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Background. Interleukin-18 (IL-18) is a potent
proinflammatory cytokine that augments both innate
and acquired immune responses. It is also a crucial
regulator of lymphocyte production of interferon-y
(IFN-v), which can promote acute cellular rejection of
transplanted solid organs.

Methods. To evaluate the role of IL-18 in liver trans-
plantation, we constructed an adenoviral vector encod-
ing IL-18 binding protein (Adex-IL18bp), which
specifically suppressed the biologic activity of IL-18,
and examined the effect of this suppression on liver al-
lografts by using a high-responder rat model (ACI to
Lewis) of orthotopic liver transplantation (OLTx). Do-
nor rats were given one intravenous injection of
Adex-IL18bp or Adex-LacZ (control vector) 2 d before
OLTx.

Results. Seven days after OLTx, overexpression of
IL-18bp resulting from the adenovirus gene transfer
was associated with significantly decreased serum
alanine aminotransferase levels and less histologic
hepatic injury in recipient rats with Adex-IL18bp-
pretreated donors compared with Adex-LacZ con-
trols. Adex-IL18bp pretreatment also significantly
prolonged rat/allograft survival, inhibited expression
of IFN-y, and reduced levels (versus control values) of
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both CXCL10 and CX3CL1, which can be induced by
IFN-y.

Conclusion. These results suggest that IL-18 has an
important role in liver allograft rejection through
IFN-y and chemokines and that specific suppression
of IL-18 may improve liver function early after
transplantation. © 2012 Elsevier Inc. All rights reserved.

Key Words: adenovirus vector; interferon-vy; interleu-
kin-18; liver allograft.

INTRODUCTION

Much progress has been made in identifying the cel-
lular and molecular mechanisms by which cytokines
participate in rejection processes after organ transplan-
tation. Although Thl- and Th2-type cytokine profiles
have been associated with, respectively, rejection and
tolerance, recent studies have suggested that the mech-
anism of allograft rejection involves not simply Th1/
Th2 deviations, but that regulation within the cytokine
network is substantially more complicated, with sub-
stantial contributions from several cytokines. One cyto-
kine that may affect both Thl and Th2 responses is
interleukin (IL)-18 [1].

IL-18 is produced not only by various immune cells
but also by non-immune cells such as intestinal and air-
way epithelial cells. In collaboration with IL-12, IL-18
stimulates Thl-mediated immune responses, which
play a critical role in host defense against intracellular
microbes through the induction of interferon-y (IFN-vy).
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However, overproduction of IL-12 and IL.-18 induces se-
vere inflammatory disorders, suggesting that IL1.-18 is
a potent proinflammatory cytokine that is pathophysio-
logically involved in several inflammatory conditions
[2]. Moreover, IL-18 has been found to be significantly
up-regulated in both the serum and the alloresponse
site in patients with acute rejection of a kidney allograft
[1]; therefore, this cytokine may play an important part
in acute rejection of transplanted solid organs.

IL-18 binding protein (IL-18bp) was first identified in
the urine of healthy persons and purified by using
IL.-18-coupled beads [3]. IL-18bp is thought to be a solu-
ble decoy receptor because it can specifically block bind-
ing of mature IL-18 to its authentic receptor and
thereby inhibit IL-18-induced IFN-y production [2].
Since IL-18 is an early stimulant of Th-1 cells,
1L.-18bp probably has an important role in regulation
of the immune response [2].

Acute rejection of liver allografts is characterized his-
tologically by a mixed portal-tract infiltrate containing
mononuclear cells. An accumulation of activated lym-
phocytes in the allograft is essential to the pathogenesis
of tissue injury. The mechanism by which these lympho-
cytes are recruited to the graft from the circulation is
poorly understood, but it probably involves local chemo-
tactic factors that promote migration, positioning, and
retention of effector cells in the graft [4, 5]. Chemokines
are expressed and secreted by a wide variety of cell types,
including lymphocytes [6] and endothelial components of
allografts activated during rejection [4, 7-9]. Several
studies have shown that both CXCL10 (IFN-y-inducible
protein 10) and CX3CL1 (fractalkine), which are induced
by IFN-y [10], are up-regulated during rejection of mu-
rine cardiac [11, 12] and rat liver allografts [5].

The aim of the current study was to assess the role of
IL-18 in liver transplantation. We constructed an ade-
noviral vector encoding IL-18bp, which specifically sup-
pressed the biologic activity of IL-18. We then examined
the effects of this inhibition in a high-responder model
of rat orthotopic liver transplantation (OLTx).

MATERIALS AND METHODS

Cloning of Rat IL-18bp cDNA and Construction of Adenoviral
Vector

RatIL-18bp cDNA was amplified from the Rat Liver Marathon-Ready
c¢DNA library (Clontech, Tokyo, Japan) by using polymerase chain
reaction (PCR) with the following primers: 5-CATGCAGGTCTCCCAT-
GAGACACTGTGGCTGTGCAGCAG-3' and 5-TGGTTGCTGGAGTG-
GGGCCCCTGGGCCTGCTGATCTGG-3' (underlining indicates the
restriction-enzyme sites of Bsal and Xhol, respectively). A plasmid vec-
tor, pTriEx-rIL18bpHis, which expresses rat IL-18bp with a C-terminal
6xHis tag, was constructed by inserting the amplified fragment digested
with Bsal and Xhol into the Neol-Xhol site of the plasmid pTriEx1.1
(Novagen, Tokyo). The sequence of the insert was then confirmed.
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The replication-defective adenoviral vector containing the CAG
promoter, E coli lacZ gene, and poly(A) sequence (that is, the
Adex-LacZ control) was kindly provided by Dr. 1. Saito, Institute
of Medical Science, University of Tokyo [13]. Another replication-
defective adenoviral vector (Adex-11.18bp), which expresses the rat
11-18bp gene derived from pTriEx-rIL18bpHis, was constructed by
using an adenovirus expression vector kit (Takara Bio, Tokyo).
The amplified fragment containing the coding region with the
primers 5-CATTGAATTCACAATCAAAGGAGATATACC-3' and 5'-
TGATAGAATTCCTGCACCTGAGGTTAATCAC-3" from pTriEx-
rIL18bp was inserted into the unique Swal site of the adenovirus
genome in the cassette cosmid pAxCAwt. After sequencing of the
coding region, the cosmid bearing an expression unit was co-
transfected into human embryonic kidney 293 cells, together with
the adenovirus DNA-terminal protein complex. The cloned recombi-
nant adenoviruses were purified by using cesium chloride ultracen-
trifugation. Titers were assessed with an Adeno-X Rapid Titer Kit
(Clontech) and expressed as plaque-forming units (pfu).

