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In addition to the preservation time of the graft, to date,
many donor-related risk factors have been considered as key
determinants of outcomes after PTx such as donor age,
obesity, donation after cardiac death, and cause of death.
Especially, donor age is one of the most common risk fac-
tors. In general, aging affects nearly all the kinds of cells that
play roles in outcomes of PTx including insulin-producing
islet cells and endothelial cells of blood vessels, potentially
affecting formation of thrombus. Salvalaggio et al reported
from the United States data that old donors (>45 years)
result in poorer long-term outcome in comparison to
younger donors [8]. European data suggest equivalent out-
comes [9]. Furthermore, donor age has been recognized as
one of the factors composing scoring index for assessment of
donor risk [10,11].

Indeed, the results of the present study may help expand
the donor pool and resolve the donor shortage by using
pancreas from MD. However, based on these previous re-
ports, there seems to be another possibility that the current
study enrolled too few cases to find statistically significant
differences in post-PTx outcomes between the MD group
and the non-MD group. Actually, the incidence of the
pancreas graft failure in the MD group tended to be higher
than the non-MD group, though the difference of the inci-
dence was not statistically significant. To allow any conclu-
sion on whether usage of grafts from MD is an acceptable
option at PTx, studies with larger PTx numbers will be
needed. If the outcome of PTx from MDs is judged to be
worse than those from non-MDs, further investigations may
be also necessary to clarify factors that contribute to better
outcomes in MDs.

In summary, the current study suggested that PTx from
MDs is feasible in terms of postoperative outcomes based
on data obtained so far from a nationwide database in
Japan. At the same time, considering the small number of
PTx in Japan compared to other countries, the finding
should be validated in studies with a larger number of PTx
cases.
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Current Status of In-Hospital Donation Coordinators in Japan:
Nationwide Survey

S. Konaka, S. Shimizu, M. lizawa, H. Ohkawara, O. Kato, J. Ashikari, and N. Fukushima

ABSTRACT

Objectives. When the Japanese Organ Transplantation Act was issued, the Japanese
Organ Transplantation Network (JOT) was established in 1997. JOT lists recipients,
assesses and manages organ donors, and educates publics and headquarters for organ
donations. JOT procurement transplant coordinators (PTC) play roles in obtaining
consent from relatives for organ donation, donor evaluation and management, organ
recovery management, organ transport, and care of donor families during and after
donation. Every prefecture has at least one PTC who is mainly working in public education
and hospital development. They also help the JOT PTC at the time of organ procurement.
Most prefectures commission hospital staff in the procurement hospital to be an
in-hospital PTC (In-Hp PTC), who make their hospital staff aware of organ donation and
support organ procurement. Although the Act was revised in 2010 with brain-dead organ
donation increased from 13 to 44 cases yearly, the number was still extremely smaller than
other developed countries. In these circumstances, In-Hp PTC may play greater roles to
increase donation and smooth procurement procedures Our primary aim was to describe
the current status of In-Hp PTC in Japan.

Materials and methods. Between December 15, 2011, and January 31, 2012, we invited
1889 In-Hp PTC to complete a letter survey using a self-designed questionnaire. In all, 56
In-Hp PTC (40%) completed and returned it.

Results. The occupation of the respondents was nurse (66%), physician (18%), or other
(16%). Although 52% of respondents belonged to the hospital, which was designated for
brain-death organ donation by the government, only 46% had any experience with a
cadaveric donor. Only 2% were full-time In-Hp PTC. They mainly played a role in
preparing their own manual for organ procurement (57%), providing in-hospital lectures
(44%) or their own simulation exercise (29%), as well as coordinating donation cases.
Although 77% had attended seminar about organ donation provided by JOT or the
prefecture PTC, 93% wanted more professional education. However, it was difficult for
them to attend these activities, to manage a rare and sudden donation case, and to find
time to learn about organ donation because they had another post. The topics that they
wanted to learn were donor family care (72%), overall organ/tissue donation procedures
(65%), the role of In-Hp PTC (67%), simulations of donation (65%), legislation and social
system of organ donation (61%), medical indications for donation (61%), current status of
donation and transplantation in Japan (57%), donor management (56%), and case studies
(49%). There were significant variations in the topics of interest among the occupations.

From the Department of Therapeutics for End Stage Organ Osaka University, Department of Therapeutics for End Stage
Dysfunction, Osaka University, Suita, Japan Organ Transplant Organ Dysfunction, 2-2 Yamada-oka, Suita, Osaka 5650871,
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As they had another post, they could find only a short period (1 or 2 days) to take
professional education, such as lectures. Therefore, it was difficult for them to attend

practical on-the-job training.

Conclusions. To establish an organ procurement system and increase organ donation,
In-Hp PTC have important roles in Japan. However, none is a full-time In-Hp PTC. Most
In-Hp PTC require more professional education. A systematic education program for each

occupation must be established soon.

INCE 1978, the donation of kidneys after cardiac death
(DCD) has been legally accepted in Japan after family
consent. Small children had been able to donate their
kidneys after cardiac death. The Japanese Organ Trans-
plantation Act for brain-death (BD) donation was issued in
October 1997. The Act required a living written consent for
BD declaration and organ donation; it did not allow BD
donation from children younger than 15 years. For these
reasons, only 81 BD organ donations were performed in
Japan over 13 years since the Act was issued in October
1997.

The Japanese Organ Transplant Act issued in 1997,
established the Japanese Organ Transplantation Network
(JOT), which lists recipients, assesses and manages organ
donors, and educates publics and headquarters of organ
donations. JOT procurement transplant coordinators
(PTC) play roles in obtaining consent for organ donation
from relatives, donor evaluation and management, manage-
ment of organ recovery, organ transport, and care of donor
families during and after donation.

Every prefecture has at least one of their own 1 PTC who
is mainly working on public education and hospital devel-
opment. They also collaborate with the JOT PTC at the
time of organ procurement. Most prefectures commission
staffs in procurement hospitals to be in-hospital PTC
(In-Hp PTC), who make their hospital staffs aware of organ
donation and support organ procurement (Fig 1).%?

Finally the Act was revised on July 17 2010."® Renewal
of the Act allowed organs to be donated after BD with
family consent if not previously denied before the event.
Although the Act was revised in 2010 and BD organ
donation increased from 13 to 44 cases in a year, the
number was still extremely smaller than that in other
developed countries. The revised Act accepts organ dona-
tion from BD children younger than 15 years. However,
only 158/504 (42.4%) procurement hospitals where BD
organ donation is allowed by the Government have estab-
lished procurement systems from children. In these circum-
stances, In-Hp PTC may play a great role to increase organ
donation and smooth procurement procedures.

The Department of Coordinators and the JOT coordina-
tor committee play the main roles in educating these PTC.
JOT has prepared guideline manuals of standard roles and
procedures of PTC during organ procurement from BD and
DCD donors. Although the JOT has prepared a textbook
for In-Hp PTC and held several educational programs for
In-Hp PTC, they have been educated mainly by prefectural
PTC or their own hospital. Therefore, educational systems
for In-Hp PTC should be modified to establish an effective
tool once the current status and needs of In-Hp PTC are
clarified. Therefore, the primary aim of this study was to
describe the current status of In-Hp PTC in Japan based
upon a national survey.

