimer was dominant. #2 Hearl-
beating doner with 6 h cold preservation; NH B8 non-heyrt-beating
donor with 6 h of cold preservation; K£ non-heart-bealing donor
with elimination of Kupffer cells and 6 h of cold preservation; wr
wild type: mr mutated type

countries lHver transplantation from NEHBD is carried
out in urgent cases us a trial, but transplantation results
are still unsatisfactory, Such livers are usually not used
in urgent cases, but in stable patients who are able Lo
withstand the greater reperfusion injury of the liver from
NHBD, according to the recent North American report.
Injury of the liver graft from NHBD is associated with
various cytokines released from activated Kupffer cells
[26]. We have previously reported that Kupffer cells play
an important role in reperfusion injury of the liver graft
from NHBD after cold preservation [37). In this study
we found that IL-1f and TXB, concentrations are sig-
nificantly higher in liver grafts from NHBD during
reperfusion after cold preservation in NHBD liver graft
than in with prostacyclin, We also observed that tran-
scription factors, i.e., NF-xB and AP-1, were not acti-
vated during cold preservation, but were after
reperfusion. The activation was enhanced especially in
agonal NHBD. These phenomena were not induced by
the elimination of Kupffer cells, and as a result reper-
fusion injury of sinuscidal microcirculation was effec-
tively prevented. As this study suggests, the key to -
successful transplantation from NHBD is likely control
of Kupffer cells function.

IR

Aut b

I hr after reperfusion
with 6hr cold preservation

NHB  wt p5¢  cRel
HB KE mt

il

There are several models of NHBD, i.e., induction
with respirator off, thoracotomy, and administration of
KCl. Zhang et al. [41] reported that in the NHBD model
induced by administration of KCl, arterial oxygen con-
tent and ability of ATP synthesis in mitochondria
30 min after induction were significantly higher than
those in the NHBD model induced by the thoracotomy.
Therefore in this study we chose the NHBD model in-
duced by thoracotomy in which liver graft suffered from
agonal conditions such as hypoxia.

According to previous studies on reperfusion injury of
the liver after cold preservation, the parenchymal
hepatocytes deteriorated as a result of the damage of
sinusoidal endothelial cells [20]. The mechanism of this
phenomenon has been explained as follows, ATP deple-
tion [12, 19] and the increase in intracellular calcium
activate various enzymes and affect the cellular structure
and the permeability of cell membrane [13, 15, 21]. In
addition, metabolites in the arachidonic acid cascade are
also associated with the deterioration in sinusocidal
endothelial cells and coagulopathy of sinuscid. TXAs,
which derives from the activation of phospholipase A,
has strong effects of platelets uggregation and vasocon-
striction [28] and induces the accumulation of neutrophils
in sinusoid [18, 39, 40], Morcover, TXA. impairs the
microcirculation of the liver direcily, and treatment by
inhibition of TXA, production improves the microcir-
culation after reperfusion in the ischemic liver [32]. Post
et al. [27] reported that the level of prostanoids in hepatic
veins increased 100-500 times after reperfusion. TXA,
and PGI; are unstable in the blood and metabolized to
TXB, and 6-keto PGF|, respectively. This study cleavly
indicated the increase in prostacyclin, which induced
vasodilation in microcirculatory disturbance of the liver
after reperfusion following cold preservation, We also
showed that TX is significantly higher in the liver graft
from NHBD than prostacyclin. Therefore, in view of the
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cold preservation

HB NHB KL

0 612 0 61224 0 6 (224 Ir
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Fig. 3, Electrophoretic mobility assays for AP-1 activation. Ne
activity was observed in spite of cold preservation in each group.
Activity after 60 min of reperfusion was markedly higher in the
NHB group und lower in the KE group than in other groups. In
compelition assays the band of NHB was abolished by 100-foid
excess of unlabeled wild-type oligonucteotide {fane wi). In contrast,
the mutnted ofigonucleotide hud no effect on the band in the NHB
group (fane mt). HB Heart-beuting donor with 6 h cold preserva-
tion; MA B non-heurt-beating donor with 6 h cold preservation, K&
non-heart-beating donor with eliminution ol KuptTer cells and 6 h
cold preservation; wr wild type: nir mutated type

arachidonic acid metabolism, the agonal condition of the
NHBD donor has severe adverse effects on the sinusoidal
microcirculation in the liver, as opposed to the heurt
beating donor. In addition, we demonstrated that
Kupffer cells play important roles in activation of the
arachidonic acid metabolism in the graft from NHBD.

Fig. 4. Electrophorelic mobili-
Ly sissays for NF-1L6 activation.
DNA-hinding activity was ob-
served during cold preservation
und alter 60 min ol reperfusion
the binding activity remained
unchanged in the three groups.
In the competition assay the
band of NHB was abolished by
100-fold excess ol unlabeled
wild-Lype oligonucleatide {fne
wi). In contrast, the mutated
oligonueleotida hud no effect on
the band in the NHB group
(e nat). H B Heart-beating
danor with 6 h cold preservi-
tion; VB non-heart-bealing
donov with 6 h cold preserva-
tion: K& non-heart-beating do-
nor with elimination of Kup{ler
cells wnd & b cold preservalion:
we wild Lyper me mututed type

HB

cold preservation

NHB
0 6 1224 0 61224 0 6 12 24 Ir

Ihr after reperfusion
with 6hr cold preservation

NHB Wt
KE mt

HB

>

Arachidonic acid, which is a component of the cell
membrane, is a substrate metabolized through the
arachidonic acid cascade, The rate-limiting enzymes in-
volved in this cascade are divided into cyclo-oxygenases
(COX) and lipoxygenases. COX metabolizes arachi-
donic acid into PGG.. PGG, is metabolized from
PGHa. PGEa, and PGD, to PGFa. In addition to this
process, there are two other metabolic processes, and the
final metabolites are PGls and TXA,. Caughey et al, [9]
reported that the productions of TL-1§ and TNF¢ are
inhibited by TXA, in human monocytes, and suggested
activation of the arachidonic acid cascade by signal
transduction. Two COX isozymes have been identified,
i.e., COX-1 and COX-2. COX-1 is a constitutive protein
in almost all the cells, On the other hand, COX-2 is an
inducible protein. NF-xB, AP-1, and NF IL-6 exist in

1hr after reperfusion
with 6hr cold preservation

NHB Wt
HB

KE C
KE mt
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Fig. 5. Morphological findings
in the livers 60 min after reper-
fusion. In the NHB group si-
nusoidal spaces became narrow,
and hydropic changes were ob-
served in hepatocytes. In the
KE group sinusoidal structures
and hepatocytes were well pre-
sarved, as in the control group.
Conrol Heart-beating donor
without preservation: B8 heart-
beating donor with 6 h cold
preservation: NH B non-heart-
beating donor with & h cold
preservation: KE non-heart-
beating donor with elimination
of Kupfter cells and 6 h cold
preservation. Hematoxylin and
eosin stain, x100

the promoter region of COX-2, and COX-2 is induced
by IL-l and NF-xB [1]. Although we did not examine
COX-2 expression, the results of our study, i.e., incre-
ment of eicosanoid production and inflammatory cyto-
kines and enhancement of transcription factor activity,
suggest that cold preservation/reperfusion injury in the
graft from NHBD is associated with COX-2 induction in
the liver graft.

Many studies have been carried out recently on the
mechanism of biological reactions, including acute-
phase inflammation. Attention has been drawn espe-
cially to transcription factors, which bind to the
promoter of gene expression and induce transcription
activity, NF-xB was the first transcription factor iden-
tified as o nucleoprotein that binds to the enhancer of
immunoglobulin k chain genes and was regarded asa B
cell specific transcription factor [29]. Subsequent studies
demonstrated that NF-xB is a transcription factor which
controls the activities of various cytokines, i.e., IL-1,
IL-2, IL-6, IL-8, granulocyte-macrophage colony-stim-
ulating factor, TNFa, COX-2, chemokine, adhesion
molecules such as E-selectin, intercellular adhesion
molecule |, vascular cell adhesion molecule, inducible
nitric oxide synthase, Fas ligand, IL-2 receplor, and gene
expression, as well as human immunodeficiency virus
and cytomegalovirus self-replication, NF-xB plays an
important role in preventing apoptosis induced by
TNFe« [2). There has been a report that massive liver-cell
death was induced in NF-xB knockout mice, and this
indicates the necessity of NF-xB in the liver [3]. NF-xB
was induced when reperfusion disturbance occurred in
the tiver transplantation [4, 42, 43]. However, NF-xB
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activation is reported to have a protective effect on liver
grafts from heart beating donors [5]. However, no study
has investigated the mechanism of reperfusion injury in
the liver grafts from cardiac arrest donors, and this
study is the first report clearly indicating a relationship
between TNFa, NF-xB activity, and Kupfler cells in
reperfusion injury of the liver under agonal conditions.

NF-kB is composed of heterodimers p65 and p50. We
conducted a supershift assay of NF-xB and found that
NF-xB, which was induced by preservation/reperfusion
injury, consisted of p50 homodimer. KBF-1 is identified
as a transcription factor of the p50 homodimer which
binds to the near NF-xB consensus site of DNA existing
in the promoter region of MHC class T gene [{7].
Therefore KBF-1 is likely to have a function similar to
that of NF-xB [17]. It remains to be clarified whether the
enhancement of the activity of transcription factors di-
rectly causes the deterioration ol the liver graft after
reperfusion. Therefore further studies are necessary to
clarify the true mechanism.

As immediate early genes, there are AP-l, signal
transducers and activators transcription-3, NF IL-6 (C/
EBP), and cyclic AMP response element binding protein
as well as NF-xB. These components are strongly as-
sociated with signal transduction of acute-phase in-
Aammatory reactions. This study identified an absence
of NF-xkB and AP-1 activities during cold preservation
despite agonal conditions, but their activities increased
during reperfusion after cold preservation. Significant
buildup of NF-xB and AP-1 activities were recognized
especially in the liver specimens from the cardiac
arrest model under agonal conditions. However, this
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phetomenen was not induced by Kupffer elimination,
These results indjcate that inhibition of the enhancement
of NF-xB and AP-1 activities was strongly associated
with prevention of preservation/reperfusion injury in the
liver graft with an agonal condition, and that this acti-
vation of NF-kB binding and AP-1 was induced by in-
flammatory cytokines, such as TNFz and IL-1f
produced by Kupfler cells.

In conclusion, our study clearly indicates enhance-
ment of TX production and inflammatory cytokines and
that these changes in chemical mediators are strongly

associated with sinusoidal microcirculatory disturbance
if there are Kupffer cells in the liver. This ischemic/
reperfusion study of the liver from an NHBD agonal rat
clarified that the activities ol transcription factors, i.e.,
NF-xB and AP-1 are increased after reperfusion, and
that the elimination of Kupfler cells prevents the rise in
these transcription factors and microcirculatory distur-
bances. In clinical transplantation the use of liver grafts
from NHBD still remains a controversial issue; however,
the control of Kupffer cell function must be the key to
success for transplantation from NHBD,
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Elimination of Kupffer Cells Suppresses Activation of Nuclear Factor
Kappa B and Production of Cytokines and Eicosanoids in

Non-Heart-Beating Donors

K. Qlkawa, N. Ohkohchi, M. Sato, A, Masamune, and S. Satomi

HE SHORTAGE of donors has become a Serious
problem in liver transplantation (LTx). In recent
years, to resolve this problem, LTx of the graft from
non-heart-beating donors (NHBD) has become a topic all
over the world, But liver grafts from NHBD have been
considered unsuitable for LTx because the graft viability
and sinusoidal microcirculation are deteriorated by warm
ischemia and severe reperfusion injury.!® Many studies
have been carried out to clarify the mechanisms of reper-
fusion injury. Recent studies showed that Kupffer cells
activated at reperfusion and they played important roles in
reperfusion injury.? It is likely that many chemical media-
tors, that is, cytokines, eicosanoids, and reactive oxygen
intermediates, would be produced from Kupffer celis. Fur-
thermore in recent years, it has been reported that nuclear
factors, for example, nuclear factor kappa B (NF-xB) and
activator protein-1 (AP-1}, are very important factors in the
biologic reactions. The purpase of this study is to clarify the
behavior of nuclear factors, cytokines, and eicosanoids at
the reperfusion of the liver graft and the effect of elimina-
tion of Kupffer cells on the reperfusion injury in NHBD,

MATERIALS AND METHODS
Animals and Protocol of Examination

Male Wistar rats, weighting 240 to 300 g, were allocated to four
groups. En the control group (n = €), liver was harvested under
heart beating and perfused without cold preservation. In the heart
beating (HB) group (1 = 6), liver was harvested under the heart
beating and perfused 6 hours after cold preservation in University
of Wisconsin (UW) solution. In the non-heart-beating (NHB)
group {n = @), the cardiac arrest was Induced by thoracotomy
through the diaphragm, and 30 minutes after thoracotomy, livers
were harvested and perfused after 6 hours of cold preservation in
UW solution. In the Kupffer cell eliminated (KE) group (n = 6),
rats were administered 5 mL/body of liposome-encapsulated di-
chloromethylens diphosphonate (047 mg in phosphate-buffered
saline) intravenously to eliminated Kupffer cells 42 hours before
the graflectomy.* Under anesthesia with 50 mg/kg of pentobarbital
sodium intraperitoneally, the liver was flushed with 10 mL of 4°C
saline and 20 mb of 4°C UW solution via the portal vein, In the HE,
NHB, and KE groups the liver graft was preserved in UW solution
al 4°C for 6 hours. The liver was pecfused for 60 minutes at a
pressure of 10 cmH.0 with 100 mL of Krebs-Henseleit bicarbonate
bufler (pH 7.4, at 37°C} saturated with gas mixture of 95% O, and
5% CO, in the recirculating system as deseribed previousky.®
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Fig 1. EMSA for activated NF-kB 1 hour after reperfusion.
Lanes 5 to 9 show the competltion and supershift assays of the
NHB group. The band of NHB could be competed by 100-fold
excess of unlabeled wild type oligonucleotide (lane 5), but it
could not be competed with a mutated form (lane 6}, Super shift
assays with aniibadies against p50, p685, and ¢-Re! clarifled the
Identity of NF-xB (lanes 7 to 9). By this assay, it was revealed
that p50/p50 homodimer was dominant,

Nuclear Factor DNA Binding Activity

Nuclear extracts were prepared from frozen liver specimen and
electrophoretic mobility assay (EMSA) was perfarmed.

Cytokines and Eicosanoids

Tumor necrosis factor &« (TNF-), interleukin-1 8 (IL-i8), throm-
boxaneB2(TXB2), 6-ketoProstaglandinF1 «(6-ketoPGF| «), and
teukotrieneB4(LTB4) were measured in the perfusate of the liver
using commercially available enzyme-linked immunosorbent assay
kits.
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Table 1. Cytokines and Eicosancida Released From ihe Perfused Liver

Control HB NHB KE
iL-18 (pg/ml} 34.2 £ 13,0 328 122 61.4 £ 14.7* 408 +138.5
TNFe {(pg/mL) 0.3 = 0.1 45 £6.3 3251 04 06
TXB2 (pg/mL) 81.3 =56 2017 + 1525 2762 + 1380 16,7 + 18.3%
6-ketoPGF1a (pg/mL) 178 £ 71.8 346 + 119¥% 150 £ 29,5 120 + 59.1
TXB2 to 6-keto PGF1 « ratio 042 =01 432 £ 230 18.6+9.8 0.1 = 0,1%

'P < 05vs KE, P < .01 vs control and HB,
P < 01vsHB and NHB,

P« 05 va contra), HB, and KE.

5P < 05 vs HB, P < .01 va HNB,

Histologic Examination

Light microscopical findings were investigated, Specimens were
stained with hematoxylin and eosin.

Statistlcal Analysis

All values are presented the mean x standard deviation. Statistical
analysis was performed using Student’s 1 test. P < .03 was consid-
ered os statistically significant.

RESULTS
Nuclear Factor DNA Binding Activity

NF-«B activity in the NHB group was higher than in other
groups. In the KE group, the activity value was suppressed
at the same level as in the HB group (Fig 1). Examination
results of AP-1 activity was the same as that of NF-xB
activity (data not shown).