In Vitro Gene Delivery

HelLa cells were infected with Adex-IL18bp or Adex-LacZ (80 MOI)
in DMEM with 10% fetal-calf serum (Gibco, Rockville, MD) and incu-
bated for 48 h at 37°C. The supernatant was collected and stored at
—70°C until the biologic activity assessment.

In Vitro Assay of Biologic Activity of IL-18bp

An assay of the biologic activity of IL-18bp in the Adex-IL18bp con-
struct was performed. IL-18bp biologic activity was considered to be
represented by the ability of IL-18bp to inhibit production of IFN-y
as determined by the following method. Freshly isolated splenocytes
from Lewis rats (2.5 X 10° cells/mL) in RPMI with 10% fetal-calf se-
rum were stimulated with recombinant rat IL-18 (10 ng/mL; Pierce
Biotechnology, Rockford, IL) with or without supernatant (various
volumes) of Adex-IL18bp-infected HeLa cells. Supernatant of Adex-
LacZ-infected HeLa cells or uninfected HeLa cells was used as the
control. Clarified supernatant samples of splenocytes were assayed
for rat IFN-vy by using a sandwich-type enzyme-linked immunosor-
bent assay (eBioscience, San Diego, CA).

Rats

Adult male Lewis rats (RT1") weighing 200-300 g were used as liver
transplant recipients, and adult male ACI (RT1%) rats weighing
200-250 g were used as donors. All rats were cared for and used in ac-
cordance with institutional guidelines of Keio University School of
Medicine. Rats were allowed to become acclimated to the animal re-
search laboratory for at least 5 d before they were used in an experi-
ment, and they had free access to food and water before and after
the experiment.

In Vivo Gene Delivery

To accomplish gene delivery in donor rats, 1 X 10° pfu of Adex-
IL18bp or Adex-LacZ (control) in 2 mL of normal saline was injected
through a penile vein 2 d before OLTx. Two days after the viral infec-
tion, the whole liver was recovered as a liver graft.

Transplantation Procedure

Operations in both donors and recipients were done with the ani-
mals under isoflurane anesthesia. OLTx was carried out by using
the technique described by Kamada and Calne [14], without hepatic
artery reconstruction. Livers were perfused with 20 mL of lactated
Ringer’s solution (4°C) through a catheter placed in the abdominal
aorta, and excised grafts were stored in lactated Ringer’s solution
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(4°C). The cold ischemia time was less than 90 min. The anhepatic
phase was less than 16 min. No immunosuppressive agents were ad-
ministered. Previous studies found that the median survival time of
liver allografts from ACI donors in Lewis recipients was 10 d [15-18].

Blood Sampling and Tissue Preparation

Seven days after OLTx, whole blood was collected from the infrare-
nal inferior vena cava of recipient rats immediately after abdominal
incision. Centrifugation was used to separate out the serum, which
was stored at —70°C until determination of serum alanine amino-
transferase (ALT) concentrations. Concurrently, the rats were sacri-
ficed and whole liver tissues were removed. Half the tissues were
immediately frozen in liquid nitrogen; the rest were fixed in 10% for-
malin. Frozen tissue was stored at —70°C until the cytokine and che-
mokine assays.

Real-time Quantitative PCR Analysis

Total RNA was extracted from rat liver tissue by using Trizol re-
agent (Invitrogen, Carlsbad, CA) and purified with an RNeasy kit
(Qiagen, Valencia, CA). First-strand ¢cDNAs were synthesized from
1 ug total RNA by using oligo-dT primers (Qiagen) and ReverTra
Ace RT (Toyobo, Osaka, Japan) according to the manufacturer’s in-
structions. Real-time quantitative PCR analysis was performed
with 1 ug cDNA, 300 nM primers, and a FastStart Universal SYBER
Green Master Mix device (Roche Applied Science, Mannheim,
Germany) using a 7500 ABI platform (Applied Biosystems, Foster
City, CA). The cycling conditions were as follows: degradation of the
preamplified templates at 50°C for 10 min, denaturation at 95°C for
10 min, and 50 cycles of denaturation at 95°C for 15 s, annealing at
60°C for 15 s, and amplification at 72°C for 1 min. This was followed
by a dissociation step or melting-curve analysis to determine the melt-
ing point of the double-stranded DNA products produced.

Histologic and Immunohistochemical Analyses

Liver tissues were studies histologically. From formalin-fixed spec-
imens embedded in paraffin, 5 um-thick sections were cut and stained
with hematoxylin and eosin. To evaluate the expression of IL-18bp in
Adex-IL18bp-infected liver grafts, immunohistochemical studies
were performed with untreated liver samples and Adex-LacZ-
infected liver grafts used as controls. Mouse anti-His-tag monoclonal
antibody (MBL, Tokyo, Japan) was used as the primary antibody
(1:1,500 dilution; 120 min at room temperature). Alexa Fluor 488
goat anti-mouse antibody (1:1,600 dilution; 60 min at room tempera-
ture; Invitrogen, Tokyo, Japan) was used as the secondary antibody.
All histologic characteristics were assessed by a pathologist.

Statistical Analysis

Student’s ¢-tests were used to compare results (means = SEM) in
two groups. Allograft survival times in the treatment and control
groups were compared by using log-rank testing. A P value <0.05
was considered to represent a significant difference.

