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ISLETS
Human

A Novel Predictive Method for Assessing the Quality of Isolated
Pancreatic Islets Using Scanning Electrochemical Microscopy

M. Goto, H. Abe, T. ito-Sasaki, M. Goto, A. Inagaki, N. Ogawa K. Fujimori, Y. Kurokawa, T. Matsue,

and 8. Satomi

ABSTRACT

Introduction. The current methods for evaluating islet potency are not useful in clinical
transplantation. Therefore, we need reliable, rapid methods enabling accurate prediction
of islet quality.

Materials and Methods. We evaluated respiratory activity using scanning electrochem-
ical microscopy (SECM), glucose-stimulated respiratory activity, glucose-stimulated insu-
lin release, ADP/ATP assays, insulin/DNA levels, and Trypan blue exclusion tests as
predictive methods for the ability of isolated rat islets to cure syngeneic diabetic rats.

Results. Although glucose-stimulated respiratory activity, basal respiratory activity, ADP/ 4
ATP ratio, and glucose-stimulated insulin release were significantly correlated with the
outcome of transplantation into diabetic rats, there was no correlation between outcomes,
insulin/DNA ratios, and Trypan blue exclusion tests. The glucose-stimulated respiratory
activity in islet preparations that could cure diabetic rats was significantly greater than those
unable to cure diabetes. Rat islets with >1.5-fold glucose-stimulated respiratory activity
consistently cured diabetic rats, whereas those with a value <1.5 hardly cured any rats.

Conclusion. Measurement of the glucose-stimulated respiratory activity using SECM
technique is a novel method that may be useful as a rapid, potent predictor of the outcome
of clinical islet transplantation.
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CURRENT standard methods to evaluate islet
potency are not useful in clinical islet transplantation.
Furthermore, most tests are relatively subjective and time-
consuming.! We have thus far shown that the ADP/ATP
ratio correlated with in vivo viability of isolated islets.
However, insulin release from isolated islets is not entirely
related to the ADP/ATP ratio. Moreover, it is difficult to
continuously measure the ADP/ATP ratio of the same
islets. Therefore, we sought to establish a reliable, rapid
method enabling accurate prediction of both islet viability
and insulin release. Scanning electrochemical microscopy
(SECM) is a technique in which the tip of a microelectrode
monitors the local distribution of electro-active species near
the sample surface. SECM has been used to investigate
numerous biological molecules, including DNA,? enzymes,*
and antigen-antibody interactions.” This technique nonin-
vasively measures respiratory activity of isolated islets un-
der physiological conditions. We have used SECM to
examine islet viability and potency of insulin release.

MATERIALS AND METHODS

In the present study, we evaluated respiratory activity using SECM,
glucose-stimulated respiratory activity, glucose-stimulated insulin
release, ADP/ATP assays, insulin/DNA levels, and Trypan blue
exclusion tests as predictive methods to evaluate the ability of
isolated rat islets exposed to various degrees of heat shock stress (0,
40, 50, 60 or 80 seconds) to cure syngeneic Streptozotocin-induced
diabetic rats (n = 7, 6, 6, 7, and 7, respectively). SECM was
programmed to automatically measure the reduction current of far
and near points of samples based on spherical diffusion theory.®
The respiratory activity of 10 islets in each group was calculated by
evaluating the difference of the reduction current around the
samples using 2-4 pm platinum-coated microelectrode. The
glucose-stimulated respiratory activity was indicated by the stimu-
lation index of the respiratory activity, defined as the ratio of the
respiratory activity in high-glucose concentration (16.7 mmol/L)
against that in basal glucose concentration (1.67 mmol/L). The
ADP/ATP assay, insulin/DNA levels, and Trypan blue exclusion
tests were performed as previously described.>” In islet transplan-
tation, 6 islet equivalents/g of body weight were transplanted into
recipient livers via the portal vein using a 24-gauge butterfly needie
using the previously described method.® Heat shock stress was
induced by placing the isolated islets at 60°C for 0, 40, 50, 60, or 80
seconds.