Cytokines in Perfusate

IL-1B. In the NHB group, the concentration of IL-18
was significantly higher than in the other groups. In the KE
group, the production of IL-1 was suppressed to the same
level as the control group.

TNFeq. In the KE group, the production of TNFa was
suppressed ko the same level as the control group, but there
was no significant difference between each group (Table 1),

Ficosanoids in Perfusate

TXB2. In the NHB group, the concentration of TXB2
was significantly higher than in the other groups. In the KE
group, the concentration of TXB2 was completely sup-
pressed,

6-keto PGF1 c. In the HB group, the concentration of
6-keto PGFle was significantly higher than in the other
groups. In the MHB group, the concentration was reduced
to the same level as in the control group.

TXB2 to 6-keto PGFIw ratio, In the NHB group, the ratio
was significantly larger than in the other groups. In the KE
group, the ratio was completely suppressed compared with
those in the HE and NHB groups.

LTB4. LTB4 could not be detected in any groups
(Table 1).

Histological Examination

In the NHB group, sinusoidal space became narrow, and
hydropic changes in hepatocytes were observed. But in the

far L

KE group, sinusoidal structures and hepatocytes were well
preserved, as in the control group.

DISCUSSION

The shortage of donors in LTx has become a serious
problem all over the world, 1t is generally accepted that liver
can be transplanted only when harvested prior to cardiac
arrest because warm ischemia causes liver damage and
eventually graft failure. In some countries the LTx from
NHBD has been carried out, but the result of LTx is not
satisfactory. In the LTx from agonal NHBD, donors have
unstable condition and various clinical courses leading to
the cardiac arrest, It is still unclear why the transplantations
of liver grafts from agonal NHBD has been unsuccessful.
We reported that Kupffer cells generate oxygen free radi-
cals and release cytokines at reperfusion after cold ischemia
and modulate the degree of injury of sinusoidal endothels.®
And in recent years, many biologic phenomena have been
explained by the change of a gene by the technique of
molecular biology. Nuclear factors are very important sub-
strates in the biclogic reactions, We clarified that the
microcirculatory disturbance after LTx from agonal NHBD
was the main cause, followed by the deterioration of sinusoidal
endothelial cells and hepatocytes caused by activated Kupfer
cells.! In our present study, elimination of Kupffer celis
suppressed the activation of nuclear factors NF-kB and AP-1
and the production of TXB2 and cytokines. Furthermore
ischemia/reperfusion injury of the sinusoidal microcirculation
and hepatacytes was prevented by elimination of Kupffer in
cells NHED, Qur results indicate that Kupffer cells play an
important role in the mechanism of graft injury in LTx from
INHBD and that LTx using grafts from NHBD will be suc-
ceeded by modulation of Kupffer cells,
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b VRO T % RUBA Ay — RDAF 4 e f— R EFITHET2 = &
PR &k, £, Zo 2 FFRAREL, REFS 77 FOFERICET S
BMBRRFICEBOTERTHD Z L BATRENT,

[FEE] DMELE F— D OFFSHE CIiE, EE (BRME) B3 1-18 -
INF-o OB LT 7% FUVBIA T — FOMFAREETHDI LB 6N,
FRI67653 & nafamostat mesilate > 2 FIGHABIEIR, RIS 7 b a5y

vazmV L LTHRADI EEZ BN,
2. LR

HAEMFBEE, £X80 - BRMFRBICBIT A REIIRd 5188 EE L
THESL&EN, BICEBHRIEREE R TE ., BARKBWT L HUEBEEN
RIEEN, BEBEAFERIFLVEKINTVD, LHLRD OIEBEREE
(ULF RF—&8Ed.) OBIZIB XHYD, FF—FRIIEHERICHEEL 2
STETND, I THE, Whpdw—IF L FF—OFARRE S, O
ElE FF— b OFBEDTREIC SV THRE SN TN D, W 20Dk
BT MEL FF—FBRELRATIIN AN ZOFERIIF L AVD
WEEFTHD, & < IZuncontrolied non-heart beating donor: uncontrolled NHBD % &
OF 777 M, B8 7 7 MB#ETRS (primary graft non-function; PGN) 235
BECAL D DERETIIREY L ShTna?,
FBREICBWCREFOELEERESIL PON OXKERBEREEL DN 4,
IDAN=ALEERATEDELL OFERRINTND, TLT, ZOEE
REBFILEIFNEMEOBERS Y v S —MIEOEEMIZ L 28N ERES
NRECHEELTVR LOBERRSATNE > &7 YHETHLINE THR

3.



FHEREE OROEEBREL, 7 v/ HBROBEEL, TNF-o OFH, 7
FEROBELEIZOVTHRE LTEE Y, & BIZOELEFBHE T, EBRMmE,
EME, EMERE. 7V F—VAEERHD Wb 2 FEEEA 408 /2 18 FE i 230
D, WREFERREELLBRLCYL, SVEERERRENEL S Z &2
LBRTWA Y, ZhbOFERRICEIE, YEHED Tukamoto b, 7 v /9—
HMEBREFZENE LAYAIZoa AF Ly VT 5 R 7 4% — b
(liposome-encapsulated dischloromethylene diphosphonate: LD) 2/ L, 7 ¥ BREIFH
EERITLE Y LT, EFH0RREETICBO TIEREY b OFBHEIZRY
L. Kuppfer Mif8 % fETH 2 L CREMBEREELSBRTELI ZL2EEL
o . FL< SHED Shibuya Bit TNF-o 27 U —3F S A& HE+ 3 =
LRV EnEEREEAERTES L ERELE Y, ZhIZE Y, Kuppfer
MEOEMELEMEL, INF- R 7 V-7 PANOEEZTHT 22 L TELE
HEREELBRETE2 2 L PERTE L, LA L Kuppfer MI8EEET 5 HEY
LD it, TN EEDOEALBEOCTDERMICIIERT I Z LA TERY, Th
LD Lnb, IEFMFESNIER -1 8 - TNF- o EEMREA FRI67653 12
(Figure 1) DMIRFRMBEEMEE IR L THRMTIXRZVWN L E X -, FR167653
rt p38 MAPK @ pathway &9 2 Z & T APl ROENEE LG L, KEKE
VoA bBA v, BIZIL-1 B INF- ¢ DEEAZBRIICEE TS5 Z &8N TN
%, & bRBMAMEERES T, RIIS0BETbLH D &) IR NMERE
EOUENEBRBLRD D, C0kd, BhHREY e T T YEEAITH
D DIC DGR & L TH 5 T 5 nafamostat mesilate SZIRE TIHERVNEE
Zin, OE VHKAERR ZHBFSNIZOR FRI67653, W/IMEREEREERL
#1507 nafamostat mesilate THd, TLTID2HOHFRIZLD . ¥4
M A v ORERHPERARMIAOES, 7 v/ A—laOFEEl, s5iZ7

[‘;} [
v



Sk RUBHAF— FOBELEMEITH I LN TE, BEFS 77 bORAD
FBEREELZBRETXADTRRVNEE LT,

3. WFEER

AFEOBIMIE, LELFBEOMRIDICAT, BIREG TNF-o - IL-1 8 EAMR
EHThHD FRI6T653 BLURMAREY v nF P—EA L EZ—Th D
nafamostat mesilate (RN FAENREEIC 31 B HREHBMTT B L EbiIT,
HLORKIFS 57 boarF vas v S HEERET 2L ThA,

4, HEFFIE

1. EBREMW

ZDEMERILT T, KED National Institutes of Health 12 & Y HER S iz
“Guide for the Care and Use of Laboratory Animals,” Zik = THEAT & 4172,

280-340g OEE Wistar 7y b (BRF¥—LX -« Yo3—) ZLUTO
5T, RO EEBELERZ /T Lz 1Y, )Heart beating F(HB 2¥)
DB TSI 2R L 6 OB RFERBENR L8, 2)Non-heart-beating #
(NHB B) : FREB{E R b IMEIEAFFE L, 30 pOBMEORFHEEV &, LE
BFICAFH, 6 BERSRTE LB, 3)nafamostat mesilate EFE(NM )
nafamostat mesilate % 0.2 mg/kg/hour T 30 S RFFEE L%, MERE LD BiMELE%
i, = O% Ik NHB B & MBI, SRR BERR, 4FR167653 5 HE(FR
Eﬁ:ﬂﬂﬁﬁB%%@%@o(D%ﬁﬂASQ%KW&%Eﬁ%ﬂM$¢%%ﬁO

3



TO®IT NHB B & FRICHFHEL. RREFHEER. SFR167653+ nafamostat
mesilate ¥ 5 FE(FR+NM %) : nafamostat mesilate & OF FR167653 % NM « FR Bt &
FERIZ RS %, NHB # L FARICMEIE TIFHL. ARESREER, s HE LE
FEEIL 1B & LZ ORIV AR ER L, FhER n=5 & L,
2. FFHis

VR FANL—TNRALDEHFERE, £&5~ %) L {k(heparin 1000
unites’kg, FEARPIEE) 21T -7, EFEIREIC L 0 B, RIS Y 22 Fa
— 7 EFEAE, FIIRIC 126 —7 0 —$H5E% cut down RCHA Lz, FAH
IREIBE#., A 10 emH20 DET 4 CAEBEAEEAK 20ml, 4 °C University of
Wisconsin solution (UW #%) 20 ml % F\V PRI % washout L7-, £FF2#FH L.
4°C UW iz CEMBEAT L,
3. IMEIEEFAOER

BERE, 25~ e, DESERICH 2om OFTERE, RIBEIZ
YU arFa—TeFEAR, BEREOICERBELZ N, RRELEIGMELEE
BE L, MELEECTORMIIRICRT LB C, FEMIZAEREIERDR
-o7c (Table1), DMFIEH 3 0 MERICHKE LcBIiz, ATREAFMHIE & RE
IZFIARM % wash out L. FF&E#HE, 4 C UWRIC THEHMRRERFE L.
4. EWHE

Gores & OEE " (Figure 2) 2EA L7n, ETEHEEY 0.5%7 2 A~F Py
I T 30 HMEBEREEL, 02um filter 2 L-ZARBAKTHRE L, ZORK
= Krebs-Henseleit bicarbonate buffer & AL 95% 02 / 5% CO2 1BA A A THRIL
feo T buffer T, FF% 60 £/, 37°C. 10emE20 IZ CHIREERRLHER L
7o | '
5. BEEHE



1). BHELE, MREREE

R L7 60 HFICHRBE M OWH LBt 2EIRL, 5y MEES ) OFF
FABHEERE RO, £/, B 60 KRR b Qi L7k 2 E
L, 7y MFEEY: Y OMIRERIER 2 KT,

2). E{LFHRE

HE W 60 4y % O W P, aspartate aminotransferase (AST) . alanine
aminotransferase (ALT), lactate dehydrogenase (LDH)% EEZ & IEIC TEIZE L7,
(AST, ALT; latron Laboratories, Inc., Tokyo) (LDH: Wako Pure Chemical Industries, Osaka)

3). RIEMEYA PIA

W 60 Sy DOFEWRIE T, interleukine-1 B (IL-1 B ), tumor necrosis factor
( TNF-« )% enzyme-linked immunosorbent assay kits (BioSource International, Inc.,
Camarillo, CANZ THIE L7z,

4). BFEBEEFEEORT

60 43 FIEEH % @ nuclear factor kappa B (NF- x B), activating protein 1 (AP-1)
& DNA binding activity % electrophoretic mobility shift assay (EMSA) 3.5 et
L7z

a) fEfED b OB ORI

FFALE IR ER 2 AW CTlreezed clump L, -80°CTHREZFELE, EERMEHO
7o I500mg DEEERLEEEROA > THERIC L, EOHEE
Dignam & D HFECICHET, BT 0BT TN TOKET, ERELICIE T
7o WA (0.6% IGEPAL CA-630, 150mM NaCl, 10mM HEPES pH7.9, 1mM
EDTA, 0.5mM phenylmethylsulufonyl fluoride(PMSF)) Smliz¥ztkic Lim4E4 %
%7 L., 15ml Dounce tissue homogenizer (Wheaton, Millville,NJ) Tpestle B % >
OEREERCHICREY T A AL, TORMESHTORWERBZ IR 729,
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BT DT A R+ ~TE1SmlDFalcon F = —7 (2 & D 2000rpm T EE L %75
of, EiEZKEID 5 B E, £0O%S000pmT SHMELL, BESBEL
oo TERR U7-$% % IR B( 25%glycerol, 20mM HEPES pH7.9, 420mM NaCl, 1.2
MMgCl2, 0.2mM EDTA, 0.5mM dithiothreitol, 0.5mMPMSF, 2mM benzmidine, 5 u
g/mL pepstatin, 5 ¢ g/mL leupeptin, 5 u g/mL aprotinin W25 Lk £ 2045 F@EV -,
BiAR L= % microcentrifuge tube IZATIEDL L, BIEBEDEL:, kE2H
TR, BEERTCHEBLIOCTRELE, £/, BEAEIIBCA protein
assay(Pierce, Rockford, IL) {2 CE& L7,
b) Electrophoretic Mobility Shift Assay (EMSA)

Double-stranded oligonucleotide (NF- « B: 5°-AGT TGA GGG GAC TTIT CCC
AGG C-3° (Promega, Madison, WI), AP-1: 5°-CGC TTG ATG AGT CAG CCG
GAA-3’, (Promega))i= T4 polynucleotide kinase(Promega)%® BV T, v -'P ATP %
ZA LT 37°CT 30 A F =— ), D Quick Spin G-25 column
(Boehringer Mannheim) {Z°C purification L, probe & U7z, &Eiik(7 v 32 &
& LT 154 g)& probe % binding reaction buffer(10mM Tris-Cl pH7.5, imM MgCl2,
50mM NaCl, 0.5 mM EDTA, 0.5mM dithiothreitol, 0.5mM PMSF, 4% glycerol, 0.1
mg/ml poly(dl.dC)-poly(dLdC)) & RV EMRIZ T 20 4l FaX—ra v LTs,
Z 1 &% TBE buffer 1 4%polyacrylamide gel {25 L, 150V T2 BERIHkEN L7,
Z Fézf % -80°CT7 4 VAR SH /-, competition assay Tik, BEAQ &
100 fEEDEE S ~IL oligonucleotide & T mutant oligonucleotide % . & 1.2} probe
PANRBENCER TI0HMA v a~— b L [@ERIC assay 21T o2, £ 72,
NF- x BIZB8 LTl probe % AL5 ATIZH pSO, p65S.c-Rel Fiff (2 u g/sample, Santa
Cruz Biotechnology,Inc) #FV 4 CT 1 B4 > F 2 ~— b L super shift assay
T HAT L7,

‘,i [V
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5). Cyclooxgenase-2 (Cox-2)

7 5% NUBRA A — RO key enzyme Th D Cox-2 A5 TXB2 X 6-ketoPGF1 e
DEAIZEET 5729, Cox-2 ® m-RNA &% Northern blotting #:4Z THIZE L 7=,

Cox-2 @ complementary DNA (cDNA) 7’2 — 7 1% pGEM-T Easy vector
(Promega, Madison, W) #EA LT m—=27 Lk, ZLTCox2 774 <—
(5"-CCCAGCACTTCACTCATCAG-3’, 5-GCGGATGCCAGTGATAGAGT-3’) BAE
ALy — 7 2 RZTEERFIZRZE L, Cox2 DT r—7 & LTHEND:
NI & RHRLE, |