£

Dept of Public

Japan Organ Tnsp

an twork (JOT)
HQ, Dept of Coordinators
Awareness, Dept of Family Care, Office

JOT Branch PTCs

(East, Middle, West)

il NG

Pre‘_f_: PTC

Pref. PTC| |Pref.PTC| [Pref. PTC

Fig 1. Organ transplant net-
work in Japan. PTC, procure-

ment transplant coordinator; In
HpPTC, in-haspital PTC.

In%p TC [ I lngpPTC | | mHpprc | ( In;pPTC | [tn& | { In%p e | | |n§pnc I | InHpPTC ]

118



IN-HOSPITAL DONATION COORDINATORS IN JAPAN

MATERIALS AND METHODS

We developed a 28-item self-completed questionnaire that que-
ried: (1) occupation and status; (2) activities and issues (daily and
at organ donation); (3) education and experiences of organ dona-
tion; (4) needs for learning about organ donation.

Survey letters were sent to 389 donor hospitals and 1889 In-Hp
PTC. In 40 prefectures where the In-Hp PTC was delegated by the
prefectural government, survey letters were directly or indirectly
sent to the delegated In-Hp PTC. In 4 prefectures (Tokyo, Chiba,
Saitama, and Osaka) where In-Hp PTC are not delegated, survey
letters were sent to the BD donor hospitals. In all, 756 In-Hp PTC
(40%) completed and returned the survey. The survey period was
December 15, 2011, to March 31, 2012.

RESULTS

Among 1679 letters sent to In-Hp PTC in 40 prefectures
where an In-Hp PTC was delegated by the prefectural
government, there were 739 (44%) In-Hp PTC responses.
But only 17 In-Hp PTC (8%) responded among 210 letters
sent to In-Hp PTC in 4 prefectures that had not delegated
the In-Hp PTC.

Hospital Where In-Hp PTC Were Working

Overall, 52% of respondents worked in donor hospitals
accepted to undergo BD organ donation; 38% in hospitals
accepted only to undergo donation after cardiac death (Fig
2a). Only 46% worked in donor hospitals where cadaveric
organ donations had been performed in the past (Fig 2b).
However, 63% worked in a donor hospital where commit-
tees were established for cadaveric organ donation (Fig 2c).

Occupation and Status of In-Hp PTC

The occupations of the respondents were nurse in (66%),
physician (18%) or other (16%; Fig 3). Although only 2% of
individuals was a full-time In-Hp PTC; 83% had been dele-
gated by the prefectural government and 49% were supported
from an advisory committees in their hospital (Fig 4).

Activities and Issued of In-Hp PTC

Their main roles was to prepare a manual for organ
procurement (57%), to provide awareness of organ dona-
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Fig 3. Occupation of in-hospital procurement transplant
coordinator.

tion for patients and medical staff (56%), to arrange
in-hospital seminars (44%), to consult about organ trans-
plantation and donation (24%), to organize simulations of
organ donation (29%), as well as to coordinate donation
cases (Fig 5).

Among the 345 respondents who had experienced a
cadaveric donor procedure, 77% had coordinated the in-
hospital staff and arranged organ procurement; 59% com-
municated with prefectural and JOT PTC; 58% had cared
for the donor family and 35% had obtained informed
consent for donation accompanied by a prefectural or JOT
PTC (Fig 6).

However, it was difficult for them to do these activities,
namely, manage a rare, sudden donation case and to learn
organ donation, because they had another post with regard
to daily issues, they answered “hard to work as In-Hp PTC
due to part time activity” (42%) “no daily time to work as
In-Hp PTC” (31%), and “no support by hospital adminis-
tration and other medical staffs” (29%; Fig 7). With regard
to issues at organ donation, they answered no knowledge of
their activities at organ donation (77%), “cannot preferentially

Organ Donation

Committee
3%
3?% \ W Yes
INA
63%
Fig2. Hospital where in-hospital
transplant coordinated works. BD,
brain dead; DCD, donation after
C. cardiac death; NA, not applicable.
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involve in donation” (66%), “annoying their partners because
they cannot do their daily jobs” (65%), no knowledge of donor
family care (49%), and no knowledge of organ donation
process (36%; Fig 8).

Educational Experiences of Organ Donation

Although 77% have attended seminars about organ donation
provided by JOT or the prefecture PTC (Fig 5), 93% still
wanted to obtain more professional education. Nurses and
medical social workers were more likely to desire more
professional education than physicians or medical examiners.
The topics that they desired to learn were donor family
care (72%), overall procedures of organ/tissue donation
(65%), role of In-Hp PTC (67%), simulations of organ
donation (65%), legislation and social system of organ
donation (61%), medical indications for donation (61%),
current status in Japan (57%), donor management (56%),
and case studies (49%; Fig 9). There were significant
variations in interested topics among the occupations.
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Fig 5. Daily activities as in-hospital procurement transplant
coordinator; Hp, hospital; Tx, transplant; ER, emergency room.

DISCUSSION

Although the Transplantation Act was revised in 2010 and
BD organ donation increased from 13 to 44 cases in a year,
the number is still extremely smaller than that in other
developed countries. In these circumstances, In-Hp PTC
may play great roles to increase organ donation and
smoothing procurement procedures.

Currently, JOT PTC and prefectural PTC conduct class-
room lectures for In-Hp PTC and other medical staff in
each donor hospital. The topics include organ transplanta-
tion/donation legislation in Japan, current status of DCD
and BD donation in Japan, the roles of medical staffs and
the donation processes: namely, initial actions, family con-
sent, donor evaluation. Indeed, although 77% of respon-
dents attended these seminars, 93% still wanted more
professional education. Nurses and medical social workers
were more likely than physicians and medical examiners to
desire more professional education.

As most of In-Hp PTC had another post, they could find
only a short period (1 or 2 days) to take professional
education such as lectures. Even at organ donation, they
could not be preferentially involved in organ donation

3

In—Hp Arrangement

Communication with JOT or
prafaectural PTG H ; )

Family Care

Infarming Organ Doanation
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Fig 6. Activities at organ procurement. In-Hp, in-hospital; JOT,
PTC, procurement transplant coordinator.
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Hard to wark as In-Hp PTG due to part
time activity

No time to work as In-Hp PTG

No supports by Hp aministratives etc.

No informations about In-Hp PTG
ativities

Feeling of alienation because In—Hp
PTC is an outsider from ER

No informations about how to get
Education Tools

~Mi‘

0

0 501

because they felt sorry for their partners if they did not do
their daily jobs. Therefore, it was difficult for them to find
time to obtain practical on-the-job training.

Of course, it may be effective to establish full time In-Hp
PTC in every donor hospital. However, it is hard to
establish such a post in every hospital, because the number
of organ donations has been extremely small in Japan.
Therefore, we need to establish special educational pro-
grams for In-Hp PTC.