RESULTS

On the one hand, significant correlations with the outcome
of transplantation into diabetic rats were observed for
glucose-stimulated respiratory activity (heat shock stress; 0
seconds; 2.39 + 0.08; 40 seconds, 1.85 * 0.17; 50 seconds,
0.86 = 0.08; 60 seconds, 0.49 * 0.03; 80 seconds, 0.37 =
0.07; cured group: 1.94 + 0.18; noncured group: 0.57 *
0.07, respectively), basal respiratory activity (heat shock
stress: 0 seconds, 5.65 = 0.15, 40 seconds, 5.31 + 0.51, 50
seconds, 4.18 = 0.58, 60 seconds, 1.83 + 0.27, 80 seconds,
0.31 * 0.05; cured group: 5.27 * 0.26; noncured group: 1.98
0.46, respectively), ADP/ATP ratio (heat shock stress; 0
seconds, 0.003 = 0.003, 40 seconds, 0.05 % 0.03, 50 seconds,
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0.21 = 0.05, 60 seconds, 0.30 = 0.07, 80 seconds, 0.42 *
0.05, cured group: 0.05 £ 0.03; noncured group: 0.30 *
0.04, respectively), and glucose-stimulated insulin release
(heat shock stress; 0 seconds, 11.0 = 2.6, 40 seconds, 2.51 =
0.76, 50 seconds, 1.12 + 0.14, 60 seconds, 1.13 = 0.21, 80
seconds, 1.40 £ 0.41; cured group: 6.59 = 1.78; noncured
group: 1.35 + 0.18, respectively) P <.0001, <.0001, <.0001,
and .002: p = .80, .71, —.66, and .53, respectively. On the
other hand, there was no correlation between islet trans-
plantation outcome and insulin/DNA ratio (heat shock
stress: 0 seconds, 0.73 = 0.05, 40 seconds, 0.99 * 0.13, 50
seconds, 0.86 = 0.10, 60 seconds, 0.91 = 0.06, 80 seconds,
1.12 % 0.06; cured group: 0.78 * 0.04; noncured group: 1.03 *
0.05, respectively), and Trypan blue exclusion test (heat
shock stress: 0 seconds, 100.0 = 0.0, 40 seconds, 98.8 £ 0.6,
50 seconds, 99.3 * 0.5, 60 seconds, 99.9 = 0.1, 80 seconds,
94.9 + 1.8; cured group: 99.5 =+ 0.3; noncured group: 97.8 *
0.8, respectively). The glucose-stimulated respiratory activ-
ity in islet preparations that could cure diabetic rats was
significantly higher than in those unable to cure diabetes
(P < .0001). Rat islets with glucose-stimulated respiratory
activity more than 1.5 consistently cured diabetic rats,
whereas rat islets with a value <1.5 hardly cured any rats
(P < .0001) (Fig 1). Notably, the predictive rate for curing
diabetic rats was 91% when glucose-stimulated respiratory
activity was used.

DISCUSSION

1t is well known that unexpectedly poor effects of grafts are
still seen in the field of islet transplantation even using the
current refined procedures. Most likely, this is attributed to
suboptimal quality of the isolated islets.

It has been reported that the current methods of islet
quality assessment have only a limited ability to predict

25

20

15

>15

<15
Fig 1. Streptozotocin-induced diabetic rats underwent intra-
portal transplantation with syngeneic islets that were exposed to
various degrees of heat shock stress (0, 40, 50, 60, and 80
seconds). The X-axis indicates the glucose-stimulated respira-

_tory activity, and the Y-axis indicates the number of animals. The

black bar shows cured animals; the white bar shows noncured
diabetic animals. Rat islets with glucose-stimulated respiratory
activity >1.5 consistently cured diabetic rats, whereas rat islets
with a value <1.5 handly cured any rats (P < .0001).
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outcomes after clinical transplantation."*'® In vivo bioas-
say has thus far been regarded as the most reliable assess-
ment.'"'?> However, it is not clinically useful because sev-
eral days are needed for evaluation. Therefore, we need
establishment of reliable, rapid methods enabling accurate
prediction of islet potency. This issue is crucial for Japan
because only marginal organs from non-heart-beating do-
nors are currently available for islet isolation.

In 2006, we reported that the ADP/ATP ratio was a
useful predictive assay for isolated islets.> Although the
ADP/ATP assay has many advantages as islet quality as-
sessment, its limitation is the absence of a correlation with
insulin release from the isolated islets, suggesting that it
reflects islet viability rather than function,

As shown in the present study, glucose-stimulated respi-
ratory activity strongly correlated with islet quality. This
highly sensitive, noninvasive method made it possible to
distinguish respiratory activity even in one islet by visualiz-
ing the reduction current in a simple form. Notably, the
glucose-stimulated respiratory activity is expected to reflect
not only islet viability but also function.

