DEVELOPMENT OF CANINE MODELS OF TYPE 1 DIABETES

complete excision of the pancreas. It is believed that these
may be improved by administrating digestive agents com-
pensating for external secretion. Moreover, diabetes is also
generated without jmpairing the liver and renal function
by the systemic administration of STZ.

Although simple, the surgical procedure of pancreatec-
tomy and techniques for general anesthesia are required;
therefore, regardless of the remaining issues in terms of

the universality by which it may be conducted by any

researcher, it may be said that the diabetic model that
we created in this study is the safest, with good general
conditions and the most reliability regarding dogs. We
believe that this will become a model useful for evalu-
ating treatments in the frontier of rapidly advancing dia-
betes treatments such as heterogeneous pancreatic islet
transplantation, artificial biopancfeas, etc.
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Maintenance of Viability and Function of Rat Islets
With the Use of ROCK Inhibitor Y-27632

Yasuhiro Kubota,* Hirofumi Noguchi,T Masayuki Seita,* Takeshi Yuasa,* Hiromi Sasamoto,*
Shuhei Nakaji,§ Teru Okitsu,§ Toshiyoshi Fujiwara,* and Naoya Kobayashi*

*Department of Gastroenterological Surgery, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama, Japan
tDepartment of Surgery, Chiba-East National Hospital, National Hospital Organization, Chiba, Japan
iDepartment of Biomedical Engineering, Okayama University of Science, Okayama, Japan
§Department of Organ Transplantation Center, Kyoto University, Kyoto, Japan -

The number of patients with diabetes is on an increasing trend, thus leading to the belief that diabetes will
be the largest medical problem of the 21st century. Islet transplantation can improve glycometabolic control
in patients with type 1 diabetes. We studied the viability of Rho-associated protein kinase (ROCK) inhibitor
Y-27632 in a culture system in vitro on freshly isolated rat islets. Islet isolation was conducted on a Lewis rat,
and studies of culture solutions were split into two groups, one group using ROCK inhibitor Y-27632, and
another without. On the seventh day of culture, we evaluated the differences for the cell morphology, viability,
and insulin secretion. The Y-27632 group maintained form better than the group without ¥-27632. With strong
expression of Bel-2 observed with the Y-27632 group, and expression suppressed with Bax, inhibition of apop-
tosis by Y-27632 was confirmed. The Y-27632 group predominantly secreted insulin, For islet transplantation,
Y-27632 inhibited cell apoptosis in a graft and was also effective in promoting insulin secretion. We were able
to confirm effective morphological and functional culture maintenancé by separating islets from a rat and

adding ROCK inhibitor Y-27632 to the medium.

Key words: Islet transplantation; Apoptosis; Embryonic stem cells; Induced pluripotent stem cells;
Rho-associated protein kinase (ROCK) inhibitor; Y-27632

INTRODUCTION

~ The number of patients with diabetes is on an increas-
ing trend, and the International Diabetes Federation
(IDF) conducted a survey of 212 countries and regions.
By October 2009, the number of diabetes patients
exceeded 285,000,000, of which 4,870,000 had type 1
diabetes (40% of type 2 diabetes patients are believed to
require insulin), and this is expected to increase 1.5 times
to 435,000,000 by 2030, thus leading to the belief that
diabetes will be the largest medical problem of the 21st
century (11). Therefore, measures to fight diabetes are an
immediate problem in the medical world. The standard
treatment so far for type 1 diabetes has been to conduct
intensive insulin therapy, but this has had limited effec-
tiveness. For cases with glycemic control problems or
acute hypoglycemia due to side effects and cases asso-
ciated with chronic renal failure, transplantation pro-
“cedures such as pancréas or islet transplants have been

developed, and their effectiveness has been recognized
(11,17-21,23). However, there is an inadequate number
of donors for such transplant procedures, and even if the
transplant procedure were to be successful, the patients
must continue to take medication as part of the immuno-
suppressive therapy, and various problems occur due to
the side effects of the medication, such as carcinogenic
effects and compromised immune systems. As an alterna-
tive to transplant surgery, we are working on bioartificial
pancreas, (BAP) development as an innovative, next-
generation therapy. Not only clinical medicine but also
cell biology and the help of medical engineering are essen-
tial for the development of BAP as a practical application.
From the results (12,26) of the bioartificial liver develop-
ment, a whole-blood perfusion type BAP was developed
by combining poly(amino acid)-urethane (PAU)-coated
high-density polyethylene (HDPE) and ethylene vinyl
alcohol (EVAL) hollow fiber, and its usefulness on a pig
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model pancreatectomy resection has been reported (9).
Although effective in intensive care unit (ICU) therapy
in the acute phase, the development of an implanted,
wearable-type BAP rather than an external type is needed
" when considering the quality of life (QOL) of chronic
patients. At present, a bag-type device has been created
with a PAU-coated HDPE and an EVAL flat membrane,
and satisfactory. biocompatibility from implant experi-
ments in the acute phase has been confirmed with animal
experiments using rats (32). The device has an immune
isolation effect and therefore not only eliminates the
need for immunosuppression but could also allow for
the use of pancreatic islets from other animals and thus
could supplement the shortage of human islet donors.
Compared to the operation of transplanting a pancreatic
islet to the liver of a living body, the operation of fill-
ing the device with living cells will lower the function as
well as threaten the lifetime of the cells. In fact, although
islets experience various stresses from the separation pro-
cedure, there are additional stresses within the device’s
bag such as the cessation of nutritional factors, oxidative
- stress, agitation death, and low oxygen, resulting in apop-
tosis several days after transplantation.

The creation of an environment within the device sim-
ilar to the living body’s natural environment is therefore
essential. In order to accomplish this, the integration of
extracellular matrix engineering will also be required. So
far, we have obtained satisfactory results by applying a
certain puramatrix with a self-assembling gel to the islet
culture. It is generally known that when cells are stressed
during separation and culturing, the activation of Rho is
triggered, and the activated Rho causes Rho-associated
protein kinase (ROCK) activation. The activated ROCK
will phosphorylate the myosin light chain (MLC) and
cause cell contraction, thus leading to apoptosis by mem-
brane blebbing (13). To prevent such cell death, and as
a basic study on lengthening the lifetime of the cells in
BAP devices, we studied the viability of ROCK inhibitor

Y-27632 in a culture system using PAU-coated HDPE in .

vitro on freshly isolated rat islets.

MATERIALS AND METHODS
Isolation and Culture of Rat Islets

Islet isolation was conducted on three 300- to 400-g
male Lewis rats (8~15 weeks old, Japan SL.C Inc., Sizuoka,
Japan). All animal studies were approved by the Institutional
Animal Care and Use Comumittee of Okayama University.
All surgical techniques were conducted under inhaled
anesthesia of diethyl ether (100 mg/kg; Sigma-Aldrich,
. St. Louis, MO, USA). An abdominal midline incision
was made to the rat’s abdomen, the duodenal papilla was
clamped, and a 24-gauge plastic cannula (Terumo, Tokyo,
Japan) was affixed to the ductus hepaticus communis. Ten
milliliters of pre-iced Liberase RI (Roche Diagnostics,
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Tokyo, Japan) working enzyme solution (a collagenase)
was injected, and the pancreas was allowed to swell. After
the rat was euthanized by exsanguination, the swollen
pancreas was completely removed and immersed in 5 ml
of working enzyme solution and placed on ice. Islet iso-
tation was conducted as described previously (18). The
dithizone . (Sigma-Aldrich)-stained islets were observed,
and the number of islets was measured.