The results of the present study led our department to
hold a special educational seminar and establish a program
for In-Hp PTC in Japan: namely, 2 lectures per day for 10
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Fig 8. Issues at organ dona-
tion. ER, emergency room.
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Fig 7. Issues of daily activities
as In-Hp PTC. Hp, hospital; PTC,
procurement transplant coordi-
nator; ER, emergency room.
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days from May to October 2012. Topics of this seminar
were the history of transplantation, current status of organ
transplantation and donation in Japan, legislation and
network system of organ transplantation in Japan, out-
comes of organ transplantation in Japan, nursing care of
transplant recipients, pathophysiology and diagnosis of BD,
the role of PTC, process of organ donation, the visit of JOT
office, family care and informed consent for organ donation,
survey of donor family, donor evaluation and management,
role of In-Hp PTCs, case studies and simulations of organ
donation, pediatric organ donation, determination of child
abuse, informing organ donation, and care of the family of
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an end-life patient. Survey of the 16 participants showed all
of them to be satisfied with the program, but they still
wanted to have on-the-job training. '

KONAKA, SHIMIZU, IZAWA ET AL

Although we may be able to establish an education curriculum
for In-Hp PTC in the near future, national support is essential to
provide these programs to all In-Hp PTC in Japan.

In conclusion, to establish the organ procurement system
and increase donation, In-Hp PTCs have great roles in Japan.
However, few of them have full-time positions and most of
them require more professional education. Each In-Hp PTC
has several problems, seeking to study the organ donation
process and their role in BD the donations under the revised
Transplant Act. We need to make a special national educa-
tional program for in-Hp PTCs.
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ARTICLE INFO ABSTRACT

Background: In small bowel transplantation (SBTx), inhibition of both graft-versus-host disease (GVHD) and
allograft rejection is necessary.
Methods: We investigated the potency of a new sphingosine-1-phosphate receptor agonist, W-061, for these
two immune responses in SBTx. W-061 has a completely different molecular structure from FTY720. Hetero-
topic SBTx was performed from Wistar-Furth (WF) into (WFx ACI) F1 rats as a GVHD model or F1 to WF rats
as a rejection model. Recipients were orally given 3 mg/kg/day W-061 for 14 days after SBTx. Recipient sur-
vival, body weight, histopathology, lymphocyte subpopulations, and the cytokine profile were evaluated.
Results: W-061 treatment significantly prolonged graft survival over 100 days in four out of six recipients in
the GVHD group and over 60 days in three out of six recipients in the rejection group. W-061 strongly inhib-
ited GVHD and rejection as seen histopathologically in comparison with untreated control rats. W-061
caused a significant reduction in donor-derived T cells in target organs and infiltrating T cells in allografts
by promoting these cells to home into the secondary lymphoid tissues and sequestrating those cells there.
W-061 significantly decreased production of interferon~y in target organs and allografts.
Conclusion: Therefore, these data suggest that W-061 has considerable potential as a new therapeutic immu-
nosuppressant in patients with SBTx.

Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.

Article history:

Received 19 September 2011

Received in revised form 6 December 2011
Accepted 7 December 2011

Keywords:

Small bowel transplantation (SBTx)
Graft-versus-host disease (GVHD)
Rejection

Sphingosine 1-phosphate (S1P) receptor
agonist (W-061)

Interferon (IFN)-y

A novel immunosuppressive drug, FTY720 (FTY), is a metabolite of
the ascomycete, Isaria sinclairii, and has been shown to be potent as
single or combined therapy, not only in organ transplantation models
using rodents, canines, and primates, but also in autoimmune disease
models [4-7]. FTY has been reported to accelerate the homing of
naive lymphocytes from peripheral blood (PB) and spleen into sec-
ondary lymphoid tissues, such as mesenteric lymph nodes (MLN),
Peyer's patches (PP), and peripheral lymph nodes {8,9]. Recent stud-
ies have revealed that cell motility is mediated by the interaction
between sphingosine, a structural analog of FTY, and sphingosine 1-

1. Introduction

Small bowel transplantation (SBTx) is a developing therapeutic
option for patients with irreversible intestinal failure. The allogeneic
immune response is more difficult to control in SBTx than in other
solid organ transplantations [1]. It is well known that SBTx can induce
two types of immunological reactions in graft recipients: host-versus-
graft disease (HVGD) and graft-versus-host disease (GVHD) [2]. Once
a severe immune response occurs, the graft will be unable to fully re-
cover despite any kind of immunosuppressive therapy. According to

the intestinal transplant registry report of 2009, the overall short-
term results of SBTx have improved in recent years, but long-term
graft survivals are suboptimal, One-, 3-, and 5-year graft survival
rates were 71%, 55%, and 45%, respectively [3]. Therefore, further im-
provements in immunosuppressive therapy are mandatory.

* Corresponding author at: Department of Complementary & Alternative Medicine,
Pancreas & Islet Transplant Program, Osaka University Graduate School of Medicine,
2-2 Yamadaoka, Suita, Osaka 565-0871, Japan. Tel.: +81 6 6879 3498; fax: +81 6
6879 3499,

E-mail address: juki@cam.med.osaka-u.ac.jp (T. ito).

phosphate receptor 1 (S1P;) [10]. It is likely that FTY acts as an
agonist for S1P;. Some reports have shown that FTY is effectively
phosphorylated in vivo and works through S1P receptor signaling
pathways to modulate chemotactic responses [10,11]. Stimulation
of these receptors is the most likely mechanism by which this drug
leads to migration and sequestration of lymphocytes into secondary
lymphoid tissues, thus preventing movement into inflammatory
lesions.

[t has been reported that FTY treatment induces significant reduc-
tions in infiltrating donor-derived T cells into target organs and recip-
ient T cells into the graft in intestinal GVHD and allograft rejection
models, respectively [12,13]. Recently, the new S1P agonist W-061,

0966-3274/$ - see front matter. Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.
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which has a completely different molecular structure than FTY, has
been developed as a prototype of ONO-4641, with which a multicen-
ter double-blind, placebo-controlled study is now ongoing in patients
with relapsing-remitting multiple sclerosis [14].

2. Objective

In the present study, heterotopic SBTx was performed from Wistar-
Furth (WF) into (WFx ACI) F1 rats as a GVHD model or F1 to WF rats as
a rejection model. Recipients were orally given 3 mg/kg/day W-061 for
14 days after SBTx. Recipient survival, body weight, histopathology,
lymphocyte subpopulations, and the cytokine profile were evaluated.
Our present study was performed to investigate the potency of W-061
in treating allografts in SBTx.

3. Materials and methods
3.1. Cell culture

CHO-K1 cells stably expressing human S1P; (hS1P¢), human S1P,
(hS1P,), human S1P; (hS1P3), human S1P4 (hS1P,), or human S1Ps
(hS1Ps) were cultured in Ham's F12 medium supplemented with
10% bovine serum (Sigma-Aldrich, St. Louis, MO) and 0.25 mg/mL
G418 sulfate (Invitrogen, Carlsbad, CA) in 5% C0,/95% air at 37 °C.