Northern blotting #HRIZ- 2V TIF FREIZIER <5 £ 33 Y Th 2, The acid guanidinium
thiocyanate-phenol chloroform method” = & © it L 7= &80 RNA % 1.2%(wt/vol)
THa—=AT7 BTN TE AV TESRIKE L, Hybond-XL 7+ &2 / Ay
7 L »(Amersham I{ltemational,l Amersham, England){Z&:% L 72, % LT UV-linker
IZT AV T L EEE L, Cox-2 @ ¢-DNA probe |, BcaBEST DNA Iabeling kit
(Takara, Tokyo) #{# /& L alpha *’P deoxycytidine triphosphate CZ~L Y v & Liz,
42°C DA TV FAE—Da Ny 77— {50% (volivol) formamide, 5x SSPE
[(in mmol/L): NaCl, 150; NaH,PQy, 10; and ethylenediamine-tetraacetic acid, 1; pH
7.0], 2x Denhardt’s solution (Wako Pure Chemical Industries), 0.5% (wt/vol) sodium
dodecyl sulfate (SDS), 100 ug/ml denatured salmon sperm DNA} NTC, Z XL
t:!%-:?"zs:f YTV ENRHUENA TV FAE—T g rEgis, TO% 2°C
FIET T, B A (2 SSPE containing 0.5% (wt/vol) SDS} M L, A7
v % 30 4318 X 2 [EEH, & B IC RS B(0.2x SSPE containing 0.1% (wt/vol) SDS }
REML 30 X2 EI¥ER Lz, Wl LAY 7 L id, Fuji radiograph films
(Fuji photo Film Co., LTD., Tokyo) ZHERLTA—F 7 VF ST 7 4 —ITTHH

LTc, 2 b= e LT, 7 b glyceraldehyde-3-phosphate dehydrogenase



(GAPDH) cDNA %58 L1z,

6). TIXRFUBAURAr— NEY

ThromboxaneB(TXB2)R EDT 7 % R BA A r— NEBIL, EROP/NME
SIRPVEERE, MUMBRIEESICBEET 2 2 L RH6N TS, 207, Bt 60
FEDOHERIZS TXB2, 6-ketoProstaglandine o ( 6-ketoPGF1 ), LeukotrieneB4
(LTB4)% enzyme-linked immunosorbent assay kits (Cayman Chemical Company, Ann
Arbor, MI )iz THIZE Lz,

7). HEFEMGTR

FEWRE 60 B OB E 10% AL VEEL A bV vt Py
T CHE LT,

8). BETEMENRR

B 60 431 OBAEEE T % 0.1 M sodium cacodylate buffer (pH 7.3) 28 & L7
D2S%TNEFATNTE K& 2%37 74 NAT AT e FTRIEE Lk, & 51z
1% osmium tetroxide (Z CHEEE LD b, RIEMICBREZ HT oo d /— B &
CEXT A a—VZBITHRAL, 2R LGl L, LY T
MEI 7 a pb—ATHET L branyl acetate & lead citrate TH:fE., B-FHEBE
(JEM-1010; Japan Electron Optics Laboratories, TokyoZ C#LEE L7z, Bl BT
OEIRNEEREES Zone] TRV Z LAH G TV PBEESIZ Zonel
& L7,
6. HLETFHIRES

5% |3 mean *+ standard deviation (SD) TE L7z, FEHMOFTEEIZ
WTIE— TR B SO (One-way ANOVA)YE L M & LB TE (Schetfe’s F) &1
ITL. P<005 ZHEBEDHY L LT,



1. BHEAER, PRERKES

fEH-EAZIL, HB # - FR 8  FRANM B TIE, NEB #iIZh LFEIZLERES
A L7z (Table2),

PIAREEIE & D, HB B - NM #¥ + FR 8 - FR+NM BT, NHB Bzt LF
BICEEERLE (Table2), |
2. HE{FEHBRE

AST: HB % - NME - FR #f « FR+NM ## Tid, NHB #iCH LEEIEES
RL7z (Table2), _

LDH: HB #-FR ##+FR+NM £ T3 NHB #EZ L LA EITIEE %57 L7~ (Table
2),
ALT : BIERFAEUT Th o,
3. REFETA FhAY

IL-18 : HB 2 - NM B - FR B - FR+NM BECI%, NHB B H LA B IC{&{E
%3 L7t (Figure 3),

TNF-o : HB &« FR # « FR#NM BECiL, NHB B LERBIZEEER L

(Figure 3),
4. EERFEE

NF-xB: NHB BETHERZTD, NM B - FR 5 - FR+NM BT, B
AMEF LUz, competition assay (234N Tld, #HE5 0 wild type oligonucleotide
THEEESN, mutant type THESShied o7z, super shift assay THHE
p50 « p65 FUEBRE Ty ROV 7 MARD B (Figure 44).,

AP-1: NF-xB & FH#EIZ NHB BECIEMEIEA S, NM B - FR B¢ - FRANM BLC

li"
B Bl



i EERET LTz, competition assay (Z8WTH, EEHO wild type
oliponucleotide TELEFHE &, mutant type TIEEES Sz » 7= (Figure 4B),
5. Cox-2

NHB #£CD&H FEFRDHT- (Figure 5),
6. 7T FUBRI R r— FEWY

TXB2: NHB#THBBIZWELEFRIZER LA, NME - FR B« FR+NM
T, NHB# LI LFRIET Lz, &5HIZ, NM - FR*NM OWEET FR #
FHLTHLEERZRBODRORETERICSH o (Figure 6),

6-keto PGFle : NHB +NM * FR - FR*NM B¢ T, HBH L LFRIETL
7= (Figure 6) o

Leukotriene B4 : NHB & (X FR OFBETIL, HB BT LABIC LR LI,
NM « FR+NM BETit, HBE LR L ~_ATho7 (Figure 6),
7. NEFEEMFERTR

HB # TiZ, BIRER+AHREN TR Y, FBEEGICHEERLDREICHY
LCuN e, FREaEE I BIFICMRZN Tz (Figue 7A), NHB #C/3 HB #ic
B UERFAEEOEENEFR T, HRENZLAEHEELTHAIRETH ST,
¥ 2 ATARS b ZZRRE SR EEIC R vl (Figure 7B), NM B TiL, R
BRIV T 588, FFARAD R RS AR IZFRY b (Figure 7C),
LA L., FR-FR+NM #£ T3 HB # & RS IZMBFZHBEN RN T (Figue
7D,7E)
8., EFHEMEIR

HB BT 1E A EOBERAEMEN L < RN TEY , Disse lEHIEE T,
R OEBIR LFRD R o7 (Figure 8A), LA L NHB BECIHEERAE RO
WEFPER T, AROERIBIITHE L 2o T, EfFHIAOERER,
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b NYTOREBRD DI, —HAE LIS ERNICEET 5%
MED BT (Figure 8B), NM BT, BIREIRAEN TR, ERAER
% < DFETF OEFIEO K INE T Disse BOBR G Z <R b, fFHa
DERITRD 2P0, JAEMICIFERREE R s (Figwe 8C), FR
Bei, PEOFHIENHE L THOEMERIER+SFR AN TREY . 2 DHFE
B CERIANEMES L CRERTW, L L—ETI3RRP R OEGEER
%%, Disse EDBAK LERH T (Figure 8D), FRANM ETit, HB B L RE&I(C
FAERAFSIELZNTRY, EEAEOERNERRIEL {Rich T,
Disse BEDHALEHT, FMIBOERELEO M- (Figure 8E),

6. EBE

BE R —RERAHRMICEEL 2->TREY Y, WL ohORER CILER
ﬁ%®ﬁ%ﬁb%iFT“ﬁ@%%wﬁbfwégL#L\%wﬁ%ﬁﬁb<
72< . #iZ uncontrolled NHBD [Z DWW THWE LI FEY & ShTna 2301,
DEIE FF—FBHE TR, FEEORBLSEERSOEERMGREE DR
FLRoTWBZERMBA TS PP, LIATHE 2 1L, TNF-o IL-1p72 & D%
SEMEY A DA A L RRREROBERFIC LR T L ARME L Y E LT
BHEFORNEEREEO X2 HEIIMMEREETHY . Z OB/ MERE
EiX, 7 v A—ROEEES TNF-ofHEI KD 5 X8 S h i EiRN R
MEERERAGFROEH, FRPNEEIZLD L ZARKRE VI & HEEICH
ELTWS VB, J4E, p38 MAPK DM ER % -0 TNF-o & OV IL-1BDIBIRA
EEEMER FR167653 BEFE Shic ¥, ZZ TEERA X, 29 FR167653 A%
AROEERESICRBNTHY 77 MOFKEDR. & bICERAZEaRE

)



FREE VSR ERBETLHION, FLTEAREY T a7 7—ES b
& — T 5 nafamostat mesilate ZFEHAT2 2 & C, MELEFF—FI/57 D
BUNMEREEZEORER L2 SEIFRNER LTI & < RN EMIEERE & »
STHBEIMETEIONEZBEH Lz, TOHFE, nafamostat mesilate &
FR167653 13 & bICEHRABEOHERICHRNTHD Z L BPERTE, T LT,
7 2 FIGEAEE (FRANM BE) i, NM BEEIZ L LIEHEER DR E R IEMN
& TNF-a OFERHETEEH, 562 FR BMEL E L CHLMIREREEDE
B HEe, IL-1 8 OER H{E T (p<0.05), EBEEFTRICRT 5 ERAN MR OR
EHRELED LN, YUEOFRELD, ZO2RFABENIMFLE VTS
ThoarF o a=m s SIIBOTIERIIHRHTH LS Z LM ST,
SEDERTHELMER Lo, MRELEAG LMELEEZHFELZWDYDS
e o OMELET A Thote, ZOETFTNAEERLEEBRIZ, 28
uncontrolled NHBD DR EEIZ & &3V A5 T B, uncontrolled NHBD DA VE
BIIEHERIC L~ TRAOENEHDOEDN, ERMITITOEETRIZML F=R
Mb e (BB == L— 3 VT EHABELETID) E
ELEbORET, LER>TEARETEIOERIEC T =2 L—a v
DEie b FREACHELE b — T L2 VEFAEERLEOTH B,
uncontrolled NHBD b #H L7z 777 7 bid, FEEIAOLRM T idR MIRE Ok
EnbOMRLESTSZ LY, BERLOEECHEROEMICL 5E
ERMPRVZTHILERD, BERLEMRLFTOTY F X LD
LR S0y ~0 TNFHH S, £ LTENIC L 225 REBOBLTS 25 & &
S L REH BTN A, L LIERED KCL S RENRS 5V 785 0ME
EEFAEBHOMELETHD, BERLOEELL<RIRVOTHD, €
= CAEF 4 1. uncontrolled NHBD & FRIZBERMOFEEZIT o2,



FOREHE R OBELEETAVEERLERTH I L & Lis, BRI,
ZDFFNE KCL IZEBIMEILET AT, BERAIOEM Tiid HH ATPase
JEPERR TNF-o DEZIZBNTRERENPDH D Z L ELATHE LT3 ¥, L
LEy, SBUMVELE FT-BELEE VRELESEREEOER T 52,
IDETNEEI OPRELEEAITZTZLTNE,

NF-k B AP-1 R EOEBERFIRIEMET A NI A 2 EDE OBRETLH
EABHZ b, FLUTHIZ, REMEYA PIA VEIZ ITNF-a - IL-18 Lozl
ZAMNF-k B APl SOEERFEHETIZ L bEIZ L6 TS,
Fox OMFFETIENF-« BB LT AP-1 OFFHE(IL, HBE L L, NHBETLY
58 < 7% &1, nafamostat mesilate %° FR167653 TME &3 2 L Ao, =
HODRERNG, NHBBH T TNF-o + [L-18 & o e BEMHEY A Rb A v 2RE
EE I/ NF-x B« AP-1 iIZE»TEEEIh, TOFHE =/ TNF-a - 1-18
A FENF-«B-AP-1 DB 2 2EMIETHFEL TS LHBIENE, DD,
FR167653 {Z &Y TNF-o * IL- 18 A s izt &, ZOBBERBE LGN,
NF- & B + AP-1 DIEH(EAIH sz & EZ bhvie,

FRIROBEE RN | DTHhATIF FUBIE, BLx A FVATT Cox
0 Lipoxygenas 12 & » TRE &2 Z L 3381 b TV B **, Cox 13 Thromboxane
% Prostacyclin DRI L > TR, Cox-1 & Cox-2 BHEET HZ L AE-T
VWD P, Cox- L IRIZIET R TOMBBIZEET 54%, Cox-2 jT#kx 24RIR THHY
ShA2FHHEATHD M Shomick bik IL-18 /v 77 U b~ AZERL
Cox2 B IL-1 BIZ Lo THE SN D Z L &R LI, F/o. Cox2 BEER LV
BMEDREIZIS N THECFERSRO L, TV R PF VUM Cox2 2 FH
THLNI ZEBBRBRESH TG %, Cox2 HENT BE—F —HEHIZ
NF-sBRAP1 D FAA % HoTIND, 2D Cox-2 &, NF-xkBEA LT



= F RV RRENTA PO C XV BEEShB B2 bR THB T,
IO DORMEND G RENBEREERIC INF- R IL-1 8 ZIH4 2 = &1,
NF- & B < AP-1 721FC72 { Cox-2 % Thromboxane D& AIMHT 2 = Lizo7%
WY, FI7RDAATEI T4 —WEBILL-TEEELEZZOND, ot
b, NF-«B fi%*ﬁﬂ?clﬂab\f{%%%?ﬁ%ﬂ biEo TV BDERNY, BRIRIEEE
tX, Thromboxane @ EAEMMBISCH/BROMERF L WOIENOATH, BEIZR D
EEX bRD, SEOKRETIX, Cox-2 DAY FIZNHB B TOXRD, F0fh
DRETILIEL A CFERTE RNV ~SAThok, T v b Tl Cox2 HERFT
RRERTET. RERICOLFEIND Z LAMESRL TS P8 o
2 OPFFE TrE, NHB BT TD & NF- £ B2 AP-1 O L-ULBIED THEdo
efr®, Cox2 DN REBRHTELLBLZLS,

LlETL D, /777 FOBRELEFEERREEOZEL5RRAIIMEEREETHD
LERTERY TOBFEL LTIE, ATP ORSIBPHEIEN A VL7 AO ERIT K
0DEMHNT T A R 7 2 U —E A BEEMSHREEESHEED ZE MR
BrRETILREPRESNTNE Y, 73275V~ ARTIFXF
VEEA A — FOERILET AFE T, TXA2 %° Leukotriene B4 72 K2 Z DX
R FOBEMTH B, Tibb TXA2 DARIT I Cox TR 74 A7 4
J—E A LEETHOTH B PP, TXA2 iZF LB K580 2 & EEER 0
IREEEEREZ L YO P CRFRERDE TH D DEMMIZ TXKB2 &2
BB TND, HFxOETIE, NM, FR, FRINMBETY S 7 Mk
B TXB2 OELZSRANZHHTAZ LIZEE Lz, ZHILFRI67653 128 3
KFEHED A I*jJ/f R ERFOMFERA I LT, nafamostat mesilate 12 & 57
FAZF VA~ A2 MEHER P ik p b0 eEZbRD, AT FR+NMHET
ik, BEFTRICBNT, BEAEOEIRPIEZMIE L Disse FEAZIEEFITIEV R



BCRIERTODOZRERBTE L, ZhbDRRN O b, FR167653 & nafamostat
mesilate @ 2 FIGFRIT. Cox-2 DIEMH(LR T TXB2 DG & ZRMICHHT 25 Z
& CEERMOBERMOBREZERL, EnFEREEOBRBICHRELRET
HIENBTRENT, bobh, 24 NHB#H T TXB2 OERLDAH N
L. PSR L o TIREBHN%EE% T 5 6-keto PGFl o D& FRITIEIT L 72U D>
LS BRRISEFET 5725 3o 6-keto POFla bRILY 74 AT 4 U/S—F A 2
Cox IZX VAR END W TXB2 L BT L THEMT 2T Th 3. LaL, B
SOHE P THRE Y IREMENT B L TXB2 DZSEM L 6-keto PGF1 o 1348
MliaholbizoTnd, BRELTE, F7uRX& I35 074 =y Pl
&% b TXB2 % 6-keto PGF1 o MAER SN 2@ T, B B AT 6-keto
PGFl o DARBEE T 2 AN 5 5 O TRAVN LB SN B, BIED
EZARENTRY, Ex6NDIZ L & LT, PGR2 AFLFF, sensory neurons 7%
&MY D = & T calcitonin gene-related peptide(CGRP)MSHH & FUEEIR P9 F flAE
TOPGR EMMBESNDZ EBMONTVDA, Z ORERE TEM A & A
DBEEELTVEIENBBTED, ELSEDERTII, b ETLEENR
DFRNRFHEEEY 6-keto PGFl o #H T 5D ThH- T PGI2 135 6-keto PGFL & D
ERBREILMIRHDZ L HEZDNLD, WThIZ LA A1, EELEER
EEBIZIIT 7% Rt 27— FORBHERED Prostaglandine & H b
Thromboxane D F A~ 7 FLTHWBEEZXTHNAE, T LT, ZOERD~
DEROP/AME, BEIRARAERES, HREANEEL o BRENEE, #MME
BEE~LENTWCLEZEZOND, SECRELBEREEL 7 T % F B
A A7 — ROREIZ OV THRARLHEIED TORWB, ZhbOFERNPSG,

TIx F“/@ﬁx&~_l\“#i77rz7¢ Yri—8 A R Cox %D key enzyme &

LThh, REMEEREEIR B LTI L RTRE SR,



PEDE D) ITH4 X, AROFEREFOREZERE LT, KEMETA b
A VEIZ L A EIRN R EE RN R ERERIC L 3 MUNMERREEOL
8bT, TIHF NI — FOEERECCHISEIZRIT 27 7 % FEBOH
MAEELTNBLEBELTNS, MBEIIRTE7 5% FrEBEOBMX, BEo
FEERtEz Ny | FEEOMELI SR I T I ERMe R T 5 0
IDEDFAIE, TIFRVBOREZHANTOILERDH D LF X, TXB2,
6-keto PGFl e 2. b 5 L 20T 7% RUEBRBY ThH S Leukotriene B4 % i
FTHI &L L, TOFER NHB BRI L NM FR¥NM 3 CHEIZ Leukotriene
B4 DIETHRBOH BN/ &6, nafamostat mesilate D7 7 A7 4 Y 5i—¥ A2
WEERIZE Y T I RUBAEL LT D FAIREERSFR Sz, Zh oD
R25bH7 7% FUBL A — FOMBILNERDEERES OBERIZEVWTE
EiELEZ BN,

Faim & LT, AL TNF-a. IL-1B&T* phospholipase A2 Dfifific X - TEE
BAFLTFF FUBIRS— FOEE{EeHdTs Licgsh Lz, ELTE
DR, LELERF—POOFS 77 MBI 2 RMMEERES 2SR T
ZEITEE LT,

~
Eﬁl:
!

