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1). While a moderate reduction was observed for MHC
11, detection of its ligand, TCReB3, remained unchanged
(Fig. S, Table 1). Detection of CD28, B7.1, and B7.2,
which are involved in the generation of costimulatory
signals for T cells, was significantly reduced by EGCG
treatment (Fig. 5, Table 1). Greater reduction was also
shown in CD49d, an adhesion molecule (Table 1).
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Unresponsiveness of Responder T Cells Prestimulated
With EGCG-Treated Stimulator Cells

To analyze whether reduced T-cell responses after
EGCG treatment are reversed by secondary stimulation
with fresh stimulator cells or exogenous IL-2, after one-
way MLR cultures we restimulated MLR cells with
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Figure 5. Flow cytometric analysis of cell surface molecules after EGCG treatment. C57Bl/6
splenocytes were either untreated or treated with EGCG (200 and 400 uM/107 cells), and then
stained by epitope-specific monoclonal antibodies. A minimum of 10,000 counts per samples was
analyzed by FACScan, and the representative results are shown.
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EGCG-untreated fresh stimulator cells or 1L-2 (1.7 U/
ml) and analyzed the T-cell proliferation in secondary
cultures. There was significant suppression of T-cell
proliferation down to or below that of the unstimulated
control cultures (Fig. 6).

Detection of Apoptosis by Cytometry

To examine the proportions of apoptotic cells in re-
sponder cells (C57Bl/6) and EGCG-treated stimulator
cells (BALB/c), cells from MLR cultures after 24 h were
analyzed by Annexin V assay. For the responder cells
that were cocultured with the stimulator cells treated
with EGCG, there was no substantial change in the pro-
portion of apoptotic cells due to the EGCG treatment (0
uM: 81.8 £ 2.1%; 200 uM: 77.9 £ 1.1%; 400 uM: 78.7 £
1.7%, based on one-way ANOVA of triplicate samples,
F =443, p>0.05) (Fig. 7). In contrast, for the stimula-
tor cells, the proportion of apoptotic cells significantly
decreased with the EGCG treatment (Fig. 7).

DISCUSSION

Our present study demonstrated that EGCG can pre-
vent allostimulation in a murine in vitro allograft con-
text. EGCG treatment of murine splenocytes decreased
the cell signaling for optimal allostimulation and attenu-
ated the activation and proliferation of T cells in the
MLR cultures.
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Figure 6. Unresponsiveness of responder T cells that have
been prestimulated with EGCG-treated stimulator cells. After
coculturing C57Bl/6 splenocytes with EGCG-treated BALB/c
splenocytes for 48 h, MLR wells were restimulated with either
fresh untreated BALB/c splenocytes (black columns) or exog-
enous IL-2 (hatched columns), and incubated for an additional
48 h. C57BV/6 without any stimulation is shown as a back-
ground (blank column). Differences were significant between
untreated and treated groups (200 or 400 pM/10’ cells) for
cell-stimulated cultures (p < 0.0001) and IL-2-stimulated cul-
tures (p < 0.0001).
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Tissue or organ transplantation is increasingly ap-
plied for the treatment of many medical problems, but
its major drawbacks are transplant rejection and GVHD,
One of the ordinary therapeutic methods to prevent these
problems is the application of pharmacological agents
that suppress T-cell activation (18). Although these
chemical agents mitigate the problems by inhibiting T-
cell signaling and activation, they often cause significant
side effects on various tissues such as renal, hepatic,
gastrointestinal, and mucosal systems (3). To avoid
these side effects, more amenable methods have been
developed (10,11,14). One of the promising methods is
immunocamouflage where the donor tissues bearing cell
surface antigenic determinants are coated with nonim-
munogenic agents such as polyethylene glycol (PEG)
(14). PEG can block immunogenic recognition by the
host immune system and decrease graft rejection and
GVHD (4,13). In the present study, we hypothesized
that a tea polyphenol, EGCG, also blocks antigenic de-
terminants and attenuates the allostimulation and subse-
quent activation of host T cells.

