DESCRIPTION TITLE OF THE INVENTION PANCREATIC ISLET SEPARATION METHOD, AND
PROTECTIVE SOLUTION FOR PROTECTING PANCREATIC ISLET TISSUE Technical Field [0001]
The present invention relates to a method for isolating transplantable islets from the pancreas and a
protective solution for protecting pancreatic tissue used for the isolation method. Background Art
[0002]

DESCRIPTION

TITLE OF THE INVENTION
PANCREATIC ISLET SEPARATION METHOD, AND PROTECTIVE

SOLUTION FOR PROTECTING PANCREATIC ISLET TISSUE

Technical Field
[0001]
The present invention relates to a method for
isolating transplantable islets from the pancreas and a
protective solution for protecting pancreatic tissue used

for the isolation method.

Background Art
[0002]

Radical treatments of type 1 diabetes include, for
example, pancreas transplantation from a brain-dead donor.
The pancreas transplantation has a significant efficacy
such as enabling insulin independence by single
transplantation. However, the transplantation has a
problem o©f placing a large burden on the body of
recipients because it involves a complicated surgery and
revascularization, and also, 1t has the possibility of
inducing complications. Accordingly, attention has been
focusing on islet transplantation as a new radical
treatment of diabetes 1in recent vyears. The 1islet
transplantation 1is a method which 1involves isolating
islets, which are tissues secreting insulin and glucagon
as hormones regulating blood sugar, from the pancreas and

transplanting the isolated islets into the liver through



Radical treatments of type 1 diabetes include, for example, pancreas transplantation from a brain-dead
donor. The pancreas transplantation has a significant efficacy such as enabling insulin independence
by single transplantation. However, the transplantation has a problem of placing a large burden on the
body of recipients because it involves a complicated surgery and revascularization, and also, it has the
possibility of inducing complications. Accordingly, attention has been focusing on islet transplantation
as a new radical treatment of diabetes in recent years. The islet transplantation is a method which

involves isalaing,istets,wRigh are tigsles-secretinginsulin and glugagen ag hgrpenessregdlating
blood sugar, from the pancreas and transplanting the isolated islets into the liver through the portal

vein. The trahSplaitedribleth arecengrafted at thelénd-dfthé bortal veih i theciarer SRKitk tan secrete
insulin. [OOQ%]sul ; Whereas conventional pancreas transplantation is a surgical procedure involving
extensive invasiveness, the islet transplantation has less surgical stress on the body of recipients and
is safe compavec to the pancreas transplantation because it requires only a procedure involving
leaving a catheter in the portal vein and trans Iantigt%oislets in the same manner, as drip infusion. The

islet transplantatior! SAISG-8 kind™bf Caft hiAREplarkalioi Ghifke ofifet Frda frafdSiEntatdns thus, the

semi-permaneny frazen stesagaiatisletstiensfaregs rassible iladdition dhedsletisansplgatation has
the advantage of not requiring it to take the trouble to excise cells even if rejection occurs, because the

transplantetSsfets tHeRTSERE SR EHRBIRE [JotT HOWETAE teidéHransplantatiBRh &
disadvantage of shedage gtislets juitabje fordransplaniption.hecause of thetechnigal diffigulty in

isolation only of islet cells from the pancreas. As a result, a plurality of transplantations are necessary
until insulintindaperdderoetis achieved aregairing thantrasideations rom 2.6 donorsschiaverage for

one recient. ACCordiot L5 4 ehallgnoe oy o eptain many et gt goqd ayalfy from fre
pancreas.
transplanting islets in the same manner as drip infusion.
The islet transplantation is also a kind of cell
transplantation unlike other organ transplantations; thus,
the semi-permanent frozen storage of islets therefore is
possible. 1In addition, the islet transplantation has the
advantage of not requiring 1t to take the trouble to
excise cells even if rejection occurs, because the
transplanted islets themselves are absorbed.
[0004]

However, the islet transplantation has the
disadvantage of shortage of islets suitable for
transplantation because of the technical difficulty in
isolation only of islet cells from the pancreas. As a
result, a plurality of transplantations are necessary
until insulin independence is achieved, requiring pancreas
donations from 2.6 donors on average for one recipient.
Accordingly, it is a challenge how to obtain many islets

of good quality from the pancreas.