3.2. Membrane binding assay

Membranes were prepared from CHO-K1 cells stably expressing
each of the human S1P receptors based on the methods of Mandala
et al. [10]. Briefly, cells were washed in PBS, suspended in 10 mM
Tris-HCl (pH 7.5), 5mM EDTA, and 1x Complete protease inhibitor
cocktail (Roche Diagnostics, Mannheim, Germany), and disrupted
on ice using a polytron homogenizer. Following centrifugation at
80,000 x g for 40 min at 4 °C, the pellet was resuspended in 10 mM
Tris-HCI (pH 7.5), 10% glycerol, and 1x Complete protease inhibitor
cocktail and stored at —80 °C. [3*P]-S1P for S1P;, S1P,, S1Ps, and
S1Ps, and [3H]-S1P for S1P4 (American Radiolabeled Chemicals, St.
Louis, MO) were used as radio-labeled ligands. S1P, phosphorylated
FTY720 (FTY-P), and W-061 in assay buffer were added to a 96-well
plate. Radioligands and membranes were added to a final volume of
200 pl. Binding was performed for 60 min at room temperature and
terminated by collecting the membranes onto unifilter GF/B plates
(Perkin Elmer, Boston, MA) with a UniFilter96 Harvester (Perkin
Elmer). After drying the filter plates for 30 min, filter-bound radionu-
clide was measured on a TopCount NXT microplate scintillation coun~
ter (Perkin Elmer). Specific binding was calculated by subtracting
nonspecific radioactivity that remained in the presence of 1000-fold
excess of unlabeled S1P.

3.3. Intracellular calcium measurement

CHO-K1 cells stably expressing hS1P; or hS1P; were plated at
2x10% cells/well in a 96-well plate and incubated for 2 days at
37 °Cin 5% CO,/95% air. The cells were loaded with 5 uM Fura2-AM
and 20 mM HEPES (pH 7.4) in Ham's F12 medium at 37 °C for 1 h.
After loading, the cells were washed with Hanks' solution containing
20 mM HEPES (pH 7.4) and stimulated with S1P, FTY-P, and W-061.
Fluorescence intensity was measured by the ratio of emission fluo-
rescence at 500 nm to excitation at 340 and 380 nm using a Fluores-
cence Drug Screening System (FDSS-6000, Hamamatsu Photonics
K.K., Shizuoka, Japan).

3.4. Animals

Male Wistar-Furth (WF) rats (RT1"), ACI rats (RT1?), and male
(WFxACI) F; (RT1%Y) hybrid rats weighing 200-300 g were obtained

from Japan SLC (Shizuoka, Japan) and the Animal Center of Osaka
University (Osaka, Japan). Rats were housed in a specific pathogen-
free animal facility and provided with ad libitum access to standard
rat chow and tap water. The experimental protocol was approved
by the Ethical Review Committee for Animal Experiments at Osaka
University (Osaka, Japan).

3.5. Operative technique

Heterotopic SBTx in rats was performed by interposing the graft
using the cuff technique {15,16]. Donor WF or F1 rats were not fed for
12 h before surgery. All surgical procedures were performed in a sterile
field under Sevoflurane anesthesia. Briefly, we harvested an approxi-
mately 70-cm segment of distal intestine with the attached vascular
pedicles, consisting of the portal vein and superior mesenteric artery
with aortic cuff. Intraluminal irrigation of the graft intestine was per-
formed with 10 ml cold (4 °C) normal saline solution. End-to-side anas-
tomosis was performed with 9-0 nylon between the donor superior
mesenteric artery and recipient aorta, followed by cuffed anastomosis
of the donor portal vein to the recipient left renal vein after removal
of the left kidney. A Thiry-Vella loop was placed in the left abdominal
flank. Animals' surviving <4 days were considered technical failures
and were excluded from data analysis.

3.6. Experimental design

To separately evaluate the effects of W-061 on GVHD and allograft
rejection in SBTX, a parent and F1 semi-allogeneic combination was
utilized. The experimental SBTx protocol was comprised of four
groups: Group A, untreated F1 rats with WF grafts as a control
GVHD model (n=6); Group B, F1 recipients treated with 3 mg/kg
W-061 (n=6); Group C, untreated WF rats with F1 grafts as a control
allograft rejection model (n=6); Group D, WF recipients treated
with 3 mg/kg W-061 (n=6).

W-061 was donated by Ono Pharmaceutical Co,, Ltd., (Osaka, Japan)
in a dry powder form. It was dissolved in sterile 0.5% methylcellulose
(Wako Pure Chemicals, Osaka, Japan) solution and administered to re-
cipients at 3 mg/kg by oral gavage. Recipients were weighed every
day after transplantation and measured once every week from day 28
post-transplantation. GVHD was diagnosed when there was evidence
of weight loss, reddening of the skin, hair loss, and hunched posture.
The day of recipient death was regarded as the end point of GVHD.
Acute rejection was manifested by progressive ischemia of the stoma,
an abdominal mass, a poor general appearance, and anorexia leading
to death. For the following experiments, recipient rats were sacrificed
on day 14 post-transplantation. The number and percentage of each
subtype of lymphocytes in host target tissues and allografts were exam-
ined in three independent experiments. Recipient survival, pathology,
and cytokine production in target organs were also assessed.

3.7. Preparation of lymphocytes from target tissues and allografts

Lymphocytes were isolated from PB, liver, native MLN, PP, and
lamina propria (LP) of GVHD models (Groups A & B) and from allo-
graft MLN, PP, and LP of rejection models (Groups C & D} on day 14
post-transplantation. PB was spun on a density separation medium
(Ficoll-Paque Plus; Pharmacia Biotech AB, Uppsala, Sweden). Single-
cell suspensions of MLN were prepared using a standard mechanical
disruption procedure. All MLN were taken along the ileacecal artery,
and all PP were removed from whole small intestine. PP and LP lym-
phocytes were prepared using an enzymatic dissociation method
using collagenase [17,18). Briefly, after the removal of fat and mesen-
tery, intestinal tissues were flushed with 20 ml phosphate-buffered
saline (PBS) and cut into small pieces. Fragments were stirred in
RPMI 1640 medium (Sigma, Ayrshire, UK) supplemented with 10%
fetal calf serum (FCS) (Gibco, Tokyo, Japan) and 90 U/ml collagenase
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Table 1
Binding affinity of S1P, FTY720-P, and W-061 on S1P receptors.
hS1P, hS1P, hS1P; hS1P4 hS1Ps
S1P 0131 0439 0.0782 7.60 0372
FIY720-P 0.160 4090 3.74 2.16 1.09
W-061 4.11 >43,800 1710 65.4 10.1

Data are shown as i values. FTY720-P: FTY720 phosphate.

(Type C-2139; Sigma) for 90 min. The remaining cell suspension was
centrifuged, and the pellet was resuspended in 40% Percoll and spun
in 75% Percoll at 600x g for 20 min at room temperature. Intestinal
LP lymphocytes were harvested from the interface and washed
twice in RPMI 1640 medium.