The viability of the separated islets was immediately
measured. Measurement was conducted according to the
instructions of the LIVE/DEAD Viability/Cytotoxicity
Kit (Life Technologies, Carlsbad, CA, USA). Observation
was conducted by fluorescence microscope (Olympus,
Tokyo, Japan) with green calcein-AM staining depict-
ing living cells and red ethidiuin homodimer-1 depicting
dead cells. Viability was determined by analyzing the area
ratio of live/dead cells using the Image J area calculation
software (NIH, Bethesda, MD, USA).

Culture Conditions

PAU-coated HDPE (Kuraray, Tokyo, Japan) that
serves as a foundation for cells within the bioartificial
pancreas was used, and studies of culture solutions
were split into two groups, a control group (group 1)
and a test group (group 2) using the ROCK inhibitor

“Y-27632. Glucose (5.5 mM), 10% fetal bovine serum (FBS)

(Thermo Scientific, Kanagawa, Japan), and 1% penicillin/
streptomycin (Sigma-Aldrich) were added to Roswell Park
Memorial Institute medium (RPMI; Life Technologies),
and 10 pM Y-27632 (Millipore, Billerica, MA, USA)
was added as appropriate; after 24 h, the medium was
exchanged for a medium not containing Y-27632. Using
a six-well plate (Corning Japan, Tokyo, Japan), each well
was seeded with 200 islet equivalents (IEQs) of islets
and cultured for 7 days at 37°C and 5% CO,.

Western Blot

The presence of ROCK proteins in the rat islets was
confirmed using a Western blot method. It is believed that
ROCK1 exists in all tissue except the prostate gland, and
ROCK?2 exists in the brain and skeletal muscle (16,24).
After three washings with PBS, cells were sonicated
(Tomys Seiko Co., LTD, Tokyo, Japan). Then, micrograms
of cell extracts were fractionated by 10% sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE;
Sigma-Aldrich) and transferred to polyvinylidenefluo-
ride membranes (Immun-Blot PVDF Membrane; Bio-
Rad, Hercules, CA) using transfer buffer containing 20%
methanol, 25 mmol/L Tris base, and 192 mmol/L glycine
(300 mA, 2 h; all from Sigma-Aldrich). After block-
ing at room temperature for 1 h in 50 mmoV/L Tris-HCI,
150 mmol/L. NaCl, and 0.1% Tween-20 [Tris-buffered
saline with Tween (TBST); all from Sigma-Aldrich] with
5% nonfat dry milk (Sigma-Aldrich), the membranes were
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incubated overnight at 4°C in TBST using 5% nonfat dry
milk containing primary antibodies (BD Biosciences, San
Jose, CA, USA) of ROCK1 and ROCK2, and then for 1 h
at room temperature in TBST with 5% nonfat dry milk
containing secondary antibody coupled to horseradish
peroxidase (HRP; BD Biosciences). Coomassie Brilliant
Blue (CBB) staining (Sigma-Aldrich) was peiformed to
evaluate protein expression.

MTT Assay

MTT assay was used for determination of cell growth
rate. Vybrant® MTT Cell Proliferation Assay Kit (Life
Technologies Japan, Tokyo, Japan), which provides a
simple method for determination of cell number using
standard microplate absorbance readers (Bio-Rad) was
used in this study. The MTT [3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide] assay involves the
conversion of the water-soluble MTT to an insoluble for-
-mazan. The formazan is then solubilized, and the concen-

 tration is determined. by optical density at 570 nm. The
result was a sensitive assay with excellent linearity up to
approximately 10° cells per well.

Assessinent of Islet Morphology

On the seventh day of culture, the suspended cells and
cells from the nonwoven fabric were extracted as much as
possible, and the cell form was evaluated using a phase-
contrast microscope (Olympus). In addition, the ultrafine
structure was evaluated in the same manner using a scan-
ning electron microscope (SEM) (Hitachi, Tokyo, Japan).
For scanning electron microscopy, the samples were fixed
with 4% paraformaldehyde and 0.1% glutaraldehyde in
0.1 M phosphate buffer, pH 7.4 (all from Sigma-Aldrich).
The samples were embedded in LR White (London Resin
Company, London, UK).

Insulin Secretion

Islet function was assessed by monitoring the insulin
secretory response of the islets during glucose stimula-
tion. Briefly, 1,200 IEQs were incubated with either 2.8
or 25 mM glucose in RPMI 1640 for 2 h at 37°C and 5%
CO,. The supernatants were collected and insulin levels
were determined using a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (Mercodia,
Uppsala, Sweden). The stimulation index was calculated
by determining the ratio of insulin released from islets in
high glucose to the insulin released in low glucose. The
data were expressed as mean+SE.

RT-PCR

The evaluation of apoptosis was conducted using
RT-PCR methods. B-cell CLL/lymphoma 2 (Bcl-2) and
Bcl2-associated X protein (Bax) gene expressions were
observed with the RT-PCR method. Bax is a proapoptotic
protein, and Bcl-2 is an antiapoptotic protein. The primers
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used were Bcl-2 sense 5-AGGATTGTGGCCTTCTTTGA
GT, antisense 5-GCCGGTTCAGGTACTCAGTCAT; Bax
sense 5-CAGCTCTGAACAGATCATGA, antisense

-AGCTGCCACACGGAAGAAGA; and GAPDH sense
5-GGAGTCTACTGGCGTCTTCA, antisense 5'-ATGAG
CCCTTCCACGAT.

Transplantation of Islets and Immunostaining

As a transplant experiment, the resected rat islets were
cultured with or without Y-27632, and after 24 h, 300
samples were randomly selected and extracted from each
group and were transplanted to the renal subcapsule of
syngeneic rats (8—15 weeks old, 300400 g, male Lewis
rat, n=3). Seven days later the kidneys were extracted and
observed. Hematoxylin—eosin (H&E) staining (Sigma-
Aldrich) and insulin immunostaining were conducted.
For immunostaining, the tissues were blocked with 10%
serum and 0.2% Triton X-100 in PBS (all from Sigma-
Aldrich). and then incubated with primary antibody to
mouse insulin (guinea pig polyclonal antibody to mouse
insulin, 1:100, Abcam, Cambridge, UK) overnight at

A4°C. Cells were further incubated with secondary anti-

body (goat polyclonal antibody to guinea pig IgG-H&L,
1:100, Abcam). ’

Statistics

The two groups were compared by Student’s ¢ test.
The "differences between each group were considered
significant if p<0.05.

