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Abstract
AIM: To study the core cell damage in isolated islets of
Langerhans and its prevention by low temperature
preconditioning (26 ℃).

METHODS: Islets were cultured at 37 ℃ for 7-14 d after
isolation, and then at 26 ℃ for 2, 4 and 7 d before additional
culture at 37 ℃ for another 7 d. Core cell damage in the
isolated islets was monitored by video-microscopy and
analyzed quantitatively by use of a computer-assisted image
analysis system. The analysis included daily measurement of
the diameter and the area of the isolated islets and the area
of the core cell damage that developed in those islets over
time during culture. Histology and TdT-mediated dUTP-biotin
nick end labeling (TUNEL) assay were used to characterize
the cell damage and to monitor islet function.

RESULTS: Microscopic analysis showed that during the 7
to 14 d of culture at 37 ℃, core cell damage occurred in
the larger islets with diameters >200 µm, which included
both necrotic and apoptotic cell death. Low temperature
(26 ℃) culture could prevent core cell damage of isolated
islets. The 7-d culture procedure at 26 ℃ could inhibit most
of the core cell (excluding diameters>300 µm) damages
when the islets were re-warmed at 37 ℃.

CONCLUSION: Our results indicate that core cell damage
within isolated islets of Langerhans correlates with the size
of islets. Low temperature (26 ℃) culture can prevent core
cell damage in isolated islets, and successfully precondition
these islets for incubation at 37 ℃. These novel findings
may help to understand the pathophysiology of early loss
of islet tissue after transplantation, and may provide a new
strategy to improve graft function in the clinical setting of
islet transplantation.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
At present, a considerable number of studies have demonstrated
that the reasons for the failure of islet transplantation (besides
graft rejection) are the loss of islet number and function[1-8].
Our previous studies demonstrate that freely transplanted graft
islets are considered avascular as early as 2 d after
transplantation[9], and hypoxia might induce islet cell damage
(necrosis and apoptosis). In fact, necrosis occurs in islets
maintained in vitro[10-15]. Core islets are primarily constituted
by -cells[16,17], which is in line with the fact that most affected
(apoptotic) cells after isolation are beta-cells[18]. The prolonged
survival of allogenetically transplanted islets is correlated with
low temperature, which, however, is interpreted as a low
temperature-associated immunomodulatory function[10,19-21].
And the view that well-preserved islets or -cells are procured by
low temperature has been elucidated in in vitro experiments[22-25] .
In this experimental study, we investigated whether low
temperature preconditioning (26 ℃) could prevent core cell
damage in isolated islets before transplantation.

MATERIALS AND METHODS

Animals
Inbred Syrian golden hamsters weighing 127-297 g were used.
Animals were housed per cage at the beginning of each
experiment and allowed free access to tap water and standard
pellet food.

Islet isolation
A modified method by stationary digestion after pancreatic
ductal injection of collagenase solution was used[26]. Briefly,
hamsters were anesthetized with pentobarbital by intraperitoneal
injection at 50 mg/kg body weight. For the exposure of the
whole pancreas, the abdominal wall was opened via a midline
incision. With the help of a stereo-microscope (Wild, Heerbrugg,
Switzerland), the common bile duct was first ligated at its
entrance to the liver in order to prevent collagenase solution
retrograde entering the liver, and then the pancreatic duct
proximal to the duodenum was exposed. Then cannulation of
the pancreatic duct was performed using a polyethylene
catheter, and connected to a syringe filled with 5 mL of Dulbecco’s
phosphate-buffered saline solution. This solution additionally
contained 8 mg collagenase V (Sigma, Deisenhofen, Germany)
per 10 mL PBS without Ca++ and Mg++, and 0.1 mg/mL neutral
red (Sigma) for islet staining. The aorta was transected immediately
to minimize interstitial hemorrhage in the pancreas before the
duct was retrograde injected with PBS solution. Red colour on
the surface of pancreas gradually appeared and the pancreas
began to be distended during that time. Finally, the whole
pancreas was excised and put into a Petri dish containing another



5 mL of PBS solution. The Petri dish with the pancreatic tissue
in the PBS solution was immediately placed in an incubator at
37 ℃ in 950 mL/L O2/50 mL/L CO2 for 20-25 min to further allow
tissue digestion. Then, the Petri dish was taken out and put on
ice to stop the digestion process. Tissue suspensions were
then washed two to three times at 10 min intervals, and passed
through a filter net (800 µm pores) in 5 mL of PBS solution.
Finally, the islets were handpicked with a pipette under a
stereomicroscope and transferred to two Petri dishes. One Petri
dish was incubated at 37 ℃ in a humidified atmosphere
containing 950 mL/L O2/50 mL/L CO2 for 7-14 d as control.
Another was incubated at low temperature (26 ℃, 950 mL/L O2/
50 mL/L CO2). Each Petri dish contained 450 mL of Dulbecco’s
modified Eagle’s medium (DMEM, PAA Laboratories GmbH,
Linz, Austria), 50 mL of fetal calf serum (FCS) and 50 mg of
gentamycin. The number of freshly isolated islets from one
hamster usually was about 200-300.