Liver lymphocytes were prepared as described [19]. Briefly, liver
was minced, pressed through a mesh, and suspended in RPMI-1640
medium. To remove hepatic parenchymal cells, the cells were resus-
pended in 35% Percoll containing 100 U/ml heparin and centrifuged
at 800xg for 20 min at room temperature, The pellet was resus-
pended in red blood cell lysing solution and washed three times in
RPMI-1640 medium.

3.8. Flow cytometry analysis

Cell suspensions were prepared in PBS containing 1% FCS and
0.05% sodium azide. Each cell suspension (5x10° cells in 100 pl)
was incubated with fluorescein isothio-cyanate (FITC) and/or phy-
coerythin (PE)-conjugated mAbs for 30 min. Stained cells were
washed twice, resuspended, and analyzed using a FACScan (Becton
Dickinson, Mountain View, CA, USA). FITC-conjugated anti-rat
RT1A® (C3) and PE-conjugated T-cell receptor (TCR) v& (V65)
were purchased from Pharmingen (San Diego, CA). PE-conjugated
anti-rat CD4 (W3/25), CD8 (0X-8), and TCRa (R73) were obtained
from Serotec (Oxford, UK). Channel numbers for analysis were cho-
sen based on the staining pattern of normal splenocytes. Results
were analyzed using Cell quest software (Becton Dickinson).

Staining of normal F; and ACl splenocytes with anti-major histocom-
patibility complex (MHC) (RT1%") reagents resulted in a unimodal
positive profile when compared with negative WF controls. When
donor (WF)-derived cells were detected in GVHD rats, the cells
were seen as subpopulations that were clearly negative (equivalent
to nonspecific findings) for F;-specific MHC (RT12).

3.9. Cytokine production in culture supernatants

Host lymphocytes from the liver, MLN, PP, and LP of F1 rats and allo-
graft lymphocytes from the MLN, PP, and LP of WFrats were cultured for
48 h in 24-well plates that had been coated with carbonate buffer (pH
9.6) containing 10 pg/ml mouse anti-rat CD3 mAb (clone 1F4; Serocet,
Oxford, UK). Supernatants were harvested and frozen at — 20 °C. Super-
natants from culture plates were assayed for interleukin (IL)-2, IL-4, IL-
10 and interferon (IFN)-y with a solid-phase sandwich ELISA kit (Bio-
source International, Camarillo, CA). Optical densities were measured
on a microplate reader (Model-680; Bio-Rad, Hercules, CA) at 450 nm.
Data were analyzed using Microplate Manager Version 5.2 software
(Bio-Rad) by preparing standard curves and then automatically calcu-
lating the concentrations of samples.

3.10. Histology

Tissues harvested from rats were fixed in 4% buffered formalin.
Fixed tissues were embedded in paraffin, sectioned at 5 pm thickness,
and stained with hematoxylin and eosin.

3.11. Statistical analysis

Results are expressed as the means + SD. Mean values were com-
pared between groups using a two-tailed Student's t-test. Survival
data were plotted using Kaplan-Meier methods and analyzed
using the long-rank test. Values of p<0.05 were considered
significant.

Table 2
Host survival and clinical GVHD or rejection in a unidirectional, semi-allogeneic rat mode! of small bowel transplantation.
Group Treatment * n Survival (days) Mean £ S5.D.(days) p® GVHD Rejection
A: WF-F1 No 6 13,16,16,17,17,18 16+17 6/6
B: WF-F1 W-061(3 mg/kg) 6 394625, >100x4 834215 <0.001 versus A 1/6¢
C: FI-WF No 6 14,19,21,22,24,26 21+41 6/6
D: F1-WF W-061(3 mg/kg) 6 39¢,43%46°, >60x3 51+9.7 <0.001 versus D 3/6
* W-061 was orally administered for 14 days from the day of transplantation.
b Generalized savage (Mantel-Cox) value comparing survival times to that of untreated contral.
© Represents day of animal death due to small bowel ileus.
4 Transient GVHD was seen around day 44 in 1 of 6 recipients.
¢ Transient rejection was seen around day 40 in 3 of 6 recipients.
A WF-F1 B F1-WF
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Fig. 1. Postoperative body weight changes following small bowel transplantation in rats, Semi-allogeneic parent-to-F1 model of GVHD (A) and F1-to-parent model of rejection (B).
W-061 (3 mg/kg)-treated recipients show progressive weight gain while the untreated group shows weight loss and death. Data are the means +SD.
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Untreated Treated (W-061; 3mg/kg)  Treated (POD150)

A

untreated

Treated
(W-061; 3 mg/kg for 2 weeks)

Treated
(W-061: 3 mg/ke for 2 weeks)

Fig. 2. W-061 treatment of rats with GVHD and rejection inhibited histopathology in target organs and allografts. (A) On day 14, small bowel, hepatic, and skin samples from SBTx
recipients were obtained and analyzed microscopicatly in the left and middle column. Untreated GVHD rats showed severe intestinal histopathology, including mucosal erosion,
villous blunting, and cellular infiltration in the lamina propria, as well as prominent lymphocyte infiltration in the periportal area of the liver. Skin histopathology showed prom-
inent celffular infiltration and atrophy of skin appendages. W-061 treatment inhibited histopathological changes in the small bowel, liver, and skin (original magnification; x 100,
small bowel and liver; x40, skin). On day 150, all target organs showed almost normal architecture by W-061 treatment (original magnification; x 100, small bowel, liver and skin).
(B) Acute rejection of an intestinal allograft showing marked lymphocyte infiltration, goblet cell loss, and destruction of intestinal architecture. Intestinal allagraft of rats treated

with W-061 showed no signs of acute and chronic rejection and intact mucosal architecture (original magnification x 100).
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4. Results

4.1. Affinity and agonistic activities of SIP

To compare S1P and FTY-P, the binding affinity of S1P receptors and the agonistic
activity of W-061 were evaluated by examining Ca?* mobilization in CHO-K1 cells sta-
bly expressing human S1P receptors. W-061 bound to all types of human S1P receptors
except for hS1P, (Table 1). The binding affinity of S1P receptors was lower than that of
FTY-P. Also, W-061 had a lower agonistic activity on S1P; than FTY-P, but W-061 had
higher specific agonistic activity on S1P, compared to S1P; (Supplement Fig. 1).

4.2. Effect of W-061 on recipient survival after SBTx

All untreated F1 recipients died of GVHD with a mean survival time (MST) of 16+
1.7 days. GVHD clinical features were observed beginning at day 10 post-transplantation
(Group A; Table 2). In contrast, W-061-treated F1 redipients displayed significantly higher
survival rates of up to 83::21.5 days (Group B, p<0.01) when a 3 mg/kg dose of W-061
was administered for 2 weeks. In the long-term survivors, no chronic GVHD was observed.
Furthermore, all untreated WF recipients died of rejection with a MST of 21 £4.1 days

A
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(Group C). In contrast, W-061-treated WF recipients showed significantly higher survival
rates of up to 51+ 9.7 days (Group D, p<0.01).