RESULTS
Adex-IL18bp Vector was Functional In Vitro

Supernatant of HeLa cells infected with Adex-
IL18bp, which should contain a considerable amount
of IL.-18bp, decreased IFN-vy levels in the rat splenocyte
supernatant in a dose-dependent manner, indicating
blockage of the activity of rat recombinant IL-18
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(Fig. 1). Supernatant of Adex-LacZ-infected HeLa cells
or uninfected HeLa cells had no effect on IL-18 activity
(data not shown).

IL-18bp was Overexpressed in Livers of ACI Rats Treated with
Adex-IL18bp

Samples of liver tissue obtained from untreated ACI
rats and from ACI rats 2 d after one intravenous injec-
tion of 1.0 X 10° pfu of Adex-LacZ or Adex-IL18bp were
analyzed for I1.-18bp mRNA expression by using real-
time quantitative PCR assays and for IL-18bp expres-
sion by means of immunohistochemical examination.

I1L-18bp mRNA levels were higher in the Adex-
IL.18bp group than in either of the other two groups
(Fig. 2). In addition, His-tag immunohistochemical
analysis showed strong and clear staining in the cyto-
plasm of liver cell samples from the Adex-IL.18bp group.
Liver cell samples from the other two groups showed no
staining (Fig. 3).

Expression of IL-18 mRNA was Up-Regulated in Liver Allografts
7 D after OLTx

Samples of liver tissue were obtained from Lewis re-
cipients 7 d after OLTx of livers from ACI donors given
an intravenous injection of Adex-LacZ (1.0 X 10° pfu;
control); from ACI rats 2 d after one intravenous

35 r

IFN-y (ng/mi )

0 0.2 2 20

Adex-1L18bp supernatant (ul)

FIG. 1. In vitro assay of biologic activity of IL-18bp in Adex-
1L18bp construct. HeLa cells were infected with Adex-IL18bp (80
MOI) for 48 h at 37°C. Freshly isolated splenocytes from Lewis rats
(2.5 X 10° cells/mL) were stimulated with 10 ng/mL of recombinant
rat IL-18 in various volumes of supernatant of Adex-IL18bp-
infected cells. The concentration of IFN-y in the rat splenocyte super-
natant was assessed by using an ELISA. The results indicate that
supernatant of HeLa cells infected with Adex-IL18bp blocked the ac-
tivity of rat IL-18 in a dose-dependent manner.
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FIG. 2. In vivo IL-18bp mRNA assay after administration of
Adex-IL18bp. Samples of liver tissue were obtained from untreated
ACI rats and from ACI rats 2 d after one intravenous injection of
1.0 X 10° pfu of Adex-IL18bp or Adex-LacZ (control). Expression of
IL-18bp mRNA was assessed by using quantitative real-time PCR
assays, with normalization according to 8-actin (housekeeping gene)
expression levels. Samples from rats given Adex-IL18bp had greater
1L-18bp mRNA expression than those from untreated or Adex-
LacZ-treated rats.

injection of 1.0 X 10° pfu of Adex-LacZ; and from native
livers in ACI rats. Levels of IL-18 mRNA in the samples
were assessed by using real-time PCR assays. IL-18
mRNA levels were significantly higher in the allograft
group than in either of the other two groups (Fig. 4),
suggesting that the adenovirus itself did not induce
IL-18 mRNA expression.

IL-18bp Overexpression Improved Liver Function after OLTx

To determine whether 1L-18bp expression affected
liver allograft function, serum levels of ALT were

untreated

Adex-LacZ
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measured in Lewis recipients of ACI livers 7 d after
OLTx. Histologic studies of liver allografts were per-
formed at the same time point. As shown in Fig. 5, se-
rum ALT levels in recipients whose donors were
pretreated with Adex-IL18bp were significantly lower
than those in recipients whose donors were given
Adex-LacZ, the control vector (96.5 * 12.1 versus
268.3 + 99.4 IU/L; P < 0.05). Histopathologic analyses
showed that allografts from the Adex-IL18bp group
had no bridging necrosis (Fig. 6A), whereas those
from the Adex-LacZ group did have necrosis (Fig. 6B).
The portal vein in allografts after Adex-IL18bp pre-
treatment of donors was patent (Fig. 6A), whereas
that after Adex-LacZ administration was severely ste-
nosed and showed extensive infiltration with inflam-
matory cells (Fig. 6B).

IL-18bp Overexpression Reduced Levels of Some Chemokines
and IFN-y in Liver Allografts

Total RNA was isolated from liver allografts 7 d after
OLTx and analyzed by using real-time quantitative
PCR assays. Levels of CXCL10, CX3CL1, and IFN-y
mRNA were significantly lower in allografts after donor
pretreatment with Adex-IL18bp compared with Adex-
LacZ (Fig. 7A, B).

IL-18bp Overexpression Prolonged Allograft Survival

To investigate the possible overall benefit of IL-18bp
gene delivery before OLTx, animal survival after OLTx
was evaluated. As shown in Fig. 8, recipients of liver al-
lografts from donors pretreated with Adex-I1.18bp sur-
vived significantly longer than recipients whose donors
were given Adex-LacZ (mean survival time, 13 versus
10 d).

Adex-IL18bp

FIG. 3. Results of immunohistochemical analysis for IL-18bp linked to a His-tag in livers of donor ACI rats. Samples of liver tissue were
obtained from untreated ACI rats and from ACI rats 2 d after one intravenous injection of 1.0 X 10° pfu of Adex-LacZ (control) or Adex-IL18bp.
In samples from rats given Adex-IL18bp, the cytoplasm of hepatocytes was clearly stained, indicating that the Adex-IL18bp injection led to the
overexpression of IL-18bp in liver grafts. (Color version of figure is available online.)
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FIG. 4. Expression of IL-18 mRNA in liver allografts. Samples of
liver tissue were obtained from Lewis rat recipients 7 d after trans-
plantation ofliver allografts from ACI donors given an intravenous in-
jection of 1.0 X 10° pfu of Adex-LacZ; from ACI rats given an
intravenous injection of 1.0 X 10° pfu of Adex-LacZ (no transplanta-
tion); and from native livers of ACI rats. Expression of IL-18 mRNA
was assessed by using quantitative real-time PCR assays, with nor-
malization according to -actin expression levels. IL-18 mRNA levels
were significantly higher in the allograft group than in either of the
other two groups. Results represent the mean = SEM (n = 3 or
4 per group); *P < 0.05.