RESULTS

ROCK Expression in Islets and
Effect of a ROCK Inhibitor, Y-27632

Islet isolation was conducted on three rats with an aver-
age weight of 370 g, and an average of 4,441 IEQs was
isolated from each rat with a viability of 97%. ROCK1 -
and ROCK?2 expression was confirmed without regard
to the use of Y-27632 (Fig. 1A). We used a 10 uM con-
centration of Y-27632 for the rat islet culture. Although
the optimal concentration of 10 uM is also noted in other
articles (6,13), a confirmation that 10 uM is-adequate was
obtained from an MTT assay that was conducted with
a dose-response curve for Y-27632, which achieved a
plateau above 10 uM (Fig. 1B).

Scanning Electronic Microscopy

The ultrafine structure was evaluated in the same
manner using an SEM. The islet control group showed
variance and membrane blebbing (foaming) immediately
after culture, and by the seventh day, cells morphed by
stretching to the sides, indicating an irregularity in the -
margins. This' membrane blebbing was ‘inhibited in the
Y-27632 combined group, and the normal cell form was
maintained (Fig. 2). :
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Figure 1. Rho-associated protein kinase (ROCK) expression in islets and effect of a ROCK inhibitor, Y-27632. (A) ROCK expression
in islets. ROCK1 and ROCK?2 expression was confirmed irrespective of Y-27632. Coomassie Brilliant Blue (CBB) stain showed similar
protein expressions between the two groups. (B) Effect of ROCK inhibitor Y-27632. A dose-response curve of different concentrations
of Y-27632 confirmed a plateau above 10 1M, suggesting that this concentration is adequate using an MTT assay.

relative absorbance

CBB stain

Viability l and red areas indicating dead cells. The viability of the
On the seventh day of each culture group, fluo- control group was on average 19.9% compared with
rescence staining was conducted using a live/dead 68.7% for the Y-27632 group, indicating a signifi-
viability cytotoxicity kit, and viability was determined cantly better survival rate following Y-27632 treatment
by the area ratio of green areas indicating live cells (Fig. 3).
Day 7 Y-27632 (-) Day ? Y 77632 ()
" i g o

Morphology

'SEM

Figure 2. Morphology and electronic microscopy of isiets. Morphology and the ultrafine structure was evaluated using a phase-
contrast microscope and a scanning electron microscope (SEM). The Y-27632 group maintained form better than the control group
with respect to spherical cell morphology, margin, boundary, and size. Scale bars: 200 m.
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Day 7 Y-27632 (-)

19

Day 7 Y-27632 (+)

Figure 3. Viability of islets after 7 days in culture. A live/dead viability cytotoxicity kit was used to test the viability of the islets in the
absence or presence of Y-27632. Green calcein-AM staining demonstrates living cells, whereas red ethidium homodimer-1 staining
indicates dead cells. This demonstrated the survival of cells even after 7 days of culture. Scale bars: 200 fum.

Glucose-Responding Insulin Secretion

On the third day of culture, the 1-h use of low- and high-
glucose media allowed glucose stimulation to be assayed

using an ELISA kit. The stimulation index was signifi-

cantly higher in the Y-27632 group than in the control
group (control: 2.23x0.30, n=5; Y-27632: 3.45+0.17,
n=5) (Fig. 4). Not only was apoptosis inhibited and cell
form maintained, but it was found that Y-27632 was also
useful in maintaining insulin secretion function. -

Bcl-2 and Bax Expression

The expressions of proapoptotic Bax and antiapoptotic
Bcl-2 were studied using RT-PCR as indicator of apopto-
sis. Bcl-2 was strongly expressed by the Y-27632 group,
whereas Bax expression was reduced, suggesting apopto-
sis inhibition by Y-27632 (Fig. 5). On the other hand, Bax

P<0.01

Stimulation Index
[}
T

i

Y-27632 () Y-27632 ()

Figure 4. Glucose-responding insulin secretion of islets. The
Y-27632 group was shown to significantly secrete more insulin
than the control group (p<0.01). Y-27632 group: n=>5. Control
group: n=>5. Data are expressed as the mean+SE.
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was strongly expressed in the control group, and Bcl-2
expression was inhibited.

Islet Transplantation

Seven days after transplantation of the resected rat
islets, the kidney was extracted and the average cell adhe-
sion area of the Y-27632 group was shown to be 8.85%,
whereas that of the control group was 1.57%, indicating
a predominantly large adhesion area following Y-27632.
H&E staining showed that the graft of the nonuse group
had sparse and random adhesion compared with con-
sistent thickness and regular adhesion of cells observed
after Y-27632. It can be surmised that the transplanted

" islets of the nonuse group could not maintain a consis-

tent thickness due to apoptosis. Insulin expression was
uniform in the Y-27632 group, but was only observed in

Bel-2 Bax GAPDH

Y-27632 - + - + . +

Figure 5. RT-PCR of islets. The strong expression of B-cell
CLL/lymphoma 2 (Bcl-2) and lower expression of Bcl2-
associated X protein (Bax). Bax observed with Y-27632 dem-
onstrates inhibition of apoptosis compared to the absent Bcl-2
and higher Bax levels seen in controls.
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a portion of the transplanted islets in the control group
(Fig. 6). Y-27632 inhibited cell apoptosis in a graft and
was also indicated as effective in insulin secretion. In the
Y-27632-treated islets, uniform and satisfactory function
of the islets following transplantation was apparent, and
this matches the effective use of Y-27632 in vitro.

A

Y-27632 (+)

32 (=)

Y-276.

p<0.05

Occupied Area (%)
w

i

Y-27632 (-} Y-27632 (+)

KUBOTAETAL.

DISCUSSION )
Cell transplantation has been receiving attention as a

_ treatment for patients with neurodegenerative diseases

such as stroke, spinal cord injury, and Parkinson’s disease,
and extensive transplant research has been conducted in
an attempt to restore neurological function, which has

Insulin

A
J}ﬂ;?‘ Ay
z.ﬂggm
S e ¥

Figure 6. Transplantation of islets. Hematoxylin-eosin (H&F) staining demonstrated that the graft in the Y-27632 group was of a
consistent thickness (A) and regular adhesion (B) compared with the sparse and random adhesion of the control group. Uniform insu-
lin staining was observed with the Y-27632 group compared to the control group, insulin expression only being seen in a segregated
portion of the transplanted islets in the control group. Scale bars: 10 mm or 50 pm as depicted.
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been lost in these patients (3,8,10,29). However, many cell
grafts suffer apoptosis several days after transplantation
~ as a result of cell separation, cessation of nutrition, oxi-
- dative stress, agitation death, and low oxygen (7,25,33).
With respect to human embryonic stem (ES) cells dur-
ing separation and subculture, ROCK inhibitor Y-27632
has been reported to inhibit apoptosis (programmed cell
death) due to variance (31). In human ES cell-derived
neurons during cell separation and subculture, when
the selective inhibitor Y-27632 of ROCK was used, cell
death by human ES cell variance was strongly inhibited,
and the colony creation rate from one cell was reported to
accelerate by 30%. The idea that the factors within cells
that govern apoptosis in a dispersion culture of human ES
cells are not generally related to cell death due to ROCK
has been verified for the first time. In addition, Y-27632 is
known to possess the effect of inhibiting cancer cell infil-
tration and control of cell differentiation, and contraction
of the vascular smooth muscle by cascade signaling of
ROCK. With Y-27632 already having drug approval as a
vasodilator, there is a large advantage in using Y-27632
for the practical application of BAP from a regulatory
point of view. Also, Y-27632 is known to inhibit cyto-
toxicity .in brain cells and possess tissue regeneration
effects (6). However, there have been no reports related
to the usefulness of Y-27632 in islet cultures. Therefore,
we studied the usefulness of Y-27632 using rat islets and
its morphological assessment, insulin secretion function
assessment, and the comparative evaluation of Bax and
Bcl-2 expressions that are apoptosis-related molecules.
Morphologically, on the third day of culture, cell mem-
brane blebbing was observed in the islets from the control
group, and the cell membrane border took on an irregular
shape, with particle massing of the islets startin g to occur.
However, with the Y-27632 use group, such blebbing
was inhibited and the cell form was satisfactorily main-
tained even after 7 days of culture. Bax expression was
suppressed in the group using Y-27632, and Bcl-2 was
strongly expressed. In addition, with the use of ROCK