Taken together, measurement of the glucose-stimulated
respiratory activity using SECM technique is a novel rapid,
potent predictor of the outcome of clinical islet transplan-
tation.
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The Influence of Brain Death on Tissue Factor Expression in the
Pancreatic Tissues and Isolated Islets in Rats

Y. Saito, M. Goto, K. Maya, N. Ogawa, K. Fujimori, Y. Kurokawa, and S. Satomi

ABSTRACT

Introduction. Tissue factor (TF) in islets has been identified as the main trigger of the
instant blood-mediated inflammatory reaction. Because the crucial events that directly
induce TF remain to be determined, we focused on the influence of brain death (BD) on
TF expression in pancreatic tissues and isolated islets.

Materials and Methods. BD was induced in male Lewis rats weighing 250-300 g by
inflation of a Fogarty catheter placed intracranially. The rats were mechanically ventilated
for 6 hours until removal of the pancreas. The expression of TF protein in pancreatic
tissues was examined using Western blotting assay. Messenger RNA (mRNA) expressions
of TF in pancreatic tissue and isolated islets were analyzed using real-time polymerase
chain reaction (PCR) assay. The influence of BD on the isolation outcome was evaluated
by islet yield, purity, viability, and function.

Results. TF protein and mRNA levels in the pancreatic tissues were similar between the
groups. However, TF mRNA in the isolated islets of the BD group was significantly greater
than that of the control group (P = .04). Islet yield was considerably lower, and purity
significantly lower in the BD than the control group (P = .002). Unexpectedly, ATP/DNA
ratio and respiratory activity were comparable between the groups.

Conclusions. Although BD per se was not sufficient to induce TF expression in
pancreatic tissues, BD combined with subsequent warm ischemic damage during isolation
procedures remarkably up-regulated TF expression in isolated islets, suggesting that BD is
of great importance as an initiator of TF induction in the islet grafts. The present study
demonstrated that the expression of inflammatory mediators rather than islet viability is
more susceptible to BD.

SSUE factor (TF), a 47-kd transmembrane glycop-
rotein, acts as the initiator of the extrinsic coagula-
tion system. It is pivotal for activation of the intrinsic
pathway as well. Pancreatic islets have thus far been
reported to express TF.! It has been revealed that TF in
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islets has been identified as the main trigger of the instant
blood-mediated inflammatory reaction.'”> Low expres-
sion of TF in the graft has been correlated with high
C-peptide values after clinical islet transplantation.?
However, the crucial procedures to directly induce TF
remain to be determined.

1t is well known that the outcome of organ transplanta-
tion is highly influenced by brain death (BD). The success
rate of kidney tramsplantations derived from cadaveric
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donors remains significantly inferior to that from living
donors regardless of their genetic relationship to the recip-
ient.* Contreras et al presented data that demonstrated BD
to reduce isolated pancreatic islet yield and function, as well as
up-regulation of proinflammatory cytokines, such as tumor
necrosis factor (TNF)-a, interleukin (IL)-18, and IL-6 in the
serum and pancreatic tissues from BD donors.” In the present
study, therefore, we focused on the influence of BD on TF
expression in pancreatic tissues and isolated islets.

MATERIALS AND METHODS
Rodent BD Model

BD was induced in male Lewis rats weighing 250-300 g by inflation
of a Fogarty catheter placed intracranially. The rats were mechan-
ically ventilated for 6 hours until removal of the pancreas as
previously described 56

Western Blotting Assay of the Pancreatic Tissues

Pieces of pancreatic tissues from BD and control groups snap-frozen
in liquid nitrogen were stored at —80°C until use (n = 5 and n = 4,
respectively). Approximately 10 mg of pancreatic biopsy specimens
prepared on dry ice were immediately transferred into phosphate-
buffered saline containing 5 mmol/L EDTA, 10 mmol/L. benzamidine
(Merck-Schuchardt, Hohenbrunn, Germany), 0.1 g/L soybean trypsin
inhibitor (Sigma-Aldrich, Steinheim, Germany), and 1 mmol/L. phenyl
methyl suifonyl fluoride (Sigma). The samples were then homoge-
nized using Polytron PT 1300D (Kinematica AG, Littau-Luceme,
Switzerland) and Vibra-Cell (Sonics & Materials Inc, Newtown,
Conn, USA) for 30 seconds each. Thereafter the samples were
centrifuged at 4°C at 10,000g for 30 minutes to collect the supemnate.
The samples, containing 2.5 mg/ml. of protein measured by BCA
Protein Assay kit (Thermo Prod, Rockford, Ill, USA), were separated
using SDS-PAGE and transferred to a polyvinylidene difluoride
membrane (Invitrogen, Carlsbad, Calif, USA). Membranes were
incubated with rabbit anti-rat TF polyclonal antibody (Hokudo,
Sapporo, Japan) at 4°C overnight and subsequently with goat anti-
rabbit immunoglobulin (Ig)G-horseradish peroxidase (Santa Cruz
Biotechnology, Santa Cruz, Calif) antibody for 1 hour at room
temperature. TF antigen was visnalized using enhanced chemilumi-
nescence Western Blotting Detection Reagents (GE Healthcare,
Buckinghamshire, UK).