Our results indicate that responder T-cell prolifera-
tion in the MLR culture was attenuated when the stimu-
lator cells were treated with EGCG (Fig. 1). The EGCG
treatment of the stimulator cells representing the trans-
plant led to the attenuation of T-cell proliferation of the
responder cells (Fig. 4) representing the host, which is
usually targeted by immunosuppressive drugs. Because
the stimulator cells in one-way MLR culture had been
arrested of proliferation by mitomycin C, the decrease of
T-cell proliferation was largely due to the influence of
EGCG on the stimulator cells and/or their stimulatory ac-
tivities. The choice of C57BV/6 as the responder rather
than the stimulator in the one-way MLR in these experi-
ments was to avoid overestimating the attenuating poten-
tial of EGCG treatment because C57BI/6 T cells are clas-
sified as Th-1 type and are generally considered to have
stronger and more sustained response toward cellular anti-
gens than BALB/c T cells, which belong to Th-2 type.

It must be noted that the decrease of T-cell prolifera-
tion was not due to the direct toxicity of EGCG on the
stimulator cells. In fact, EGCG-treated stimulator cells
in MLR cultures had reduced levels of apoptosis than
untreated controls (Fig. 7). For the same reason, the pro-
duction of IL-2 in the one-way MLR cultures decreased
supposedly due to the reduced stimulation of T cells
(Fig. 3) by the EGCG-treated stimulator cells but not
loss of viability of the latter. IL-2 production was also
reduced in two-way MLR cultures (Fig. 3). In two-way
MLR cultures, we cannot simply determine which cell
type (C57B/6 or BALB/c) is actually contributing to IL-
2 production, and this reduction seemed assigned to the
inactivation of both responder and stimulator T cells,
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Figure 7. Analysis of apoptosis in responder and EGCG-treated stimulator cells in the MLR cul-
ture. C57BI/6 splenacytes were cocultured with EGCG-treated BALB/c splenocytes for 24 h, and
cultured cells were stained with PE-conjugated anti-mouse H-2K® and FITC-conjugated Annexin
V. The upper figures show three representative scatter grams (lower left quadrant: nonapoptotic
stimulator; lower right quandrant: apoptotic stimulator; upper left quadrant: nonapoptotic res-
ponder; upper right quadrant: apoptotic responder cell populations). The lower graph shows the
proportions of stimulator cell populations treated with 0, 200, or 400 uM EGCG before MLR

culture with responder cells.

because activation of stimulator (BALB/c) T cells was
also attenuated by the treatment with EGCG (our unpub-
lished results).

The T cells stimulated with EGCG-treated stimula-
tors were not only attenuated of proliferation but ren-
dered somehow unresponsive toward allostimulation
(i.e., they were in an anergic state). In fact, the prolifera-
tion of the responder cells did not recover upon second-
ary stimulation with fresh stimulator cells or even exog-
enous IL-2 (Fig. 6). The lack of responsiveness to the
secondary stimulation with cells is not necessarily due
to the mortality of responder cells, as indicated by the
result of apoptosis detection (Fig. 7). Although T-cell
apoptosis is known to be required in the induction of
peripheral transplantation tolerance (20), the level of re-
sponder cell apoptosis occurring in our experimental
system suggests that the induction of anergy due to
EGCG treatment of stimulator cells is involved in the
unresponsiveness of responder T cells (Fig. 7) Further-
more, the lack of responsiveness to the secondary stimu-

lation with exogenous IL-2, in turn, suggests that the
stimulation of CD8* T cells may be prevented by the
stimulation with EGCG-treated stimulators. These re-
sults provide further evidence to support that EGCG
treatment prevents acute graft rejection (7) and present
a question as to what mechanisms are involved in the
influence of EGCG on the stimulator cells and their ac-
tivities.

In light of the present hypothesis, the simplest inter-
pretation is that stimulatory activities were abrogated by
blocking cell surface molecules with EGCG, resulting in
weak or incomplete stimulation of alloreactive T cells.
Indeed, staining intensity of cell surface molecules in-
volved in allorecognition, costimulation, and cell-to-cell
adhesion were reduced by the EGCG treatment (Table
1). Weakening or blockage of interactions of any of
these molecules and their ligands could lead to incom-
plete activation of T cells (4).

