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Abstract
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Providing sufficient islet mass is important for successful islet transplantation. Apoptosis plays a
relevant role in post-isolation islet cell death, and prevention of apoptosis could improve
transplant outcomes. The purpose of this study was to determine whether increased concentration
of human albumin (HA) in pre-transplantation culture of human islets would allow for reducing
apoptosis. Human islets were cultured in CMRL with 1.5 or 5% of HA for 24h and apoptosis was
evaluated indirectly by measuring caspase 3 activity and directly by measuring
tetramethylrhodamine-ethyl-ester (TMRE) in dissociated islets. Islet function and viability were
evaluated. Islets cultured in higher albumin concentration presented with lower caspase 3 activity
(43.9±3.9 vs. 67.4±11.1, p = 0.011), an early mediator of apoptosis, and had increased insulin
secretory capacity (3.76±0.91 vs 1.23±0.21, p = 0.023). These findings may have implications for
islet transplant outcomes, which ought to be investigated in vivo.
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INTRODUCTION
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Pancreatic Islet transplantation is a promising approach for restoring normoglycemia in
diabetic patients (1). However, islet transplantation has been hampered by difficulties in
recovery, isolation, purification, and culture procedures. Two strategies following human
islet isolation are available: the islets may be transplanted to the patient immediately or can
be cultured for a period of time before transplantation. According to 2006 CITR data (2), out
of 415 islet preparations, 43% were transplanted immediately and 57% were cultured for
30.1±1.3 h, then transplanted to the patients.
Culturing islets before transplantation has several advantages: it can reduce the
immunogenicity of islets, facilitate islet purification, allow patients to be treated with
immunodepleting agents (3–5), provide sufficient time for quality assessments and islet
transportation between centers. In addition, pre-transplantation culture permits islets to
recover from the stress of pancreas harvesting, cold storage and islet isolation. These
stressful events lead to activation of apoptosis, necrosis and pro-inflammatory cascades
resulting in a compromised islet yield and function.
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However, islet culture can result in a loss of tissue mass that occurs over time (6–9).
Although improvements in culture methods and conditions have resulted in considerable
advancements in the long-term maintenance of islets (10–11), the longevity of human islet
cells in culture has remained short (12–13).
For the last 30 years, numerous research groups have tried to find the perfect islet culture
conditions by changing culture temperature and media formulation (7, 14–16). In this study,
we focused on comparing the effect of human albumin (HA) concentration in pretransplantation culture of human islets on apoptosis, viability and in vitro function. Our
results show that in the presence of higher albumin concentration, mediators of apoptosis are
reduced and islet function is improved.

MATERIAL AND METHODS
Human Islets

NIH-PA Author Manuscript

Human pancreata were retrieved from heart-beating donors at the time of multi-organ
harvest for transplantation. Islets were isolated using the semi-automated method described
by Ricordi et al., (17). Briefly, pancreas digestion was performed using Liberase-HI (Roche,
Indianapolis, IN). Next, pancreata were manually perfused through the main pancreatic duct.
After digestion, islets were purified in a COBE 2991 cell separator using continuous Ficoll
gradients, and purity was assessed using dithizone staining.0
Culture Conditions
Aliquots of human islet were cultured in CMRL 1066 (Gibco, Invitrogen, Carlsbad, CA)
supplemented with 1.5 or 5% HA (Grifols, Los Angeles, CA), 100units/ml penicillin,
0.1mg/ml streptomycin, 2mM glutamax and ITS (Gibco, Invitrogen, Carlsbad, CA). Islets
were cultured at a density of 1,000 islet equivalent (IE) per ml at 37 °C in 5 humidified %
CO2 atmosphere for 24h.
Apoptosis
Caspase 3 activity was evaluated using a colorimetric kit (Sigma, St. Louis, MO). 2,000IE
were spun at 400×g for 1′ at 4°C, washed twice in cold PBS and dissolved in lysis buffer.
The samples were sonicated and spun down for 10′ at 10,000×g at 4°C, the supernatants
were kept for analysis. 50μg of total protein were incubated for 90′ in dark in presence of
200μM of Ac-DEVD-pNA at 37°C. The release of pNA was measured by using a Thermo
Microplate Reader.
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FACS Viability Assessment
For assessment of fractional β-cell viability the method of Ichii et al. was applied (18). A
single cell suspension was created by incubating 1,000 islets in 2ml Accutase (Innovative
Cell Technologies Inc., San Diego, CA) for 7′ at 37°C followed by 3′ of pipetting. Cells
were then incubated with 1μM Newport-Green-PDX (NG) and 100ng/ml
tetramethylrhodamine-ethyl-ester (TMRE) in PBS for 1h at 37°C. After washing, cells were
stained with 5ug/ml 7-aminoactinomycin-D (7AAD; dyes from Molecular Probes,
Invitrogen, Carlsbad, CA). These cells were analyzed using Cell Quest software and the
LSR by Becton Dickinson (Mountainview, CA). Gating for NG was performed by side
scatter and FL1.
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Viability
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In order to assess islet viability, 200IE were collected and washed in PBS and resupended in
a solution of Trypan-blue (1:1 with PBS) (Gibco, Invitrogen, Carlsbad, CA). Viability was
estimated under microscopic visualization of the proportion of non staining cells.
Function
Islet function was assessed by static glucose incubation and expressed in terms of
stimulation index (SI) by calculating insulin secretion of islets challenged with Krebs-Ringer
bicarbonate buffer (KRBB) containing 0.5% BSA with high glucose concentration
(16.7mM) and dividing it by insulin secretion under low glucose conditions (1.6mM).
Briefly, groups of ten handpicked islets were incubated with 1ml of low or high glucose
solution for 1h. Supernatants were collected and insulin concentration measured by human
insulin ELISA (Mercodia, Winston Salem, NC). Total insulin content was obtained by lysis
of the islets with acid-alcohol and normalized to protein content.
Statistical Analysis
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All values were expressed as mean ± SE. Caspase 3 activity was compared between the two
groups using Paired t-test. Wilcoxon Signed Rank Sum Test was used to compare
stimulation index. Viability data were evaluated using Fisher’s Exact Test. P values of <0.05
were considered statistically significant.