Low temperature culture (26 ℃)
Petri dishes for preconditioning and control were incubated
at 26 ℃ for 7 d. These experiments included ten culture
procedures in 10 donor animals, each culture procedure
containing about 50 to 80 islets.

Re-warming after low temperature
Freshly isolated islets in the culture medium were incubated at
26 ℃ for 2, 4 and 7 d respectively, and then re-warmed 37 ℃ for
a further 7 d. Controls were incubated at 37 ℃ for 7 d. After
culturing at 26 ℃ for 2,4 and 7 d, these experiments included 4,
3 and 5 culture procedures in 4, 3 and 5 donor animals,
respectively and each culture procedure contained about 50 to
80 islets.

Microscopic monitoring of cultured islets
Morphological changes of isolated islets were monitored during
7 to 14 d of culture. Images were recorded by means of optronics
engineering device (TEC-470; SI GmbH, Gilching, Germany), and
finally transferred to a Super VHS ET video recorder (JVC,
Germany) for off-line evaluation. To evaluate the core cell
damage of isolated islets, microscopic analyses were performed
at different time points ( 0-, 1-, 2-, 3-, 4-, 5-, 7-, and/or 14-d)
during islet culture.

Analysis of cell death by computer-assisted measures
The diameter and area of the islets as well as the area of the
core cell damage were quantified by using a computer-assisted
image analysis system (CapImage, Zeintl, Heidelberg, Germany).
The diameter of the islets was measured in two modes, horizontal
and vertical, and presented as mean value. The areas of the
islets and the core cell damage were analyzed planimetrically.
In case several intraislet areas of cell damage were present,
those areas were measured individually, then added to the
overall damaged area. Finally, the data on the area of cell damage
were expressed as percent of the area of the islet.

Histology and apoptosis within the core cell damage in isolated
islets
Some islets were harvested as specimens at different time points,
fixed in 40 mL/L phosphate-buffered formalin for 2-3 d, embedded
in paraffin and sectioned for staining with hematoxylin-eosin
(H-E) for routine histology. To identify whether apoptosis was
involved in core cell damage in isolated islets and which cells
in the islets underwent apoptosis, the TUNEL assay was
employed. Briefly, islets with core cell damage were selected
and fixed in 40 g/L paraformaldehyde, sectioned in paraffin and
pretreated with 1 g/L trypsin buffer at 37 ℃ for 5 min. The

in situ cell death detection kit (Boehringer Mannheim) was
used for the labeling of apoptotic cells. TUNEL-positive cells
containing damaged DNA were marked by an anti-fluorescein
antibody conjugated with horseradish peroxidase and
developed a dark brown color in the nuclei.

Statistical analysis
Data were presented as mean±SE. After one way analysis of
variance (ANOVA), comparison between groups was tested
by the appropriate post-hoc test. Differences were considered
statistically significant at P<0.05. Statistics were calculated
using the software package SigmaStat (Jandel Corporation, San
Rafael, CA).

RESULTS
Core cell damage of isolated islets
Under light microscope, freshly isolated pancreatic islets of
Langerhans from Syrian golden hamsters had a smooth
appearance with compact, differently spherical shapes, varied
in size (Figure 1). After 1 d culture at 37 ℃, the islets began to
present some cell damage. Usually, this was found to be located
in the center of the islet and was characterized by a zone of
very dark cells that was sharply separated from the surrounding
viable islet tissue. By d 2 of culture, an extensive area of damaged
cells in the central islet region was apparent (Figure 2).

Figure 1  Freshly isolated islets of Langerhans from Syrian
golden hamsters. The smooth appearance of the islets’ shape,
and the variation in size could be observed. Magnification ×120.

Figure 2  Core cell damage of isolated islets after 2-d culture
at 37 ℃ in 950 mL/L O2/50 mL/L CO2  atmosphere. The core
cell damage occurred predominantly in the larger islets. Mag-
nification ×70.

