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FIGURE 3. A, Kaplan-Meier patient survival curves of pa-
tients with (PG group; n=5; solid line) or without PGE1 portal
infusion after LDLT (non-PG group; n=8; dotted line). In the
non-PG group, the 1- and 2-year survival rates were 62.5%
and 37.5%, respectively. In the PG group, the 1- and 2-year
survival rates were both 100%, a difference that was statisti-
cally significant. *P<0.08. Dashed arrow represents a pa-
tient's death due to SFSS and rejection followed by infection,
and solid arrows represent patients’ death due to rejection-
related reasons. B, Kaplan-Meier patient survival curves of
non-SFSG patients in era 1 (from July 2003 to October 2007;
n=62; solid line) or era 2 (from November 2007 to December
2009; n=38; dotted line). In the era 1 and era 2 groups, the
2-year survival rate was 77.4% and 77.1%, respectively,
with no statistical difference (P=0.980). ABO-incompatible
cases and splenectomy cases were excluded from analysis.
LDLT, living-donor liver transplantation; PGE1, prostaglandin
El; SFSG, small-for-size graft; SFSS, small-for-size syndrome.

a considerable risk of infection in splenectomy or splenic
artery ligation (18). Moreover, significantly higher mortality
was observed in patients who had splenectomy mainly due to
septic complications in liver transplantation (19, 20). In fact, we
experienced one SFSG case in which the patient died of sudden
sepsis without any primary focus 4 years after transplantation
with splenectomy. Therefore, another method to control portal
pressure and preserve the spleen is likely more preferable.

‘We have reported that portal administration of PGEL,
a vasodilator of vessels containing smooth muscle (21, 22),
prevented congestion of residual liver tissues in a rat ex-
tended hepatectomy model. In this study, we tried various
vasodilators; however, residual liver congestion after hepa-
tectomy was improved only by continuous portal infusion of
PGE1. We also tried systemic continuous venous infusion of
PGE]1 at the same dose, but this was not effective. This sug-
gests the therapeutic potential of portal PGE1 injection to
prevent portal hypertension after LDLT with SFSGs.

We translated this method to adult LDLT with SFSGs,
and portal infusion of PGE1 successfully reduced PVP, resulting
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in improved liver graft function in both early and late
posttransplantation periods. This result was unexpected be-
cause the portal infusion of PGE1 was given for only the first
week yet improved the long-term survival of recipients.

We used a CFSE-MLR assay to objectively evaluate the
antidonor responses of the recipients (23, 24). The lack of
CD8" and CD25" T-cell proliferation in antidonor MLR
reflects the suppression of the antidonor response. In this
immunologic investigation, all patients given the continu-
ous portal infusion of PGE1 showed a well-suppressed re-
sponse of the antidonor CD8" T cells (Fig. 4). In contrast,
surprisingly, patients without the PGEI treatment showed
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FIGURE 4. SIs of CD8" T-cell subsets in the antidonor MLR
assay of patients in the PG group (n=8) and the non-PG group
(n=8) on the third to fourth weeks after transplantation (A)
and percentage of CD25" cells among proliferating CD8" T
cells in patients of the PC group and the non-PG group (B).
CD8™ T-cell proliferation and their SIs were quantified as
follows. The number of division precursors was extrapolated
from the number of daughter cells of each division, and the
number of mitotic events in each of the CD4" and CD8" Tcell
subsets was calculated. Using these values, the mitotic index
was calculated by dividing the total number of mitotic events
by the total number of precursors. The SIs of the allogeneic
combinations were calculated by dividing the mitotic index
of a particular allogeneic (self to donor) combination by that
of the self-control. An unpaired { test with Welch’s correction
was used to compare the SI and percentage of CD25" cells
between the PG group and the non-PG group. The box plot
represents the 25th to 75th percentiles, the dark line is the
median, and the extended bars represent the 10th to the 90th
percentiles. **P<0.01; ***P<0.001. MLR, mixed lymphocyte
reaction; SI, stimulation index.
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an accelerated response of antidonor CD8" T cells despite
the use of the same immunosuppressive protocol. Therefore,
SFSG likely accelerated the antidonor response, enhanced
rejection, and might result in a worse survival rate, although
SESS is multifactorial in nature. This finding is consistent
with the results in an animal model (25) and our prelimi-
nary data using mouse model (data not shown). To our
knowledge, this is the first clinical report to state that SFSG
may accelerate antidonor immune responses in LDLT.

We previously reported that liver sinusoidal endothelial
cells (LSECs) of grafts induce allospecific immunotolerance by
suppressing reactive T cells through Fas ligand and/or PD-L1
signaling (26-28). Based on this concept, one possible mech-
anism is that the sinusoidal structure and LSECs could be
damaged by portal hypertension and lose their tolerogenicity,
resulting in accelerated antidonor immunoresponse and re-
jection. This interpretation is consistent with that of previous
reports stating that portal hypertension disrupts sinusoids
and LSECs in the liver (8). Another possibility is antirejection
and/or the anti-inflammatory effect of PGE1 itself. It has
been reported that PGE1 could prevent ischemia-reperfusion
injury by inducing heat shock protein (29) or by inhibition
of neutrophil adherence (30). It has been also reported that
administration ‘of PGE1 could prevent and suppress the
rejection process in heart transplantation (31) and in renal
transplantation (32). Furthermore, it has been reported that
PGE1 protects human LSECs from apoptosis, which is con-
sistent with our findings (33).