IMEIE B = b OFFBE T, ZEERICRIT 5 IL-18 + TNF- « OHR &
CT S FUVBIAF—FONMMPEETH D LEL DN, FR167653 &
nafamostat mesilate O 2 FIFFRREIL, BREFIZ 7 rOaF 4 a =00k
CLTHRENBD EEBEZ BN,
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Groups The agonal time untl
cardiac arrest. (minutes)

NHB 9.232£2.153

NM 9.500+3.082

FR 9.066+2.046

FRANM 9.358+1,843

Table 1: The agonal time between apnea to cardiac arrest.
Values represent the mean £SD.

:

Groups Portal venous flow Bile production ABRT LDH
(mi/kgh) (plfkgfh)' (Karmen units) (Wioblesld units)
HB 3145651 794£188% 0.8+0.90% &, 1£8.9*
MNHB 1889+412 419+174 255134 83.0£70.6
NIV 3443:440* 600£158 1 5=1.2% 21.8£23.0
FR 3032306 £99=157* 3.3£0.7* 4.7£3.0%
FRANDA 3303x146%%1 336:109% %1 }.0x0.6* EREIN A

Table 2: Portal flow volume, bile production, AST and LDH measured 1 hr after reperfusion.

Values represent the mean £SD,  AST, aspartate aminotransferase; LDH, lactate
dehydrogenase; HB, heart-beating group; NHB, non-heart-beating group; NM, nafamostat
mesilate group; FR, FR167653 group; FR+ANM, FR167633 + nafamostat mesilate group.
#* P<0.05 vs. NHB group; ##* P<0.005 vs. NHB group; T P<0.05 vs. FR group; { P<0.05 vs, NM
group,

)
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Figure 1; Chemical structure of FR167653.
1[7-(4-fluorophenyl) 1,2,3,4-tetrahydro-8-(4-pyridyl) pyrazolo[5,1-¢][1,2,4] triazin-2-y]]-2-
phenylethanedione sulfate monohydrate,
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95% O2/5% CC2

\\-J K-H Buffer
/ (37C, pH 7.4)

hemoiothermal water
37°C

Figure 2: Perfusion system to collect the perfusate.

K-H Buffer, Krebs-Henseleit bicarbonate buffer.
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Figure 3: Concentration of inflammatory cytokines (TIL1-B (A), TNF-c (B)) in the perfusate.

HB, heart-beating group; NHB, non-heart-beating group; NM, nafamostat mesilate group; IR,
FR167653 group; FR+NM, FR167653 + nafamostat mesilate group.  All livers were perfused
for 60 minutes with Krebs-Henseleit bicarbonate buffer after 6 howrs cold preservation. *
P<0.05 vs. NHB group; ** P<0.005 vs. NHB group. Error bar= £8D, )
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M

Figure 4. Activated signals of transcription factors [NF-«B (A) and AP1 (B)] in liver tissues
after reperfision. |

HB, heart-beating group; NHB, non-heart-beating group; NM, nafamostat mesilate group, FR,
FR167653 group; FR+NM, FR167653 + nafamostat mesilate group; wt, competition assay with
wild type; mt, competition assay with mutant type; p30, super shift assay with p50 antibody;

p63, super shift assay with p65 antibody; cRel, super shift assay with cRel antibody.
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HB NHB NM FR FR+NM

Figure 5: Northemn blot analysis of cyclooxygenase-2 (Cox-2) mRNA in the liver tissue after
reperfusion.
GAPDH served as the internal control. FIB, heart-beating group; NHB, non-heart-beating

group; NM, nafamostat mesilate group; FR, FR167653 group; FR+NM, FR167653 +

nafamostat mesilate group.



Figure 6

Concentration of the products
of the arachidomic acid
cascade in the perfusate.

HB,  Theart-beating group;
NHB, non-heart-beating group,
NM, nafamostat mestlate group,
FR, FR167653 group;
FR+NM, FR167653 +
nafamostat mesilate group.

*P<0.05 vs. NHB group;

3 P<0.005 vs, HB group.

Emor bar=£3D.
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Figure 7. Light microphotographs of the liver grafts from the HB (A), NHB (B), NM (C), FR
(D), and FR+NM (E) groups, after reperfusion.

(A) The structure of sinusoids was well preserved (B) The structure of sinusoids was
completely destroyed, and sinusoidal lumina could not be identified. (C), (D)} There was only
a slight destruction of sinusoids but the endoplasmic reticulum showed vesiculation in some
areas. (E) There was no remarkable destruction of sinusoids and the tumen of sinusoids was

wide. Scale bar=100 pum.
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Figure 8: Transmission electron microphotographs of the liver grafts from the HB (A), NHB
(B), NM (C), FR (D), and FR+NM (E} groups, after reperfusion.

(A) Most simsoidal endothelial cells were well preserved, with the Disse’s spaces intact
(arrowheads), the structure of sinusoids was also well preserved. (B) Sinusoidal endothelial
cells ware completely destroyed.  Hepatocytes swelled with sparsing cytoplasm into sinusocidal
space (arrowheads). (C) Hepatocytes were not swollen and the lumen of sinusoids was wide.
As a characteristic finding of this group, enlarged Disse’s spaces and hepatocytes with few
microvilli were observed in many areas, the sinusoidal lining of endothelial cells showed
discontinnity in many parts (arrowheads), dnd the endoplasmic reticulum showed vesiculation.
{D) Most sinusoidal endothelial cells were preserved but in some parts the sinusoidal lining
showed discontinuity (arrowheads). (E) Most sinusoidal endothelial cells were well preserved
the same as those in the HB group and Disse’s spaces also were intact (arrowheads). In

addition, hepatocytes were not swollen and the lumen of sinusoids was wide,  Scale bar=3 pm.
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The Effects of FR167653 On Warm
Ischemia/Reperfusion Injury of the
Liver Grafts from NHBD

S. Miyagi, N. Ohkohchi, K. Oikawa, M. Satoh,
S. Tsukamoto and S. Satomi

Division of Advanced Surgical Science and Technology
Tohoku University, Sendai, Japan

Summary

The purpose is to investigate the cytoprotective effects of FR167653
and protease inhibitor on warm ischemia/reperfusion injury and establish
the procurement of the graft for successful liver transplantation from
NHBDs. Male Wistar rats were divided into four groups as follows (n=5):
HB group, livers were retrieved from heart beating donors; NHB group,
from NHBDs; FR group, from NHBDs pretreated with FR167653 (2mg/
kg); FRnm group, from NHBDs pretreated with FR167653 and rinsed
with protease inhibitor. These livers were perfused for 60 minutes after
cold preservation. The result was that FR167653 and protease inhibitor
reduced inflammatory cytokines, mediator of arachidonic acid cascade,
and the injury of microcirculatory in the liver grafts from NHBDs,

Introduction

Liver transplantation has become a standard therapy for end-stage
liver diseases. But shortage of donor became big problem all over the
world', Recently some institutes tried to carry out transplantation from
non-heart-beating donors (NHBDs) clinically. However, the criteria and
the retrieval procedure of the grafts from NHBDs are not established yet?
3, The purpose of this study is to investigate the cytoprotective effects of
FR 167653, which is suppressant of the release of TNF-o and IL-1[3%, and
nafamostat mesilate, which contains a strong protease inhibitor, on warm
ischemia/reperfusion injury, and to establish the procurement of the grafts
for successful liver transplantation from NHBDs,

©2002 by Monduzzi Editore S.p.A, -~ MEDIMOND Inc, c523c0151 247
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Table 1: Values of portal flow volume, bile production, AST, and LDH, after reperfusion.
¥ P<0.05 vs. NHB group.

Gious Portal venous flow  Bile production AST i.DH
(ml/keg/t) (u\/kg/ly Karmen units) (Wrobleskl unlts)
HB 31 45£651% 794+ 188+ 08 2 09* 8160
NHB 18891612 4191176 25.5+134 8301706
FR 3032 1 308* 699+ {57k 0807k 4.7£3.0k
FRnim 2058 + 286k 7921119k 04 0Bk 1.8%2.4%

*P<005 vs NHB

Materials and Methods

Male Wistar rats were used. Livers with/without agonal condition were
retrieved and perfused for 60 minutes with Krebs-Henseleit bicarbonate buffer®
after 6 hours cold preservation. Animals were divided into four groups (n=5):
HB group, livers were isolated from heart beating donors; NHB group, livers
were isolated from NHBDs; FR group, livers were isolated from NHBDs
pretreated with FR167653 (2mg/kg); FRnm group, livers were isolated from
NHBDs pretreated with FR167653 and were rinsed with nafamostat mesilate,
which contained a strong serine protease inhibitor. Examinatiuon items:
Bile production and portal flow were measured. IL-183, TNF-¢, and prod-

A w14
errar bar i 2730
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149
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‘:E::cc- *

4 1 L
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HB NHB FR FRam

B3 TNF- ¢
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’

B

FR FRnm
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Figure 1: Concentration of inflammatory
cytokines (ILI-B (A), TNF-o (B)) in per-
fusate. * P<0.05 vs. NHB group.
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Figure 2: Concentration of the products of 100
arachidonic acid cascade (thromboxane B2 5 |
(A}, 6-keto prostaglandin Flo (B)) in per- o LR : i
fusate. * P<0.05 vs. NHB group; + P<0.05 HB FR  FRnm

vs. FR group; **% P<0.005 vs. HB group.

ucts of arachidonic acid cascade (thromboxane B2, 6-keto prostaglandin Flo)
were measured with a commercially available enzyme-linked immunosorbent
assay kits (Cayman Chemical, Ann Arbor, MI, USA). Transcription factors
(NF-xB, AP1, STAT3) were measured by the electrophoretic mobility shift
assay®. Histological findings were also investigated.

Results

Flow volume and bile production of NHB group decreased signifi-
canfly compared with those in HB group, but those of FR and FRnm
groups were maintained as the same level of HB group (Table 1). In
NHB group, values of IL-1B, TNF-c, and thromboxane B2, expressions
of NF-xB, AP1, and STAT3 were significantly higher but those values
of FR and FRnm groups were low the same as in HB group (Figure 1,
2, 3). In NHB group sinusoidal endothelial cells were completely de-
stroyed, hepatocytes were swollen. On the other hand, in both FR and
FRnm groups the structure of sinusoids was well preserved and sinusoi-
dal lumen was maintained wide as same as those in HB group (Figure 4),

Conclusion
The new drug, FR167653 remarkably inhibits the release of IL-18 and

g
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NF 1B AP STAT3

HB WHB FR FRnm wt mt pS0 p65 cRel HO HHE FR FRam wm m B NiB FR FRim xt
: : TS RN

mt

Figure 3: The activated signals of transcription factor (NF-xB, AP1, STAT3) in liver
tissues, wi, competition assay with wild type; mt, competition assay with mutant type.

TNF-a of the liver at reperfusion after agonal warm ischemia, and the
suppression of those cytokines and the administration of protease inhibi-
tor were strongly associated with maintenance of sinusoidal microcircu-
latory structure in the liver graft from NHBD.

Figure 4: Transmission electron microphotographs of the liver grafts from HB group
(A), NHB group (B), FR group (C), and FRnm group (D), after reperfusion. (A) Most
of sinusoidal endothelial cells were well maintained, with the intact Disse’s space, the
structure of sinusoids was well preserved. (B) Sinusoidal endothelial cells were corn-
pletely destroyed, and microvilli of hepatocytes were poured fo the sinusoidal lumen.
Hepatocytes swoll with sparsing cytoplasm into sinusoidal space. (C) Most of sinusoi-
dal endothelial cells were well maintained but in some part the sinusoidal lining lost
its continuity. (D) Most of sinusoidal endothelial cells were v‘ugll maintained same as
those in HB group and Disse’s space was also intact, In addition hepatocytes did not
swell and the space of sinusoidal lumen was maintained wide. Scale bar=35 pm,
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1. EEREMW
250—300 gDt Wistar 7v b (BERFr—X - Jos—) 2R,

HHESKBETICU FOERIZST) Kamada i X B RRERBRE & 1T o -,
(D) Control B : BN X 0 FPR(E L XSG UEEETHE, JHAEERHEE L, O
1 30 DR MEERM & BV o BAFRHH, BiE L, FF—, Loy b
EBICFEMBRLAEL D 0.05mlmin CTABREKOWMIE £1T - 1,
(2) FR Bf : Control # & FIROFHTLITV, REOHIEANIZ FR167653 (R
HEE) 1 mg/kghr %5 L,
(PGB MEAICTuRE Y500 12 THr s (OP2507, /NEFEESE) 33
ng/kg/min # &5 LT,
(4) NM ¥ : FI#%IZ nafamostat mesilate (74 >, BEHL) 0.2 markg/hr %3
L7,
(6) FR+PG # : FR R U' PG % E#RIC % 5,
(6) FR+NM ## : FR RU'NM % #% &,
(7) PG+NM # : PG RO NM ## 5,

(8) FR+PG+NM #£ : FR. PG EU'NM ##5.,
EROWERIIFEEL L,

2. FF—F, TMMEMED Sy PLEEET A
KT E =N (60mgkg JEMENZE) 12X 0 SRS, BREWEHIRIC)
2 F a—T R BN UBIERA, EPORICEOEE Mg L, ~ U
(1mlkg) Z#E Ui, FFFETRBIRE OFIIRD 1 % A AR A0LTE UNFI % 8
L REE, RIBEIES Smm OV Y 2 Fa—7 RIEABEHENE L,
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dehydrogenase(LDH) & BI%E L 7=(n=5),
(SRS HIRRET

ZRLBHFERICTREEZER L, 10% TRV~ Y o TERE, ~7 h¥ ¥
Vo -2 P REll TEBEARZER LT,

5. BEEHERIREY

T —# 1} mean®SD TE LI, REI—TEEN BT R OL ELBHRE
(Tukey @ J5¥E) 12 TITV, AFSEII Logrank REZITV., p<0.05 ZFEE
HY &Lk,

