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Although islet culture prior to transplantation provides flexibility for the evaluation of isolated islets and the
pretreatment of patients, it is well known that isolated islets deteriorate rapidly in culture. Human serum albu-
min (HSA) is used for medium supplementation instead of fetal bovine serum (FBS), which is typically used
for islet culture research, to avoid the introduction of xenogeneic materials. However, FBS contains several
factors that are beneficial to islet viability and which also neutralize the endogenous pancreatic enzymes or
exogenous enzymes left over from the isolation process. Several groups have reported the comparison of cul-
tures at 22°C and 37°C. Recent studies have demonstrated the superiority of 4°C preservation to 22°C and 37°C
cultures. We herein review the current research on islet culture/preservation for clinical islet transplantation.
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INTRODUCTION

After the introduction of the Edmonton protocol, pan-
creatic islet transplantation has emerged as one of the most
promising therapeutic approaches for improving glycomet-
abolic control in patients with type 1 diabetes (43,44). The
Edmonton protocol originally required the infusion of islets
into the recipient to occur within 4 h after isolation (43,44).
Many centers have introduced the culturing of human islets
prior to transplantation (12,14,22,42) because it provides
many benefits to clinical islet transplantation, including
additional quality control testing of the isolated islets, the
ability to initiate time-dependent immunosuppressive proto-
cols, and because it preserves the islets to allow recipients
the time to travel to transplant centers, even if they live far
away. However, it is well documented that isolated islets
deteriorate rapidly in culture (15,21,22,35). This review

describes the current research on islet culture/preservation
for clinical islet transplantation.

SUPPLEMENTATION OF HUMAN SERUM
ALBUMIN IN HUMAN ISLET CULTURE

A culture medium, which is a Connaught Medical
Research Laboratories (CMRL)-based media containing
0.5-0.625% human serum albumin (HSA), has been used
for clinical islet transplantation in many centers (15,34).
Isolated islets from human pancreata are commonly cul-
tured for 12-72 h at 22°C or at 37°C with 5% CO, in the
culture medium before transplantation. The Edmonton
group showed that, after culturing for 20 h (median), the
islet equivalent (IEQ) yield significantly decreased from
363,309+12,647 to 313,035+10,862. Thirty-seven prep-
arations suffered substantial islet loss (>20%), with three
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of the 104 preparations (3%) suffering an islet mass loss
of >50%, necessitating the cancellation of the planned
transplantations (22). Other centers have confirmed that
major losses can occur in clinical-grade islet preparations
(15,21). In our report on clinical islet transplantation from
non-heart-beating donors, we found an approximately
30% decrease of IEQ after overnight culture (35). The
supplementation of culture media with serum is gener-
ally considered to be better than supplementation with
its albumin component alone because the serum contains
many factors that are beneficial for islet viability (29) and
because it neutralizes the endogenous pancreatic enzymes
(4,13,40) or exogenous enzymes left over from the isola-
tion process (4,13). Bucher et al. reported a lower level of
apoptosis and a higher level of stimulated insulin secretion
and insulin content when using 10% human AB serum
instead of 0.625% HSA (6). Kerr-Conte et al. showed the
higher viability, insulin content, and stimulation index of
clinical-grade islets cultured for 5 days with 2.5% human
AB serum in comparison to islets cultured in 0.625% HSA
(20). Avgoustiniatos et al. showed that the average oxy-
gen consumption rate per DNA content (OCR/DNA) was
27% higher with fetal bovine serum (FBS) supplementa-
tion than with HSA supplementation (3). However, FBS
supplementation is undesirable because of the associated
risk of the introduction of xenogeneic material into the
clinical islet preparations, and it is difficult to obtain large
amounts of human AB serum for clinical islet isolation
and culture. Therefore, many centers continue to supple-
ment clinical islet culture media with HSA.