The recipient rats with GVHD and rejection gradually lost weight, whereas W-061-
treated recipients displayed progressive weight gain (Fig. 1).

4.3. Histopathological findings of recipient target organs treated with W-061

On day 14 after SBTx, target organs in Group A demonstrated typical characteris~
tics of GVHD, such as mucosal erosion, villous blunting, and cellular infiltration in the
LP of the intestine, as well as prominent lymphocyte infiltration in the periportal
area of the liver. Skin histopathology also showed prominent cellular infiltration and
atrophy of skin appendages. In contrast, the W-061-treated Group B demonstrated
substantial inhibition of histopathological changes in the small bowel, liver, and skin,
resulting in almost intact tissue architecture (Fig. 2A). Further, in a long-term survivor
of Group B on day 150 posttransplantation, the target organs demonstrated almost
normal histological findings (Fig. 2A).

The allografts in Group C demonstrated typical signs of rejection, such as villous
sloughing, extensive mononuclear infiltration, crypt cell necrosis, and capillary
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Fig. 3. Effect of W-061 treatment on the numbers of donor-derived T cells in the GVHD model. Lymphocytes in PB (A), target organs of the host (B}, and graft (C) were prepared fromacute
GVHD and W-061-treated rats. Donor-derived T cells were determined by multiplying the total number of cells by the fraction of RT1A®-negative and TCRa3-, TCRY6-, CD4-, and CD8-
positive cells. Five rats were analyzed from each group. Data are the means 4 SD. *p<0.05; **p<0.01. afT, TCRo3 T cell; y6T, TCR v T cell.
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thrombosis. In contrast, none of the allografts in the W-061-treated Group D showed
signs of acute and chronic rejection, and the intestinal architecture remained intact
(Fig. 2B).

4.4. Effect of W-061 on the numbers of donor-derived T-cell subpopulations in target or-
gans and allografts in the GVHD condition

In PB, the numbers of donor-derived TCRap™ T cells, CD4* T cells, and CD8* T
cells were significantly increased during GVHD (Fig. 3A). In the host target organs,
donor-derived TCRa@B™ T cells, CD4* T cells, and CD8* T cells in the liver, MLN, and
LP, in addition to CD8™* T cells in PP, were increased during GVHD, but were significant-
ly reduced by W-061 treatment (Fig. 3B). Although the total numbers of TCRy8™* T celis
were relatively low during GVHD, the number was also significantly decreased in the
liver, LP, and PP in the W-061-treated group (Fig. 3B).

In the graft, however, the numbers of donor-derived TCRoB™* T cells and CD4*+ T
cells were significantly increased in the MLN, PP, and LP of the graft in W-061-treated
rats. Significantly higher numbers of donor-derived CD8* T cells were also abserved
in the MLN of the graft compared to untreated controls, but no significant differences
in the PP of the graft were identified. Obviously higher numbers of donor-derived
TCRY5™ T cells were seen in the MLN and LP with W-061 treatment (Fig. 3C).

4.5, Effect of W-061 on the numbers of infiltrating T-cell subpopulations in allografts ongo-
ing rejection

In PB, the numbers of TCRa®* T cells, TCRys™ T cells, CD4™ T cells, and CD8*+ T
cells were significantly increased during rejection (Fig. 4-A). With W-061 treatment,
however, the numbers of TCRa@™ T cells, TCRy8™ T cells, CD4* T cells, and CD8* T
cells were remarkably reduced in the LP of allografts and in PB. In contrast, the num-~
bers of TCRa@™ T cells, CD4* T cells, and CD8* T cells were significantly increased
in the MLN and PP of allografts, in addition to TCRys™ T cells in PP during rejection
(Fig. 4).

4.6, Cytokine production in target organs of GVHD and allografts undergoing rejection in
recipients treated with W-061

IFN-+y levels were significantly higher in untreated recipients compared with naive
F1 or WF rats (Fig. 5A, B). After administration of W-061, IFN-y production in all target
organs and allografts was significantly diminished. IL-2 production in all target organs
of GVHD recipients was significantly decreased after administration of W-061, but that
in allografts was not significantly decreased except for MLN (Fig. 5A, B). In PP and the
liver of GVHD recipients, the production of IL-4 was significantly reduced by W-061
treatment {Fig. 5A). Also, in MLN, PP, and liver of GVHD recipients, the production of
1L-10 was significantly reduced by W-061 treatment (Fig. 5A). However, no significant
differences in the production of Il-4 and IL-10 were observed between W-061-treated
and untreated rats when examining allografts (Fig. 5B).
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5. Discussion

With the recent advances in immunosuppressive therapy, the out-
come of SBTx has improved, but still remains unsatisfactory. To fur-
ther improve the results following transplantation, overcoming
major immunological obstacles in SBTX is required. The small intes-
tine jtself is more immunogenic as compared to other organs, such
as the liver, kidney, and heart. The small intestine seems to be suscep-
tible to allograft rejection, and establishing transplantation tolerance
is difficult. Further, GVHD will sometimes occur because intestinal
grafts include a lot of lymphoid tissues. The prognosis is very poor
once GVHD develops [20]. Clinically, both immunological responses
GVHD and allograft rejection coexist in small intestinal grafts. There-
fore, we may not be able to discriminate one response from the other
in the graft. However, we can separately analyze each response using
a unidirectional and semi-allogeneic rat combination.

Unlike conventional immunosuppressants, S1P receptor agonists
have two advantages in organ transplantation: anti-tumor effects
[21,22] and protective modality of opportunistic infections [23].
Thus, S1P receptor agonists are expected to be ideal immunosuppres-
sants in SBTx in which stronger immunosuppression is necessary
than other organ transplantations.

Recently, the S1P receptor agonists FTY and KRP-203 have been
shown to inhibit acute rejection and GVHD in some animal experimental
models [12,24,25]. Our previous study also demonstrated the effective-
ness of FTY in GVHD of the SBTx model using a unidirectional and
semi-allogeneic rat combination [13]. FTY inhibits lethality and histo-
pathological changes in target organs when administered at 0.5 mg/kg.
FTY effectively reduces recirculation of activated donor-derived T cells
and their recruitment to target organs in GVHD.

The step-by-step molecular basis for the action of FTY has recently
been elucidated. Similar to S1P, FTY is phosphorylated in vivo by sphin-
gosine kinase to become FTY-phosphate (FTY-P), which mediates its ef-
fects through five G protein-coupled receptors (S1P receptors; S1Py.s)
on the surface of some cells {10]. Specific roles of S1P receptor subtypes
have been reported. S1P; is highly expressed in T and B cells, whereas
S1P; is expressed exclusively on the atrium [26]. In the case of antigen
presentation in the LN, activated T cells transiently downregulate S1P;
by aberrant internalization, rendering these T cells unresponsive to
the obligatory egress signal by S1P, resulting in proliferation in the LN.
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Fig. 4. Effect of W-061 treatment on the numbers of infiltrating lymphocytes in the rejection model. Lymphocytes in PB (A), LP (B), MLN (C), and PP (D) in the allograft were pre-
pared from acute rejection and W-061-treated rats. Infiltrating T cells were determined by multiplying the total number of cells by the fraction of TCRa3-, TCRy6-, CD4-, and CD8-
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of the GVHD model (A) and the rejection model (B) was significantly diminished. However, no significant differences were noted in production of IL-4 and IL-10 by the target tissue
lymphocytes. Data are the means -+ SD, Four rats were analyzed from each group. *p<0.05; **p<0.01.