Particular attention is paid to the different effects ex-
hibited among these cell surface molecules. Normally,
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T cell is stimulated at an allorecognition site that consti-
tutes a main recognition domain of T-cell receptor
(TCR) that binds to a complex formed by a foreign pep-
tide and a major histocompatibility complex class I or II
(MHC I or II) molecule. As the results of surface marker
analysis indicate, on one hand, EGCG treatment moder-
ately reduced the detection of MHC I and II molecules
but not that of TCRof (Fig. 5, Table 1). On the other
hand, EGCG treatment strongly reduced the detection of
costimulatory molecules B7.1 (CD80) and B7.2 (CD86)
as well as their ligand, CD28 (Fig. 5, Table 1), indicat-
ing potential abrogation of pivotal costimulatory signals
(6,8,15-17) that may lead to the induction of anergic
state in T cells. The detection of adhesion molecule,
CD49d, was also strongly reduced, suggesting weaken-
ing of cell-to-cell adhesion prerequisite to allostimula-
tion (Table 1).

Besides the anergy induction, other modes of action
of EGCG can be suggested with respect to its possible
influence on antigen-presenting cells. The EGCG mole-
cules, with their amphipathic property depending on
treatment conditions, are considered to penetrate the cell
membrane and interfere with specific biochemical path-
ways underlying cell activation processes. For example,
EGCG is known to downregulate the activity of NF-kB,
which is involved in the activation of macrophages and
dendritic cells (1,9). In addition, there is a large number
of cytokines that are involved in the activation of anti-
gen-presenting cells, and EGCG may influence the ac-
tivity or production of these cytokines. EGCG may not
only influence these indirect immunosuppressions but
also the direct suppression by means of regulatory T cells.

The EGCG treatment presented in this study can pro-
vide a novel and useful method to prevent allorejection
of foreign tissues, because donor tissues are simply to
be immersed in culture media containing EGCG before
being transplanted to a recipient body system. In terms
of its potential clinical application, this plant-derived
agent is expected to require less preclinical toxicological
tests and lower manufacturing costs than synthetic
chemicals. Regarding dose—effect comparison, EGCG
dosage used in the present study was somewhat higher
than that of methylated PEG, but the overall level of the
attenuation effect was in a similar range to that reported
for PEG-camouflaged cells (4). Although further investi-
gation is necessary with respect to the mechanisms be-
hind the immunosuppressive actions, the treatment of
donor tissues with EGCG may have a potential value for
the prevention of allorejection and can be applicable in
other transplantation situations,
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Purpose of review

To summarize advances and limitations in pancreas procurement and preservation for
pancreas and islet transplantation, and review advances inislet protection and preservation.
Recent findings

Pancreases procured after cardiac death, with in-situ regional organ cooling, have been
successfully used for islet transplantation. Colloid-free Celsior and histidine-tryptophan-
ketoglutarate preservation solutions are comparable to University of Wisconsin solution
when used for cold storage before pancreas transplantation. Colloid-free preservation
solutions are inferior to University of Wisconsin solution for pancreas preservation prior to
islet isolation and transplantation. Clinical reports on pancreas andislet transplants suggest
that the two-layer method may not offer significant benefits over cold storage with the
University of Wisconsin solution: improved oxygenation may depend on the graft size;
benefits in experimental models may not translate to human organs. Improvements in islet
yield and quality occurred from pancreases treated with inhibitors of stress-induced
apoptosis during procurement, storage, isolation or culture. Pancreas perfusion may be
desirable before islet isolation and transplantation and may improve islet yields and quality.
Methodsforreal-time, noninvasive assessmentofpancreas quality during preservationhave
been implemented and objective islet potency assays have been developed and validated.
These innovations should contribute to objective evaluation and establishment of improved
pancreas preservation and islet isolation strategies.

Summary

Cold storage may be adequate for preservation before pancreas transplants, but
insufficient when pancreases are processed for islets or when expanded donors are
used. Supplementation of cold storage solutions with cytoprotective agents and
perfusion may improve pancreas and islet transplant outcomes.

Keywords
islet isolation, islet transplants, pancreas preservation, pancreas procurement,
pancreas transplants
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Introduction

experienced by the islets during the isolation and puri-
fication process. In addition, we provide a brief review of

Pancreas and islet transplants are two options for patients
who, because of serious diabetic conditions, will benefit
from PB-cell replacement. The numbers of clinical
pancreas transplants have increased exponentially and
outcomes have improved markedly, especially during the
past two decades [1]. The improvements in outcomes are
attributed to better recipient care with respect to surgical
techniques and immunosuppressive regimens and to
better organ procurement and preservation protocols.
In this review, we summarize the recent literature regard-
ing the current state-of-the-art in pancreas procurement
and preservation. Our focus is on pancreas preservation
before islet isolation, which appears to have more
stringent requirements than pancreas preservation for
whole-pancreas transplants, due to the added stresses

current advances in islet protection and preservation
during isolation and culture.