inhibitor Y-27632, inhibiting effects of apoptosis not -

only were observed, but the possibility of increasing the
glucose-responsive insulin secretory function was deter-
mined. Currently, this mechanism is being studied. With
the islets of the Y-27632 use group, it was suggested that
the islet function was therefore uniform and satisfactory
after transplantation. The performance of this transplant
experiment matches the results of Y-27632 use in vitro.
) Until now, there have been no reports of the useful-
- ness of Y-27632 related to islet culture. To summarize our
study results with the studies related to the effectiveness
of Y-27632 on other cell types, we would like to propose
a mechanism of effectiveness with respect to the islet cul-
ture of Y-27632, as shown in Figure 7. ROCK is a protein
kinase that is activated by the Rho kinase that exists in the
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cytoplasm, and when ROCK is activated, MLC is directly
phosphorylated, or the deactivation of myosin phosphatase
causes an indirect increase of MLC phosphorylation, and
membrane blebbing occurs. This causes contraction of the
cells and is known to trigger apoptosis (13). Generally,
apoptosis is regulated by the endogenous system (depend-
ing on the mitochondria) and the extrinsi¢ (depending on
the death receptor) channels (1,27,30). In the endogenous
system pathway, cytochrome c is released from mito-
chondria by oxidants or DNA damage, toxins, anoxia,
and pressurization, and the activation of caspase 3, 6, and
7 leads to apoptosis. On the other hand, with extrinsic
pathways, caspase 8 is activated through death receptors
such as tamor necrosis factor (TNF) or Fas ligand (FasL),
and caspase 3, 6, and 7 are activated, leading to apop-
tosis (2,15,24). Although a clear report has not yet been
reported regarding the mechanism of ROCK inhibitors, by
using a ROCK inhibitor before Rho is activated, blebbing
of the cell membrane is prevented, and it is known from
recent research that apoptosis can be inhibited (5,14).
Once ROCK is activated, cell contraction, dramatic mem-
brane blebbing, nucleus decay, and cell fragmentation
occur (22,24). However, the ROCK inhibitor causes vari-
ous conditions that may reduce the apoptosis level in cer-
tain cells and tissue types, or lead (28) to apoptosis, with
reports that in certain states the activation of ROCK or the
inhibition of ROCK has no involvement with apoptosis
(24), and thus, the clarification of the functions related to
the signal pathway of ROCK is needed.

In addition, when BAP use in a human is considered,
the cell source to be placed into the bag will be a problem.
Problems such as ethical issues related to heterologous
cell transplantation, problems with cell amounts to pro-
duce a sufficient effect; and the functional maintenance of
sufficient cell survival within the bag must be considered.
Although cells originating from humans are obviously
preferred when considering ethical issues, transplant
offers from brain-dead donors must currently be solely
relied upon, with the current status of one recipient requir-
ing numerous donors, resulting in a serious problem with
the lack of donors. Human ES cells and induced pluripo-
tent stem (iPS) cells may eliminate this problem. With
regard to human ES cells, Watanabe et al. announced that
by combining with Y-27632, apoptosis could be inhib-
ited during cell separation and subculture, and its effec-
tiveness was verified (31). In addition, with regard to
human iPS cells, there have been reports of satisfactory
cryopreservation and increased cell survival and colony
amount by combining such cells with Y-27632 (4).

In addition, in order to ensure adequate cell amounts,
the establishment of human insulin-secreting cell stock
will likely be needed. In order to achieve that during sub-
culture and cryopreservation, Y-27632 will be effectively
used for the long-term maintenance of céll survival and
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Figure 7. The role of ROCK. When ROCK is activated, the myosin light chain (MLC) is directly phosphorylated, or the deactivation
of myosin phosphatase causes an indirect increase of MLC phosphorylation, and membrane blebbing occurs. This causes contraction
of the cells and is known to trigger apoptosis. TNF, tumor necrosis factor; FasL, Fas ligand; Bcl-X , Bel2-like 1; Bak, Bel2-antagonist/
killer 1; Apaf-1, apoptotic peptidase activating factor 1; Cyt C, cytochrome c.

function and is anticipated in helping islet transplanta-
tion therapy. Once the cell source has been resolved, a
system will be developed to culture large amounts of
insulin-secreting cells, and its use in various treatments
in various circles is anticipated. In order to achieve this,
the development of technology will be required to effec-
tively cryopreserve large amounts of cells, and a system
constructed to deliver those cells to all regions will be
needed. In this study, the effect of apoptosis inhibition
in an islet culture was observed with a ROCK inhibitor
Y-27632. ROCK inhibitors are already being clinically
used in brain/vascular patients and in the ophthalmologic
field as a vasodilator, and a future clinical application
of the BAP will have the benefit of not having to over-
come any regulatory hurdles. Although further studies
are needed related to the administered pathway of ROCK
inhibitors before donor separation or immediately after
separation of the cells, the effective use of ROCK inhibi-
tors as apoptosis inhibitors is anticipated for the future.

In this study, we were able to confirm effective mor-
phological and functional culture maintenance by separat-
ing islets from a rat and adding ROCK inhibitor Y-27632
to the medium. Based on rat islet separation and a func-
tional culture, it is believed that it will be helpful in the
clinical use of the BAP.
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For pancreatic islet transplantation, one of the most important steps of islet isolation is islet purification. The
most common method of islet purification is density gradient centrifugation because there are differences in
density between islets and acinar tissue. However, the density of islets/acinar tissue depends on several condi-
tions, such as the incubation time before purification and the osmolality of the preincubation solution. In this
study, we evaluated the impact of using two different preincubation solutions before purification. We used the
University of Wisconsin (UW) solution and a new preservation solution (HN-1), which we recently developed.
There were no significant differences between the two solutions in terms of the islet yield, rate of viability, and
purity or stimulation index after purification. There were also no differences in the attainability and suitability
of posttransplantation normoglycemia. Our study shows that the FIN-1 solution is equivalent to the UW solu-

tion for preincubation before islet purification.