[#5%2]
L &S
7 BEIOATFE Control #(0/8), FR B:(3/8). PG #:(1/8), NM #£(0/8),
FR+PG(6/8)7. FR+NM 8£(2/7). PG+NM(1/T#, FR+PG+NM BE(5/8), &
729, FR+PG+NM B & FR+PG B(p<0.01), RV FR B (p<0.05) CHEIZAE
FEBE»-7 (F1),
2. HTmmiEESE
AST TRHABRICAEEZLRORN-T, K25,
ALT tZ, FR+PG+NM ETiE 3 BFfHl, 24 BERI L 12, FR+PG BETIT 24 B¥
E TOED Control # & ¥ FEITEME TH - 7=(p<0.06). & 3 B,
LDH i3, FR+PG+NM 2T 3 K], 24 R & BT Control B X 0B TH
572(p<0.05), 4B,
R
Control H TIIEIREE OMEENZA C, a0 ENESIIRD O h

7



BN, AEROUWELEF ERTIIETN L OBACPRMTHS,

(E#]

TR E D v MELFBETSTAZHVWTEREZTo2 L, ZOET N
T, {2777 MRRBMmicmz ., I ORBRFRLELE, BEEMICXD
YA FIAVDEBERTDEEZ LN D, Control B TIXEDRFINERELR
Mo fz, LA TIIEKITFENALNLT, FrRelc L3 EHE SN, FR,
PG, NM, OFZEFNZEHEDE THREH I VIREMBTLIZ LT, W<on
DEETIIEFROWELR DI LN TEL B TUELR H 2T DIL FR DA T,
PG, NM ZEM TR ZOBREH LM TRNo7, LALPGIIFR & & BT
BETHZ LT, TN ENEZBEMTAND LY bHFREIHELRD I, £72 NM
%, FR+PG+NM #£ & FR+PG B & OMICAETFRCBEREOZEITFROH R
fods, BEE D Control & ODMIFAEEATRTREMENENI LT, 20
BEBRREIND, UL LAY A bAoA CECHEBRER Y, L0 EMRR
AR LD & Bbha,

FR(IL-18. TNF-« BEAMEH) & PGprostaglandinl2) % MR & ¥ B 5
T DI & THERMPNE L, BRI TR, Thd A baa o
flE, = ay /A NOELEET RS TS PUEMIZTAIZ ENEBELH
MEhd, NM(EY »y7ud7—¥4 e B2 —-)0BRITOVTIE, 2Bt
DHERMRH 5,

[£L®]

1. FEEHEMEILELT v MNFBET T AZEBPET Lo 7o,
FR. £/ FR & PG E2/RETH L THELL,
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2.

NM DzhEe Y, Lo #amatoicd, mPdo bAoA gk
Sofsluts, EFBEMSEIC L DMROBELR Y BEERZED TN 5,
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EEEHM
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B3  miFALT
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—O-FR+PG+NM
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Shr 24hr
* p<0.05 vs NHB
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X4  miELDH

| - -~ NHB
20000 —O—-FR+PG+NM
-+ FR+PG

3hr 24hr

* p<0.05 vs NHB



g

xX HEHOLEH. BHH. 7757 FMEEMDERE

T FE I ]

5t 3 2 2 T 2

FR+PG+NM  [11.34+1.2 15.40.7 114.6+£1.1
FR+PG 10.40.9 15.3+0.9 114.6+1.2
FR+NM 10.8£1.1 15.7+1.0 114.4+1 .1
PG+NM 10.4+1.1 15.6+1.1 115.3+1.3
FR 10.6+£1.2 15.4+1.2 115.1+£1.2
PG 10.5+1.1 15.4+0.8 115.4+1.0
NM 10.4+1.1 16.2+0.8 115.1£1.4
NHB(Control) | 10.4+1.1 15.6+0.8 114.7+1.0

BT -5y
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1) B

[BEA] DMELE FF—bORBERFICEL 2 2L BEREE L., BFRE
AR EREZRET I LI TINRIL, MEEFEEZRIICE]Z L
FEEYE LT, Z20OEDTZERAOWELMELE FF—000OFBEERBREZITV,
HABR G OMRZIRET L.

[FFiE] 7 ERWLLTD B SOREZ T EREITo7. (1) Control # : LA
TR R 5 EENE AV IMEIETFBEE{To /8. (2) FREE: BERES OR
A EHE L LT, INF-a B LUV IL-1 8 OEEATH 5 FR167653 (FR) Dix&%
VMBI AT - 28, (3) PG RPEMEEREOTH 4+ HrhE LT,
TuRAE YTV B (PG) DRERITWVIMEILIFEI#E AT o728, (4) FRPG
#  FR, PG DRFERE LIMEILIFBIE 1T o788, (5) HBD B : positive
control & U CLABN FHF#E 21T - 7o 8L

[fEH#] PG| EIZ X » TIRBILEE X S S, FRIBREIZ L o THERESH
BRI, ThbDEATEMOBRE CIEEFROM LRGN o k.
PG & FROMFERET B LI L > TOHB TIFBHE L RSOETFRIE LI
7.

[FEs] DEILE FTF—D0bDOFBHE TSI TOBEE R Y, BELES
DEFEEL NI EM LV RECHERESSHBEL 25, AFFRETIEIIN
BRERRGATERERC L - THIEARETH D L ame L, EOFER, O
EIFFREAERESIZITI ZEATETHD ERB S,

2) WrEEX

FFRMEICRT D R —RR I RAICEL R TH S, HEFE T, Bl
HENBFHZ I 7 MIGHEBTIREHENELOOARETI LEX LN T
3, b ULIMELE R —2 6 OIFBENTEE THILE, T a2 iFREOH
BipgEmL, Fr—FRROMEO—BheidtEBLDbNS. BRERIZBWTE,
WL DD TIMEEFBESRA DN TV, MEL FF—D2b DS

N



77 MAIRESHDWRER FF—2 b0 T NICH~ATEEEIC prinary graft
non—function #FL T H L ELITAHY 23 MEetEIIETIo, ME
I FF—noDF 7S5 7 bTHHBERZICEVMERESZ2 /L, TORREL
L C primary graft non-function 84 LA Z L &R LAY &, Fi-, MBS
EEIIATERN IR L \iR oM MESRE L 2> TR Y, SRR
EEFi: Kupffer MIAERET D Z & T, FWROBMEZASNVETFT T 7 ERE
v MYV AERNBZ L TENENMBIRETHD Z LR LES. L LAk
b, EROBRROBFBIZIT Kupffer MIAEBRE LIS T 7 b2 HWCHE
AR THIEELLN, Thizfib o THUMEREE 2508 LD
BB ELRINCEC FEEROWIETULERD B L E 2 67, Kupffer flla
PIRIRN R AREE 2 T A O—8 L LT, Y= Tk TNF- o 28 Kupffer
MR & HIEHEERE ALY L T RBROERERTILE2RLED. E
7oy OMELE RF—0 0077 7 bTld, BEROBICLHETICHEH LS
7 ML LEEBIZERET O IL-1 8 8L T Y Kupffer MAERREIZ L -
THRIENDZ EBARLER. LEXD, TNF-a B LT IL-18 DEATAEHR T
B % FR167653 13, IMEILFFBMOBICA U5 M MERIEEIZH LT Kupffer
HiRabeE E REREODRENPHTEILEZL LR,

3) WFEAR

BRARIGHATEE & B 2 A% AW T, MBI R —2 b O BHE % iR Ihic
B FEERET S,

4) HWFFETIE

1) EREW . _
{5 20-30 kg @ Landrace 7' # Z AV, LT D 5 BEIC T BEER 21T - 7=,
(1) Control B (n=4) : LLF DEHK| 2 A IMEILFBE LT - 7= BHE#ER
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ERIOV VAR Z 77— b I VREER L.

(2) FREE (n=4) : TNF- o B LN IL-1 3 DRELIREHRITH 5 FR167653 (FR, R
REUE) 1, Omg/ke/h & FH—38 kO L = v MRHERRIRINRE LTz,
UV ARIZIE A VABE T 7 7FAZy B (M) VA (Rl1, BEESRS)
ZEALE.

(3) PGEE (n=4) : IRMEMEETEZEMNE LTTrRAZ 7 F P (PG,
/NEFERER) 20 ng/kg/min & R —RB LUV By MIFEEFIRNE S
U, VAN U v A &ER L.

(4) FRPG &% (n=4) : FREELRHRIZ FR %, PCEELERRIZPC 2 RE L. U
AFRITIEN U o 2 2R L=,

(5) HBD 8% (n=4) : A FERETLREBTICFS S 7 F2WH LBEZI{T-
7=.

HERZHERA LT FIIRHO 24 RHATL VR L LKGDREEL, =7

v 7 1000 ml IZTHMLERITo7. &V AIE4TCICR->TEMR LK.

2) F—Ff

R IVETEBT b U EARELUERICERIREERL, A YTk

BAROWMATIZREDR AT, 4 Y 74L& Higsic & 5 & 5 METIC

LLF O FEHiREER{To7., FOBIROE=42 1 > 7RIS/ EE R L FER, BIAR

EDE=# ) v/ RICHREEIIRE TR U, BIEERERT %, UBD BELIACId A

FATL L RV rr i0ng/kg BEOY VA ZF 2 (UTL, #HHEE) 30, 000 U/kg

EERIRPIRE Lic. ~/3U 2 300 U/kg R FEARIIR S L7c, REIR, RIEER

LU KREARIZ T =2 L—3 3 L, o BEOHMERERGZIC A TERS

RHLTHMELZBE L, MELIZESE COMPLFFIRED 14 cnH20 LT

2725 X BIBEHIRE 0 EERGD L. DERIC CIMELL 2R L 10 45H

Lo, MERBLOEH KBRS 4 CIZHAE L7 University of

Wisconsin #% (UW &) 500 ml THFZ 77 b&ERmA L, BF/ 5 7 M

LATENIRE © UWIE 50 ml ZEEA, K& T 3 BEMBEMIEERS L. HBDEFHT

FIIEEH & R T FR OBREER{T o 2.

3) Loy RE .
R — L ERIc 2 S REEE i LU T ORMRERTo . BlREE=4)
7 DI dICE BRI, iR X OSEHIR S O b IS EBIRIC Y = 2 L—
8y EiTol. B UFZME L, EFHOMOMIRS - IZFT TRE#



RO ML SA AR 7 (Medtronic Bio-Medicus, Inc., USA) ZRWTESH
BRI /S SR LT, ZOBEER4 B E LTEEBAIC M 1 mg/ke/h &3
A ARy FEILECREERE L. IFEREIEPTMEIZITY 4-0 Prolene % F
TGS T L TR, PR, T TREARDIECH~ WE Lo, &
|2 8-0 Prolene &AWVt A THBMROR 2 WEEITok. MIRMEIZE
VoT &Y A RABEERNTIFZZ 7 PO WL B L7, FIRYEK T .
FERMMZFBWCHFY 7 7 P& R U, &BICIEHIMNES MERL UBHRE L7,
hEEE I e J—REAVEPLEREEERSE L, 12 Ty b —, H4EY
BB L URAEIHIE & U T FKE06 (FRIREYEE) 0.1 me/ke/day &35 L.
4) BNIEA

FHE&DY > 7Y o Fi F—BiRER:, R — 0k 7 5% B L OE#EHE 1
FEM OB H TIT o 7=,

(1) Frigadke Energf charge

YU TNVRBBEBIIREEZEAN TV —X7 57 L, -80°CTHERTEL
7zt 0.5N MEREBERAVWTHE L, &iEI/ e~ ST 74— (Jasco HPLC
Analyzer system; HZAZY) 12T ATP, ADP BL U AMP #BIE L7=. BHIZHE
60 mM DU EENY 77— (pH 6.0) V>, FEE 1.0 ml/min, ERT TITo
7e. Atkinson & Chapman MZFUZ X ¥ Energy charge #EH L7210,

(2) BFHE#AE+R S b= FY 7 proton ATPase V&

X b3 KU T proton ATPase fEMEDIEILEA D FIETITo=1. £
TR TESER ) U LAEERRICNL, Y7 =285 Dis3C 2HIMLT
ETDHEIHE & HIMEES (Jasco FP-777 ; AASE) #HWCHIE LEKE
Bfuk Lk, 7oF v 250 ng 2MZ CEFREZRZIEI L=, ATP 2
unol ZANZAE Ul B NREDOE L EEREM TR LI L D% proton ATPase iE
(%) L LTRLE.

(3) BHkErmEt |
HIREAIIREFERE 10%FHHEA~ Y VCTEEL, ~v bV v-oAY
VREICLDERUBE L. BEERE, EREERCHC 1 AICHEEIL,
2.8% T NE—NTNATE RBED 2% 35 74 VA7 AFE REE 0.1 M b
Vb= bty 77— GHT.3) CTHEELE. 1%42I VA TREELE
B, ThHa—nABLUBE v L2 AW TEBIHICHA L, = X8
LB L. BRI 2 HEETHEME (JEM-1010 ; BANRE) 2HWTH

N



gL,

(4) MF£EFERE

7% AST, LDH 2 EERILEFICTRIE L (AST: : ¥ bl LDH: Foskaiss) .
5) HEHERVRET

T —# X mean=kSD TH L7z, WIEITL one-factor ANOVA & post-hoc test @
FIRC LY, P05 #EEZEHY & Li-.

5) MR

1) BiEAE

R M HERE 31. 222, 9 0 C, HBD B4 R < 4 BE TSR EESR
Pehyode, EEHRTERRIL 3. 020, 3 BRI C. 5 BEREICE B2 4 Aano T,
Control B & FR ¥ TIIRMIA 24 BHET% 24 BREILUNICE L L, BEHEr 28D
MmAEREK 2787, PG HTIT 2 BN 24 BERILAIRICIET L, MEZIHEDRTR,
i Control #., FREELRETH-. 4Fd 2 HA3 7 BREIAEFE L. FRPC B
L UOVHBD BETII2MMN 7T ARAERELE (£2).
2) mEELERE

% AST 36 K U° LDH (X HBD BRI OB CHEMBIC LA 2B, $IZFREET
BEE Th o7, AST, LDH IR | AR E— 7 IcTOBRER L, HEE 75
FICidinyE AST EIZEFITE L, &4 0Ol E CEBEMICHHEMESEYR
Hiehot (H1).
3) BTHEMET Energy charge

B4 2 | BT4RMET Energy charge OEMEMIEILETRT. MEILBHELT o/ 4
T, DELERCIFEROMED S0%LLTIRAEIETLTEY, Control
BELLAL CII PR I BRIERE D 50-85% MIEICE THEIE L, FR BECIL PG B,
FRPG BEIZ by U CBHEPRTS O Fnergy charge {EOH LEENERWVERNS H- 7.
4) FFEMEHF S = R Y 7 proton ATPase &%

X 3T S b= FU T proton ATPase {EfEDBREFRFEILERT. L
= IERED ATPase J&EMEIL, Control BE, FR BERB X TF PG BECHIMRMRR L ¥ B{E % R
L7223, FRPG B CIXEERETIIRRD 2o, BEEMHEIZIE Control F£. FR



BRI UPCHTILLELRL D EIZEE L 2> 705, FRPG 248 L OVHBD 2 G
FRIERF & MG OEEZRL, Mo 3B L THEREILEBTH 1.

5) AT

(1) JEEARTR,

L IEBFIZIE, zone 1 DERTRIEIL PG B & UNFRPG BETIA < R7ZI TV =28,
Control I KON FR B CIdERIEIIMEL T (R 4). BiEEFR®BICI,
Control #. FR 238 & OF PG B CEAIRME DM/ ML & i, zone 2 TOFFHIIEODES
SEFRDBBIRD bz, Th b OZE{IE FRPG B3 K ONHBD B CILER® b iuh
Motz (E5).

(2) EBREFTR.