ISLET CULTURE AT 22°C OR 37°C

Several reports have shown the comparison of 22-26°C
(near room temperature) and 37°C cultures (5,8,24,37).
Brandhorst et al. showed that 22°C cultures showed the
increased survival of porcine islets and DNA recovery,
but reduced 24-h insulin secretion in comparison to 37°C
cultures (5). However, Ono et al. showed that increasing
the temperature from 24°C to 37°C (24°C culture for 1-4
weeks followed by an increase of temperature to 37°C
for 1 week) increased the rate of insulin release and that
insulin secretion was comparable to that of islets that are
maintained at 37°C (37). It has also been reported that cen-
tral necrosis, which can be prevented at 22-26°C cultures,
was observed in larger islets at 37°C cultures (5,24). Using
clinical-grade pancreata, other studies have shown a signif-
icantly decreased preculture yield (15% loss) after cultur-
ing at 22°C for 20 h (median) (22). Similarly, 37°C culture
for 32.5 h (median) was associated with a 20% loss in com-
parison to the preculture yield (15). Our group showed a
19% loss of islet mass in the 22°C culture and a 24% loss
in the 37°C culture after 48 h (34). Itoh et al. showed that
the rate of cell death in islets at 37°C was higher than that
at 22°C under hypoxic conditions (1% O,, 5% CO,, and
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94% N,) (18). These reports suggest that islet culturing at
22-26°C may be superior to culturing at 37°C.

One of the mechanisms for the reduction in islet mass
during culture is cell death by apoptosis and the pre-
recruitment of the intracellular death signaling pathways
(1,2,7,19,31). Islets are susceptible to multiple insults
during donor brain death (7), organ procurement, organ
preservation, isolation (1), and in the culturing process
itself. Studies have shown the absence of the peri-insular
basement membrane immediately after isolation. This
absence gives rise to an increase in pyknotic nuclei and
apoptotic bodies, which is accompanied by the eleva-
tion of proapoptotic mitogen-activated protein kinase
(MAPK) p38 and c-Jun NH2-terminal kinase (JNK) activ-
ity relative to prosurvival extracellular signal-regulated
kinase (ERK1/2) activity (41). Some studies have con-
firmed the increased activity of JNK and p38 following
isolation, which can be stimulated by cytokines such
as tumor necrosis factor-o. (TNF-ot) and interleukin-13
(IL-1B) (2,19,31,38). Treatment with a JNK inhibitor dur-
ing islet culture was shown, by our group and another
group, to prevent the reduction in the number of islets and
to enhance islet graft function in vivo (9,32,33). It has
also been reported that the inhibition of p38 activation
can reduce these proapoptotic activities (27,33,36,38).
Antiapoptotic agents could prevent the reduction in islet
mass during culture.

ISLET PRESERVATION AT 4°C

Only a few studies adequately evaluated lower tem-
perature conditions in islet culture/preservation before
our report. Frankel et al. reported the comparison of 8§°C
storage with 22°C or 37°C culture for 1 week using islets
from obese (ob/ob) mice (10,11). They showed that the
glucose-stimulated insulin release was better maintained
by storage at 8°C in tissue culture medium with a high
concentration (18 mM) of glucose and an additional pre-
incubation period of 4 h at 37°C than by storage at 22°C
or 37°C (10). In addition, 8°C storage in a high-potassium
“intracellular medium” showed a better subsequent
glucose-stimulated insulin release and islet morphology
in comparison to a 37°C culture in traditional culture
medium (11). Korbutt et al. reported the survival of rat
pancreatic B-cells after 96 h of storage at 4°C (23). After
4°C storage in Collins solution with albumin and benz-
amidine, B-cells exhibited a higher insulin content than
after culture in HAM’s F10 at 20°C or 37°C, although
their capacity for subsequent insulin synthesis and release
was comparable (23). It was demonstrated that storage
with University of Wisconsin (UW) solution plus pefa-
bloc at 4°C was superior to culture at 20°C or 37°C; how-
ever, the experiments used unpurified islets (28).