Determination of TF mRNA in the Pancreatic Tissues

Pieces of pancreatic tissues from BD and control groups snap-
frozen in liquid nitrogen were stored at —80°C until use (n = 6 and
n = 4, respectively). Total RNA was prepared using the RNeasy
Mini Kit (Qiagen, Tokyo, Japan) according to the manufacturer’s
protocol. RNA concentrations were estimated from absorbance at
260 nm. First-strand complementary DNA (¢cDNA) was synthe-
sized from 2500 ng total RNA using Transcriptor First Strand
cDNA Synthesis Kit (Roche Diagnostics, Indianapolis, Ind, USA).
The ¢cDNAs were amplified by PCR using rat TF primer probe set
(Nihon Gene Research Laboratories Inc., Sendai, Japan) and rat
GAPDH primer probe set (Nihon Gene Research Laboratories
Tnc.) with a Lightcycler (Roche Diagnostics).

Islet Isolation and Culture

Before removal of the pancreas, the cannulated bile duct was -

injected with 10 mL of cold Hanks’ Balanced Sait Solutions
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(HBSS) containing 1 mg/mL Coragenase (Sigma type V; Sigma
Chemicals, St. Louis, Mo). After addition of 10 mL HBSS the
pancreas was digested at 37°C for 14 minutes. Thereafter, density-
gradient centrifugation was performed using Histopaque-1119
(Sigma Diagnostics) and Lymphoprep (Nycomed Pharma AS,
Oslo, Norway) to isolate pancreatic islets. The islet count was
performed as islet equivalents (IEQ) under a scaled microscope
using diphenylthiocarbazone (Wako, Osaka, Japan) staining (BD,
n = §; control, n = 7). One IEQ was the islet tissue mass equivalent
to a spherical islet of 150 um in diameter. Islets were cultured in
RPMI-1640 containing 5.5 mmol/L glucose and 10% FBS at 37°C
in 5% CO, and humidified air before examination.

Islet Viability and Function

ATP/DNA ratic was measured to evaluate the energy status of
isolated islets. Eighty islet equivalents of islets with overnight culture
were used in both BD and controtl groups (BD, n = 6; control, n = 5),
The ApoGlow kit (Lonza Rockland Tnc, Rockland, ME, USA) was
used for ATP measurement as described previously.” Using the same
sample, the DNA content was measured using DNA Quantify kit
(Primary Cell, Sapporo, Japan) as described previously.® We evaluated
the respiratory activity of isolated islets with overnight culture using
scanning electrochemical microscopy (BD, n = 6; control, n = 5). The
stimulation index of the respiratory activity, defined as the ratio of the
respiratory activity in high glucose (16.7 mmol/L) against that in basal
glucose (1.67 mmol/L), is a novel marker that was applied as a rapid,
potent predictor for the outcome of clinical islet transplantation.

Determination of TF mRNA in the Isolated Islets

Total RNA extracted from the 40 islets after 3-hour culture was
prepared using RNeasy Micro Kit (Qiagen) according to the
manufacturer’s protocol (BD, n = 5; control, n = 8). RNA
concentration was estimated from absorbance at 260 nm. First-
strand cDNA was synthesized from 100 ng total RNA using
Transcriptor First Strand ¢DNA Synthesis Kit (Roche Diagnos-
tics). The cDNAs were amplified by PCR, using rat TF primer
probe set (Nihon Gene Research Laboratories Inc.) and rat
GAPDH primer probe set (Nihon Gene Research Laboratories
Inc.) with a Lightcycler (Roche Diagnostics).

Statistical Analysis

All data are expressed as mean values *+ SD. Comparisons
between groups were performed by student ¢ test using Statcel
2nd Edition (Oms Publishing, Osaka, Japan). Statistical signif-
icance was established at P < .05.