Key words: Islet transplantation; Islet isolation; University of Wisconsin (UW) solution;

HN-1 solution; Preincubation

INTRODUCTION

Pancreatic islet transplantation is an effective procedure
that results in good glucose control for patients with type
1 diabetes who experience hypoglycemic unawareness
despite maximal care (3,4,7,19,20). Since the Edmonton
protocol was reported, more than 600 type 1 diabetics in
more than 50 institutions have undergone islet transplan-
tation to treat their disease.Clinical trials have shown that
insulin independence can be consistently achieved when a
sufficient number of islets [10,000 islet equivalents (IEQ)/
kg of recipient body weight] are implanted. However, the
treatment is still associated with several challenges; the
current isolation techniques usually recover fewer than
" half of the islets from a given pancreas, and barely half

of the processed pancreata effectively reach the thresh-
old for clinical transplantation in most centers. Therefore,
islet transplantation from two or more donors is usually
necessary to achieve euglycemia (3,19,20).

The storage of the donor pancreds may influence the
development of deleterious consequences for isolated
islets during transplantation, which remains a major
source of issues in clinical practice. Donor pancreata for
islet transplantation are usually preserved with University
of Wisconsin (UW) solution, an intracellular solution
containing hydroxyethyl starch (HES). However, the
UW solution has several disadvantages. We previously
showed that pancreas preservation with modified Kyoto
(MK) solution significantly improved the islet yields,
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compared with UW preservation (14). Furthermore, we
have recently reported that we developed a new solution,
HN-1 solution, which was an improvement of the UW
and MK solutions, and that pancreas preservation with
HN-1 was better in terms of the islet yield and islet qual-
ity for porcine islet isolation (5).

Another important step during islet isolation that
affects the outcome of islet transplantation is islet puri-
fication. Purification minimizes the risks associated with
islet infusion through the portal vein such as increased
portal pressure and thrombosis. By purifying the islets,
which represent only 2-5% of the pancreas, acinar tissue
is removed and the tissue volume that needs to be trans-
planted is greatly reduced. The most common method
of islet purification is density gradient centrifugation
because of the differences in density between islets and
acinar tissue (1,6,19;20). However, the density of islets/
acinar tissue depends on several conditions, such as the
warm ischemic time, cold ischemic time, preincubation
time before purification, and the osmolality of both the
preincubation solution and the purification solution (2).

In this study, we evaluated the preincubation solutions
used before purification. The UW solution is commonly
.used to incubate the digested tissue to remove enzymes
for further digestive activity before purification. We
therefore compared the effects of preincubation of sam-
ples in the HN-1 and UW solutions on the outcomes of
islet preincubation and transplantation.

- MATERIALS AND METHODS
Porcine Islet Isolation

Three-year-old porcine pancreata (female, n=4) were
obtained at a local slaughterhouse. The operation was
started about 10 min after the cessation of the heart-
beat. All pancreata were procured using a standardized
technique to minimize the warm ischemia time (WIT).
After removing the pancreas, we immediately inserted a
cannula into the main pancreatic duct. The pancreas was
weighed and 1 ml of HN-1 solution per gram pancreas
weight (Center for Promotion of Education and Science,
Okayama, Japan) was infused through the intraduc-
tal cannula (13). Pancreata were placed into the HN-1
solution container at 4°C for less than 8 h until the islet
isolation procedure. The “operation time” refers to the
time that elapsed between the start of the operation and
pancreas removal. The time that elapsed between the
heartbeat cessation and storage of the pancreas in pres-
ervation solution is the WIT, whereas the cold ischemic
time (CIT) is the time from the islet placement into pres-
ervation solution and the start of islet isolation.

Islet isolation was conducted as described previously
(7) according to the standard Ricordi technique (17) with

modifications later introduced in the Edmonton protocol
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(11,15,19,20). After pancreatic- decontamination, the
ducts were perfused in a controlled fashion with a cold
enzyme blend of Liberase mammalian tissue free (MTF;,
1.4 mg/ml) with thermolysin (0.075 mg/ml) (Roche
Diagnostics Corporation, Indianapolis, IN, USA). The
distended pancreas was then cut into seven to nine pieces,
placed into a Ricordi chamber, and shaken gently. While
the pancreas was being digested by enzyme solution recir-
culation through the Ricordi chamber at 37°C, the extent
of digestion was monitored with dithizone staining (Sigma-
Aldrich, St. Louis, MO, USA) by taking small samples from
the system. Once digestion was confirmed to be complete,
the dilution solution (Mediatech, Inc., Manassas, VA, USA)
was introduced into the system, and then the system was
cooled to stop further digestive activity. The digested tissue
was collected in flasks containing 5% fetal bovine serum
(FBS, GIBCO-Invitrogen, Carlsbad, CA, USA). The time
between the placement of the pancreas in the Ricordi cham-
ber and the start of collecting the digested pancreas was

. defined as phase I, whereas phase II was the time between

the start and the end of collection.

Preincubation and Islet Purification

After the digestion, the tissue was collected and washed
with fresh medium to remove the enzyme. The digested
tissue was divided and incubated in two different solu-
tions, UW solution (ViaSpan, DuPont Pharmaceuticals,
Wilmington, DE, USA) or HN-1 solation for 30 min
before purification.

Islets were purified with a continuous density gradient
of iodixanol (Optiprep®, Sigma-Aldrich)-UW solution
as previously reported (6,12). We combined iodixanol
with UW solution (IU solution) to generate a new puri-
fication solution. Low-density (1.075 g/cm®) and high-
density (1.085 g/cm®) solutions were produced by
changing the volumetric ratio of iodixanol and UW solu-
tion, as reported previously (6). Before purification by TU
solution, we calculated the density of the digested tissue.
During this step, digested tissue (0.2 ml) (after incuba-
tion in UW or HN-1 solution and prior to purification)
was added to six 5-ml test tubes (Corning Japan, Tokyo,
Japan) of different densities (1.085, 1.090, 1.095, 1.100,

- 1.105, 1.110 g/cm?®), and these tubes were centrifuged

at 1,000x g for 5 min. The density at which most of the
digested tissue floated was defined as the density of the
digestéd tissue. According to the outcome of the density
determination step, we determined the necessary density
of the high density IU solution and added an appropri-
ate amount of iodixanol into the high-density TU solution.
Islet purification is performed by top-loading digested
tissue (<20 ml of tissue per run) in UW or HN-1 solu-
tion on the continuous gradients by using low-density and
density-adjusted high-density solutions. After a 5-min
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centrifugation at 1000x g, approximately 10 fractions (50 ml
each) were collected and examined for purity.

Islet Evaluation

The crude number of islets in each diameter class was
determined by counting islets after dithizone staining
(2 mg/ml final concentration) using an optical graticule
(Olympus, Tokyo, Japan). The crude number of islets was
then converted to the standard number of IEQs (diam-
eter standardized to 150 pm) (16). The islet recovery
was defined as the percentage of IEQs recovered after
purification divided by the IEQs before purification. Islet
viability after purification was assessed using a double
fluorescein diacetate/propidium iodide (FDA/PI; Sigma-
Aldrich) staining to visualize living and dead islet cells
simultaneously (16,19,20). Fifty islets were inspected
and their individual viability was determined visually,
followed by calculation of their average viability (7).