[0005]



To overcome this challenge, various methods for isolating islets have previously been studied. For
example, Patent Document 1 discloses a method for isolating islets, comprising injecting a protective
solution containing a protease inhibitor into the pancreatic duct in advance. In the method for isolating
islets, the protease inhibitor is used to improve the yield of the islets. [0006) For conventional
methods for isolating islets, the cause of not providing islets of sufficient quality and yield is considered
to be that endogenous enzymes derived from the exocrine pancreas present in the pancreas are

activated by the exgisiongfdthe pancreas;and damage papcrealig tissug, asdisglgged incon Patent
Document 1; the above method for isolating islets of Patent Document 1 contemplates the

improvemeh$of thielqimlityladdield &fate islesdyiinkibiing the astivityoidiedndogerfeis enzymes.
Examples ol thg efzymes dedyrd Mo de gxacting pangigas ale Lybein, pRagseas-derpyed elastase,
e

and chymotrypsi e above Patent Document 1 uses urinastatin, which speci ical y inhi Sits trypsin.
[0007] PatértDocumens 1laescribesdhatithe approptiatesprotection af islettissae byaprotease
inhibitor resultls ig the increased yield of islets. However, conventional methods often cause the

physical daftage ofRlet BB 8 A beirfy tofi SH TRiTiRg isoRBOR, ARF haveo? stabiy Brovided

islets havingaa size and-shape €nawghdasesrete insulin affer traasplagtatien toinecessanyyields.
Also, the urinastatin used as a protease inhibitor in Patent Document 1 has a problem of posing a high
risk on a livirig 668y antR&ckingah afsty beehiised 9 a Bislogies PreparatioiPaitdmedtising human

urine as a %mtgpltﬁglaiesdléggocuments Patent Documents
[0006]

For conventional methods for isolating islets, the
cause of not providing islets of sufficient quality and
yield is considered to be that endogenous enzymes derived
from the exocrine pancreas present in the pancreas are
activated by the excision of the pancreas and damage
pancreatic tissue, as disclosed in Non Patent Document 1;
the above method for isolating islets of Patent Document 1
contemplates the improvement of the quality and yield of
the islets by inhibiting the activity of the endogenous
enzymes. Examples of the enzymes derived from the
exocrine pancreas are trypsin, pancreas-derived elastase,
and chymotrypsin; the above Patent Document 1 uses
urinastatin, which specifically inhibits trypsin.

[0007]

Patent Document 1 describes that the appropriate
protection of islet tissue by a protease inhibitor results
in the increased yield of islets. However, conventional
methods often cause the physical damage of islet cells,
such as being torn off, during isolation, and have not
stably provided islets having a size and shape enough to

secrete insulin after transplantation to necessary yields.



[0008) Patent Documentinternational Publication No. WO 2006/068226 Non-Patent Documents [0009]
Non Patent Document 1: Transplantation Proceedings, 2003, Vol.35, no.7, 2455-7 Summary of the
Invention Problem to be Solved by the Invention [0010] Accordingly, an object of the present
invention is to provide a method for isolating islets in high yields, which are capable of providing islets
of shapes and sizes suitable for transplantation, and a protective solution for protecting islet.

Also, the urinastatin used as a protease inhibitor in

Patent Document 1 has a problem of posing a high risk on a

living body and lacking in safety Dbecause it is a

biological preparation obtained using human urine as a raw

material.

Related Art Documents

Patent Documents

[0008]
Patent Document 1: International Publication No. WO
2006/068226

Non-Patent Documents
[0009]
Non Patent Document 1: Transplantation Proceedings, 2003,

Vol.35, no.7, 2455-7

Summary of the Invention
Problem to be Solved by the Invention
[0010]

Accordingly, an object of the present invention is
to provide a method for isolating islets in high yields,
which are capable of providing islets of shapes and sizes
suitable for transplantation, and a protective solution

for protecting islet.