RESULTS

Tissue factor protein and mRNA levels in the pancreatic
tissues were similar between the groups (Fig 1 and 2). How-
ever, TF mRNA in the isolated islets of the BD group was
significantly greater than that of the control group (TF/
GAPDH BD, 0.169 * 0.033; control, 0.119 £ 0.041; P =
.04) (Fig 3). Islet yield was considerably lower (BD, 2110 *
231 IEQs; control, 2390 * 528 IEQs; P = .19), and purity
was significantly lower in the BD than the control group
(BD, 87.7 = 7.5%; control, 97.0 * 2.6%; P = .002).
Unexpectedly, the ATP/DNA ratio and respiratory activ-
ity were comparable between the groups (ATP/DNA BD,
51.6 = 12.8; control, 59.1 = 3.47; P = .20; and BD, 2.39 =
0.55; control, 2.58 * 0.19; P = 45).
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Fig 1. Protein expression of
TF in the pancreatic tissues
from the donors with/without
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DISCUSSION

In the present study, our data showed that BD influenced
TF expression in isolated islets but not in pancreatic tissues
prior to the digestion procedure. It may be speculated that
the difference was attributable to warm ischemic damage
during the digestion procedure. In islet transplantation,
unlike other organ transplantations, islet grafts are
placed at 37°C during whole digestion procedure. This
period could theoretically be considered as one kind of
“warm ischemia,” a concept that is supported by many
investigators in the field of islet transplantation.”~"" As
shown in the present study, TF was not up-regulated in
the isolated islets from the donors without BD, suggest-
ing that warm ischemic damage during digestion proce-
dure per se was not sufficient to induce TF in isolated
islets. We therefore believe that the induction of TF from
BD was accelerated by warm ischemic damage during the
digestion procedure.

(TF/GAPDH)
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Fig 22 mRNA expression of TF in the pancreatic tissues from
the donors with/without BD was analyzed using real-time PCR
assay.

BD was analyzed using Westem
blotting assay.

In the present study, islet yield and purity were certainly
affected by BD. However, the difference was extremely small
compared with a previous report,” moreover, almost no influ-
ence was observed in terms of islet viability. One possible
explanation for this discrepancy is a difference in isolation
procedures. In our isolation procedures, pancreatic tissues
were kept on ice except during the digestion phase. Further-
more, at the density-gradient centrifugation phase, we applied
Histopaque-1119 and Lymphoprep, in contrast, a dextran
gradient separation was performed in the previous report®
Hence, the important message from our present study is that
the expression of inflammatory mediators rather than islet
viability is more susceptible to BD.

In conclusion, although BD per se was not sufficient to
induce TF expression in pancreatic tissues, BD combined
with warm ischemic damage during isolation procedures
remarkably up-regulated TF expression in isolated islets,
suggesting that BD is of great importance as an initiator of
TF induction in islet grafts.

(TF/GAPDH)
025
02 |
0.15 | [
01
0.05

0 i
Control (n=8) BD6h (n=5)

mRNA expression of TF in the isolated islets from the
with/without BD was analyzed using real-time PCR

Fig 3.
donors
assay.
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Superiority of Fresh Islets Compared With Cultured Islets

H. Takahashi, M. Goto, N. Ogawa, Y. Saito, K. Fujimori, Y. Kurokawa, H. Doi, and S. Satomi

ABSTRACT

introduction. It has recently been reported that the outcomes of islet transplantation
with short periods of culture are comparable with those of freshly isolated islets. To clarify
the influence of culture, fresh islets were compared with cultured islets in terms of quality.

Materials and Methods. The quality of freshly isolated islets was compared with that of
cultured islets with CMRL 1066 including 10% allogeneic serum, CMRL 1066 including
0.5% human serum albumin, or Miami medium. We evaluated static glucose stimulation
tests, insulin/DNA contents, ADP/ATP ratios, and an intraportal transplantation model
into syngeneic diabetic rats. The expression of inflammatory mediators in the islets was
examined using Western blotting for tissue factor (TF), which is the initiator of detrimental
instant, blood-mediated, inflammatory reactions (IBMIR).

Results. Although the survival rate was similar in all groups, the stimulation index upon
glucose challenge and the insulin/DNA ratio were significantly higher among fresh islets.
Most importantly, the expression of TF on islets was significantly lower in fresh islets,
suggesting that culture enhanced TF-dependent IBMIR after transplantation. In an in vivo
transplantation model, the curative rate and insulin production by the recipient liver was
considerably greater in the fresh islet group.

Conclusions. Isolated islets without prior culture showed results superior to cultured

islets.