The islet function was assessed by monitoring the insu-
lin secretory response of the purified islets during glucose
stimulation using a procedure previously described by
Shapiro and colleagues (19,20). Briefly, 1,200 IEQs were
incubated with either 2.8 or 25 mM glucose in Roswell Park
Memorial Institute medium (RPMI 1640; Sigma-Aldrich)
for 2 h at 37°C and 5% CO,. The supernatants were col-
lected, and the insulin levels were determined using a
commercially available enzyme-linked immunosorbent
assay (ELISA) kit (ALPCO Insulin ELISA kit; ALPCO
Diagnostics, Windham, NH, USA). The stimulation index
was calculated by determining the ratio of insulin released
from islets in high glucose to the insulin released in low
glucose. The data were expressed as the means+SE.

In Vivo Assessment

Six-week-old male nude mice (Charles River Lab-
oratories Japan, Inc., Kanagawa, Japan) (n=12) were

rendered diabetic by a single intraperitoneal injection

of streptozotocin (STZ, Sigma-Aldrich) at a dose of 220
mg/kg. Hyperglycemia was defined as a glucose level
of >350 mg/d] detected twice consecutively with Accu-
Chek® Compact Plus (Roche Diagnostics K.K., Tokyo,
Japan) after STZ injection. The 2,000 IEQ porcine islets
obtained from each group were transplanted into the
renal subcapsular space of the left kidney of a diabetic
nude mouse, as described previously (8-10). During the
30-day posttransplantation period, the nonfasting blood
glucose levels were monitored three times per week.
Normoglycemia was defined when two consecutive
blood glucose level measurements were less than 200
mg/dl. No statistically significant differences in either
the pretransplantation blood glucose levels or the pre-
transplantation body weight were observed among the
two groups of mice. All mouse studies were approved
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by the Institutional Animal Care and Use Committee of
Okayama University.

Statistical Anaiyses

The values for the data represent the means+SE. Two
groups were compared by Student’s ¢ test or the Kaplan—
Meier log-rank test. The differences between groups were
considered to be significant for values of p<0.05.

RESULTS
Characteristics of Isolated Porcine Islet

The characteristics of the porcine islets before puri-
fication are shown in Table 1. The digested tissue was
divided incubated into two different solutions, UW solu-
tion or HN-1 solution, before purification. There were
no significant differences in the islet yield after puri-
fication (UW: 323,630+64,573 IEQ, 3,032+608 IEQ/g;
HN-1: 342,498+69,435 IEQ, 3,179+565 IEQ/g) (Fig. 1)
or in the postpurification recovery rate, viability, or purity
(Table 2). These data suggest that the efficiency of islet
purification was similar between the two solutions.

In Vitro Assessment

To assess the islet quality in each group in vitro, the
stimulation index of the isolated islets was measured.
There were no significant differences in the stimulation
index between the two solutions (UW: 1.85+0.28 IEQ/g,
n=4; HN-1: 1.80+0.35 IEQ/g, n=4) (Fig. 2). These data
suggest that the islet quality is similar between the two
groups in vitro.

In Vivo Assessment

To assess the islet graft function of each-group in
vivo, 2,000 IEQs from each group were transplanted below
the kidney capsule of STZ-induced diabetic nude mice.
The blood glucose levels of five of the six mice (83.3%)
receiving islets from the UW group and five of the six
mice (83.3%) from the HN-1 group decreased gradu-
ally and reached normoglycemia. The blood glucose
levels remained stable thereafter and returned to the

Table 1. Characteristics of the Tissue and Procedures Before
Purification

Pancreas size €3} 106.5+12.2
Operation time (min) 6.3x1.1
‘Warm ischemic time (imin) 27.5x+1.8
Cold ischemic time (min) 161.5£8.3
Phase I period (min) 11505
Phase II period (min) 56.0+5.4
Undigested tissue (g) 55+24
Islet yield before purification (IEQ) 795,612+126,947
Islet yield before purification (IEQ/g)

7,573+£1.252

Data are expressed as the means+SE. n =4.
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Figure 1. The islet yields. (A) The islet yield after purification. IEQ, islet equivalents. (B) Islet yield per pancreas weight (IEQ/g).

The data are expressed as the means+SE. n=4.

pretransplantation levels after islet-bearing kidneys were
- removed (30 days after transplantation) (Fig. 3). The
attainability of posttransplantation normoglycemia was
similar between the two groups. These data suggest that
the quality of islets was similar between the two groups.

DISCUSSION

In this study, we investigated the impact of using two
different incubation solutions prior to islet purification
on the islet outcome of islet isolation and-the early islet
graft function. We have demonstrated that the isolation
and trapsplant outcomes do not differ between the two
ppreservation solutions used for preincubation.

The density of islets/acinar tissue depends on several
conditions, such as the length of the preincubation before
purification and the osmolality of the preincubation solu-
tion (2). It has been reported that storage of the pancre-
atic digested tissue in UW solution significantly increases
the density of pancreatic exocrine tissue compared with
storage in minimal essential medivm (MEM) and that
this improves the subsequent islet purification (18).
Because the two incubation solutions used prior to islet
‘purification were of similar osmolality in our study, the

Table 2. Islet Characteristics After Purification

uw HN-1
Postpurification recovery (%) 79.6+8.6 84.0+7.5
Viability (%) 96.8+0.7 95.420.1
Purity (%) 64.4+1.6 63.1+1.2

Data are expressed as the means+SE. n=4.. UW, University of

Wisconsin solution; HN-1, Center for Promotion of Education and.

Science (Okayama, Japan) solution.
*Postpurification recovery (%) =(IEQ after purification)/(TEQ before puri-
fication/2)x 100.
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density of islets/acinar tissue was similar between the two
groups. Moreover, the preincubation time was the same
between the two groups and was relatively short (about
1 h). Although pancreas preservation with HN-1 solution
results in higher islet yields than that with UW solution
(5), the application of these solutions for incubation prior
to islet purification did not affect either the islet yield or
the islet quality after purification in this study.

In conclusion, the efficacy of the preincubation solu-
tions and the quality of the isolated islets was similar.
Because the HN-1 solution is superior to UW solution
as a preservation soluti(;n for islet isolation, HN-1 solu-
tion can be used for incubation prior to islet purification,

25 ¢

8]

Stimulation Index

Uw HN-I

Figure 2. Stimulation index of isolated islets. The stimulation
index was calculated by determining the ratio of insulin released
from islets in a high-glucose medium to the insulin released in
low-glucose medium. The data were normalized to the total
DNA and expressed as the means +SE. n=4.
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Figure 3. Islet transplantation into diabetic nude mice. The
percentage of streptozotocin (STZ)-induced diabetic nude mice
achieving normoglycemia after islet transplantation. A total of
2,000 IEQs were transplanted below the kidney capsule of dia-
betic nude mice: Normoglycemia was defined as two consecu-
tive posttransplant blood glucose levels <200 mg/dl. n=6 for
both groups.

as an alternative to UW solution, allowing for simplified
preparation of islets due to the need for only one solution
for both preincubation and preservation.
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Comparison of New Preservation Solutions, HN-1 and University of
Wisconsin Solution, in Pancreas Preservation for Porcine Islet Isolation
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For pancreatic islet transplantation, maintaining organ viability after pancreas procurement is critical and a
major determinant for better graft function and survival. University of Wisconsin (UW) solution is currently
the gold standard for abdominal organ preservation and the pancreas in particular. However, in the use of UW
preservation solution for islet transplantation, there are disadvantages to be overcome, such as the inhibition of
collagenase activity during pancreatic digestion. In this study, we compared UW solution with HN-1 solution
in pancreas preservation for islet isolation. Islet yield was significantly greater in the HN-1 group than the UW
group both before and after purification. In the in vitro assay, the adenosine triphosphate content in cultured islets
was significantly higher in the HN-1 group than in the UW group. Furthermore, in streptozotocin-induced dia-
betic nude mice, the islet graft function of the HN-1 group was superior to that of the UW group. We concluded
that the use of HN-1 solution is a promising approach for optimal pancreas preservation in islet transplantation.