Means to Solve the Problem
[0011]

The present inventors, in making the present
invention, have newly found that donor's neutrophils

infiltrate into the excised pancreas and increase in



Means to Solve the Problem [0011] The present inventors, in making the present invention, have
newly found that donor's neutrophils infiltrate into the excised pancreas and increase in number when
being passed through a step of digestion and further that neutrophil elastase released from these
neutrophils damages the pancreas. Accordingly, the present inventors have focused on the point that
the damage of the pancreas can be efficiently suppressed by inhibiting the action of the neutrophil
elastase, thereby accomplishing the present invention. [0012] The present invention relates to the

followings. filmd arethedfor isolatingdsletsegonaprsingh a astigestion stepsefdreakingsg@wn an
excised pancreas to provide pancreatic tissue, and  a purification step of immersing the pancreatic

tissue in a pukficsion softfon BPrEViAR SIS, FherdF Bife digedtRTaep chhfpfiseshese

neutrophils damages the pancreas. Accordingly, the
present inventors have focused on the point that the
damage of the pancreas can be efficiently suppressed by
inhibiting the action of the neutrophil elastase, thereby
accomplishing the present invention.
[0012]

The present invention relates to the followings.
[1] A method for isolating islets, comprising:

a digestion step of Dbreaking down an excised
pancreas to provide pancreatic tissue, and

a purification step of immersing the pancreatic
tissue in a purification solution to provide islets,

wherein the digestion step comprises:

an enzyme inijection step of injecting an enzyme
solution containing a digestive enzyme into the inside of
the pancreas;

a digestion initiation step of activating the
digestive enzyme;

a digestion termination step of inactivating the
digestive enzyme; and

a collection step of collecting the broken down
pancreatic tissue,

wherein a neutrophil elastase inhibitor is added
before the digestion initiation step so that the
neutrophil elastase inhibitor is present in the inside of
the pancreas at the time point of starting the digestion

initiation step.



an enzyme injection step of injecting an enzyme solution containing a digestive enzyme into the inside
of the pancreas; a digestion initiation step of activating the digestive enzyme; a digestion
termination step of inactivating the digestive enzyme; and a collection step of collecting the broken
down pancreatic tissue, wherein a neutrophil elastase inhibitor is added before the digestion
initiation step so that the neutrophil elastase inhibitor is present in the inside of the pancreas at the
time point of starting the digestion initiation step. [2] The method for isolating islets according to [1],

further compgising-heforgdhe sigestion stepaninjection;sep ofinjgeting-a prepervation seplution into
the pancreatic duct of an excised pancreas and/or a preservation step of immersing the pancreas in an
immersion fAitEHBE preSemrtiba 1 18] TrRimEthob 6 iSSIEaFT iskits GECHdIAY td- L] ¥F ZWherein the

addition of the, e_utgjfphil El%sé@%el@ ibitgr iszp_ggg_ggggp}_/&gqinsgottfgpgggoprlih%lgs_,t%%glhib_it_or to
the enzyme solution. [4] The method for isolating islets according to [1] or [2], wherein the addition of
the neutrophilratarstase inhibitocis perfdrmed by adding tedneurepliikelastaseainfiibitor to ¢he enzyme
SOMﬁonang%ggéygggﬂgysogggg. of immersing the ©pancreas in an
immersion fluid for preservation.
[3] The method for isolating islets according to [1] or
[2], wherein the addition of the neutrophil elastase
inhibitor is performed by adding the neutrophil elastase
inhibitor to the enzyme solution.
[4] The method for isolating islets according to [1] or
[2], wherein the addition of the neutrophil elastase
inhibitor is performed by adding the neutrophil elastase
inhibitor to the enzyme solution and the purification
solution.
[5] The method for isolating islets according to [2],
wherein the addition of the neutrophil elastase inhibitor
is performed by adding the neutrophil elastase inhibitor
to all of the preservation solution, the immersion fluid,
the enzyme solution, and the purification solution.
[6] The method for isoclating islets according to any one
of [3] to [5], wherein the concentrations of the
neutrophil elastase inhibitor in the preservation solution,
the immersion fluid, the enzyme solution, and the
purification solution are 2 to 200 uM.
[7] A protective solution for protecting the pancreatic
tissue from the action of elastase vreleased from
neutrophils having infiltrated into pancreatic tissue,

wherein the protective solution comprises a neutrophil

elastase inhibitor.