DISCUSSION

IL-18 was first cloned as an IFN-y-inducing factor that
augmented natural killer (NK) activity in splenocytes in
mice [19]. Although IL-18 is structurally homologous to
IL-1, and its receptor belongs to the IL-1R/Toll-like re-
ceptor superfamily, the function of IL-18 is known to be
quite different from that of 1L.-1. Several lines of evidence
suggest that IL-18 may be important in the pathogenesis
of inflammatory processes. Serum levels of IL.-18 have
been found to be elevated in patients with postoperative
sepsis [20], chronic liver disease [21-25], and acute coro-
nary syndromes [26]. In a murine model of cardiac trans-
plantation, IL-18 production was correlated with
a histologic rejection pattern and with induction of
IFN-y [27]. Although in a previous study, levels of
1L-18 mRNA in liver allografts (ACI to Lewis) peaked
the d 5 after transplantation whereas liver isografts
(Lewis to Lewis) had no such peaks [28], the effect of in-
hibition of IL-18 mRNA on acute cellular rejection (ACR)
remains unclear. An investigation in a murine model of
acute kidney rejection showed that IL-18 was up-
regulated and produced principally by intragraft macro-
phages [29], and this finding is consistent with results of
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studies in patients [1] that established a link between
kidney rejection and serum IL-18 levels.

To investigate the role of IL-18 in liver transplanta-
tion, as well as the possible effects of inhibition of IL-18
on liver allograft rejection, we constructed an adenovi-
ral vector expressing the rat IL-18bp gene with His-tag
at the C-terminal, assuming that this construction
would specifically suppress IL-18 biologic activity.
Gene delivery systems using adenoviral vectors have
been described in several reports [30, 31], and we pre-
viously demonstrated that protein expression in rat
livers after gene delivery with this method continued
for more than 14 d [32]. This was sufficiently long for
the current study because ACR is generally considered
to occur early after OLTx. Our experiments showed
that IL-18bp in the Adex-IL18bp construct had biologic
activity in vitro. Adex-IL18bp also induced mRNA ex-
pression of IL-18bp and protein expression of His-
tagged IL-18bp in vivo. These results indicate that
Adex-IL18bp infection provided adequate IL-18bp ex-
pression. In addition, in our rat model, expression of
IL-18 mRNA was up-regulated in liver allografts

400

350

300

250

200

Serum ALT (1U/1)

150

100

50

Adex-LacZ

Adex-IL18bp

FIG. 5. Serum levels of ALT in recipients of liver allografts from
pretreated and control donors. Donor ACI rats were treated with
one intravenous injection of 1.0 X 10° pfu of either Adex-IL18bp or
Adex-LacZ (control) 2 days before OLTx of their livers into Lewis
rat recipients. Seven days after OLTx, serum ALT levels in recipients
whose donors were given Adex-1L18bp (n = 4) were significantly lower
than those in recipients whose donors were given Adex-LacZ (n = 3).
Results represent the mean = SEM; *P < 0.05.
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FIG. 6. Histopathologic findings in liver samples obtained from rat transplant recipients 7 d after OLTx. Samples obtained from allograft
recipients whose donors were pretreated with Adex-IL18bp showed no bridging necrosis (A, left panel), whereas samples from recipients whose
donors were given Adex-LacZ did show necrosis (B, left panel). The portal vein in allografts after Adex-IL18bp pretreatment was patent (A,
right panel), whereas that in allografts after Adex-LacZ administration was stenosed and showed extensive infiltration with inflammatory cells
(B, right panel). Hematoxylin and eosin stain; scale bar = 100 um. (Color version of figure is available online.)

during rejection but not in Adex-LacZ-treated livers
that were not transplanted. This suggests that adeno-
viral vector infection alone did not affect IL-18
expression.

1L.-18 is known to induce IFN-y production, and we
previously showed that IFN-v, which is produced by
NK cells early after rat OLTx, is a key modulator of
ACR [5]. However, a network of many cytokines is in-
volved in ACR, so controlling rejection by inhibiting
only one cytokine has been unsuccessful. To our knowl-
edge, only one previous study found that controlling one
type of cytokine alone (without any other immuno-
suppressive agents) suppressed ACR after allogeneic
liver transplantation [33]. Our findings suggest that
IL.-18bp gene delivery to liver allografts may by itself
significantly increase graft survival times relative to
control values in a high-responder model, even though
the mean difference between survival times was only
3 d. Furthermore, the lower serum ALT levels 7 d after
OLTx in recipients whose donors were given Adex-
IL18bp compared with Adex-LacZ clearly indicate
that liver function was better after Adex-IL18bp pre-
treatment. The existence of this cytoprotective effect
was confirmed by histopathologic studies. IFN-y ex-
pression was also significantly decreased in the Adex-
IL18bp group relative to the Adex-LacZ group. Because

IL-18 is capable of inducing IFN-v, and IFN-v is one of
the candidates for a key regulator of ACR, the cytopro-
tective effect resulting from the specific suppression of
I1.-18 may be produced through the inhibition of IFN-
v. These findings suggest that IL-18 may play an impor-
tant role in liver allograft rejection. Future studies of
this issue should investigate the mechanism of IL-18
in ACR by using a subtherapeutic dose of cyclosporine
A with Adex-IL18bp.