LTHOUGH one of the key factors of the Edmonton
protocol is transplantation of fresh islets just after
isolation, comparable outcomes of islet transplantation
have recently been reported with a short-period culture. To
clarify the influence of culture on isolated pancreatic islets,
we compared fresh islets with those cultured using several
current techniques, in terms of islet quality, including not
only viability but also inflammatory mediator expressed on
the islets. Also in this study, we examined the effects of
correcting the islet dose just prior to rat islet transplanta-
tion.

MATERIALS AND METHODS

The quality of freshly isolated islets was compared with that of
islets cultured using CMRL 1066 plus 10% allogeneic serum,
CMRL 1066 plus 0.5% human serum albumin (HAS), or Miami
medium (Miami). The evaluation used islets survival rates, visual
scoring, static glucose stimulation tests,’ insulin/DNA contents,’
ADP/ATP ratios,? and intraportal transplantation models into
syngeneic Streptozotocin-induced diabetic rats. The influence of
culture on the expression of inflammatory mediators in the islets
was examined using Western blotting assay for tissue factor (TF),

0041-1345/09/$-see front matter
dol:10.1016/}.transproceed.2008.08.143

350

which is the initiator of detrimental instant blood-mediated inflam-
matory reactions (IBMIR).># Statistical analyses were performed
using analysis of variance (ANOVA).

RESULTS

Although the survival rate was similar in all groups, the
visual scoring was lower among the Miami group. Stimula-
tion index on glucose challenge tests was higher in the fresh
group: fresh, 17.89 * 4.93; serum, 13.69 * 5.44; HSA,
5.36 = 1.60; and Miami, 2.69 = 0.82 (P = .008). Insulin/
DNA. ratios revealed a similar tendency as the glucose
challenge tests: fresh, 1.02 + 0.07; serum, 0.83 £ 0.11; HSA,
0.52 + 0.07; and Miami, 0.37 = 0.08 (P = .0001). The
ADP/ATP ratios were lower for both the fresh and serum
groups than the others: fresh, 0.047 £ 0.021; serum, 0.054 =
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0.017; HSA, 0.086 % 0.004; and Miami, 0.084 = 0.026 (P =
.38), suggesting a relatively lower number of apoptotic islets
in both the fresh and the serum groups. Most importantly,
the expression of TF on the islets was significantly lower in
fresh islets (P = .01), suggesting that a current culture
method could enhance TF-dependent IBMIR after trans-
plantation. In an in vivo transplantation model, the curative
rate and insulin amount in the recipient liver were consid-
erably higher in the fresh islet than the other groups (Fig 1).
Intravenous glucose tolerance was also ameliorated in the
fresh and serum groups rather than the nonserum group:
AUC of fresh = 25,376.71 * 973.9; serum, 24,691.43 *

70 == Fresh
60 = © - Rat Serum
50 === Miami
40
30
20
10 e
% o 20 )
Post-Tx days

Fig 1. Theinfluence of culture on islet quality was evaluated by
intraportal transplantation of syngensic islets into streptozotocin-
induced diabetic rats. In an in vivo transplantation model, the
curative rate was higher in the fresh islet group than in the
others.

351

1233.1; and Miami, 30,654.86 * 2706.1 (P = .06) and the
glucose disappearance rate (Kg) of fresh = 1.231 + 0.101;
serum, 1.203 * 0.12, and Miami, 0.851 = 0.174 (P = .114).
Notably, the disadvantage of the nonserum culture groups
was recovered by augmenting the graft amount just prior to
transplantation (data not shown).

DISCUSSION

Isolated islets without prior culture showed results benefi-
cial to transplantation compared with current culture meth-
ods. Further improvements are required to optimize a
substitute for serum supplements using a clinically available
model.
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Prevention of Early Loss of Transplanted Islets in the
Liver of Mice by Adenosine

Tomoyuki Nitta,! Takeshi Itoh," Nobuhide Matsuoka,’ Toshiyuki Mera," Daibo Kojima,"
Masahiko Nakano,! Yuichi Yamashita,? and Yohichi Yasunami®?’

Background. The low efficiency of islet transplantation necessitating sequential transplantations with the use of 2 t0 3
donors for a recipient has been a major obstacle facing clinical islet transplantation. We determined whether adenosine
has any beneficial effects on preventing early loss of transplanted islets in the liver, thereby facilitating successful islet
transplantation from one donor to one recipient in mice.