[5] The method for isolating islets according to [2], wherein the addition of the neutrophil elastase
inhibitor is performed by adding the neutrophil elastase inhibitor to all of the preservation solution, the
immersion fluid, the enzyme solution, and the purification solution. [6] The method for isolating islets
according to any one of[3] to[5], wherein the concentrations of the neutrophil elastase inhibitor in the
preservation solution, the immersion fluid, the enzyme solution, and the purification solution are 2 to
200 01. [7] A protective solution for protecting the pancreatic tissue from the action of elastase

released ffqr@nneyﬁgppiso@@ér&q{rgiIt_@é%@i%ﬁa@qe@%éwetwh%rﬁm therretective-splution

comprises a neutrophil elastase inhibitor. [8] The protective solution according to [7], wherein the

concentratioflet $ak Kabtkophillastase inkibhocplthe protasthvassolutidnis Per200uM:16013]

As used herein, the protectivE solution means ap serv%fion solution, an immersion fluid, an enzyme
olut 3 %

. rotective 1011 0 . . . . .
solution, a puri ication solustlon, or the IiKe Use he method for isolating islets according to the

present invéatiar,Jadded with a neutrophil elastase inhibitor. Effect of the Invention
As used herein, the protective solution means a
preservation solution, an immersion £fluid, an enzyme
solution, a purification solution, or the like used in the
method for isolating islets according to the present

invention, added with a neutrophil elastase inhibitor.

Effect of the Invention
[0014]
According to the present invention, islets of shapes
and sizes suitable for transplantation can be obtained in

high yields by the method for isolating the islets.

Brief Description of Drawings

[0015]

[Figure 1] Figure 1 is a series of photographs ((a) to
(d)) showing degrees of infiltration of neutrophils into
pancreas.

[Figure 2] Figure 2 is a graph showing neutrophil elastase
activity in each step of islet isolation.

[Figure 3] PFigure 3 1is a graph showing the optimal
concentration of a neutrophil elastase inhibitor.

[Figure 4] Figure 4 is a graph showing neutrophil elastase
activity in each step of the islet 1isolation method
described in Example and Comparative Examples.

[Figure 5] Figure 5 is a graph showing IEQ (islet

equivalent) of the islets obtained.



[0014] According to the present invention, islets of shapes and sizes suitable for transplantation
can be obtained in high yields by the method for isolating the islets. Brief Description of Drawings
[0015] [Figure 1] Figure 1 is a series of photographs ((a) to (d)) showing degrees of infiltration of
neutrophils into pancreas. [Figure 2] Figure 2 is a graph showing neutrophil elastase activity in each
step of islet isolation. [Figure 3] Figure 3 is a graph showing the optimal concentration of a neutrophil
elastase inhibitor. [Figure 4] Figure 4 is a graph showing neutrophil elastase activity in each step of

the islet isofation method deseribed in Exampleanth Comprialyedpamplgs - thigreislddgure S is a
graph showing IEQ (islet equivalent) of the islets obtained.
of the islets obtained.
[Figure 7] Figure 7 is a graph showing the purity of the
islets obtained.
[Figure 8] Figure 8 1is a graph showing the distribution of
longest diameters of the islets obtained.
[Figure 9] Figure 9 1is a series of photographs ((a) to
(d)) showing electron photomicrographs of the islets
obtained.

[Figure 10] Figure 10 is a graph showing the stimulation

index of the islets obtained.

Mode of Carrying Out the Invention
[oo1le6]

The islet isolation method of the present invention
is described below.
[0017]

The method for isclating islets according to the
present invention comprises (1) an "injection step" of
injecting a preservation solution into the pancreatic duct,
(2) a T"preservation step" of immersing pancreas in an
immersion fluid for preservation, (3) a "digestion step"
of braking down the pancreas, and (4) a "purification
step" of purifying islets from the pancreatic tissue
obtained by the breaking-down. In addition, the digestion
step consists of the steps: an "enzyme injection step" of
injecting an enzyme solution into the pancreatic duct of
the pancreas for swelling; a "digestion initiation step"
of initiating digestion to break down the pancreas; a

"digestion termination step" of terminating the further



[Figure 6] Figure 6 is a graph showing the isolation index of the islets obtained. [Figure 7] Figure 7 is a
graph showing the purity of the islets obtained. [Figure 8] Figure 8 is a graph showing the distribution
of longest diameters of the islets obtained. [Figure 9] Figure 9 is a series of photographs ((a) to (d))
showing electron photomicrographs of the islets obtained. [Figure 10] Figure 10 is a graph showing
the stimulation index of the islets obtained. Mode of Carrying Out the Invention [0016] The islet
isolation method of the present invention is described below.

digestion of the pancreatic tissue; and a "collection
step" of collecting and optionally washing and
concentrating the broken down pancreatic tissue. The
present invention 1is characterized in that a neutrophil
elastase inhibitor i1s ©present 1in the inside of the
pancreas at least at the time point of starting the
operation of the digestion initiation step among the above
steps.