To elucidate the mechanism of the effect of IL-18bp
gene transfer on liver allografts in our model, we ana-
lyzed the levels of several chemokines. Chemokines
are important in the trafficking of lymphoid cells to
areas of inflammation, including ACR sites. Previously,
we found that both CXCL10 and CX3CL1, which are in-
duced by IFN-v [10], were significantly up-regulated in
rat liver allografts compared with syngeneic grafts be-
ginning 3 d after transplantation [5]. These results sug-
gest that chemokines are involved in promoting
recruitment of effector cells to allogeneic tissue. Other
studies showed that CXCL10 and CX3CL1 are up-
regulated during rejection of murine cardiac allografts
[11, 12]. Therefore, expression of CXCL10 and
CX3CL1 in solid-organ allografts may be important in
directing the recruitment of effector cells, including
antigen-activated T and NK cells, into those allografts
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FIG. 7. Expression of chemokines and IFN-y mRNA in liver sam-
ples obtained from rat transplant recipients 7 d after OLTx. Total
RNA was isolated from liver allografts obtained from recipients whose
donors were pretreated with Adex-IL18bp or Adex-LacZ (control) and
was analyzed by using real-time quantitative PCR assays, with nor-
malization according to S-actin mRNA expression levels. (A) Levels
of mRNA of four chemokines in the treatment (n = 4) and control
(n = 3) group. Expression of CXCL10 and CXC3L1 was significantly
decreased in the Adex-IL18bp group compared with the Adex-LacZ
group. (B) Levels of IFN-y mRNA. IFN-y expression was significantly
reduced in the Adex-IL18bp group (n = 4) compared with the Adex-
LacZ group (n = 3). Results represent the mean = SEM; *P < 0.05.

during acute rejection. In the current study, levels of
both CXCL10 and CX3CL1 in the Adex-IL18bp group
were significantly suppressed compared with control
values, indicating that specific suppression of IL-18
during allograft rejection may have a crucial role in
ACR through these chemokines.

Conversely, in a murine model, Wyburn et al. {34]
found that IL-18 deficiency and IL-18 neutralization
by IL-18bp did not provide significant protection
against kidney allograft rejection, although IL-18 path-
ways appeared to be active in the alloimmune process.
Anti-IL-18 strategies alone were apparently inade-
quate for overriding the T-cell-driven alloimmune re-
sponse. However, it remains possible that in liver
transplantation, a mechanism that works though
IL-18 may be important in the rejection process.

There is considerable evidence showing that 11.-18
has a major role in the pathogenesis of inflammation
or the alloimmune response [1, 20, 21, 26, 35-39].
We previously reported that mitigation of nonspecific
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FIG. 8. Allograft survival after OLTx. Recipients of allografts
whose donors were pretreated with Adex-IL18bp had significantly
prolonged survival compared with those whose donors were given
Adex-LacZ (n = 4 in each group); *P = 0.01.

inflammation, including ischemia-reperfusion injury,
significantly suppresses the alloimmune response [5].
In the current study, although specific inhibition of
I1.-18 significantly prolonged allograft survival, the dif-
ference in survival time was not large. Furthermore,
whether this inhibition suppressed nonspecific inflam-
mation or a specific immune response—that is, ACR—
is unclear. Additional studies using such methods as
combination therapy including Adex-IL18bp and an-
other agent may be needed to clarify the possible cyto-
protective effects of specific suppression of IL-18 in
liver transplantation.

In the light of our results, we propose a theory regard-
ing the involvement of IL-18 and IL-18bp in liver trans-
plantation. We found that specific suppression of IL-18
significantly prolonged allograft survival, with im-
provement of liver function, reduced expression of
IFN-v, and several chemokines in our model. These re-
sults suggest that IL-18 plays an important role in liver
allograft rejection, through IFN-y and chemokines, and
that interventions that induce specific suppression of
IL-18 may have the potential to enhance liver function
early after transplantation.

ACKNOWLEDGMENTS

The authors thank Renée J. Robillard, M.A., ELS, for editorial as-
sistance. They are grateful to Chika Fukushima, Katsuko Sano, and
Naoko Sanuki for invaluable technical assistance.

REFERENCES

1. Striz I, Krasna E, Honsova E, et al. Interleukin 18 (IL-18) upre-
gulation in acute rejection of kidney allograft. Immunol Lett
2005;99:30.

2. Nakanishi K, Yoshimoto T, Tsutsui H, et al. Interleukin-18 reg-
ulates both Thl and Th2 responses. Annu Rev Immunol 2001;
19:423.

- 507 -



300

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

JOURNAL OF SURGICAL RESEARCH: VOL. 176, NO. 1, JULY 2012

Novick D, Kim SH, Fantuzzi G, et al. Interleukin-18 binding pro-
tein: A novel modulator of the Th1 cytokine response. Immunity
1999;10:127.

Goddard S, Williams A, Morland C, et al. Differential expression
of chemokines and chemokine receptors shapes the inflamma-
tory response in rejecting human liver transplants. Transplan-
tation 2001;72:1957.

Obara H, Nagasaki K, Hsieh CL, et al. IFN-v, produced by NK
cells that infiltrate liver allografts early after transplantation,
links the innate and adaptive immune responses. Am J Trans-
plant 2005;5:2094.

Wang JD, Nonomura N, Takahara S, et al. Lymphotactin: A key
regulator of lymphocyte trafficking during acute graft rejection.
Immunology 1998;95:56.

Adams DH, Hubscher S, Fear J, et al. Hepatic expression of mac-
rophage inflammatory protein-la and macrophage inflamma-
tory protein-18 after liver transplantation. Transplantation
1996;61:817.

Lukacs NW, Hogaboam C, Campbell E, et al. Chemokines: Func-
tion, regulation and alteration of inflammatory responses. Chem
Immunol 1999;72:102.

Robertson H, Morley AR, Talbot D, et al. Renal allograft rejec-
tion: 3-Chemokine involvement in the development of tubulitis.
Transplantation 2000;69:684.

Fraticelli P, Sironi M, Bianchi G, et al. Fractalkine (CX3CL1) as
an amplification circuit of polarized Th1 responses. J Clin Invest
2001;107:1173.