At the end of proliferation, activated T cells upregulate S1P; and egress
from LNs in a S1P/S1P;-dependent step [27]. FTY-P, which is phosphor-
ylated in vivo, acts as a S1P; agonist on naive and activated T cells, there-
by inducing aberrant internalization of S1P;. This phenomenon renders
all T cells unresponsive to obligatory egress signal by S1P. As a result,
both naive and activated T cells are “sequestrated” in LNs and are unable
to recirculate and be recruited to peripheral tissues such as inflammato-
Iy sites.

The new S1P receptor agonist, W-061, has a molecular structure that
is completely different from FTY or KRP-203. Unlike FTY, W-061 is ac-
tive in vivo without being phosphorylated. From in vitro results using
S1P receptors, W-061 showed a relatively lower affinity for S1P; than
FTY, but had more agonistic activity on S1P; as compared with that on
S1Ps. Therefore, W-061 will be expected not to induce transient brady-
cardia, which is caused by interaction of FTY with S1P5 on the atrium. In
our present study, we investigated the effect of W-061 both on GVHD

and allograft rejection in the rat SBTx model using unidirectional,
semi-allogeneic combinations. In the parent-to-F1 combination, W-
061 remarkably inhibited GVHD and completely abrogated recipient
mortality with 3 mg/kg W-061 alone. In the Fi-to-parent rejection
model, W-061 significantly prolonged recipient survival, although
three out of six recipients died of rejection with the same dose.

On day 14 post-transplantation, up to 2.5x10°-2.0x 10® donor-
derived T cells were surprisingly detected in PB and target organs
during GVHD, which may be explained as follows. Lymphatic vessels
in small bowel grafts are completely detached by the transplantation
procedure. It has been reported that 4-8 weeks are required for full
lymphatic regeneration after SBTx [28]. However, the cut edge is
probably open to the abdominal cavity until lymphatic regeneration
is fully established. Thus, donor lymphocytes from lymphatic vessels
are absorbed through the peritoneum and recirculate into the blood
stream. In our present study, few donor-derived T cells were detected
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in PB, and they were significantly decreased in target organs in ani-
mals treated with W-061. Instead, donor T cells were sequestrated se-
lectively into the LP as well as the MLN and PP of the graft and were
unable to recirculate and be recruited to target organs with W-061
treatment. These features were not observed in the secondary lym-
phoid tissues of the recipient. As compared with the graft, the number
of infiltrating donor-derived T cells in the MLN, PP, and LP of target
organs was approximately 0.5%, 1.4%, and 17%, respectively, when
calculated from the results from Fig. 4B and C. In contrast, the num-
bers of infiltrating TCRaB™ T cells, TCRYS' T cells, CD4™ T cells,
and CD8™ T cells were remarkably reduced in the LP of allografts.
These activated anti-donor T cells were sequestrated into the second-
ary lymphoid tissues, such as the MLN and PP of allografts and were
unable to recirculate and be recruited to LP. The results were very
similar with FTY-treated recipients after SBTx [13].

According to results from human and murine GVHD, donor CD4*
T cells initiate a Th1-type immune response against host class Il MHC
antigens. Dominant secretion of Th1-type cytokines, IFN~y in particu-
lar, occurs in murine models during GVHD [29,30]. Administration of
W-061 prevented trafficking of not only donor CD4* T cells but also
CD8 T cells in vivo, resulting in a significant reduction in IFN-y and
IL-2 without affecting levels of the Th2-type cytokine IL-4 and IL-10.
In contrast, IFN-y production is detected early during rejection in
the absence of clinical symptoms, and its levels progressively increase
with time [31]. IFN-y may also be an important immune mediator of
graft rejection in SBTx [32]. The most prominent findings in our pre-
sent study were that treatment with W-061 significantly downregu-
lated the production of IFN-y and IL-2 but not IL-4 or IL-10,
compared with untreated recipients.

In conclusion, our present results support the feasibility of includ-
ing W-061 into the immunosuppressive regimen to control the im-
mune reaction and to prolong survival of recipients. The mechanism
is similar to that of FTY regarding accelerated sequestration of circu-
lating activated T cells into secondary lymphoid tissues, resulting in
the reduction of activated donor T-cell migration into target organs
and LP in allografts. As a result, W-061 inhibits Th1 immune re-
sponses with a significant decrease in IFN-y production during
acute GVHD and rejection.

Supplementary materials related to this article can be found on-
line at doi:10.1016/j.trim.2011.12.005.
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A Newly Developed Container for Safe, Easy, and Cost-effective
Overnight Transportation of Tissues and Organs by Electrically
Keeping Tissue or Organ Temperature at 3 to 6°C

H. Ohkawara, T. Kitagawa, N. Fukushima, T. Ito, Y. Sawa, and T. Yoshimine

ABSTRACT

Background. As there is only one skin procurement organization in Japan the Japan
Skin Bank Network (JSBN), all skin grafts procured in Japan are sent by a commercialized
delivery system. Preliminarily, bottles containing saline were transported in a cardboard
box using a so-called “cooled home delivery service” using a truck with a refrigerated cargo
container. During transportation the temperature in the cardboard box increased to 18°C
in summer and decreased to —5°C in winter. For these reasons, we investigated whether
a newly developed container “Medi Cube” would be useful to transport skin grafts.

Objectives. Four bottles with a capacity of 300 mL containing 150 mL of saline in a
Medi Cube container were transported from Osaka to the JSBN in Tokyo between 4
PM and 10 AM using a commercialized cooled home delivery service. Two bottles were
transported in a Medi Cube container without phase change materials (PCM) in winter
and summer, respectively. Another two bottles were transported in the Medi Cube with
PCMs in winter. The temperatures inside saline, inside a transportation container, and
outside the container, and air temperature were monitored continuously with a
recordable thermometer.

Results. The temperatures inside saline and inside a Medi Cube container were
maintained between 3 and 6°C, even when the temperature outside the container
increased during parking. The temperature inside a Medi Cube container without PCM
decreased to —3°C when the inside of the cargo container was overcooled in winter.
However, the temperatures inside saline and inside a Medi Cube container with PCM were
between 3 and 6°C, even when the temperature outside the container decreased to below
0°C in winter.

Conclusion. A Medi Cube container with PCM provided a safe, easy, and cost-effective
method for overnight transportation of skin grafts.