[0018]

Subsequently, each step in the islet isolation
method of the invention of the present application 1is
described.

[0019]

(1) Injection Step

The injection of a preservation solution into the
pancreatic duct is performed as a first step of the islet
isolation method. The preservation solution may be
injected, for example, by inserting a catheter into the
pancreatic duct. The injection pressure may be controlled
using a pump. The number of the inserted catheters is
preferably one. The leak of the solution injected into
the pancreatic duct can be reduced and the organ damage
can be minimized by using only one catheter.

[0020]

The preservation solution has an osmotic pressure of
270 to 450 mOsm/1l, preferably 300 to 400 mOsm/1. This
range of the osmotic pressure enables the pancreatic
tissue to be prevented from swelling or shrinking during
preservation after injecting the preservation solution

into the pancreatic duct. The preservation solution



[0017] The method for isolating islets according to the present invention comprises (1) an
"Injection step" of injecting a preservation solution into the pancreatic duct, (2) a "preservation step” of
immersing pancreas in an immersion fluid for preservation, (3) a "digestion step” of braking down the
pancreas, and (4) a "purification step" of purifying islets from the pancreatic tissue obtained by the
breaking-down. In addition, the digestion step consists of the steps: an "enzyme injection step” of
injecting an enzyme solution into the pancreatic duct of the pancreas for swelling; a "digestion initiation

step” of initiating-digestontodreakdows thepancreas; @ "digestigh-eraination stepc oftesminating
the further digestion of the pancreatic tissue; and a "collection
step"ofcollé@FgaAasphali§kashingare tdfcentrhtingtieBroken down pancreatic tissue. The
present invg@g%js characterized in that a neutrophil elastase inhibitor is present in the inside of the
pancreas at least at the time point of starting the operation of the digestion initiation step among the
above steps. [0018The Suhsespenty, igach step inithedslet isofatientradthodistitiee invehtion of the

mesa“EWgQﬁ%%@A%Qggﬁwggigggﬂudes an organ preservation solution.
The organ preservation solution may be properly selected
from known solutions used for protecting or preserving
tissues. For example, but not limited to, UW solution,
ET-Kyoto solution, M-Kyoto solution (M-Kyoto solution
refers to ET-Kyoto solution containing Miraclid
(registered trade name, from Mochida Pharmaceutical Co.,
Ltd., general name: urinastatin), HTK solution, Euro-
Collins solution, and Celsior solution are used. ET-Kyoto
solution is particularly preferably used.

[0022]

A solution that i1s the preservation solution
described above added with a neutrophil elastase inhibitor
(called a protective solution) may be used for injection
into the pancreatic duct in this step. The neutrophil
elastase inhibitor may be, for example, Elaspol
(registered trade name, from Onoc Pharmaceutical Co., Ltd.,
general name: sivelestat); however, it is not particularly
limited provided that it is an agent having the effect of
inhibiting neutrophil elastase.

[0023]

The amount of the neutrophil elastase inhibitor
added to the preservation solution is properly determined
depending on the type of the inhibitor within the range in
which the present invention is worked. For example, when