Fairchild RL, VanBuskirk AM, Kondo T, et al. Expression of che-
mokine genes during rejection and long-term acceptance of car-
diac allografts. Transplantation 1997;63:1807.

Robinson LA, Nataraj C, Thomas DW, et al. A role for fractalkine
and its receptor (CX3CR1)in cardiac allograft rejection. J Immu-
nol 2000;165:6067.

Miyake S, Makimura M, Kanegae Y, et al. Efficient generation of
recombinant adenoviruses using adenovirus DNA-terminal pro-
tein complex and a cosmid bearing the full-length virus genome.
Proc Natl Acad Sci U S A 1996;93:1320.

Kamada N, Calne RY. Orthotopic liver transplantation in the
rat. Technique using cuff for portal vein anastomosis and biliary
drainage. Transplantation 1979;28:47.

Adachi K, Fujino M, Kitazawa Y, et al. Exogenous expression of
Fas-ligand or CrmA prolongs the survival in rat liver transplan-
tation. Transplant Proc 2006;38:2710.

Egawa H, Martinez OM, Quinn MB, et al. Acute liver allograft
rejection in the rat. An analysis of the immune response. Trans-
plantation 1995;59:97.

Wang FS, Yamaguchi Y, Furuhashi T, et al. Recipient blood pre-
transplant transfusion prolongs hepatic allograft survival in
rats. J Surg Res 2006;135:52.

Yamaguchi Y, Harland R, Wyble C, et al. Variable allograft re-
sponses to pretreatment with donor splenocytes treated with mi-
tomyecin C in the rat. Transplantation 1989;47:360.

Okamura H, Tsutsi H, Komatsu T, et al. Cloning of a new cyto-
kine that induces IFN-gamma production by T cells. Nature
1995;378:88.

Emmanuilidis K, Weighardt H, Matevossian E, et al. Differen-
tial regulation of systemic IL-18 and IL-12 release during post-
operative sepsis: High serum IL-18 as an early predictive
indicator of lethal outcome. Shock 2002;18:301.

Ludwiczek O, Kaser A, Novick D, et al. Plasma levels of
interleukin-18 and interleukin-18 binding protein are elevated
in patients with chronic liver disease. J Clin Immunol 2002;22:331.

- 508 -

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

McGuinness PH, Painter D, Davies S, et al. Increases in intrahe-
patic CD68 positive cells, MAC387 positive cells, and proinflam-
matory cytokines (particularly interleukin 18) in chronic
hepatitis C infection. Gut 2000;46:260.

SakaoY, Takeda K, Tsutsui H, et al. IL-18-deficient mice are re-
sistant to endotoxin-induced liver injury but highly susceptible
to endotoxin shock. Int Immunol 1999;11:471.

Tsutsui H, Matsui K, Kawada N, et al. I1-18 accounts for both
TNF-a- and Fas ligand-mediated hepatotoxic pathways in
endotoxin-induced liver injury in mice. J Immunol 1997;
159:3961.

Tsutsui H, Matsui K, Okamura H, et al. Pathophysiological roles
of interleukin-18 in inflammatory liver diseases. Immunol Rev
2000;174:192.

Mallat Z, Henry P, Fressonnet R, et al. Increased plasma concen-
trations of interleukin-18 in acute coronary syndromes. Heart
2002;88:467.

Affleck DG, Bull DA, Albanil A, et al. Interleukin-18 production
following murine cardiac transplantation: Correlation with his-
tologic rejection and the induction of INF-gamma. J Interferon
Cytokine Res 2001;21:1.

Yamaguchi Y, Matsumura F, Liang J, et al. Reduced
interleukin-12, interleukin-18, and interferon-gamma produc-
tion with prolonged rat hepatic allograft survival after donor-
specific blood transfusion. Dig Dis Sci 2000;45:2429.

Wyburn K, Wu H, Yin J, et al. Macrophage-derived interleukin-
18 in experimental renal allograft rejection. Nephrol Dial Trans-
plant 2005;20:699.

Drazan KE, Csete ME, Da Shen X, et al. Hepatic function is pre-
served following liver-directed, adenovirus-mediated gene
transfer. J Surg Res 1995;59:299.

Xing Z, Ohkawara Y, Jordana M, et al. Adenoviral vector-
mediated interleukin-10 expression in vivo: Intramuscular
gene transfer inhibits cytokine responses in endotoxemia.
Gene Ther 1997;4:140.

Harada H, Wakabayashi G, Takayanagi A, et al. Transfer of the
interleukin-1 receptor antagonist gene into rat liver abrogates
hepatic ischemia-reperfusion injury. Transplantation 2002;
74:1434.

Shinozaki K, Yahata H, Tanji H, et al. Allograft transduction of
IL-10 prolongs survival following orthotopic liver transplanta-
tion. Gene Ther 1999;6:816.

Wyburn K, Wu H, Chen G, et al. Interleukin-18 affects local
cytokine expression but does not impact on the development
of kidney allograft rejection. Am J Transplant 2006;6:2612.

Hochholzer P, Lipford GB, Wagner H, et al. Role of interleukin-
18 (IL-18) during lethal shock: Decreased lipopolysaccharide
sensitivity but normal superantigen reaction in IL-18-deficient
mice. Infect Immun 2000;68:3502.

Komai-Koma M, Gracie JA, Wei XQ, et al. Chemoattraction of
human T cells by IL-18. J Immunol 2003;170:1084.

Melnikov VY, Faubel S, Siegmund B, et al. Neutrophil-independent
mechanisms of caspase-1- and IL-18-mediated ischemic acute tubu-
lar necrosis in mice. J Clin Invest 2002;110:1083.

Netea MG, Fantuzzi G, Kullberg BJ, et al. Neutralization of
IL-18 reduces neutrophil tissue accumulation and protects
mice against lethal Escherichia coli and Salmonella typhimu-
rium endotoxemia. J Immunol 2000;164:2644.