Pancreas procurement

There are several well established techniques for multi-
organ procurement. The two main techniques for pancreas
are en-bloc procurement, and in-vivo dissection {2].

In a recent report, Brockmann e 4/, [3°] performed a
meta-analysis of the literature on organ procurement for
transplants and favored rapid en-bloc removal of the
abdominal organs with separation on the back table.
Dalle Valle e a/. [2] reported that pancreas grafts
procured by in-vivo dissection and in-situ separation

1087-2418 © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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maintained excellent quality. Dalle Valle noted that suc-
cessful in-vivo dissection was influenced by the experi-
ence and ability of the operating surgeons, more so than
when the back-table technique was used, suggesting that
the back-table technique might be preferred in the
absence of a dedicated team of experienced surgeons.

The techniques described above are most likely suffi-
cient for organ procurement from brain-dead donors, but
they may be inadequate for procurement of organs from
donors after cardiac death. The increasing demand for,
and limited availability of, organs for transplants have
prompted the use of pancreases procured from donors
after cardiac death [4]. Such pancreases have also recently
been successfully processed for islets and used for clinical
islet transplants in Japan [5,6"%,7,8%]. The in-situ regional
organ cooling system originally developed for kidney
procurement [9] was modified for pancreas procurement
[8°]. After confirmation of brain death, a double-balloon
catheter is inserted into the aorta through the femoral
artery; the tip of the double-balloon catheter is placed
above the level of the celiac axis [9]. Ultrasound is used to
confirm balloon placement. In order to prevent warm
ischemic damage, regional in-situ cooling of the pancreas
and kidney is achieved by infusion of a hypothermic
preservation solution. The flush is initiated immediately
after the donor’s cardiac arrest and continued until organ
procurement is complete. A venous catheter is also placed
in the inferior vena cava via the femoral vein to vent
the perfusate.

Pancreas preservation for pancreas
transplantation

The two main methods used for experimental and
clinical organ preservation are static cold storage, which
we will simply refer to as cold storage, and machine
perfusion {10-20,21%,22°,23-34,35%,36,37°,38—44]. The
hypothermic pulsatile machine perfusion technique
originally developed by Carrel and Lindbergh in 1935
[45-47] has been widely used for clinical kidney trans-
plants [48] but not for clinical pancreas preservation.

Early experiments with canine segmental pancreas grafts,
reported by Florack ez /. [16], demonstrated that failure
rates with machine perfusion were 30% at 24 h and 40% at
48 h, There were no failures at 24 and 48h with cold
storage. These results, along with the complexities
associated with machine perfusion of the pancreas, have
made cold storage the preferred and most widely used
method for pancreas preservation [44].

Pancreases preserved with cold storage and transplanted
immediately as vascularized grafts nearly always restore
insulin independence in the recipient. When pancreases
are preserved for islet transplantation, two to three

donor pancreases may be required per recipient to
achieve insulin independence [49], in some but not all
centers [50].

The need for more than one donor pancreas per recipient
for islet transplants may be attributed to at least three
problems: first, to the lower quality of pancreases selected
and offered for islet transplants compared with those
organs offered for whole-pancreas transplantation; second,
to exposure of islets to a series of damaging physicochem-
ical stresses during isolation that may amplify the damage
caused during cold storage; and third, to the further
damage of islets during purification and culture [38].

University of Wisconsin solution (UWS) has been the
standard preservation solution for pancreas transplan-
tation for almost 20 years [36]. Recently, multiple reports
have suggested that other preservation solutions may be
effective alternatives to UWS [18-20,22°].