Elaspol is wused, the content of Elaspol per L of the

10



(1) Injection Step The injection of a preservation solution into the pancreatic duct is performed as
a first step of the islet isolation method. The preservation solution may be injected, for example, by
inserting a catheter into the pancreatic duct. The injection pressure may be controlled using a pump.
The number of the inserted catheters is preferably one. The leak of the solution injected into the
pancreatic duct can be reduced and the organ damage can be minimized by using only one catheter.
[0020] The preservation solution has an osmotic pressure of 270 to 450 mOsm/1, preferably 300

to 400 MOyl This range of fhe,esmgtic pressurg enablegihe pancreatic fissue to be prevented

from swelling or shrinking during preservation after injecting the preservation ‘solution into the
pancreatic iddct. Thespresedvatier splution 1preferably has a pH of about 7 to 8 to prevent the acidic
degradation,[g& 9f cells and tissue. [0021] The preservation solution injected intothe pancreatic duct
includes an organ preservation solution. The organ preservation solution may be properly selected
from known solutiofis@isgu-fos protectingnor peaserving tissues. Ror ekamyld, sbutoot timited to, UW

solution, ET-Kyotq solution, M-Kyoto solution (M-Kyoto solution refers to ET-Kyoto solution containing
Miraclid (re%lfs%{@?eqdot?gde nzﬁ%, oM Moch Pﬁa%:mtélés (0., 114 “g&Reral afeSFhastatin),

HTK solutiemcEwraEeliins selution aetGelgior selutipmaneuset: ET iikyate solytien isspartcularly
preferably used.
islets more suitable for transplantation. The trehalose

may be a,a-trehalose, «,B-trehalose, f,pP-trehalose, or a
mixture thereof. Preferably, o,oa-trehalose is used. The
amount of the trehalose contained in the preservation
solution 1is 0 to 400 mmol, preferably 50 to 240 mmol,
particularly preferably 80 to 160 mmol in 1,000 ml of the
preservation solution.

[0025]

The concentration of potassium contained in the
preservation solution i1s preferable low. Specifically,
the amount of potassium per 1,000 ml of the preservation
solution is 4 to 50 mM, preferably 10 to 50 mM. The low
concentration of potassium can make the preservation
solution quickly spread into every corner of the tissue
without contracting the vessels of the pancreas. The
preservation solution goes around every corner of the
tissue to increase the effect of protecting the pancreatic
tissue. Thus, the lower concentration of potassium
contained in the preservation solution provides islets
more suitable for transplantation.

[0026]

The preservation solution may further contain other

ingredients as long as the advantages of the present

invention are not impaired. Other ingredients include,

11



[0022] A solution that is the preservation solution described above added with a neutrophil
elastase inhibitor (called a protective solution) may be used for injection into the pancreatic duct in this
step. The neutrophil elastase inhibitor may be, for example, Elaspol (registered trade name, from Ono
Pharmaceutical Co., Ltd., general name: sivelestat); however, it is not particularly limited provided that
it is an agent having the effect of inhibiting neutrophil elastase, [0023] The amount of the
neutrophil elastase inhibitor added to the preservation solution is properly determined depending on

the type ofghe inkibitor within:thg rapge inwhich theigresent inveptigmisawanked., Forgxample, when
Elaspol is used, the content of Elaspol per L of the preservation solution is 2 to 200 pM, preferably 5
to 100 MVRFikHE préféfabiyi 26 pMB0S4TIIS - The preservation solution also preferably contains
trehalose. '[ngpptaining of trehalose further increases the effect of protecting the pancreatic tissue,
providing islets more suitable for transplantation. The trehalose may be a,a-trehalose, a,P-trehalose,
P,P-trehalose, or a(mixtdeghersot.tRreferdblpa,a-trehalose is used. The amount of the trehalose
contained in the preservation solution is 0 to 400.mmol, preferably 50 to 240 mmol, particularly
preferably 80 to 16%Smr%olslﬁcl?8§0 m %Pthjénpré:slle(?vét%%egcolu]tﬁ)cr}]/.la(%lon me&Od’ g:%e

pancreas in which the preservation solution is injected
into the pancreatic duct is immersed in an immersion fluid
for preservation. As the preservation methods, a simple
immersion method using an organ preservation solution
alone or a two-layer method may be used. The preservation
using the two-layer method i1s a method which involves
placing a perfluorocarbon solution (PFC) and an organ
preservation solution in a container to form two layers,
in which an organ is then placed, followed by preserving
the organ while supplying oxygen into the container. Thus,
the immersion fluid in the present invention means, for
example, but not limited to, an organ preservation
solution when the simple immersion method is used, and PFC
and the organ preservation solution when the two-layer
method 1is used. Any solution capable of preserving

pancreas can be used as the immersion fluid of the present

invention. When the two-layer method is used, the ratio
of the perfluorocarbon solution (PFC) to the organ
preservation solution 1is preferably 1:1 by volume. The

supply of oxygen is preferably performed for at least 30
minutes. The preservation of the pancreas by the two-
layer method can maintain the viability of the pancreatic
tissue at a high level.