Our report was the first to compare 22°C and 37°C cul-
tures with 4°C preservation using purified human islets
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(34). Our work clearly shows that 4°C storage in the UW
solution was better than either the 22°C or 37°C culture
(both in vitro and in vivo) (34). After our report, several
groups showed the advantage of islet preservation at 4°C.
Ikemoto et al. showed that the recovery rate of porcine
islets was significantly higher at 4°C than at 37°C or 22°C
(16). Ishii et al. reported that the islet yield in UW pres-
ervation at 4°C was maintained at a level that was com-
parable with that of fresh islets (but not in 37°C culture
groups) (17). Itoh et al. showed that rate of cell death in
islets at 4°C was lower than that at 37°C under hypoxic
conditions (1% O,, 5% CO,, and 94% N,) and that strep-
tozotocin (STZ)-induced diabetic mice were ameliorated
after receiving hypoxia-4°C islets but not after receiving
hypoxia-37°C and hypoxia-22°C islets (18). Moreover,
they showed that the levels of released high mobility group
box 1 (HMGBI1), granulocyte-colony-stimulating factor
(G-CSF), keratinocyte chemoattractant (KC), regulated
upon activation, normal T cell expressed, and secreted
(RANTES), monocyte chemotactic protein-1 (MCP-1), and
macrophage inflammatory protein-1o. (MIP-101) were sig-
nificantly reduced in the hypoxia-4°C islets in comparison
to the levels in hypoxia-37°C islets. Liu et al. reported that
a4°C group showed a higher recovery rate of islet quantity,
a lower percentage of propidium iodide (PI)-positive area,
better insulin release ability, and lower expression levels
of hypoxia inducible factor-1o. (HIF-1o) and B cell CLL/
lymphoma 2-associated X protein (Bax) in comparison to
a 37°C group (26).

The islet diameter after 22°C and 37°C cultures was
shown to become smaller than that in fresh islets by Kin
et al. and our group (22,34), suggesting that the main rea-
son for the reduction in islet yield during culture is the
reduction in islet diameter. However, after 4°C preserva-
tion in UW solution, the islet diameter and morphology
were similar to those of fresh islets (34). Moreover, the
morphology of acinar cells after 4°C preservation was
also similar to that of fresh tissue (34). Harmful enzymes
that are released from dying acinar cells during culture
may be deleterious to islet cell survival, especially when
using culture media with HSA supplementation rather
than serum. It has been reported that acinar tissue does
not survive well in culture (25), while the purity after cul-
ture is higher than that of fresh islets. In addition, a lower
islet purity may result from greater islet loss during cul-
ture (22). One of the advantages of 4°C preservation may
be the prevention of acinar cell deterioration and/or inac-
tivation of harmful enzymes (due to the low temperature),
even if they are released by the dying acinar cells.

CONCLUSION

Current isolation techniques usually recover fewer
than half of the islets from a given pancreas, necessi-
tating islet transplantation from two or more donors to

achieve euglycemia (30,43). Moreover, barely half of the
processed pancreata meet the criteria for clinical trans-
plantation in most centers. Thus, islet losses during cul-
ture result in an even lower transplant rate. Islet cells that
are cultured at 37°C have a higher oxygen requirement
than islets preserved at 4°C. In the current clinical culture
conditions, it seems that islets cultured at 37°C cannot
receive enough oxygen because we frequently observed
central necrosis of islets during culture. In addition,
non-endocrine cells produce a higher amount of cyto-
kines/chemokines (such as trypsin), which induce the
deterioration of islet cells. The low-temperature inhi-
bition of cytokine/chemokine activity may be another
advantage of 4°C preservation. However, one of the
advantages for 22°C and 37°C culture is the reduction of
transplanted tissue volume due to the elimination of aci-
nar cells and/or dead cells. One of the ideas behind islet
culture is to select healthy islets from predamaged ones
in order to minimize proinflammatory and proapoptotic
effects in the graft (39). Moreover, culture at room tem-
perature was initially introduced as a means of reducing
islet antigenicity (24,37). A future study should carefully
evaluate the effects of islet equivalent and tissue volume
in relation to the antigenicity of 4°C-preserved islets.
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