Takeuchi D, Yoshidome H, Kato A, et al. Interleukin 18 causes
hepatic ischemia/reperfusion injury by suppressing anti-
inflammatory cytokine expression in mice. Hepatology 2004;
39:699.



b
(GOLEGE

Case Report

Int Surg 2012;97:356-359

Discontinuation of Living Donor Liver

Transplantation due to Donor’s Intraoperative
Latex-Induced Anaphylactic Shock
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We report on a 33-year-old female liver donor candidate who developed intraoperative
latex-induced anaphylactic shock during surgery for living donor transplantation. She
was the mother of the organ recipient, who was a 9-year-old boy with biliary atresia. We
planned extended lateral segmentectomy for her. Although we dissected the ligament
around the left lobe, the systolic blood pressure suddenly dropped and her body became
flushed and warm. We administered transfusion and an ephedrine injection to recover
the blood pressure. Because she recovered after the treatment, we restarted the procedure.
However, she went into shock again within a few minutes. We decided to discontinue the
operation. Postoperative blood tests revealed an increase in IgE-RAST and basophil
activation, suggesting that the anaphylactic shock was induced by latex. Because latex
allergy has become a public health problem, this allergy should be kept in mind as a
potential donor operation risk.

Key words: Latex allergy — Living donor liver transplantation — Anaphylactic reaction — Shock

atex is derived from the Hevea brasiliensis tree
Lindigenous to the Amazon region of South
America. It can be found in many of the items used
in the medical-hospital environment, such as tour-
niquets, catheters, urine collecting bags, tubing, and

gloves. These products can be the source of reactions
to latex. The first report of anaphylactic reactions
linked to latex sensitivity was in 1989' and since
then the number of case reports of latex-induced
anaphylactic reactions has steadily grown. Here, we
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LIVING DONOR’S INTRAOPERATIVE LATEX ALLERGY SHOCK

report a case of a living donor for liver transplan-
tation in whom latex-induced anaphylactic shock
occurred during the operation, necessitating discon-
tinuation of both the donor and recipient operations.

Case Report

This living donor was a Japanese woman who was
153 cm tall and weighed 56 kg. She was the mother of
the organ recipient, who was a 9-year-old boy with
biliary atresia. She had undergone cesarean section 4
times in the past and had allergy to pollen and
mackerel. Her preoperative evaluation (hemogram,
biochemical markers, coagulation profile, hepatitis
virus markers, tumor markers, abdominal X-ray,
abdominal-enhanced computed tomography [CT],
and drip infusion cholangiography CT) revealed no
abnormalities, except for positivity to antinuclear
antibody. At our facility, intraoperative donor liver
biopsy (zero biopsy) is performed routinely at the
beginning of living donor liver transplantation
(LDLT) to confirm eligibility of the donor liver for
LDLT in terms of steatosis and portal zone inflam-
mation.” We usually perform lateral segmentectomy
and extended segmentectomy through a 10-cm
incision using a Thompson retractor (Thompson
Surgical Instruments Inc, Traverse City, Michigan).
For this donor, we planned a 10-cm laparotomy
operation that included zero biopsy and subsequent
extended lateral segmentectomy, estimating that the
graft weight-to-recipient weight ratio was 1.31%.
During the operation, we initially made a 10-cm
incision in the donor’s upper abdomen and per-
formed zero biopsy of the liver, which revealed no
abnormal findings. Although we dissected the
ligament around the left lobe through this incision,
the systolic blood pressure suddenly dropped to 50
mmHg (Fig. 1) and her face and upper extremities
became flushed and warm. We stopped the surgical
procedure and administered treatment consisting of
transfusion and an ephedrine injection to recover the
blood pressure. We knew that she had multiple prior
surgical procedures without a complication and did
not strongly suspect latex-induced anaphylactic
shock. One of the differential diagnoses was mesen-
teric traction syndrome because the episode oc-
curred while we made traction on the liver. Because
her systolic blood pressure recovered to more than
80 mmHg about 20 minutes later, we restarted the
procedure avoiding traction on either the liver or
mesentery. However, she again went into shock
within a couple of minutes. After this second
episode, we suspected latex-induced anaphylactic
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shock, because the use of gloves was a common
denominater between the episodes. We switched to
latex-free gloves and removed the urinary catheter
from the patient’s bladder (a latex-free urinary
catheter was inserted immediately after the opera-
tion). Her systolic blood pressure recovered again
within about 20 minutes after a second round of
treatment consisting of epinephrine, norepinephrine,
chlorpheniramine, and hydrocortisone by injection.
Her body looked edematous and her intraoperative
chest X-ray revealed mild pulmonary edema. We
decided to discontinue the donor operation. Al-
though the recipient operation had already proceed-
ed to laparotomy and detachment of adhesion, it was
also discontinued. The only procedure that we
completed in the donor was dissection of the
ligament around the left lobe. At the end of the
operation, the donor’s serum albumin level and
prothrombin time-international normalized ratio
were 1.7 mg/dL and 1.59, respectively. She was
admitted to the intensive care unit intubated until
the following day. Although she was edematous and
drowsy for a few days after she returned to the
general ward, her overall condition and blood
parameters gradually recovered and she was dis-
charged 7 days after the operation. Postoperatively,
the blood level of IgE-RAST (radio-allergosorbent
test, BML Laboratories, Inc, Kawagoe, Japan) was
elevated (10.0 ARU/mL versus upper limit of 0.34
ARU/mL) and a basophil activation test (CD203c
up-regulation; BML Laboratories) showed a strong
positive result (23.1% at 1:312.5 dilution; evaluation
criteria were negative at <6%, positive in 15% to
20%, and strongly positive at >20%), suggesting that
anaphylactic shock was induced by latex. Postoper-
atively, we asked the patient about her history again,
focusing on a specific issue of latex allergy potential
and found that she had experienced itching when
she used kitchen rubber gloves within the past
couple of months. The recipient also gradually
recovered and is currently waiting to undergo
deceased donor liver transplantation.