[0028]

12



[0025] The concentration of potassium contained in the preservation solution is preferable low.
Specifically, the amount of potassium per 1,000 ml of the preservation solution is 4 to 50 mM,
preferably 10 to 50 mM. The low concentration of potassium can make the preservation solution
quickly spread into every corner of the tissue without contracting the vessels of the pancreas. The
preservation solution goes around every corner of the tissue to increase the effect of protecting the
pancreatic tissue. Thus, the lower concentration of potassium contained in the preservation solution

provides islets moresuiable for frapgplantation: [026]s  nEhe peeseivatipResolution maydurther
contain other ingredients as long as the advantages of the present invention are not impaired. Other

ingredientslinEIBEE A but. Fot IRFRENS, &ééﬁﬁ@l?ﬁésFé@b@W&f‘é&?&m% RFIBL %ftémin&h@nd_drugs.
[0027] (2) \%%389’ ign Step.,  As@secondsiep in the isletisalagon method, the-panereas in which

the preservation solution is injected into the pancreatic duct is immersed in an immersion fiuid for
preservations Astthe pfeservatibr methods,calsinpple damazessiontmethiodwsing &n argan preservation

solution alone,orta %/vo-l yer méathod mgl?/ be.used. ThE preservatiton using th%two-lgyer @ethod isa
method whightihvsi es“f%gang gﬁerﬁd 8caf'6]othe§813’tlonj(l§F(ﬁoand %ﬁ%r&gn prg%lervajt:lorgla solution in

a containeritgnferm dwe layeiss in which a8 organvisthem plaged: fofloxterby preserving dagorgan
while supplying oxygen into the container. Thus, the immersion fluid in the present invention means,
for examplé{eolﬁrf imited to, an organ preservation solution when the simple immersion method is
used, and nggzagip the organ preservation solution when the two-layer method is used. Any solution
capable of preserving pancreas can be used as the immersion fluid of the present invention. When the
two-layer method id'ased, ihe tatitgof thsgpepfiesrocarbon sbkitio®{REG) tarthe Drgaid preservation

solution is preferably, 1:1, by yolume, The s '%8@%" e s %‘%ﬁf‘?{aglé’c"eéfé’ﬁrﬁ%d foy at Lﬁf‘St 30
minutes. The preservation of the pancreas by the two-layet me odf can maintain the viabi ity of the
pancreatic kigsitateohighiee). HTK solution, Euro-Collins solution, and
Celsior solution.
[0030]

A scolution that i1s the immersion fluid described
above added with a neutrophil elastase inhibitor (called a
protective solution) is also preferably used for
preservation in this step. The neutrophil elastase
inhibitor can be not only injected into the pancreatic
duct in the injection step but also used in the
preservation step to make the neutrophil elastase
inhibitor go around the pancreatic tissue. As a result,
the action of neutrophil elastase can be inhibited in a
wide area, enabling the damage of islets to be effectively
suppressed.

[0031]

Examples of the neutrophil elastase inhibitor wused
here include Elaspol; however, the inhibitor i1is not
particularly limited provided that it 1is an agent having
the effect of inhibiting neutrophil elastase. The amount

of the neutrophil elastase inhibitor contained in a liquid
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[0028] This preservation step is necessary when a time interval is present between the
operation of excising the pancreas from a donor and the operation of isolating islets from the excised
pancreas; however, it can be omitted when the time interval is not present and the immediate shift to
the operation of isolating islets can be made. [0029] Non-limiting examples of the organ
preservation solution used include UW solution, ET-Kyoto solution, M-Kyoto solution, HTK solution,
Euro-Collins solution, and Celsior solution. [0030] A solution that is the immersion fluid described
above added with 4 nedtrophil glastase inhibifor(calied:a, protective, stiopdis alsa preferably used for
preservation in this step.The neutrophil elastase