IN Japan, only the the Japan Skin Bank Network
(JSBN) performs frozen preservation and supplies
skin. For example, when the skin sheets are procured
from locations near Osaka, they are cooled temporarily

at our bank overnight, and then transported using a
commercial delivery system to the JSBN in Tokyo.’
Although most Japanese delivery companies advertise
that they can maintain the temperature of goods to
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Fig 1. The results of preliminary experiment of transportation of the bottle using an usual cooled delivery system (A) transported in

winter and (B} in summer.

between 0 and 10°C during transportation, no data were
available whether this temperature was actually main-
tained. Thus, we investigated the temperature manage-
ment state under tissue transportation.

A preservation bottle packed in a cardboard box was
transported using the so-called “cooled home delivery
service” from our bank in (Osaka) to the JSBN in (Tokyo).
The distance between the two cities is approximately 560
km. The temperature in the bottle was influenced by the
ambient temperature; it was not maintained between 0 and

10°C as stated by the company (Fig 1). Therefore, we
sought to transport a bottle using a newly developed
container, the Medi Cube, which is cooled by dry ice
throughout the transport (Fig 2A). The container is divided
into two sections (Fig 2B): the first for the load and the
second, for dry ice. Cold air is supplied from the second to
the first section by a fan turning automatically as needed.
Required electric power is provided by a battery. In the
present study, we investigated whether the newly developed
Medi Cube container maintained the temperature of the

b.
1 Il I

a

901 A

Size: H50em / W80cm / D50cm
Weight: 30kg (without dry ice)

Fig 2. A “Medi Cube” container. {A) The container and (B) a sectional view of the container.
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Fig 3. The outside and inside temperatures of the “Medi Cube” container and the temperature of the saline in the bottle during
overnight transportation in winter (A) and summer (B) without phase change materials (PCM) and those (C) and (D) with PCM.

skin grafts at between 0 and 4°C to transport them safely
from Osaka to Tokyo.

MATERIALS AND METHODS

Four bottles with a capacity of 300 mL containing 150 mL of saline
in a Medi Cube container were transported from Osaka to the
JSBN in Tokyo between 4 PM and 10 AM by a commercial cooled
home delivery service. Two bottles were transported in a Medi
Cube container in winter and two in summer. Another two bottles
were transported in a Medi Cube with phase change materials
(PCMs) to avoid overcooling of loads in winter and summer.

The terminal of a recorded type thermometer was inserted in the
saline in the bottle. Simultaneously, a recording thermometer was
attached inside and outside the Medi Cube. To trace the location
of the Medi Cube during transportation, a ground positioning
system was also packed in the container.

RESULTS

During winter transportation, the inside of the Medi Cube
was overcooled to freezing temperature (Fig 3A). The
preservation solution in the bottle might freeze at that time.
When PCM was packed with a bottle, the inside tempera-
ture of Medi Cube was maintained at approximately 5°C
without overcooling, and the temperature of the saline in
the bottle was maintained at approximately 6°C throughout
the transport period, even in winter (Fig 3B).

Even during summer, the inside temperature of a Medi
Cube temporarily was below freezing however, the temper-
ature of the saline in the preservation bottle was maintained
at between 3 and 4°C (Fig 3C). When PCM was packed in
a Medi Cube with a bottle during summer transportation,
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the inside of the Medi Cube was maintained at approxi-
mately 5°C without overcooling, and the temperature of the
saline in the preservation bottle, at approximately 6°C
throughout the transport (Fig 3D).

DISCUSSION

From our preliminary study, conventional tissue convey-
ance did not maintain the temperature inside and outside of
the container at approximately 5°C. Therefore, it is not safe
for human tissue to be transported using the usual delivery
system. We need to develop a safe, cost-effective transport
system for human tissue.

We sought to use a special delivery system, a Medi Cube,
to maintain the temperature of the load at approximately
5°C. However, as shown in the present study, the inside
temperature of the container overcooled to freezing tem-
perature during winter and even during summer. Therefore,

OHKAWARA, KITAGAWA, FUKUSHIMA ET AL

we examined a safe, cost-effective method to prevent over-
cooling during transportation using a special material PCM,
to prevent overcooling. In the present study, PCM main-
tained the temperature of the saline in the bottle at
approximately 5°C throughout the transportation period
during both winter and summer. Moreover, there are also
data that the Medi Cube continued cooling for 72 hours
(data not shown).

In conclusion, a Medi Cube container with PCM pro-
vided safe, easy, and cost-effective overnight transportation
of skin grafts.
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Donor Evaluation and Management System (Medical Consultant
System) in Japan: Experience From 200 Consecutive Brain-Dead

Organ Donation

N. Fukushima, M. Ono, Y. Saiki, M. Minami, S. Konaka, and J. Ashikari

ABSTRACT

Purpose. As the donor shortage is extremely severe in Japan because of a strict Organ
Transplantation Act, special strategies must be established to maximize organ transplant
opportunities. The purpose of this study was to evaluate our strategies to identify and
manage 200 consecutive brain-dead organ donors.

Methods and materials. We retrospectively reviewed the 200 donors procured since the

Organ Transplantation Act was issued in 1997, including 118 males, a mean overall age of
45.1 years and cause of death being cerebrovascular disease (n = 119), head trauma (n =

37), and asphyxia (n = 44).

Donor evaluation and management system. Since November in 2002, special transplant
management doctors (“medical consultants”) were sent to donor hospitals to assess organ
function and identify transplantable organs. They also provided intensive care to stabilize
hemodynamics and improve cardiac and lung functions by administering antidiuretic
hormone intravenously and providing bronchofiberscopic pulmonary toilet.

Results.

We obtained 146 heart, 1 heart-lung, and 154 lung (87 single and 67 bilateral),

175 liver (28 splitted liver), 142 pancreas (114 pancreas-kidney), 253 kidney and 12 small
bowel grafts. Organs procured from 1 donor increased from 4.5 to 6.8 after applying these

strategies.
Conclusions.

Although the number of cases was still small, the availability of organs and

outcomes of transplantation have been acceptable.

RGAN TRANSPLANTATION (Tx) has achieved
satisfying long-term results.! However, these surgical
therapies are continuously limited by the severe organ
donor shortage. Therefore, optimal utilization of all suit-
able organs is mandatory to increase graft availability.”
The Japanese Organ Transplantation Act for brain
death (BD) organ donation (the former Act) was issued
in October 1997. It required written consent for BD and
organ donation by a living individual and did not allow it
from children younger than 15 years. From these reasons,
only 81 BD organ donations were performed in Japan for
13 years. The cardiac donation rate per million popula-
tions in Japan is only 0.08, while it is 7.3 in the United
States, 5.3 in Spain, and 0.97 in South Korea in 2007. The
mean waiting time for heart and lung transplants of 1026
and 1673 days respectively in 2010 was extraordinary long
in Japan.

© 2013 by Elsevier Inc. All rights reserved.
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Finally the Act was revised on July 17, 2010." New
organs can be donated after BD with consent from the
family, if the donor did not deny organ donation premor-
tem. Although the Act was revised in 2010 and brain-death
organ donation increased from 13 to 44 cases in a year
(Fig 1), the number was still extremely smaller than other
developed countries. The great pressures of the organ
shortage and the long waiting times made Japanese trans-
plant programs consider the use of organs that might be
otherwise considered to be marginal.*
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