In 2006, Englesbe e a/. [21%] reported the results of a
multicenter study using histidine-tryptophan-ketogluta-
rate {(HTK). The study population consisted of 77 con-
secutive pancreas recipients: 41 were in the UWS group
and 36 were in the HTK group. Pancreas graft function, at
90 days posttransplant, the technical graft loss rates, and
the pancreatic leak rates were similar between the
groups, with no significant differences in postoperative
amylase and lipase levels. Similarly, in 2007, Becker ez 2/,
[22°] reported no significant differences in patient
survival or graft survival between UWS (#=47) and
HTK (#=48) groups. Furthermore, peak lipase on post-
operative day 1, serum amylase and C-reactive protein
were not significantly different between the two groups.
Some reports, including the one by Becker er a/. [22°],
have indicated that HTK-flushed pancreata appeared
more edematous [18—-20,21°,22*]. However, this edema
did not appear to impair early graft function [22°].

Celsior, an extracellular, low-viscosity preservation
solution originally designed for heart transplantation has
also been used for experimental pancreas [23-25] and
other organ preservation [26-32]. For whole-pancreas
transplantation, the use of Celsior has been controversial
[23-25]. Baldanez4/. [24] demonstrated that Celsior was an
effective alternative to UWS for pancreas procurement in
a pig autotransplant model, whereas Uhlmann & @/. {25]
reported, using the same model, that the use of Celsior was
associated with increased ischemia-reperfusion injury,
when compared with UWS. Recently, in a pig allotrans-
plant model, Garcia-Gil ez 4/, [33] demonstrated that lipid
peroxidation after reperfusion of pancreases preserved in
Celsior and UWS was similar.

The first prospective, randomized study comparing
UWS (#=50) with Celsior (#=150) for clinical pancreas

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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transplants was recently reported by Boggi ez 2/, [34]. The
authors demonstrated that Celsior and UWS had similar
safety profiles for pancreas preservation. Another study
reported by Manrique e 4/. [35'] comparing Celsior
(n=28) with UWS (#=44) for pancreas preservation
demonstrated that 2-year recipient survival rates, 2-year
graft survival rates, pancreas leakage rates, and clinical
graft pancreatitis rates were similar in both groups.

Pancreas preservation for Islet
transplantation

UWS has been used since the 1980s as the pancreas
preservation solution [36] for clinical islet transplants.

Salehi ez a/. [37°] recently reported that islet yields from.

human pancreases preserved in HTK or UWS were
equivalent. A recent study by Hubert &7 /. [51*], demon-
strated that the islet isolation yields, as measured in islet
equivalents per gram pancreas, from pancreases pre-
served with Celsior solution were 2.1-fold lower than
those obtained when UWS was used (P < 0.05). Based
on these results, Hubert ez 4/. [51°] suggested that colloid-
free preservation solutions might be suboptimal for pan-
creas perfusion and cold storage prior to islet isolation and
transplantation {38].

T'wo French groups recently demonstrated the possib-
ility of clinical application of solution de conservation
d’organes et de tissus (SCOT), which has been shown to
have some immunoprotective effects on islet cells.
SCOT, an extracellular solution containing polyethylene
glycol (PEG), is an oncotic agent, which may induce
immunocamouflage of the graft’s surface antigens [52].
In addition, Hubert ez @/. [51°] demonstrated that cell
swelling and pancreas edema were not significant
following 12h of cold storage with SCOT, compared
with UWS - a finding that may be related to the presence
of PEG. Giraud e 4/. [53] demonstrated that SCOT could
improve islet yield when used during isolation and could
prolong islet allograft survival without immunosuppres-
sion when used for culture, as compared with control
solutions.

There is consensus among the major islet transplantation
centers that islet yields and quality can be improved with
better pancreas procurement techniques and by the use
of cold-preservation techniques that are not necessarily
needed for whole-pancreas transplants. The two-layer
method (TLM) for pancreas preservation is an example
of a coordinated effort to improve islet yield and quality
by improving pancreas oxygenation during preservation.
In 2002, the University of Minnesota [38], University of
Miami [39], and University of Alberta [40,41] reported
that the TLM improved islet yield and increased islet
transplant opportunities. Since then, the TLM has been
widely used by islet transplant centers worldwide.
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The mechanisms by which the TLM improves human
islet yield and quality are not fully understood. A standard
explanation is the improved oxygenation of the pancreas
during cold storage with the TLM. It has been suggested
that during islet isolation and transplantation, apoptosis is
initiated and executed mainly through the mitochondrial
and mitogen-activated protein kinase (MAPK) pathways
[54-56]. Matsuda ¢ 4/.,, using a rat model [57], and
Ramachandra ¢ 4/, using human pancreases [58°°],
demonstrated improved islet yield from pancreata pre-
served with the TLM. These results may be attributed to
inhibition of apoptosis mediated by the mitochondrial
pathway.