       By routine histology staining with H-E, the centrally altered
area was shown to be composed of damaged -cells in the islet
core (Figure 3). With TUNEL assay, apoptotic cell death of
single damaged cells within the core of the 2-d cultured islets
could be identified. However, many cells within this focus were
also TUNEL negative, indicating that both necrotic and
apoptotic cell deaths were involved in the process of core cell
damage in 37 ℃ cultured isolated pancreatic islets (Figure 4).
      In order to make a detailed analysis, islets were grouped
into 4 categories according to their individual diameters: group
A, islets with diameters <100 m; group B, islets with diameters
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between 100 m and 200 m; group C, islets with diameters
between 200 m and 300 m; and group D, islets with diameters
>300 m. After calculating the percent of core cell damage of
each group during the 7-d culture at 37 ℃, we found that in
group C, and particularly in group D, islets showed significant
core cell damage while the small islets of groups A and B did
not reveal any core cell damage. This result was taken as a
control for low temperature precondition.

Figure 3  HE staining of isolated islets after 2-d culture at 37 ℃
in 950 mL/L O2/50 mL/L CO2 atmosphere (Magnification ×100).
The core -cell damage occurred within these larger islets.

Figure 4  TUNEL assay of isolated islets after 2-d culture at
37 ℃ in 950 mL/L O2/50 mL/L CO2 atmosphere (Magnification
×120). TUNEL-positive cells containing damaged DNA devel-
oped a dark brown color in the nuclei, indicating cell apoptosis.

Effect of low temperature on core cell damage in isolated islets
In this experiment, the culture of isolated islets was incubated
under low temperature (26 ℃). Strikingly, low temperature
culture did not lead to core cell damage during the 7-d culture.
Intact histological structure of these islets after the 7-d culture
period at 26 ℃ was observed (Figure 5).

Figure 5  Intact histological structure of isolated islets after a
7-d culture at 26 ℃ in 950 mL/L O2/50 mL/L CO2 atmosphere
(H-E staining). Magnification ×150.

       Because consecutive 7-d re-warming culture experiments
at low temperature after 2, 4, or 7 d extended the overall 7-d
observation period, we additionally performed control culture
experiments of isolated islets at 37 ℃ for 14 d. These experiments
demonstrated that the degree of core cell damage had no
difference in 14-d cultured islets when compared with those
underwent only a 7-d culture period, indicating that the
magnitude of core cell damage might be determined within the
first 7 d of cell culture (hypoxia). Islets after 2-d and 4-d culture
at 26 ℃ were re-warmed at 37 ℃, and incubation was continued
at 37 ℃ for another 7 d. These experiments revealed that the 2-d
and 4-d low temperature cultures were not effective to prevent
core cell damage of islets with diameters >200 µm, indicating
that the 2-d and 4-d low temperature conditioning was not
successful to protect the isolated islets from hypoxia-induced
injury under warm conditions (Figures 6, 7).

Figure 6  Core cell damage in re-warmed islets with diameters <100 µm (A), 100-200 µm (B), 200-300 µm (C), and >300 µm (D) after
a 2-d culture preconditioning at 26 ℃ during a 7-d culture at 37 ℃. Islets cultured only at 37 ℃ served as controls. The 2-d culture
preconditioning at 26 ℃ did not prevent core cell damage in islets with diamerer >100 µm under 37 ℃ culture conditions.
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       Islets after a 7-d culture at 26 ℃ were re-warmed at 37 ℃, and
incubation was continued at 37 ℃ for another 7 d. These
experiments revealed that a 7-d low temperature culture was
indeed effective to reduce core cell damage of islets with
diameters >100 µm, indicating that the 7-d low temperature
conditioning might be a promising tool to protect the isolated
islets from hypoxia-induced injury under warm conditions
(Figure 8).

DISCUSSION
The major obstacles for successful clinical islet transplantation
are the isolation of a sufficient mass of islets and the management
of graft rejection[27,28] . Although recent achievements in attaining
a high number of islets and a renewed immunosuppression
protocol are introduced with a somewhat more promising
outcome[29-31], the problem of early loss of function after
transplantation has not been solved yet. This fatal outcome,

Figure 7  Core cell damage in rewarmed islets with diameters <100 µm (A), 100-200 µm (B), 200-300 µm (C), and >300 µm (D) after
a 4-d culture at 26 ℃ during a 7-d culture at 37 ℃. Islets cultured only at 37 ℃ served as controls. The 4-d culture preconditioning
at 26 ℃ did not prevent core cell damage of islets with diameter>100 µm under 37 ℃ culture conditions.