Key words: Islet transplantation; Islet isolation; HN-1 solution; University of Wisconsin (UW) solution;

Preservation

INTRODUCTION

Islet transplantation potentially normalizes glucose
metabolism in patients with type 1 diabetes (20,21).
However, current isolation techniques usually require the
transplantation of islets from two or more donor pancreata
to establish normoglycemia. Although islet isolation tech-
niques have been gradually improved in the past decade,
further modification at each phase of islet isolation is
required. Among them, the sqlution for organ preservation
is critically important for maintaining its function and reduc-
ing ischemia—reperfusion injury, thus ultimately resulting
in better B-cell function and withdrawal from insulin injec-
tion therapy. Donor pancreata for islet transplantation are

~

usually preserved with University of Wisconsin (UW)
solution, a colloid solution containing hydroxyethyl starch
with a high potassium/sodium ratio. However, UW solu-
tion has several disadvantages: It is chemically unstable,
it must be stored in the cold until use, and its short shelf-
life makes it expensive. It is also highly viscous, which
may complicate the initial organ flush (22). For islet isola-
tion, it has been observed that UW inhibits the collagenase
digestion phase of islet isolation, thus resulting in poor islet
yields and islets of poor viability (2,19).

In this study, we compared a new preservation solu-
tion, HN-1, with UW solution for the success of the pres-
ervation and porcine islet isolation.
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MATERIALS AND METHODS
Preservation Solution

We used HN-1 solution (Center for Promotion of
Education and Science, Okayarna, Japan) or UW solu-
tion (ViaSpan®, DuPont Pharmaceuticals, Wilmington,
DE, USA).

Porcine Islet Isolation

Three-year-old porcine pancreata (female, n=10)
were obtained at a local slaughterhouse. The operation
was started about 10 min after the cessation of heart-
beat. After removing the pancreas, we immediately
inserted a cannula into the main pancreatic duct, infused
each preservation solution (i.e., HN-1 or UW) for duc-
tal protection (13), and put the pancreata into separate
preservation containers. The time that elapsed between
the. start of the operation and the removal of the pan-
creas is considered the operation time. The time that
elapsed between the stopping of the heart and the place-
ment of the pancreas into the preservation solution is
known as the warm ischemic time (WIT), whereas the
cold ischemic time (CIT) is the time to the start of iso-
lation following the placement of the pancreas into the
preservation solution.

Islet isolation was conducted as previously described
(6) in the standard Ricordi technique (18) with modifica-
tions introduced in the Edmonton protocol (16,20). In
brief, after decontamination of the pancreas, the ducts were
perfused in a controlled fashion with a cold enzyme blend
of Liberase mammalian tissue free (MTF; 1.4 mg/ml)
and thermolysin (0.075 mg/ml) (Roche Molecular Bio-
chemicals, Indianapolis, IN; USA). The distended pan-

- creas was then cut into seven to nine pieces, placed into
a Ricordi chamber (Biorep Technologies, Miami, FL,
USA), and shaken gently. The enzyme solution was
recirculated through the Ricordi chamber at 37°C to aid

. pancreatic digestion, and dithizone staining (Sigma-
Aldrich, St. Louis, MO, USA) of small extracted sam-
ples was used to monitor the extent of digestion. Once
digestion was confirmed to be complete, dilution solu-
tion (Mediatech, Inc., Manassas, VA, USA) was intro-
duced into the system. Then the system was cooled to
stop further digestive activity. The digested tissue was
collected in flasks and washed with fresh medium to
remove the enzyme. The phase I period was defined as
the time between placement of the pancreas in the Ricordi
chamber and the start of collecting the digested pancreas.
The phase II period was defined as the time between the
start and end of collection. The digested tissue was incu-
bated in UW solution prior to purification. Islets were
purified with a continuous density gradient of iodixanol-
based solution (Optiprep®, Sigma-Aldrich) as previously
reported (5,10,11).

_40._

KATAYAMAET AL.

Islet Evaluation

Embedded islets were determined by dithizone staining
(2 mg/ml final concentration, Sigma-Aldrich). The crude
number of islets in each diameter class was determined
by counting islets after dithizone staining (2 mg/ml final
concentration) by means of an optical graticule (Olympus,
Tokyo, Japan). The crude number of islets was then con-
verted to the standard number of islet equivalents (IEQs;
diameter standardizing to 150 pm) (17). The islet recov-

~ ery was defined as the percentage of IEQs recovered after

purification divided by the IEQs before purification. Islet
viability after purification was assessed using a double
fluorescein diacetate/propidium iodide (FDA/PI; Sigma-
Aldrich) staining to visualize living and dead islet cells
simultaneously (17,20,21). Fifty islets were inspected
and their individual viability was determined visually,
followed by calculation of their average viability.

Islet function was assessed by monitoring the insulin
secretory response of the purified islets during glucose
stimulation using a procedure described by Shapiro and
colleagues (20,21). Briefly, 1200 IEQs were incubated with
either 2.8 or 25 mM glucose in Roswell Park Memorial
Institute medium (RPMI 1640; Sigma) for 2 h at 37°C
and 5% CO,. The supernatants were collected and insu-
lin levels were determined using a commercially avail-
able enzyme-linked immunosorbent assay (ELISA)
kit (ALPCO Insulin ELISA kit; ALPCO Diagnostics,
Windham, NH, USA). The stimulation index was calcu-
lated by determining the ratio of insulin released from
islets in high glucose to the insulin released in low glu-
cose. The data were expressed as mean = SE.

Determination of Adenosine Triphosphate Production

To measure adenosine triphosphate (ATP) produc-
tion, isolated islets in each group were cultured overnight
with Connaught Medical Research Laboratories (CMRIL)
medium (GIBCO-Invitrogen, Carlsbad, CA, USA) plus
5% fetal bovine serum (FBS, GIBCO-Invitrogen), washed
twice with ice-cold PBS, and solubilized. The amount
of ATP was then measured using an ATP assay system
(ATP-lite, Perkin Elmer, Groningen, Netherlands) accord-
ing to the manufacturer’s instructions. The data were nor-
malized to IEQs and expressed as mean+ SE.