Noguchi er 4/. [59°], using a pig model, reported that the
islet yield from pancreases preserved with the TLM
using a modified ET-Kyoto solution (Otsuka Pharma-
ceutical Factory, Inc., Tokyo, Japan) was significantly
higher when compared with the TLM using UWS.
Interestingly, Noguchi ¢ 2/, found no significant differ-
ence in islet viability, in-vitro or in-vivo function between
the two preservation methods [59°]. They also recently
demonstrated improvements in islet isolation using
M-Kyoto solution [60°] instead of UWS [61] for ductal
injection. They hypothesized that M-Kyoto solution is
less likely to inhibit collagenase activity than UWS [62].

Brandhorst ¢z @/. [63], demonstrated that a simpler pres-
ervation method, the one-layer method (OLM), using
oxygenated perfluorocarbon, could be used as an alterna-
tive to the TLM. They suggested that short-term storage
in oxygenated perfluorocarbon improved the in-vitro but
not the in-vivo function of pig islets that were damaged
by warm ischemia. Three hours of additional pancreas
‘oxygenation’ with the OLM significantly increased
ATP content in pig islets exposed to 30 min of warm
ischemia, resulting in recovery of in-vitro function but not
in significant improvements in posttransplant funcrion
[64°]. These observations are quite interesting as the
perfluorocarbon does not contain any substrate for
ATP regeneration, does not contain any additives with
antioxidant properties, and does not include any of the
compounds that are expected to prevent cellular edema
during cold storage.

In contrast to observations by Brandhorst e 4/, in the
porcine model, Kuroda’s group [65], using a rat transplant
model, demonstrated that pancreata damaged by 30 min
of warm ischemia were restored after 3h of TLM pres-
ervation [63]. These discrepancies may be explained
by species-dependent differences in pancreas size and
texture [66°]. Porcine and human pancreata are much
thicker, and are often covered by significant amounts of
fat, as compared with canine pancreases. Papas ez 2/, [67],
using a porcine model, demonstrated that only 15% of the
total pancreatic volume was oxygenated during TLM
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preservation with oxygen-saturated perfluorocarbon,
suggesting the need for substantial improvement in pan-
creas oxygenation and preservation, even when the TLM
is used.

In arecent large-scale clinical study, the Edmonton group
[68°] demonstrated no beneficial effect of the TLM with
preoxygenated perfluorocarbon on islet isolation and islet
transplant outcomes (#=75). In addition, the Uppsala
group [69%"] recently reported results from 200 islet
isolations, and found that the TLM did not improve islet
isolation or clinical outcome posttransplant.

The 2007 Annual Report of the Collaborative Islet Trans-
plant Registry (CITR) [70] provided information on islet
characteristics with regard to pancreases preserved by the
TLM or UWS. The data were collected from the 31 active
islet transplant programs in North America from 1999 to
2006. According to the data, islet yields did not signifi-
cantly differ between pancreata preserved with the TLM
(366,467 11,418, »=161) or UWS (390,532 % 7,440,
# =330). Additional information on islet viability did not
reveal any substantial differences between the two groups.
The membrane integrity tests, however, utilized for gen-
erating the reported viability data are known to be insen-
sitive [71]. In addition, the retrospective analysis reported
by the CITR did not indicate the exact methods of
perfluorocarbon oxygenation in the TLM, (saturated
compared with continuous oxygen supply), the duration
of cold ischemia in the two groups, or any relationship or
overlap between the pancreas procurement teams and the
processing and infusion teams.

The different perfluorocarbon oxygenation methods
(presaturated without replenishment compared with
continuous oxygen supply) are unlikely to explain the
controversial findings on the benefits of the TLM in
pancreas preservation. Even in the best-case scenario for
oxygenation (perfluorocarbon continuously bubbled and
fully saturated with oxygen), the oxygen penetration depth
cannot be expected to exceed 1 mm, leavinga large portion
of human and porcine pancreata oxygen-limited [66°,67].