AME IR, PG #£16 LU FRPG B CIEIFFMRICE R ERAHMA SN D 2 & K%
IR, e & HICISIEIER @5 2 L7=238, Control B35 JL U8 FR 8
TITEEIRA L AR B OREEE & B EE MG O MRSy DIBRIE~DHEHIRD b
7o (K6). FERREIZIE, FRPG B & OV HBD # CIid iR B AIIa, AT L &
L& KBRIE TV, b 3 BETIHEHEFIER LU Disse IEIXSERIZE SR
THEVFHBOBBELIZLASBO b, EEMBOMIBR s DE
FlE~DWH. Disse HEPICFHRMERAA D IAA T BEARD - 7).

6) BE

PRI BT 2 BB E OB LR Ty, oML ERLL
Tn5'Y, BHEERIMELE FF—D & 3R IhE THEISH L SN TV R —
WWETRNF—Y =A% RDBRITNER LT, W 2D OMERR T ELIFEE
BRLOILTWD., L LY & IMELFBMEIX primary graft non-function
EREIFIEHITED, BEVTORLTVARNONIBERTHS. YHETH
DELFBIEELRIISE 2 DORFROBELRZON, M/ MEREBETH
S EaFL, JORMMERESJEIRNEMRES & BREOP/MuE WD
ZODEERERFICEAZ LER LA, S 6I2YEE T, Kupffer fMlAKRED
BIRAEMRMEEC R L, W ) 2R EHWS 2 & TEREORMEDHES
NBEZEERLES, ZDOHMETIT Kupffer MR ARET B0 YR Y —LE
AZw\ Fafp—h (L-DMDP) %V izas, FFRHO 42 BRIATIC L-DWDP 215
TELERD . OREECRERERATIILREREEI DN,

It



Kupffer AR DMEE % BT 2 MO FEZER LR2ThER bR ok, KBRS
T, INF-a B LW IL-1 B OEEABREAITH D FR 2 BV, ZhN ML
OFERFICB W CHERANEMRES &R T L E2BALMTLE.

WHE TIE. Kupfler MAROMEEEIMEIT 2 2 & 03, MELE FF— b DT
MERlBECEERRTFTHAZ LR L. EEMICIIBETOYA b
AVEERTLEL, FNUBFTFS T 7 MUl AT D I & T Kupffer #7554
IvTEN, T4 I 7 ERE Kupffer #BIAHREFEICL Y S HIZiEES -
REEHY, BEHERE INF-a 2 Kupffer #la05 OIEMRAREASHEL, =
DIEEBRRP AT 4 T— & — L 72> THREROEREZ T T IFFEROEBIIM
IMERBEELERET B L6 g8, BELULEPRILE SI0iEEEE
RIAIIAY, TaFT—BREDE DAT 4 =— & —EHH LRERRS
ZHEESEDS. HEEOINE TOHFENS, INF-a DEEAFEETIHZ LT
& 2T Kupffer HIRDOBEREZMH L, Elcii~e k5 RBEERIZE X T4
U B@RERIBRCE 5 2 ENTRRENE T, S YHETROEL FF—2
BDORFF 57 MeBOT, IL-1 fEANTEICENL TSt hRLES. &
NN EPLAFETIL, Kupffer MAEZRETZRDLVICR 2&5T5 2
L > TH/MERBELRB LL Y LB L. KRBT, BEREZD
BEFTA T, PC HTHFS 7 7 b OBFANEMIBOBEHE, FEENEL THots
23 FRPG B IR MR EIXIZ A MNoBE Th o, ZOREND, OfE
IEFFBAELC I8 1T 2 ¥EIA M B AR O BRI 13, TNF- o EEAE 2 FAE LT Kupffer
MR OBREEEIMET A2 ENEETHD LRENE.

OHETICHEHEINZTFS 77 b &L R P—h o075 7 N O,
77 NI BBHEOMOFETHS., LELERFSF-D6OFSS7 D
viability J3FHBTOEMEMIC L > TERDh 2 L ZE 2 55, BELIT, i
RLEZHE SN T 60 HHDRMEMEZHE - IF 7T 7 b CHLBMTEETH S & 3
HLTWBS ., KBFFRIz T 2 IR MR 34 30 4T B A3, Control BEIE
TERERBRIERLOBELD LEM o, TOREOEZMELEEFAD
REICHDILEZOND. BALOBRELZIZLHE L OBREMICEST AR T
VBN TVAIMELE R —OTF Ak, 8D U o A TIMEIRZTHE LT
S5HDONREN. DX D RETNVIEEER, & o, EOE, BEDOS o v
o7, WA AR TWARWEIE R —DEFALThHD, YEETIT,
DEFILOERNIICIHEED GBI SN DT A b A V3, HRFROBERESE

Hi



EE XA T L ER LI (Mivagi et al, Role of arachidonic acid cascade in
warm ischemia-reperfusion injury of liver grafts from non-heart~beating
rats, ®FEH). T, BEOSTRRAD ST LAOBMABET, ZIVHRH
BEELAERITRIEOE BB THE LvbhTha 5 17 PCIZHlIaN
AN WBED LE BB S EHIRABO bleb £ EMET 2 L HRESHLTY
B8 KPR T, HHEMOBRTRT P6 2ikGEShaWIF7 77 b
THERAEMBEENRER Th -0, PC 25 XN/ 7 7 b TRESE
BETHoT, TRODOI EMNE, LELEOERCEERNEMIaITEE 25T,

INEPHTIILBIFETHD LEL BN,

AR T, PG #HEIC & » CRAMFFOEIRN R EIEES S ER S,
FR B EIC & » THERROENNEMREENER SN TVWWe, T OME O
Rz k> THEERmLE L, BEOMELEFBECBWYTLHERARBREC
R0 IBEBEXBLRE.
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Table 1 Recipient survival after LTx

group survival cause of death
FR group < 24 hours primary graft failure
(n=4) <24 hours primary graft failure
: <24 hours primary graft failure
< 24 hours primary graft failure
PG group <24 hours primary graft failure
(n=4) < 24 hours primary graft failure
>7 days sacrifice
> 7 days sacrifice
FRPG group > 7 days sacrifice
n=4) > 7 days sacrifice
>7 days sacrifice
>7 days sacrifice
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New Strategy for Liver Transplantation From Non-Heart-

Beating Donors

M. Sato, N. Ohkohchi, S. Tsukarnoto, T. Orii, N. Koyamada, T. Asakura, J. Takayama, Y. Enomoto,
M. Goto, M. Usuda, 8. Miyagi, A. Okada, and S. Satomi

HE shortage of donors has become a serious problem

in liver transplantation (LTx). LTx from controlled
non-heart-bealing donors (NHBD) has been attempted.
However, it has been reported that the grafts from NHBD
develop primary graft nonfunction more often than those
from heart-beating donors. The aim of this study was to
discover a safer method lo prevent ischemia and reperfu-
sion injuries in liver grafts from NHBD.

MATERIALS AND METHODS

Landrace white pigs, weighing 20 to 30 kg, were allocated to three
groups as follows: (i} Control group (n = 5): To prevent warm
ischemic injury, donor pigs were administered 1 mpfkg FK 506
(Fujisawa Pharmaceutical Co., Japan) intramuscularly 24 hours
before surgery, and 100 ng/kg per minute of OP2507, a prostaglan-
din (PG) 1, analogue (Ono Pharmaceutical Co., Japan) intrave-
nously during surgery, {ii} LD group (n == 5): Donor pigs were
intravenously administered liposome-encapsulated dichlorometh-
ylene diphosphonate (L-DMDP) 42 hours before liver procurement
to eliminate Kupffer cells and were given FK 506 and OP2507 in
the same manner as in the contral group. (iii) FR group (n = 4): To
prevent wanm ischemic injury, 20 ng/kg per minute of PGE, (Ono
Pharmaceutical) and Lo prevent reperfusion injury, 1.0 mg/kg per
hour of FR167653 (FR), which is a dual Inhibitor of TNF-a and
IL-13 production (Fujisawa Pharmaceutical), were administered
intravenously during surgery. Both donors and recipients were
intravenously administered 30,000 U/kg of wlinastatin (UTI; Mo-
chida Pharmaceutical Co, Japan).

Donor Operation

Laparotomy was performed under general anesthesia. Initially, 300
Ufkg body weight of heparin and 250 mg of methylprednisolone
were administered intravencusly. After the splenic vein and the
abdominal aorta were cannulated, the respiration was stopped with
pancronium bromide, The central vein pressure was measured and
kept below 14 em H,O untif cardiac arrest was confirmed on the
electrocardiogram. Ten minutes after the cardiac arrest, perfusion
of the liver with cold solutions was initiated using Ringer's lactate
in the control group and the LD group, and University of Wiscon-
sin (UW) solution in the FR group. The liver was preserved in UW
solution at 4°C for 3 hours.

Reciplent Qparatlon

After laparotomy, the liver was dissected free and removed. During
the anhepatic phase, a bio-pump was employed for veno-venous
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bypass, Then the graft liver was implanted orthotapically. Imme-
diately before the anastomosis of the portal vein, the graft liver was
flushed with 400 mL of nafamostat mesilate (NM) rinse to remove
the UW solution,

Examination ltems

Energy charge of the liver tissue was measured to evaluate ATP
synthesis in the graft, Blectron microscopy was also carried out to
observe morphological changes.

RESULTS

In all groups, the values of hepatic energy charge at cardiac
arrest decreased 20% to 40% from the values at laparot-
omy. At 1 hour after reperfusion, the values recovered 75%
to 90% of the initial values (Fig 1).

In the morphological study, electron microphotographs
after laparotomy showed disruption and detachment of
sinuseidal lining cells (SLCs) in the control group but
well-preserved SL.Cs and sinusoidal structure In both the
LD and the FR groups.

All recipients in the control group survived fewer than 7
days, but four of the five recipients in the LD group and all
four recipients in the FR group survived more than 7 days
(Table 1},

DISCUSSION

Our NHBD model is similar to a clinically controlled
NHEBD. We previously used this NIYBD model for success-
ful LTx by maintaining microcirculation after reperfusion.’
In our previous study, L-DMDP was administered 42 hours
before the liver procurement to avoid microcirculatory
disturbance and to eliminate Kupffer cells in the liver graft.
However, in clinical practice, it is difficult to administer
drugs long before the procurement. In this study, we
performed L.Tx from NHBD using only drugs that could be
administered during actual clinical operations.
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STRATEGY FOR LIVER TRANSPLANT
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Fig 1. Changes In energy
charge of the liver grafts: At
laparotomy; at laparotomy of
the donors; at cardlac arrest; 7
minutes after cardiac arrest; af-
ter preservatlon; after 3 hours of
cold preservation; after reperfu-
slon; 1 hour after reperfusion. *P
< .01 vs at laparotomy; P <

Energy Charge
o
&

2609

k%

—g— control
—~@— LD
—— FR

*k

*¥

.01 vs at cardiac arrest and after 0
preservation; no  slgnificant

change at cardtac arrest vs after

preservation.

at

PGE, is known to have cytoprotective effects on ischemic
and reperfusion injury and to improve the mierocirculation
of the liver.*® FR is a dual inhibitor of TNF-a and IL-18
production,* Ulinastatin (UTI), protease inhibitor, ham-
pers neutrophil elastase. We previously reported that the
production of IL-18 in the graft from an NHBD was
significantly elevated and could be suppressed by eliminat-
ing Kupffer cells,” We also reported that TNF-a induces

Table 1. Reciplent Survival After LTx

Group Survival Cause of Death
Control group <iZh Primary graft failure
n=25) <i2h Primary graft failure
<i2h Primary graft failure
5 days Graft fallure
5 days Graft failure
LD group <12 h Pulmanary Infarction
(n =5) >7 days
>7 days
>7 days
>7 days
FR group >7 days
n=4 >7 days
>7 days
>7 days

ét aft'er af‘Eer

laparotomy cardiac arrest preservation reperfusion

superoxide generation by Kupffer cells, which mediates
neutrophil accumulation and causes endothelial cell disrup-
tion.% In this study, we treated pigs with PGE,, FR, and
UTI, instead of Kupffer cell elimination. As electron mi-
crophotographs show, S1.Cs in the FR group were well
preserved even after reperfusion, while sinusoidal struc-
tures were completely destroyed in the control group after
reperfusion. Furthermore, in the FR group, the values of
energy charge recovered, and all recipients survived longer
than 7 days.

In summary, triple-drug therapy, using PGE,, FR, and
UTI, will prevent ischemia and reperfusion injuries in a
liver graft, which will lead to safer LTx from NHBD.
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Successful liver transplantation from agonal
non-heart-beating donors in pigs

Abstract  An effective way to over-
come shortage of donors in liver
transplantation (LLTx) is to consider
such from non-heart-beating donors
{(NHBDs). We investigated how a
liver graft should be treated before
and/for after procurement for suc-
cessful LTx from an NHBD, Porcine
LTx was performed with FR167653
(FRY}, a dual inhibitor of tumor
necrosis factor-a (TNF-a) and
interleukin-t # (IL-18), and/or pros-
taglandin E, (PG). Animals were
allocated to an FR group (n=4,
donors and recipients were {reated
with FR), a PG group (n =4, donors
and recipients were treated with
PG), or an FRPG group (n=4, do-
nors and recipients were treated with

both FR and PG). No recipients in
the FR group and only two of four
recipients in the PG group survived,
whereas all recipients in the FRPG
group survived, Suppression of
TNF-¢ and 1L-1# and maintenance
of microcirculation are the key to
successful transplantation from
NHBDs,

Keywords Liver transplantation
Non-heart-beating donor - Warm
ischemic injury - Reperfusion injury

Introduction

The shorlage of donors is a serious problem in liver
transpiantation (LTx) all over the world. It has generally
been accepted that liver grafts could only be trans-
planted from heart-beating donors (HBDs). However, if
it were possible to transplanl liver grafts from non-
heart-beating donors (NHBDs), the number of LTxs
would increase remarkably. Clinically, LTx from con-
trolled NHBDs is being attempted in some institutions
{3, 3, 16], but it has also been reported that the grafts
from NHBDs failed due to primary graft non-function
more often than those from HBDs, In previous studies
[6, 20] we showed that microcirculatory disturbance
after reperfusion caused primary graft non-funciion in
liver grafts from NHBDs, Microcirculatory disturbance

is caused by the deterioration of sinusoidal endothelial
cells (SECs) and sinusoidal narrowing. SEC deteriora-
tion can be prevented by the elimination of Kupffer cells
and sinusoidal narrowing with nafamostat mesylale
(NM) rinse [21]. However, in clinical practice it seems
difficult to transplant liver grafts in which Kupffer cells
have been eliminated. On the other hand, we also
reported that tumor necrosis factor-o (TNF-«) induced
the generation of superoxide by Kupffer cells, and
this led to mediate nevtrophil accumulation [18]. Thus,
in our present study, we performed porcine orthotopic
LTx of liver grafts retrieved from agonal NHBDs
using FR167653 (FR), a dual inhibitor of TNF-«
and interleukin-1f (IL-18) production, to control the
chain reactions after reperfusion mentioned above,
instead of eiiminating Kupffer cells. The aim of this study
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was to establish a method leading to successful LTx
from agonal NHBDs in clinical practice.

Materials and methods

All experiments were conducted according to the Guide for the Care
and Use of Laboratory Animals prepared by the National Academy
of Sciences and published by the National Institutes of Health,

Experimental design

White Landrace pigs, weighing 20-30 kg, were allocated to five
groups as follows;

1. Control group (n=4): donor and recipient pigs received no
treatment, Immediately before anastomosis of the portal vein,
the liver grafts were rinsed with 400 ml Ringer's lactate.

. FR group (n=4) 1.0 mg/kg/h of FR167653 {FR; Fujisawa,
Tokyo, Japan), a dual inhibitor of TNF-« and IL-18 production
[25], was infused continuously during both donor and recipient
surgery. The liver grafts were rinsed with 400 mé NM rinse
(Table 1; Torii, Tokyo, Japan).

3. PG group (n=4} 20 ng/kg/min of prostaglandin E, (PG; Ono,
Tokyo, Japan) was administered intravenously during donor
and recipient surgery. The liver grafts were rinsed with NM rinse
immediately before anastomosis of the portal vein.