Discussion

Latex allergy was unusual until the late 1980s, but as
more health care workers began using latex gloves to
control infections in the 1990s, the incidence steadily
increased thereafter. Anaphylactic reaction linked to
latex sensitivity was first reported in 1989, and since
there have been numerous case reports of latex-
induced anaphylactic reactions in patients with
various diseases.>” The number of LDLTs per-
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formed each year has also steadily risen since LDLT
was first performed in 1988 in Brazil.® According to
the Japanese Society for Transplantation, more than
6000 patients received living donor liver transplants
between 1989 and 2009 in Japan.” The Organ
Procurement and Transplantation Network in the
United States (http:/ /opin.transplant.hrsa.gov/) es-
timated 282 cases of LDLT in 2010. Although this is
the first report of latex-induced anaphylactic shock
occurring in an LDLT donor, it is increasingly likely
that transplant surgeons will encounter donors or
donor candidates with latex allergy potential.

This case highlighted the risk of latex-induced
anaphylactic reaction during LDLT operation. Ob-
stetric and gynecologic procedures are the most
common settings for latex anaphylaxis during
surgery,”® ™! but our donor’s past child deliveries
were all uneventful. Because she reported a recent
increasingly intense allergic reaction to kitchen
gloves, we assume that she had been sensitized by
the kitchen rubber gloves rather than past exposure
to surgical procedures, and that sensitization might
have increased her risk for latex allergy during the
donor operation. Preoperatively, we simply asked
the patient about her allergic history but we were
not focusing on latex allergy. She answered that she
had allergy only to pollen and mackerel and did not
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refer to her recent experience of itching from kitchen
rubber gloves. Because of lack of information that
was indicative of the latex anaphylaxis potential, we
had not considered this patient to be at risk for latex
allergy. Even during the operation we did not
initially suspect latex allergy, although a protocol
of diagnosis and management for latex allergy and
latex-free equipment store were available as part of
our standard operating room equipment. Turillazzi
et al® also highlighted difficulties in the initial
diagnosis of latex allergy and reported a fatal case
of anaphylactic latex reaction during anesthesia.
Surgeons should be aware that latex allergy is rare
but possible in both donor and recipient operations
and should obtain detailed histories from the
patients with respect to potential risk factors for
latex allergy. Risk factors for latex allergy include
work occupations and medical histories; health care
or rubber industry workers, atopic individuals,
spina bifida patients, multiple surgical procedures,
and allergy to fresh fruits and nuts.'? If a donor or
recipient has such a risk factor, or, especially, has an
increasing allergic reaction to rubber as did our
patient, a preoperative test, such as a prick test, is
recommended to confirm hypersensitivity to latex. If
circulatory collapse and respiratory failure occur
during surgery due to latex allergy, the donor
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should be resuscitated adherin§ to the guideline for
management of latex allergy™ and the operation
should be stopped as soon as possible. Although the
implications of high doses of epinephrine for the
graft have not been fully elucidated, we have no
alternative but to use standard resuscitative drugs
and procedures, even for the living donor.

This case also highlighted the issue of whether it is
safe to use the same donor after recovery from the
latex-induced anaphylactic reaction. We usually
perform latex-free operations for patients with
known latex allergy. If an episode of latex-induced
anaphylactic reaction accidentally occurs during
surgery, and if the disease the patient is being treated
for is life threatening, the operation can be continued
excluding latex items or the patient can be resched-
uled for a latex-free operation at a later date.
However, we must be always aware that donor
safety is the golden rule. We cannot rule out the
possibility that another allergen caused the anaphy-
lactic reaction in this case, and it is not possible to test
for allergy to all possible allergens. Even for the
recipient, it is unknown whether the liver graft
derived from donor with latex allergy has no
immune reactions in the post-transplant course.
Therefore, we ultimately decided that this woman
was unsuitable as a living donor. We knew that this
donor was the only possible living donor for the
recipient, because all other relatives were medically
or socially unqualified as living donors. However, no
risk should be tolerated for the donor even if there are
fewer alternative candidate donors. We believe that
transplant surgeons should be knowledgeable about
the risks of latex allergy during transplant surgery
and use this knowledge to make more precise
judgments when assessing donor qualifications.
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Long—term survivor of stage IVb pancreatic cancer with peritoneal
dissemination treated with neoadjuvant chemoradiotherapy
followed by pancreaticoduodenectomy

Ryo NISHIYAMA", Koichi ATURA?, Minoru KITAGO, Masahiro SHINODA,
Osamu ITANO, Shigevuki KAWACHI Minoru TANABE, Masakazu UEDAY,
Youhei MASUGI Michiie SAKAMOTO", and Yuko KITAGAWA"

Key words: Pancreatic cancer, Dissemination of peritoneum. Metastasis of lung,
Neoadjuvant chemotherapy. Long—term survival

We report a case of long—term survivor of stage IVh pancreatic cancer with peritoneal dissemination.
A 70~year—old man with pancreatic cancer {TSZ. PV (+), T4NOMO, stage [Va) underwent pancreati-
coduodenectomy after necadjuvant chemoradiotherapy (40Gy radiation + 5-FU, MMC, and CDDP).
Pathological examination of the resected specimen revealed a T4NOMI1 (PER: omentum) , Stage IVb tu-
mor. In addition, neoadjuvant therapy led to further dissemination of the omental nodule and primary tu-
mor. The patient underwent postsurgical chemotherapy with gemcitabine because of an increase in se-
rum CEA levels. Follow—up CT performed 62 months after primary resection detected a mass in his
right lung, which was treated by right lower lobectomy. Immunohistochemical study of the lung mass
revealed it to be a metastatic lesion of the primary pancreatic tumor, Seventeen months after lung sur-
gery. the patient died hecause of pleural dissemination of the pancreatic cancer.

¥ Department of Surgery. Keio University School of Medicine (Tokyo)
# Department of Surgery. Kawasaki Municipal Hospital (Kanagawa)
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