It is hypothesized that more sophisticated preservation
protocols may be necessary and should replace cold
storage, with or without TLM, in order to improve islet
yields and quality. This is supported by recent data [73°]
indicating that machine perfusion of porcine pancreases
for 24 h improved isolation yields by approximately three-
fold compared with cold storage and by approximately
two-fold compared with fresh procurement. The mech-
anisms behind these improvements are unclear; it has
been suggested that edema caused by perfusion may
facilitate more efficient islet isolation [73°*]. In addition,
intermittent capillary perfusion at low flow rates may
facilitate pancreas preservation by maintaining better

functional capillary density, compared with cold storage
[74]. Capillary perfusion may be important for pancreas
transplants, but may be less of an issue for islet trans-
plants.

The implementation of recently developed tools for
pancreas and islet quality assessment [71,72°%] is expected
to contribute to more thorough and sensitive evaluation
of existing, as well as much-needed new, pancreas pres-
ervation strategies, and perhaps help answer some of the
long-standing questions in the field.

Islet protection and preservation

Goto e a/. recently exploited the ability of perfluorocar-
bon to store high amounts of oxygen to better oxygenate
islets during the isolation process [75°]. They demon-
strated that the use of oxygenated perfluorocarbon during
isletisolation resulted in improved islet yield and quality,
which suggests that hypoxia during islet digestion may
damage islets [75°].

Ichii e¢ a/. [76°®] demonstrated that the addition of
nicotinamide to the processing medium significantly
improved islet yield and increased the success rate of
isolation. Nicotinamide, a cytoprotective compound,
may ameliorate injuries caused by oxidative stresses
and various cytokines. In addition, nicotinamide supple-
mentation of the processing medium reduced the islet
production of tissue factor, which may trigger thrombotic
reactions after portal islet infusion. Nicotinamide also
reduced the islet production of macrophage chemoattrac-
tant protein (MCP-1), which has a potent chemotactic
activity for monocytes. Korsgren’s group [77] demon-
strated that nicotinamide supplementation of culture
medium was effective in reducing both tissue factor
and MCP-1 production by islets, which led to the inhi-
bition of the instant blood-mediated inflammatory reac-
tion when islets came into contact with blood.

Islet isolation activates the c-Jun NH2-terminal kinase
(JNK), a member of the stress-activated group of MAPKs
[55,56]. Noguchi ez /. investigated the efficacy of a JNK
inhibitory peptide (JNKI) to inhibit cell apoptosis in
islets isolated from pancreata preserved with the TLM
[78,79]. They demonstrated that JNKI prevented islet
cell apoptosis induced immediately after isolation and
that JNKI improved islet yield and islet graft function
after 1 day of culture [78,79]. Similar findings were
recently reported by Ito ¢ /. using an inhibitor of p38
MAPK during islet preservation [80].

Conclusion
The management of donor pancreas preservation
affects clinical outcomes in pancreas, and especially islet,
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transplant recipients. In-situ regional organ cooling may
protect the pancreas from warm ischemic injury when
managing donors after cardiac death. Colloid-free pres-
ervation solutions such as Celsior and HTK, have been
demonstrated to perform comparably to UWS when used
for pancreas preservation for subsequent pancreas trans-
plants, Colloid-free preservation solutions were reported
to be inferior to UWS for preservation of pancreases
intended to be used for islet isolation. Pancreas preser-
vation for islet isolation and transplants may have differ-
ent requirements: cold storage with or without the TLM
may be insufficient. Recent studies with large numbers of
pancreases did not demonstrate significant differences in
islet yields and in clinical islet allotransplant outcomes
with pancreases stored with TLM when compared with
cold storage. Pancreas size and texture variations and
methods of perfluorocarbon oxygenation may influence
the oxygenated volume fraction and the quality of the
preserved pancreas. Agents that block stress-signaling
pathways and that may interfere with apoptosis, such
as JNK and p38 inhibitors, may improve islet yield and
quality. Nicotinamide supplementation of the medium
has also been reported to be effective for preserving
islets. The lack of real-time, quantitative objective tools
for assessing the quality of pancreases during and after
cold storage and the quality of islets after isolation has
hindered progress. The recent development and imple-
mentation of such tools {71,72°] is expected to contribute
significantly, in the near future, to needed advances in
preservation of pancreases to be used for islet isolation
and transplantation.
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