Figure 8  Re-warmed islets with diameters <100 µm (A), 100-200 µm (B), 200-300 µm (C), and >300 µm (D) after a 7-d culture at 26 ℃
during an additional 7-d culture at 37 ℃. Islets cultured only at 37 ℃ served as controls. The 7-d culture preconditioning at 26 ℃ was
effective to reduce core cell damage of islets with diameter >100 µm under 37 ℃ culture conditions. aP<0.05 vs Controls.
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which is not related to immune rejection, has been inferentially
thought to be due to insufficient or non-established vascularization
of transplanted islets[32-34]. In our previous studies[10-13], we
demonstrated that freely transplanted islets showed the first
signs of angiogenesis (i.e., capillary sprout formation and
protrusion) as early as 2 d after transplantation, and the entire
vascularization process was completed after 10 to 14 d[9]. Thus,
for the first two days after transplantation, the grafted islets
have to be considered avascular, and the nutritional supply is
provided only by diffusion from host blood vessels. This may
be sufficient for the peripheral -cells. However, the central
area of the islet grafts, which is composed predominantly of
-cells, will not receive an adequate nutritional supply. In fact,
several studies have pointed out the development of central
necrosis in isolated pancreatic islets[11]. This experiment
demonstrated a correlation between core cell damage in isolated
islets of Langerhans and the size of islets (diameter and area).
We found that the islets with diameters >200 µm were more
sensitive to core cell damage than islets with diameters <200 µm.
In the islets with diameters <100 µm, no core cell damage occurred
at all during the 7-d culture period at 37 ℃. This finding is in
line with the currently discussed minimal requirement for islet
size, which measures 150 µm in diameter[35].
      There might be two causative mechanisms involved in the
core cell damage in the isolated islets. First, necrotic cell death,
as mentioned above, is generally believed to be due to limitation
of nutrition-diffusion. This is demonstrated in part by the
observation that usually it is the center of the larger islets that
are mainly susceptible to lack of nutrients, which finally results
in cell necrosis[11]. It is indeed the case when islets are cultured
in medium environment, which is similar to that of host blood
after transplantation. Second, the isolation procedure of islets
generally destroys the islet microenvironment and places islets
in an atmosphere of pathological stimuli, including loss of
trophic support, alteration of osmosis and entrancement of
some endotoxins in collagenase[18]. Moreover, islets are
notorious for their high sensitivity to noxious stimuli. Hence,
the occurrence of apoptosis in freshly isolated islets may be
termed isolation-induced islet cell apoptosis. This view has
been confirmed in the present study by TUNEL assay analysis.
We actually do not know which type of cell death is the more
dominant in large islet core cell damage. Perhaps two kinds of
mechanisms co-exist.
     Core cell damage in larger islets occurred during the 7-d
culture at 37 ℃, but at 26 ℃, no damage occurred. Therefore,
pre-incubation at low temperature could help prevent core cell
damage, and a 7-d culture at 26 ℃ could completely prevent
core cell damage during a subsequent 7-d culture at 37 ℃,
when the islets maintain a well-preserved morphologic structure.
It is possible that lower temperature at 26 ℃ decreases islet cell
metabolic activity and oxygen consumption, especially in -
cells, and increases the islet cellular ability to tolerate hypoxia,
thereby avoiding core cell necrosis and apoptosis. Furthermore,
the oxygen solubility in liquids increases as the temperature is
reduced, which leads to oxygen concentrations in the culture
medium, and the oxygen diffusion distance to islet cores may
be shortened[19].
      In the present study, the functional parameters of cultured
islets at 26 ℃, such as insulin content and secretion, were not
studied. However, previous studies on rat islets clearly show
that the ability of glucose to stimulate insulin release at low
temperature remains stable for three weeks, and increasing the
temperature to 37 ℃ after one-week culture produced a 7-fold
increase in the rate of insulin release[10].
       In view that re-warming may recover insulin release of cultured
islets at low temperature, we question whether re-warming of
the islets at 37 ℃ after culture for several days at 26 ℃ could

also prevent core cell damage. However, both 2-d and 4-d low
temperature (26 ℃) culture conditionings were not effective to
prevent the development of core cell damage in islets with
diameter >200 µm under 37 ℃ warm conditions. In contrast,
prolonging 26 ℃ preconditioning to 7 d resulted in a marked
reduction of core cell damage after re-warming of the islets at
37 ℃. Only very large islets showed some central alterations.
However, even though those largest islets showed core cell
damage, the extent of damage was not as serious as observed
in non-preconditioned islets.
      In conclusion, core cell damage within isolated islets of
Langerhans correlates with the size of islets. Low temperature
(26 ℃) culture can diminish core cell damage in isolated islets.
Also, a 7-d culture procedure at 26 ℃ can inhibit most core cell
damages when the islets are re-warmed at 37 ℃. These novel
findings may encourage in vivo studies on islet transplantation
after preconditioning the isolated islets at low temperature
(26 ℃). In fact, protection from core cell damage in transplanted
islets may markedly improve the final outcome by reducing the
high frequency of non-functional primary grafts.
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