Methods. Two hundred islets, the number of islets from a single mouse pancreas, were grafted into the liver of
streptozotocin-induced diabetic C57BL/6 mice. Adenosine was administered once at the time of islet transplantation.
Mononuclear cells in the liver of mice receiving islets were isolated and examined by flow cytometry.

Results. A single injection of adenosine at the time of transplantation ameliorated hyperglycemia of diabetic mice
receiving 200 syngenic islets with suppression of interferon (IFN)-vy production of hepatic NKT cells and neutrophils,
while that of control did not. The IEN-vy production of NKT cells and neutrophils in the liver of mice treated with
a-galactosylceramide, a synthetic ligand of NKT cells was suppressed by adenosine. The beneficial effect of adenosine
was also observed for BALB/c istet allografts when alloimmune rejection was prevented by anti-CD4 antibody.
Conclusions. Adenosine suppresses the NKT cell-mediated IFN-y production of neutrophils in the liver of mice
receiving islets, thus leading to prevention of early loss of transplanted syngenic and allogenic islets. The findings

indicate that adenosine may improve efficiency of clinical islet transplantation.

Keywords: Islet transplantation, Adenosine, Early graft loss, NKT cells, Neutrophils.

(Transplantation 2009;88: 49-56)

ancreatic islet transplantation has now become a proce-

dure of choice for the treatment of insulin-dependent
diabetes mellitus (1). Currently, however, pancreatic islet
transplantation has limited success in achieving insulin inde-
pendence of a diabetic patient after transplantation of islets
from a single donor (2), and therefore sequential transplan-
tations of islets with the use of 2 to 3 donor pancreases are
required for the treatment of a single recipient (1). Therefore,
the inability to produce successful islet transplantation from
one donor to one recipient has been a major obstacle facing
clinical islet transplantation.
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The necessity of sequential transplantations of islets to
achieve insulin independence from a single donor after trans-
plantation may imply that transplanted islets are lost after
transplantation and that the amount of insulin produced
from transplanted islets is not enough to maintain glycemic
control without an exogenous insulin treatment. Ryan et al. (3)
recently reported that an islet graft mass of insulin-independent
diabetic patients after having received sequential transplanta-
tions of islets is only 36% even though they received a total of
1 million islets, which is the equivalent number of islets in a
single human pancreas. Therefore, the islet graft loss after
transplantation seems to be a major limiting factor for suc-
cessful islet transplantation.

There are several major factors responsible for the
islet graft loss after transplantation including the toxic ef-
fects of calcineurin inhibitors as immunosuppressive
agents such as FK506 and cyclosporine A (4) and of sus-
tained hyperglycemia (5) on transplanted islets and allo-
and auto-immune rejection. We have previously shown
another novel mechanism that is involved in islet graft loss
after transplantation, namely an early loss of transplanted
islets within 24 hr after transplantation, in which NKT
cell-dependent interferon (IFN)-y production of Gr-
17CD11b™ cells (neutrophils) plays an essential role (6).
These previous findings indicate that NKT cells and Gr-
17CD11b™ cells may be targets for intervention to im-
prove efficiency of islet transplantation.

www.transplantjournal.com | 49
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Adenosine is a purine nucleoside and is emerging as a
key regulatory molecule which has anti-inflammatory, anti-
coagulatory, and pro-angiogenic effects in hypoxic and in-
flamed tissues (7). From an immunoloegical point of view,
adenosine has been reported to attenuate neutrophil and
macrophage functions (8, 9), and it is a potent inhibitor of T
cell-mediated immune responses (10, 11). Recently, adeno-
sine has been found to be a key molecule that is responsible
for the suppressive function of regulatory T cells (12). More-
over, adenosine has been reported to have an inhibitory effect
that is mediated by NKT cells on the ischemia-induced reper-
fusion injury of the liver in mice (13).

On the basis of these previous reports, we hypothesize
that adenosine may have a beneficial effect on preventing
early loss of transplanted islets by improving the efficiency of
islet transplantation because the NKT cell-mediated IFN-vy
production of Gr-17CD11b™ cells (neutrophil) is an essen-
tial component of the early loss of transplanted islets (6) and
because adenosine is expected to have an inhibitory effect on
NKT cells. Importantly, adenosine and an adenosine trans-
porter inhibitor that increases the extracellular levels of aden-
osine such as dipyridamole have already been used in the
clinical practice for the examination and the treatment of
heart function and disease, respectively. Therefore, the safety
issue related to the clinical use for islet transplantation has
already been cleared.