4. FRPG group (n=4): donor and recipient pigs were treated with
both FR and PG in the same manner as above. The liver grafts
were rinsed with NM rinse,

5. HBD group (#=4): donor and recipient pigs did not receive any
treatment, and the liver grafts were rinsed with MM rinse. The
rinsing solution was kept at approximately 4 °C. LTx was per-
formed after the animals had been starved for 24 h, during which
time they were aliowed to drink water ad libitum.

=]

Donor operation

After the pigs had been pre-medicated with atropine injected
intramuscularly, anesthesin was maintained with an isofturane/
oxygen mixture and pancuronium bromide. A catheter was placed
in the external jugular vein to monitor central vein pressure, and
another was placed in the commaon carotid artery to monitor blood
pressure. After laparotomy had been performed, 10 mg/kg me-
thylprednisolone and 30,000 Ujkg wlinastatin (UTI; Mochida,
Tokyo, Japan) were administered intravenously. The liver was re-
trieved as in humans, with minor modifications, First, the splenic
vein and commeon bile duct were cannulated after heparin (300 U/
kg} had been administered intravenously. We cannulated the
abdominal aorta and stopped the donor's respiration by using
pancuronium bromide and detaching the respirator. Central vein
pressure was measured and kept below 14 em H»O until cardiac
arrest was identified on the electrocardiogram. Ten minutes after

Table 1 Composition of NM rinse

Parameter Value
Na-lactobionate 110 mmol/l
NaH,PO 25 mmol/l
Raffinose 30 mmol/l
Allopurinel 1 mmol/fl
Glutathione 3 mmol/i
NM 0.8 mmol/l
pH 7.44

Osmotic pressure 290-300 mosmol/l

cardiac arrest, perfusion of the liver with University of Wisconsin
(UW) solution was started. UW solution (500 ml) was infused
through the portal vein and the abdominal aorta, after which the
liver was retrieved. The liver was promptly flushed with 50 mt UW
solution through the hepatic artery and was stored in two plastic
bags in an ice-slush bath for 3 h, In the HBD group, the liver was
procured as mentioned above, but not in the agonal state.

Recipient operation

The recipient pigs were anesthetized in the same way as the donors
were, The right carotid artery and external jugular vein were can-
nulated for monitoring of blood pressure and for blood sampling
and intravenous Auid infusion, respectively. After laparotomy, the
liver was dissected {ree and removed, During the anhepatic phase,
the blood of the portal vein and infra-hepatic inferior vena cava
was shunted to the left external jupular vein with a biopump
(Medtronic Bio-Medicus, Eden Prairie, Minn., USA}. As antic-
oagulant, NM was infused continuously at | mg/kg/h until the
biopump was stopped. The liver graft was implanted orthotapically
with end-to-end anastomosis of the supra-hepatic inferior vena
cava, the portal vein, the infra-hepatic inferior vena cava (all with
4.0 Prolene, running suture), and the hepatic artery (8-0 Prolene,
intermittent suture} in that order. The liver graft was reperfused
with portal blood after the portal vein anastomosis had been
completed. The bile duct was drained via an external tube fistula.
FK3506 was administered postoperatively at 0.1 mg/kg/day to
recipient pigs for immunosuppression,

Examination items

Tissue specimens were taken from the edges of each iiver graft at
laparotomy, 7 min after cardiac arrest, and 1 h after reperfusion.

Energy charge of liver tissue

To measure energy charge, we took tissue specimens, using tongs,
pre-cooled the specimens in liquid nitrogen, and then stored them
at ~B0 °C. After extraction with 0.6 N perchloric acid, adenosine
triphosphate, diphosphate, and monophosphate were measured by
high-performance liquid chromatography (Jasco HPLC Analyzer
System; Nihon Bunko, Tokyo, Japan). The eluent was 60-mM
phosphate buffer (pH 6.0), and the low rate was 1.0 mlfmin at
room temperature. The energy charge was calculated according to
the formula proposed by Atkinson and Chapman {1].

Proton ATPase activity of liver tissue

Proton ATPase activity was determined as described by Seya et al.
[£7]. Briefly, mitochondrial pellets were suspended in a potassium
buffer solution, and Dis3C, a finorescent dye, was added. After the
electron transport chain had been stopped by the addition of 250 ng
of antimycin A, changes in the mitochondrisl membrane potential
upon the addition of 2 ymol of ATP to the mixture were measured by
fluoromettry (Jasco FP-777; Nihon Bunko) at 23 °C, at an excitation
wavelength of 625 nm and an emission wavelength of 670 nm.

Histological examination

Tissue specimens for microscopy were fixed in 10% neutral bul-
fered formalin and subsequently embedded in paraffin wax. Sec-
tions 5 pm thick were stained with hematoxylin and eosin, Tissue
specimens for electron microscopy were fixed in 2.5% pglutar-
aldehyde and 2% paraformaldehyde in 0.1 M sodium cacodylate
buffer (pH 7.3). After treatment with 1% osmium tetroxide, they
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were dehydrated through a graded series of ethanol and embedded
in epoxy resin. Ultra-thin sections were stained with uranyl acetate
and lead citrate, and zone | of the liver acini was examined
under an electron microscope (JEM-1010; Japan Efectron Opiics
Laboratories, Tokye, Japan). The reasons we selected zone | for
examination were that injuries of SECs are more prominent in the
early period of cold preservation {11] and that more severe injuries
may occur due to Kupffer cells at reperfusion,

Aspartate aminotransferase and lactate dehydrogenase

Serurm aspartate aminotiransferase (AST) and lactate dehy-
drogenase (LDH} were measured with commercially available kits
(AST: Iatron, Tokyo, Japan; LDH: Wako Pure Chemical
Tndustries, Osaka, Japan).

Statistics

All values are presented as mean * SD. We analyzed the differ-
ences among 1he five groups, using one-factor ANOVA, and then
made pairwise comparisons using a post-hoc test. P values of below
0.05 were considered statistically significant.

Results
Recipient survival

The mean duration of warm ischemia from the time the
respirator was turned off until cardinc arrest was
31.2+2.9 min, and there were no statistical differences
between the groups except for the HBD group. The
mean time of cold ischemia was 3.0+0.3 h, and there
were no statistical differences between the five groups, In
the conitrol and the FR groups, no recipient survived for
longer than 24 h. Massive hemorrhagic ascites were
found at autopsy. In the PG group, two recipients died
within 24 h, and findings similar to those observed in the
control and FR groups were found at autopsy. Two of
four recipients survived for more than 7 days. In the
FRPG and HBD groups, all Four recipients survived for
more than 7 days (Table 2).

Serum AST and L.LDH

Serum AST and LDH increased afler reperfusion in all
but the HBD group and especially in the FR group. On
postoperative day 1, AST and LDH remained high and
then decreased. AST levels normalized by postoperative
day 7. There were no stalistical differences between the
groups in each phase (Fig. 1},

Energy charge of liver tissue

The energy charge at laparotomy was 0.601 £0.134, The
values decreased significantly to less than 50% of the

Table 2 Recipient survival after LTx

Group Survival Cause of death
Control group (n=4) <24 h Primary graft failure
<3h Primary graft failure
<24 h Primary graft failure
<24 h Primary graft failure
FR group (n=4) < h Primary graft failure
<24 h Primary graft failure
<2 h Primary graft failure
<24 h Primary graft failure
PG group (n=4) <24h Primary graft failure
<24 h Primary gralt failure
>7 Days Killed
>7 Days Killed
FRPG group (n=4} >7 Days Killed
=7 Days Killed
=7 Days Killed
> 17 Days Killed
HBD group (n=4) =7 Days Killed
=7 Days Killed
> 7 Days Killed
>7 Days Killed
a —~m~ Conirot
500+ -~ FRPG
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” - PG
Yé’ 3001 -5 HBD
§ 2004
723
100+
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Fig. 1 Serum AST level (a) and serum LDH level (b). Both AST
and LDH increased after reperfusion in all but the HBD group,
and especiaily in the FR group. On postoperative day 1, AST and
LDH remained high and then decreased. AST levels normalized by
postoperative day 7. There were no statistical differences between
the groups in each phase. (Laparotomy at laparotomy of the
recipients, Reperfision 5 min after reperfusion, PO D postoperative
day)

initial value in all but the HBD group at 7 min after
cardiac arrest. There were no statistical differences be-
tween the four NHBD groups. One hour after reperfu-
sion, the value recovered to 50-83% of that at
laparotomy in the FR, PG, and FRPG groups, but did
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not recover in the control group. In the FR group, the
recovery was less than in the PG and FRPG groups.
There were no statistical differences between the five
groups in the values 1 h after reperfusion (Fig. 2).

Mitochondrial proton ATPase activity in the liver graft

Proton ATPase activity at laparotomy was 55.78 %
11.32%. ATPase activity decreased 7 min after cardiac
arrest in the control, FR, and PG groups, but was
maintained in the FRPG group. One hour after reper-
fusion, the values decreased remarkably in the control,
FR, and PG groups. On the other hand, the value was
maintained at the same level as that observed at lapar-
otomy in the FRPG and HBD groups, and was sig-
nificantly higher than those in the other groups (Fig. 3).

Microscopy findings

At 7 min after cardiac arrest, the sinusoidal spaces in
zone | were wide in the PG and FRPG groups, but in
the control and FR groups the sinusoidal spaces were
narrow (Fig. 4). One hour after reperfusion, the sinu-
soidal spaces were narrow, and massive bleeding was
recoghized in the control, FR, and PG groups. Partial
necrosis of hepalocytes in zone 2 was observed in the
three groups. These changes were not observed in the
FRPG and HBD groups (Fig. 5).

Electron microscopy findings

At 7 min after cardiac arrest, both SECs and hepato-
cytes were almost normal except for hypoxic vacuoles in
the PG and FRPG groups, but deterioration of SECs
was recognized and spillage of the cytoplasm into the

0.6~
0.5~
)
E‘M" —a- Conlrol
%0.3— —e= FAPG
[
& 0.2 —i— FR
—— PG
0.1+
=== HBD
o T T
Lapaf'otnrny Cardlac arrest After reperfusion

Fig. 2 Changes in energy charge of the liver grafts, Alter eardiac
arrest, the energy charge values of non-HBD groups significantly
decreased and then recovered after reperfusion, except for the
control group. There were no statistical differences between the
values in all groups ar 1 h after reperfusion. *P <0.05 vs initial
value (Laparotomy at laparotomy of the donors, Cardiac arrest 7
min after cardiac arrest, After reperfision | h alter reperfusion)
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Fig. 3 Changes in proton ATPase activity of the liver grafts. The
ATPase activity decreased after cardiac arrest in the control, FR,
and PG groups, but was maintained in the FRPG group. After
reperfusion, the values decreased remarkably in the control, FR,
and PG groups. On the ather hand, the value was maintained at the
same level as that observed at laparatomy in the FRPG and HBD
groups, and they were significantly higher than those in the other
groups. *P<0.05 vs FRPG, **P<0.05 vs FRPG and HBD,
*#%p <005 vs HBD (Laparetomy at laparotomy ol the donors,
Cardiac arvest T min after cardiac arrest, After reperfusion | h after
reperfusion)

sinusaidal space observed in the control and FR groups.
Hypoxic vacuoles in hepatocytes were also observed in
these two groups (Fig. 6). One hour after reperfusion,
both SECs and hepatocyles were observed to be well
preserved in the FRPG and HBD groups. SECs and
Disse’s space were completely destroyed in the control,
FR, and PG groups and hepatocyle microvilli were
hardly recognized. Spillage of the cytoplasm into the
sinusoidal space was observed, and erythrocytes were
found in Disse’s space (Fig. 7).

Discussion

The number of patients on waiting lists for LTx has been
increasing, and the waiting time has become longer [2].
Surgeons are forced to consider organs from suboptimal
donors, such as NHBDs, and some Lrials are underway
at some institutions, However, LTx from NHBDs is
seldom performed, since their liver grafts are very sus-
ceptible to primary graft non-function. We have pre-
viously reported that microcirculatory disturbance was a
main obstacle to successful LTx from NHBDs and that
this disturbance was due to two major factors; SEC
deterioration and sinusoidal narrowing. Furthermore,
we also reported that elimination of Kupfter cells pre-
vented SEC deterioration and that sinusoidal narrowing
was prevented by NM rinse [22]. In that study, Kupffer
cells were eliminated by liposome-encapsulated di-
chloromethylene diphosphonate (L-DMDP), However,
to éliminate Kupffer cells, L-DMDP had to be
administered 42 h before the procurement of liver grafts
[22]. Tt seems difficult to apply this procedure to clinical
practice, Therefore, a new strategy to control Kupffer-
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Fig, 4 Microphotograph of the livers 7 min after cardiac arrest
(hematoxylin and eosin stain, original magnification x40 on 33-mm
film). The sinusoidal spaces in zone | were wide in the PG and
FRPG groups, but in the control and the FR groups, the sinusoidal
SPACES WETE NAITOW

cell function should be considered, In the present study,
we clearly demonstrated that FR, which s a dual
inhibitor of TNF-a and 1L-1f production, prevents
SEC deterioration at reperfusion in L'Tx from NHBDs.

Previously, we demonstrated that suppression of
Kupffer-cell function was an important key to successful
LTx from aponal NHBDs. In agonal NHBDs, cytokines
liberated by the gut prime the liver graft, and especially
Kupffer cells. The primed Kupffer cells are stimulated and

1
A

Control‘ FR
PG | FRPG

excited during cold ischemia [13]. We previously reported
that TNF-« induced the generation of superoxide by
Kupffer cells, and this led to mediate neutrophil accu-
mulation [18]. Neutrophil accumulation is probably as-
sociated with microvascular damage [7], and adherent
neutrophils can secrete numerous mediators including
reactive oxygen species, cytokines, and proteases, greatly
amplifying the inflammatory response, Qur previous

Fig. 5 Microphotograph of the livers 1 h after reperfusion
{hematoxylin and eosin stain, original magnification x40 on 33-
mm film). The sinusoidal spaces were narrow and massive bleeding
was recognized in the control, FR, and PG groups. Partial necrosis
of hepatocytes in zone 2 was observed in the three groups, These
changes were not observed in the FRPG and the HBD groups

Controll FR ‘
PG | FRPG |HBD

1
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Fig. 6 Electron microphotograph of the livers 7 min after cardiac
arrest. SECs were almost normal in the PG and FRPG groups, but
deterioration of SECs was recognized and spillage of the cytoplasm
into the sinusoidal space was observed in the control and the FR
groups. Scale bar = 2 pm

studies suggested that the inhibition of TNF-¢ production
would suppress Kupffer cell activation and prevent the
chain reaction following reperfusion injury, as mentioned
above [18]. We have also reported that the production of
IL-15 was significantly high in liver grafts from NHBDs
[14]. Thus, in our present study we administered FR to
control the chain reactions mentioned above instead of
eliminating Kupffer cells. In this study, electron

Lo - e

i

Control' FR
PG |FRPG

microscopy after reperfusion revealed distinct disruption
and detachment of SECs in liver grafts in the PG group,
whereas in those in the FRPG group the injury was much
milder, These results indicate that inhibition of TNF-«
production to suppress Kupffer-cell function as men-
tioned above plays animportant rolein SEC deterioration
after LTx from agonal NHBDs,

Fig. 7 Electron microphotograph of the livers 1 h after reperfusion.
Both SECs and hepatocytes were abserved to be well preserved in
the FRPG and HBD groups. SECs and Disse’s space were
completely destroyed in the control, FR, and PG groups, and
hepatocyle ricrovilli were hardly recognizable. Spillage of the
cytoplasm into the sinusoidal space was observed and erythrocytes
were found in Disse'’s space. Scale bar = 2 pm

Controll FR
PG | FRPG |HBD

-
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The question of difference between hiver grafts from
HBDs and those from NHBDs is whether the liver
grafts suffer warm ischemia or not. The viability of
liver grafts from NHBDs is impaired by warm ischemia
before procurement. Takada et al. reported that after
60 min of warm ischemia with no pre-treatment, liver
grafts were still suilable for transplantation [19]. In this
study, the donors were subjected to approximately 30
min of warm ischemia; nevertheless, the survival in the
contral group was worse than that reported by Takada
et al. This may have been due to our NHBD modef. In
contrast to our model, the NHBD models used in the
experimental studies conducted so far rarely pertain to
the agonal state. In an as yet unpublished study we
have reported that the cytokines iiberated from the gut
immediately before death primed the liver graft for an
exaggeraled response to reperfusion through cold
ischemia (Miyagi et al,, Role of arachidonic acid cas-
cade in warm ischemia-reperfusion injury of liver grafts
from non-heari-beating rats, manuscript submitted), It
was also reported that a large increase in cytosolic free
calcium concentration was an important initial slep in
the sequence of events leading fo cell damage during
warm ischemia [4, 8]. PG was reported to delay the rise
in cytosolic free calcium concentration and to prevent
plasma membrane bleb formation [10]. In this study,
electron microscopy at retrieval revealed distinct dis-
ruption of SECs in liver grafts in which PG was not
administered, whereas in those in which PG was ad-
ministered the injury was much milder. Qur results
suggest that SECs deteriorated immediately before
death and that it is important for successful LTx from
NHBDs that precautionary measures against this be
taken.