In Vivo Assessment

Mouse studies were approved by the Institutional
Animal Care and Use Committee of Okayama University.
Six-week-old male nude mice (Charles River Laboratories
Japan, Inc., Kanagawa, Japan) (n=20) were rendered
diabetic by a single intraperitoneal injection of strepto-
zotocin (STZ, Sigma-Aldrich) at a dose of 220 mg/kg.
Hyperglycemia was defined as a glucose level of >350 mg/
dl detected twice consecutively (Accu-Chek® Compact
Plus; Roche Diagnostics K.K., Tokyo, Japan) after STZ
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Table 1. Porcine Islet Isolation Characteristics Table 2. Porcine Islet Characteristics'

UW (n=5)  HN-1(n=5) UW (n=5) HN-1(n=5)
Pancreas size (g) 90.9%7.5 91.6+49 Undigested tissue (g) 8.0£2.0 10.4x4.7
Operation time (min) 62+1.6 8.2+1.8 Embedded islets (%) 30.6+6.5 20.4x6.2
Warm ischemic time (min) 19.2%2.1 22.8+1.5 Viability (%) - 98.1x0.5  98.5+02
Cold ischemic time (min) 150.6%8.0 157.2+5.1 Purity (%) 66.5+59  68.6x5.6
Phase I period (min) 12.8+0.5 12.0£0.6 Postpurification recovery rate (%) 79.9+49 87444
Phase II period (min) 62.8+4.0 59.0%£1.6 Stimulation index 1.84+0.23 1.93%0.08

Data are expressed as mean+ SE. UW, University of Wisconsin solution;
HN-1, Center for Promotion of Science Education, Japan solution.

injection. The 1,500 IEQ pig islets obtained from each
group were transplanted into the renal subcapsular space
of the left kidney of diabetic nude mice, as previously
described (7,8). During the 30-day posttransplantation
period, the nonfasting blood glucose levels were moni-
tored three times per week. Normoglycemia was -defined
when two consecutive blood glucose level measurements
showed less than 200 mg/dl. No statistical differences in
either pretransplantation blood glucose levels or pretrans-
plantation body weight were observed between two groups
of mice.

Statistics

Two groups were compared by Student’s 7 test or the
Kaplan—Meier log-rank test. The differences between
each group were considered significant if p<0.05.

RESULTS

Porcine Islet Isolationi Characteristics

The characteristics of porcine islet isolation proto-
cols are shown in Table 1. There were no significant dif-
ferences in pancreas size, operation time, WIT, or CIT
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Data are expressed as mean+SE.

between the two groups. Phase I and phase II periods
were also similar in both groups.

Islet yield before purification was significantly higher
in the HN-1 group (n=35) than the UW group (n=5)
(UW: 433,149+47,386 IEQ, 4,822+522 IEQ/g, HN-1: 681,
614:+52,354 TEQ, 7,588+860 IEQ/g, p<0.05) (Fig. 1A, B).
The islet yield after purification for the HN-1 group
was also higher than that for the UW group (UW; 344,
798+39,750 IEQ, 3,912+625 TEQ/g, HN-1; 600,428 +
65,436 IEQ, 6,664+880 IEQ/g, p<0.05) (Fig. 1C, D).
Other porcine islet characteristics are shown in Table 2.
There were.no other significantly different characteristics
between the two groups.

Assessment of Islet Function In Vitro

To assess the islet quality in the two groups in vitro,
the ATP contents of isolated islets were measured. The
ATP contents were significantly higher in the HN-1
group than in the UW group (UW: 0.54+0.03 pmol/IEQ,
HN-1: 0.81+0.05 pmol/IEQ, p<0.01) (Fig. 2). These data
suggest that the quality of islets may be superior in the
HN-1 group than in the UW group, although there were

[ D
xS IEQ x10% IEQ/g
g P<0.05 10 ¢ P<0.05
6 S
6 k
4 L
4+ I
2
i 2 L
0 - 0 -
CUW HN-1 UW FIN-1

Figure 1. Islet yield before purification and after purification. The HN-1 solution (Center for Promotion of Science Education) group
(n=>5) had significantly better islet yield both before (A, total islet yield; B, islet yield/g) and after purification (C, total islet yield;
D, islet yield/g) than the University of Wisconsin solution (UW) group (n=5; p<0.05). Data are-expressed as the mean+SE.
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Figure 2. ATP content of porcine islets. The adenosine triphos-
phate (ATP) concentration of the cell lysate after islet purification
was measured using an ATP assay system. ATP was normalized
to islet equivalents (pmol/IEQ). The HN-1 group (n=>5) had sig-
nificantly higher ATP content compared with the UW group
(n=5) (p<0.01). Data are expressed as the mean=+SE.

no significant differences in stimulation index or viability
between the two solutions (Table 2).

In Vivo Assessment

To assess the islet graft function of each group in vivo,
1,500 IEQs of each group were transplanted below the
kidney capsule of STZ-induced diabetic nude mice. The
blood glucose levels of 3 of the 10 mice (30%) receiving
islets from the UW group decreased gradually and reached
normoglycemia. The blood glucose levels of 8 of the 10
mice (80%) receiving islets from the HN-1 group reached

KATAYAMAET AL.

normoglycemia. The blood glucose levels remained stable
thereafter and returned to pretransplantation levels after
islet-bearing kidneys were removed (30 days after trans-
plantation) (Fig. 3). The attainability of posttransplanta-
tion normoglycemia was significantly higher in the HN-1
group than in the UW group (p<0.05). These data suggest
that HN-1 preservation is superior to UW preservation.

DISCUSSION
In this study, we showed that HN-1 solution was supe-

xior to UW solution in pancreas preservation. UW solu-

tion was initially developed for pancreas preservation. It is
widely used for the preservation of all types of organs and
is currently the gold standard for abdominal organ preser-
vation in general and the pancreas in particular. However,
it has been reported that UW inhibits the collagenase
digestion phase of islet isolation, resulting in poor yields
and islets of poor viability (2,19). It has been reported that
the components in UW solution found to be inhibitory for
collagenase activities were magnesium, low Na*/high K*,
hydroxyethyl starch (HES), and adenosine. In addition,
allopurinol in combination with either lactobionate or glu-
tathione was also markedly inhibitory. The most inhibitory
solution tested was a combination of three components,
raffinose, glutathione, and lactobionate (2). HN-1 solution
has high Na*/low K*, and the concentration of magnesium,
HES, adenosine, allopurinol, raffinose, and glutathione in
HN-1 solution is lower than that in UW solution (unpub-
lished data). These findings show that HN-1 solution is a
more effective cold storage solution in pancreas preserva-
tion for islet isolation than UW solution.

We and other groups recently reported the compari-
son of several solutions for pancreas preservation for islet
transplantation. Hubert et al. reported that islet yields were
inferior in the Celsior group-than the UW group because
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Figure 3. Evaluation of purified islet quality of each group in vivo. Normoglycemic percentage of

STZ-induced diabétic nude mice after islet transplantation. A total of 1,500 IEQs were transplanted

below the kidney capsule of diabetic nude mice. Normoglycemia was defined as two consecutive
. posttransplant blood glucose levels of less than 200 mg/dl. n=10 for both groups.