RESULTS
The effect of human albumin on caspase 3 activity in human islets
Apoptosis was measured as a marker of cell-death by measuring caspase 3 activity in
thirteen human islet preparations after 24h of culture in different culture conditions (1.5% or
5% of HA). The apoptosis level in 5% of HA group was significantly lower than the 1.5%
HA group (fig. 1, p = 0.011). Significant difference in apoptotic level of the two groups is
evident when the caspase 3 activity level is higher (preparations with caspase 3 activity
higher than 70 unit). Since DNA damage and fragmentation post-isolation were reported for
all of these preparations, the difference in caspase 3 activity seemed to be related to the
outcome of isolation. These results suggest a better islet recovery after culture in 5% HA
from a particularly stressful pancreas harvest, cold preservation or islet isolation.
The effect of human albumin on islet mitochondrial stability and viability

NIH-PA Author Manuscript

Apoptosis can be triggered at two sites either mitochondrially or extracellularly through
death domain containing receptors. We examined the mitochondrial contribution to
apoptotic activation in three different preparations cultured in different media. This method
included the application of three fluorescent dies. The first 7AAD, is used to determine cell
membrane integrity; the second TMRE, was used to monitor mitochondrial membrane
stability and the third, NG, which binds zinc, was used as a specific marker for β-cells. After
gating out the non-viable cells, the remaining cells were divided into four quadrants
depending on their TMRE and NG staining properties. While mitochondrial stability or
viability (cell membrane stability) of the total population in both groups did not show any
significant change, mitochondrial stability in β-cells tended to be better preserved if human
islets were cultured in 5% rather than 1.5 % HA. (Fig. 2A).
Viability was further evaluated after 24h culture using Trypan-blue dye on a 200IE aliquot.
No statistical differences between different culture conditions were observed in islet
viability (fig. 2B).
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The effect of human albumin on islet functionality
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In vitro islet function was assessed by calculation of Stimulation Index. As shown in figure
3A, a significantly higher SI was calculated for islets cultured in 5% HA compared to 1.5%
HA group (p=0.0.023). Total content of insulin was maintained similar between the two
groups (fig. 3B). These results together showed better preservation of islet functionality in
5% HA culture.

DISCUSSION
Annsufficient amount of grafted islets appeared to be the major reason for the poor early
outcome of clinical islet transplantation relative to whole pancreas transplants. Some
investigators have, recently reported that islet cell death, especially of β-cells is triggered by
apoptosis soon after isolation (19–21). During the entire isolation process, islets are
subjected to extreme conditions that represent significant cellular stress that elicit
biochemical responses that may lead to cell death (22–23). Furthermore, the destruction or
removal of peri-insular basement membrane (24) and cell-matrix relationship lead to the
induction of apoptosis (25). Apoptosis inhibition has been demonstrated to be crucial for
graft survival in different animal models (18, 26). Culturing human islets in the presence of
a caspase 3 inhibitor prevented apoptosis and improved islet graft function (26). Therefore,
any factor that could help to protect the islets against apoptosis, would be beneficial.
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Our results showed great difference in apoptosis signaling for different preparations,
probably due to a higher stress in harvesting, cold storage or isolation. Interestingly we
noticed a greater caspase 3 activity reduction when highly stressed islet preparations were
cultured in 5% HA compared to the islets cultured in 1.5% HA. Some benefits of human
albumin are well documented; a primary function of albumin is to bind, sequester and
stabilize a range of important small molecules and ions, acting as a multifaceted antioxidant.
It has been recently shown that human serum albumin and human recombinant albumin are
capable of inhibiting apoptosis (27–28). Zoellner and collaborators showed a loss of activity
following beta-mercapto-ethanol reduction, which suggest the presence of an active site in
the molecule of albumin that is responsible for mediating the anti-apoptotic effect (29). The
same group also suggested that albumin inhibits cell apoptosis by preventing mitochondrial
depolarization (30).
Optimization of the islet isolation process and consecutive islet culture is one way to make
islet transplantation accessible to a larger number of patients. We showed that it is possible
to reduce islet apoptosis by optimization of albumin concentration in culture medium.
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Figure 1. Caspase 3 Activity of 13 human islet preparations following 24h culture in presence of
1.5 or 5% of human Albumin

Solid lines represent pancreata with higher caspase 3 activity in 1.5% HA group (11 out of
13) and dashed lines represent pancerata with higher higher caspase 3 activity in 5% HA
group (2 out of 13). (Θ p = 0.011, compared to FW group).
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Figure 2. FACS and conventional viability

A) FACS Viability Assessment: mitochondrial membrane stability of total cells (p = 0.67),
mitochondrial membrane stability of β-cells (p = 0.157) and 7- aminoactinomycin viability
(p = 0.73). B) Trypan blue viability (p = 0.122)
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Figure 3. Islet functionality

A) Stimulation index (Θ p = 0.023, compared to 1.5% HA group). B) Total insulin content
normalized to protein (p = 0.97).
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