The main limitation of our study is its retrospective
nature. Another limitation is the relatively small number of
patients in each subgroup analyzed, although the back-
ground characteristics of each group and the survival rates
of non-SFSG patients were similar. A randomized study is
ideal; however, performing a prospective randomized study
for this approach is difficult because of the high mortality of
SFSG patients without PGE1 perfusion, as shown in Results.

In conclusion, continuous infusion of PGE1 is suggested
to be useful in improving SESG function and survival after LDLT.
Improved understanding of underlying mechanisms may have
important implications for clinical managements such as an-
tirejection therapy or preventing ischemia-reperfusion injury
in liver transplantation with SFSGs.

MATERIALS AND METHODS

Patients

From July 2003 to December 2009, LDLT was performed on 122 adult
patients with end-stage liver disease. We introduced continuous portal infu-
sion of PGE1 to five patients with SFSGs that exhibited a GRWR less than
0.72% from November 2007 to December 2009 (era 2). These patients (PG
group) were the subjects of this retrospective case—control study. We compared
them with a historical group of eight relevant patients who received SFSG
without PGE1 infusion (non-PG group) from July 2003 to October 2007
(era 1) to determine the safety and efficacy of continuous PGE1 portal intu-
sion for SFSGs. Because we introduced the portal infusion of PGEI in No-
vember 2007, all patients with SFSGs in era 2 received PGE1 infusion. One
SESG case with splenectomy in era 1 was excluded from this study. The study
protocol was approved by the ethics committee of Hiroshima University, and
all patients provided informed consent before surgery. None of the patients
receiving PGE1 portal infusion showed clinical evidence of insertion site in-
fection or bleeding after catheter removal throughout the follow-up period.
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Operation, PVP Measurement, and Continuous
Portal Infusion of PGEI

The graft-harvesting technique, recipient surgery, perioperative recipient
management, and immunosuppression regimens were conducted as described
previously with minor modifications (34, 35). In brief, the right lobe without
the MHV or the left lobe with the MHV was harvested from the donor as
follows. Before parenchymal transection, the right or left lobe was mobilized
and the short hepatic veins were transected. For the right lobe, during pa-
renchymal (ransection, the major right tributaries of the MHV were clamped
using a vascular clip and then transected. After hepatectomy, ex vivo perfusion
of the graft was performed through the portal vein. The initial perfusate
was saline solution (500 mL); then, the University of Wisconsin solution
(1000 mL) was used as the perfusate.

To measure the PVP in the recipient during the operation, an 18G
catheter was inserted from the mesenteric vein to the portal vein after
laparotomy (36). The implantation was performed after total hepatectomy.
The graft vein was anastomosed to the equivalent vein of the recipient in an
end-to-end fashion. Thereafter, the graft was reperfused before microsur-
gical reconstruction of the hepatic artery (end-to-end anastomosis of the
graft hepatic artery to the recipient hepatic artery). The bile duct of the graft
liver was anastomosed in an end-to-end fashion to the recipient’s common
hepatic bile duct. In the non-PG group, the portal catheter was removed at
the time of abdominal closure. In the PG group, PGE1 was administered
through a portal catheter at the graft portal reflow. PGE1 was continuously
administered for 1 week (0.01 g kg¢™' min™') and then the catheter was
noninvasively removed. AST, ALT, serum bilirubin, serum ammonia, and
AKBR levels were measured as liver function indices. The initial immuno-
suppressive regimen consisted of tacrolimus and steroids. Doppler ultra-
sonography and computed tomographic scans were routinely performed
daily and biweekly, respectively.

Immunosuppression was initiated with a protocol based on tacrolimus
(Prograf; Astellas Pharma, Tokyo, Japan) and methylprednisolone. Methyl-
prednisolone was withdrawn gradually according to the protocol. The dose
of tacrolimus was controlled according to blood concentration and adjusted
daily. The target trough level was set at 15 ng/mL for 2 weeks and 10 ng/mL
for another 2 weeks. Continuous venous infusion of heparin for therapeutic
heparinization was routinely done to prevent thrombosis, which was mon-
itored using coagulation tests. Rejection was diagnosed and proven by biopsy
histologically and MLR assay. Patients were followed for 2 years after LDLT,
and survival was defined as the period between LDLT and death.

Immune Monitoring by In Vitro CFSE-MLR Assay

CFSE-MLR was routinely performed to evaluate the recipient’s antidonor
immune response 2 to 4 weeks after surgery.

For CFSE-MLR, peripheral blood mononuclear cells prepared from the
blood of the recipients {autologous control), donors, and healthy volunteers
with the same blood type as the donors (third-party control) for use as the
stimulator cells were irradiated with 30 Gy. Those obtained from the re-
cipients for use as the responder cells were labeled with 5 mM CFSE (Mo-
lecular Probes, Eugene, OR), as described previously (24). The stimulator
and responder cells (2x10° each) were incubated in 24-well flat-bottomed
plates in a total volume of 2 mL culture medium at 37°C under 3% CO,
for 5 days. After culture for MLR, CD4™ and CD8" T-cell proliferation,
CD25 expression of proliferating T-cell subsets and SI were quantified by
flow cytometry as described previously (37, 38) and described in the SDC
Materials and Methods in detail (see http://links.lww.com/TP/A807).

Statistical Analysis

Statistical analysis and comparisons were performed using PRISM version
4.0 (GraphPad, San Diego, CA). Data are expressed as mean+SEM. An unpaired
ttest with Welch's correction was used to compare groups. P values <0.05 were
considered statistically significant.
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