The present study demonstrates that adenosine and an
adenosine transporter inhibitor, dipyridamole can suppress
the NKT cell-mediated IFN-y production of Gr-1"CD11b™
cells, enabling islet transplantation from one donor to one
recipient in mice, and thus suggesting that adenosine may
improve the efficiency of clinical islet transplantation.

MATERIALS AND METHODS

Animals

Male BALB/c (H-2d) and C57BL/6 (1-2b) mice were
purchased from Charles River Japan (Kanagawa, Japan) and
used for the experiments. Because the severity of diabetes
made with streptozotocin (STZ) injection differed depending
on the weight of mice, only the mice weighing 23 to 25g were
used as recipients. Mice weighing 25 to 30g served as donors.
Diabetes was induced in the recipients by the intravenous
injection of STZ (180 mg/kg) (Sigma, St. Louis, MO). The
plasma glucose levels of the mice exceeded 400 mg/dL at 2 to
3 days after the STZ injection, and the mice remained hyper-
glycemic at the time of islet transplantation. All experiments
were performed in accordance with the Institutional Animal
Care and Use Committee of Fukuoka University.

Islet Isolation and Transplantation

Islets were isolated by the static digestion method using
collagenase {14) and then separated by centrifugation using
Ficoll-Conray gradients (15). Islets of 150 to 250 um in diam-
eter were hand-selected using Pasteur pipette with the aid of a
dissecting microscope, because it was critical to minimize the
size variation of individual islets to compare the effects of the
difference in the number of donor islets. The size of individ-
ual islets in each islet isolation procedure was confirmed by

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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using a phase-contrast microscope equipped with a scale in
the eyepiece. Hand-picked islets were transplanted into the
liver through the recipient’s portal vein (16) at 3 days after the
induction of diabetes with STZ injection.

Monitoring Plasma Glucose and Body Weight

The nonfasting plasma glucose levels and body weight
were monitored three times a week in all the recipients for 60
days after islet transplantation. The plasma glucose was mea-
sured using a Beckinan glucose analyzer (Beckman Japan,
Tokyo, Japan). Normoglycemia after transplantation was de-
fined as two consecutive plasma glucose levels with a reading
below 200 mg/dL.

Bdministration of Adenosine,
a-Galactosylceramide, Dipyridamole,
Nitrobenzylthioinosine, and Anti-CD4 Antibody

Adenosine (Daiichi Pharmaceutical Co., Tokyo, Japan)
and dipyridamole {Boehringer Ingelheim, Ingelheim, Ger-
many) were dissolved in saline and were administered intra-
venously; nitrobenzylthioinosine (NBTI) (Sigma Aldrich, St.
Louis, MQ) was dissolved in 10%DMSQO and administered
intraperitoneally (IP) into appropriate groups of diabetic re-
cipient mice, once at the time of islet transplantation.

a-Galactosylceramide («-GalCer) was a generous gift
from Dr. Masaru Taniguchi (RIKEN Research Center for Al-
lergy and Immunology, Yokohama, Japan) and was adminis-
tered intravenously to naive mice.

Anti-CD4 antibody (200 pg/injection/mouse, YTS177,
rat IgGl; R&D, Minneapolis, MN) was administered IP to
appropriate groups of diabetic recipient mice receiving allo-
genic islets into the liver.

Intraperitoneal Glucose Tolerance Test

Intraperitoneal glucose tolerance test (IPGTT) was per-
formed in recipient mice at 60 days after the islet transplan-
tation. The mice were fasted for 8 hr before the start of the
examination. Blood samples were obtained from the orbital
sinuses of recipient mice at 0, 30, and 120 min after the IP
injection of glucose (1 g/kg body weight), and the plasma
glucose was measured as previously described.

Mozrphological Study

The livers bearing islet grafts and pancreas were exam-
ined morphologically at 60 days after transplantation in ap-
propriate groups of mice, and the pancreases of recipient
mice were also examined simultaneously. The liver and pan-
creas were fixed with Bouin’s solution, processed, and then
were embedded in paraffin. The sections were prepared for
light microscopy and stained with hematoxylin-eosin, and
aldehyde and fuchsin.

Preparation of Hepatic Mononuclear Cells

Hepatic mononuclear cells (MNCs) were prepared as
described previously {17). In brief, an excised liver was
pressed through a stainless steel mesh, and the resulting dis-
sociated liver tissues were suspended in Dulbecco’s modified
Eagle medium (D-MEM/F-12, Life Technologies, Tokyo, Ja-
pan) and washed twice. The mixture was resuspended in an
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