NM and UTT are serine protease inhibitors. Protease
inhibitors prevent ischemia-reperfusion injury, but the
underiying mechanisms for this action remain obscure.
QOur previous study indicated that NM rinse induced the
widening of hepatic sinusoids and protected SECs to
some degree; however, the protective effect of NM was
insufficient to prevent the chain reaction elicited by re-
perfusion injury which starts with the activation of
Kupffer cells [18]. In our present study, microscopy re-
vealed that all grafts except those in the contro! group
were reperfused weil. Furthermore, we have reported
that NM regulates arachidonate metabolites, especially
thromboxaneA2 (TXA2) (Miyagi et al., manuscript
submnitted). Inhibition of TXA2 synthesis suppresses the
liberation of other vasoconsirictive substances and
neutrophil infiltration, thereby improving microcircula-
tion [12, 26). UTI, which is present in human urine, has
two cardinal actions: (1) the suppression of neutrophil
elastase {NE) and cathepsin G and (2) the stabilization
of lysosomal and ceflular membranes (9, 15, 22, 23], It
was also reported that UTI reduced the production of
cytoking-induced neutrophil chemoattractant by Kupf-
fer cells stimulated with NE, attenuating ischemia-
reperfusion injury of the liver [24]. In this study, UTI
prevented the development of acidosis after reperfusion
in the FRPG group (data not shown), Our resulis sug-
gest that NM rinse and UTI were effective in the pro-
tection against ischemia-reperfusion injury, although
further examination is needed.

In summary, our results indicate that PG saved SECs
from warm ischemic damage and that FR prevented
SEC deterioralion at reperfusion. The combination
therapy, consisting of PG, FR, and protease inhibitors,
may have a role in clinical LTx from NHBDs,
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ELSEVIER

Mechanisms of Preservation and Ischemic/Reperfusion [njury in

Liver Transplantation

N. Ohkaohehi

N ORGAN TRANSPLANTATION, the graft suffers
from warm ischemic injury due to the donor’s physical
condilion, ie, hypotension and hypoxia, prior to the re-
trieval, When Lhe organ is retrieved, it receives additional
warm ischemic injury for approximately 10 minutes after
the aorta is clamped unlil the graft is cooled down, The
graft also receives cold ischemic injury during preservation.
After reperfusion following cold ischemia, the graft receives
further injury. Previous studies of preservation and reper-
fusion injury of the liver showed that hepatocytes were
damaged due to warm ischemia, and sinusoidal endothelial
cells were damaged due Lo cold ischemia. However, recent
studies about warm ischemia/reperfusion injury* and about
liver transplants from donors after cardiac arrest® indicate
that sinusoidal endothelial cells are damaged before hepa-
tocytes, both during warm and cold ischemia. Therefore,
preventing damage to sinusoidal endothelial cells lo pre-
vent narrowing and maintain the microcirculation following
reperfusion is important in liver transplantation. Address-
ing these injuries is important to prevent primary grafl
non-function, in other words, to maintain good graft func-
tion. [n this article, we review recent findings on ischemia/
reperfusion injury in liver transplantation and discuss the
drugs that are elfective for prevention of microcirculatory
disturbance.

COLD PRESERVATION AND DETERIORATION OF
SINUSOIDAL ENDOTHELIAL CELLS

The precise mechanisms in the liver following cold preser-
vation are unclear. According to a previous report,® when
rat livers are simply stored in a solution containing 0.9%
NaCl and 2 mmol/LCaCl2, sinusoidal endothelial cells
disappear almost completely within 8 hours, an irreversible
change. In conlrast, the bleb formation observed in hepa-
tocytes is a reversibie change. Tt is not clear whether
morphological changes in hepatocytes are reversible up to
24 hours of cold storage; this report concluded that sinu-
soidal endothelial cells are susceptible 1o primary injury
during cold preservation. Changes in sinusoidal endothelial
cells oceurring during several hours of cold preservation in
Euro-Collins solution (EC solution) have been observed
with a transmission electron microscope, including forma-
tion of secondary lysosome. Swelling of the sinusoidal
endothelial cells and degeneration of the cell membranes
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have also been observed in time-dependent fashion, How-
ever, when the University of Wisconsin solution (UW
solution) is used for the preservalion solution, the damages
are suppressed.” Although the reasons for the effectiveness
of UW solution have not been completely clarified, large-
molecule components of the UW solution probably contrib-
ute to the maintenance of the sinusoidal structure.

With regard to the ionic components of the solution,
some studies reported a similar preservation efficacy using
an extracellular Auid-based solution as the UW solution.”
On the other hand, there are some reporis that preservation
solutions with low K™ concentrations are better.t Thus, it
has not been agreed which components of Lhe preservation
solution are necessary.

Recently it has been reported thal apoptosis mediales the
deterioration in sinusoidal endothelial cells during cold
preservation.” Calpain inhibitors seem to be effective in Lhe
prevention of apoptosis of sinusoidal endothelial cells dur-
ing cold preservation, because calpain a calcium-dependent
enzyme, Is related (o the mechanism of apoptosis.® Other
studies reported that vascular endothelial growth factor
{VEGF) receptors, which are important in the maintenance
and proliferation of these cells, are present on sinusoidal
endothelial cells; indeed, VEGF seems to inhibit apoptosis
during cold preservation.”

In addition to the changes in sinusoldal endothelial cells,
Kuplfer cell activation is another important target of injury
during cold preservation of the liver. Morphologic studies
show that Kupffer cells are activated during cold preserva-
tion, and this activation is inhibited more effectively by UW
than by EC solution.'™!! However, the level of activation is
time-dependent.'* Kupffer cell activation seems to be
strongly related to the reperfusion injury.

REPERFUSICN AND DETERIORATION OF SINUSOIDAL
ENDOTHELIAL CELL

There is no doubt that Kupifer celis and neutrophils play a
primary role in sinusoidal endothelial cell damage due to
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hepatocyte degeneration
mitochondrial dysfanction

Fig 1.

reperfusion. Kupffer cells activaled during cold preserva-
tion release cylokines such as TNF-r and free radicals, The
release of cytokines and radicals cause not only lipid
peroxidation of the graft, but alse the accumulation of
neutrophils in the liver via these chemical mediators. The
Kupffer cell activation results in the [urther generation of
free radicals from neutrophils.'®*!* Sinusoidal endothelial
cells that have been deteriorated during cold preservation
sustain further damage by the large amount of free radicals
that are released as deseribed above from neutrophifs. The
increment in tissue factor by Kupffer cell activation causes
disturbance of equilibrium of the intra-sinusoidal blood
flow as well as by the free radical generation. As a result,
intra- sinusoidal blood coagulation leads to a microcircula-
tory disturbance (Fig 1).

Kupffer cells play a role as initiators of the reperfusion
injury to the liver graft, as mentioned above. Therefore, it is
possible that various biological responses may be sup-
pressed if Kupffer cell functions can be controlled, Gado-
lininm chloride and chlodronate liposomes have been used
o kill or eliminate Kupler cells in experimental studies.
However, because they are considered polentially cytotoxie,
they have not been used in clinical situations. Recently, it
has been reported that glycing inhibits Kupffer cell function
and reduces the reperfusion injury.'® in an other report it

1o

Schema of ischemia/reperfusion Injury of the llver,

was suggested that Kupffer cell activation may be inhibited
through control of the CI™ channel by glycine.'® But the
nature of the effect of glycine in the prevention of ischemia/
reperfusion injury remains unclear, There is an interesling
report thai the method of retrieval of the graft influences
Kupffer cell function.’”

In addition to radicals, elastase in neuirophils is an
important element in sinuscidal endothelial cell damage.
Neutrophils release proteases and active oxygen radicals as
a part of their biological self-protective function to break
down proteins in foreign bodies, bacteria, and metabolites.
Elastase, which is one of the proteases that is released from
neutrophils as an active protease, causes severe Lissue
damage. Under normal circumstances, elastase aclivily is
controlled by inhibitors that inactivate elastase. In addition
to a large amount of elastase released in inlammatory
lesions active oxygen and myeloperoxidase inactivate the
inhibitors. As a result, elastase in the inflammatory fesion
disrupts profeins, acting as a biological phylactic. However,
in the ischemia/reperfusion injuries, the balance of elastase
and its inhibitors is disturbed. Furthermore, ¢lastase seems
to lose the ahility of self-recognition; tissue destruction
becomes dominanl. Sludies in which the inhibitor for
neutrophil elastase was administered in ischemia/reperfu-
sion injury models indicate that sinusoidal endothelial cells
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were eflectively protecied and neutrophils and adhesion o
sinusoidal endothelia and invasion attenuated,'® improving
blood flow in the graft.' Inflammatory mediator produc-
tion and the expression of nuclear factor-kf (NF-kB) also
was inhibited.* These reports suggest that elastase inhibi-
lors are effective for prevention of ischemia/reperfusion
injuries. In a report on adenosine, which is regarded to be
an endogenous regulator of hepatic blood flow, an A (2A)
receptor agonist atienuated the reperfusion injury, and an
A {2A) receptor antagonist exacerbated the injury, These
reports suggested that stimulation of A (2A) receplors is
associated with inflammatory mediator production and
neutrophil degranulation,®!

In regard lo intra-sinusoidal coagulation, the effective-
ness of anti-coagulant therapy using anli-thrombin III has
been reported.* However, coagulopathy is a major prob-
lem in the clinical apparatus of this treatment. The expres-
sion of thrombomodulin on endothelial cells in hepatic
sinusoids is Jower than that on the capillary endothelial cells
in other argans, Moreover, the anticoagulant activity of
thrombomadulin decreases following cold preservation.
Since the level of anticoagulant activity in sinusoidal endo-
thelial cells at the time of reperfusion is low, and the
expression of tissue factor from Kupffer cells is increased
following exposure to endoloxin derived [rom the intestine,
the sinusoids show significantly increased coagulation activ-
ity. This imbalance between coagulation and anticoaguiant
activily produces intra-sinusoidal coagulation, suggesting
that anticoagulants such as tissue factor pathway inhibitor
{TFPI™* or recombinant thrombomodulin®2¢ are ex-
pected lo maintain a balance of coagulation, However, Lhe
efficacy of these drugs in liver transplantation has not yet
been reported.

REPERFUSION AND SINUSOIDAL NARROWING

In regard to the rinse solulions to wash out the UW
perfusate from liver grafts prior to reperfusion, it has been
reported that some rinse solutions alleviale sinusoidal
narrowing or constriction, namely Carolina rinse,* Futhan
rinse,”” and a rinse containing an endothelin antagonist.2®
The characteristics of the Carolina rinse are several: its
celloid osmotic pressure prevents cell swelling following
wash out; it inhibits Kupffer cell function because it con-
tains a calcium channel antagonist; it altenuates damage
caused by active oxygen radicals because il conlains an
antioxidant; and it attenuales hypoxic cell damage that
occurs before reperfusion because it contains [ructose and
maintains stight acidily, Because Futhan is a strong pro-
tense inhibilor that has inhibilory activily on phaspholipase
A2 activation, il inhibits sinusoidal narrowing by blocking
the melabolic pathway of arachidonic acid, maintaining the
cytoskeleton, and inhiblting increases in the permeability of
cell membranes, However, the details of the mechanisms
remain unclear, Endothelin {3 a sitrong vasaconstrictor,
increasing as blood fows to the portal veins; indecd the
level of endothelin, which is derived from ischemic portal
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veins and sinusoids, may correlate with the degree of liver
dysfunction, Therefore, it is reasonable to wash out the UW
solution using a rinse containing the endothelin antagonists,
In addition, it has been reported Lhat neutrophil invasion is
attenuated by Lhe presence of endothelin antagonists during
warm ischemia-reperfusion,®” improving the survival rate
after transplantation of livers from cardiac arrest donors.™
There are also many reports on the effects of thromboxane
Ay (TXA,) synthase inhibitors, since TXA, displays strong
platelet aggregating and vasoconstrictive actions, Particu-
larly, ils vasoconstrictive action is thought to act directly on
vascular smooth muscle. It is considered that TXA, is a
factor that promotes the destruction of the vessel walls,
because it increases local intravascular pressure, Since
vascular smooth muscle does not exist in the hepatic
sinusoids, TXA, is not directly involved in sinusoidal con-
striction. However, one repori®! observed TXA, receptors
in sinusoidal endothelial cells, and that administration of a
TXA, synthase inhibitor significantly inhibited the in-
creased intravascular pressure suggesting that TXA, is
refated ta sinusaidal constriction, Other reports state that
TXA, synthase inhibitors inhibit neutrophil invasion and
production of vasoconstrictors such as endothelin following
reperfusion,®*3 and TXA, synthase inhibilors were effec-
tive in liver Iransplantation from cardiac arrest donors,™

LIVER GRAFTS FROM CARDIAC ARREST DONORS

Recently, it has been reported that prostaglandin 1,>* and
prostaglandin E*° stabilize cell membranes at the time of
warm ischemia, These reports are based on observations in
liver transplants from cardiac arrest donors. In fact, there
are many studies involving liver transplanlation from car-
diac arrest donars, as well as warm ischemia-reperfusion
injury in liver transplantation. The critical difference be-
tween liver transplantation from a cardiac arrest donor and
from a heart-beating donor Is whether the gralt suffers
warm {schemia during the agonal stage. The energy pro-
duced through the Krebs cycle is stored in cells as adenosin
triphosphate (ATP), which maintains cell membrane func-
tions including ion pumps. Anaerobic metabolism leads to
hypofunction of the jon purmp causing calcium to enter the
cell, leading to phospholipase activation and production of
arachidonic actd metabolites. Calcium infllow and potassium
outflow produce swelling of the cells and their surrounding
tissue, Cardiac arrest donors [requently experience hypo-
tension, enteric congestion, and a decrease in pH during the
agonal stage, evenls that promole endotoxin release and
cytokine production.” Using rals, we investigated changes
in cytokines and nuclear factors following reperfusion of
liver grafts from cardiac arrest donors experiencing an
agonal stage. The following increased levels were recog-
nized: (1) cytokine (interleukin-18) production; (2) the
eicosanoid thromboxane and (3) particularly transcription
fuctors, primarily NF-«B following reperfusion particularly
after an agonal stage but not after old preservation alone, It
has been reported that elimination of these Kupfter cells
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abrogates changes altenuating the reperfusion injury.*®
When Kupfer cells were previously eliminated liver trans-
plants from swine cardiac arrest donors showed remarkably
altenuated, sinusoidal endothelial cell damage with narrow-
ing, a pathologic event that was attenvated and long-term
survival obtained®” by a Futhan rinse, On the other hand,
when the Futhan rinse was used but Kupffer cells were nat
removed, sinusoidal endothelial cell damage was not atten-
vated, although sinusoidal narrowing was attenuated. As a
result, long-term survival was not obtained in this experi-
ment. Therefore, it is thought that it is important to prevent
two points in liver transplantation from cardiac arrest
donors: sinusoidal endothelial cell damage and sinusoidal
narrowing, Further studies are expected to clarify the events
and mechanisms of these conditions to develop clinically
applicable methods to prevent injury,
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