100 puM, more preferably 20 uM per L of the immersion fluid

when Elaspol is used.
[0032]
The organ preservation solution also preferably
contains trehalose. The containing of trehalose further

increases the effect of protecting the pancreatic tissue,

providing islets more suitable for transplantation. The
trehalose may be «a,a-trehalose, o,pB-trehalose, B,B-
trehalose, or a mixture thereof. Preferably, o, o-

trehalose is used. The amount of the trehalose contained
in the organ preservation solution is 0 to 400 mmol,
preferably 50 to 240 mmol, particularly preferably 80 to
160 mmol in 1,000 ml of the organ preservation solution.
[0033]

The concentration of potassium contained in the
organ preservation solution is preferable low.
Specifically, the amount of potassium per 1,000 ml of the
organ preservation solution is 4 to 50 mM, preferably 10
to 50 mM. The low concentration of potassium can
appropriately preserve the pancreas without contracting
the vessels of the pancreas. Thus, the lower
concentration of ©potassium contained in the organ
preservation solution provides islets more suitable for
transplantation.

[0034]

The organ preservation solution may further contain

other ingredients as long as the advantages of the present

invention are not impaired. Other ingredients include,
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inhibitor can be not only injected into the pancreatic duct in the injection step but also used in the
preservation step to make the neutrophil elastase inhibitor go around the pancreatic tissue. As a result,
the action of neutrophil elastase can be inhibited in a wide area, enabling the damage of islets to be
effectively suppressed. [0031] Examples of the neutrophil elastase inhibitor used here include
Elaspol; however, the inhibitor is not particularly limited provided that it is an agent having the effect of
inhibiting neutrophil elastase. The amount of the neutrophil elastase inhibitor contained in a liquid for

immersionfiresepyationis #iteL90 UM, prefesahly §119 400 UM mase pyeferatly 20 W parL of the
immersion fluid when Elaspol is used. [0032] The organ preservation solution also preferably
contains treFaléSe. Pi86ntafiiny BiiréFE!BSe further increases the effect of protecting the pancreatic
tissue, proYiglg}gsi lets more suitable for transplantation. The trehalose may be a,a-trehalose,
a,13-trehalose, 134- trehalose, or a mixture thereof. Preferably, a,atrehalose is used. The amount of
the trehalose contdihed ircthgzorgap peeservationesolutiomlis Qitord 00hmmol gpreferadnlyp 5@ ¢o 240

mmol, particularly preferaply 80 o 160 mypg! in 1,900 ni of the prgan preseryafion solufigy. [0033]
mOsm/1. This range of the osmotic pressure enables the
pancreatic tissue to be prevented from swelling or
shrinking during the preservation of the organ. The organ
preservation solution also preferably has a pH of about 7
to 8 to prevent the acidic degradation, etc. of cells and
tissue.

[0036]

(3) Digestion Step

As a third step in the islet isolation method, a
digestive enzyme 1is injected into the pancreas to break
down (digest) the pancreas. Specifically, an enzyme
solution having the effect of breaking down pancreas is
injected into the pancreatic duct to swell the pancreas
(hereinafter referred to as an "enzyme injection step"),
followed by activating the enzyme to break down the
pancreas (hereinafter referred to as a "digestion
initiation step"). Thereafter, the enzyme is inactivated
to terminate the digestion (hereinafter referred to as a
"digestion termination step"), followed by collecting the
broken-down pancreatic tissue (hereinafter referred to as
a "collection step").
[0037]

Examples of the enzyme solution which may be used

include, but not 1limited to, a collagenase solution.
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The concentration of potassium contained in the organ preservation solution is preferable low.
Specifically, the amount of potassium per 1,000 ml of the organ preservation solution is 4 to SO mM,
preferably 10 to SO mM. The low concentration of potassium can appropriately preserve the pancreas
without contracting the vessels of the pancreas. Thus, the lower concentration of potassium contained
in the organ preservation solution provides islets more suitable for transplantation. [0034] The
organ preservation solution may further contain other ingredients as long as the advantages of the

present invention e, patimpaireds thetingrgdientsinshidey but pat lingited 1, electrolyies,
carbohydrates, amino acids, drugs, and vitamins. [0035] The organ preservation solution has an
osmotic préssute 88270 W31B50 FOSmihréfesanly 300%o 4oe MEBRYESFis range of the osmotic
pressure e%talgg ]the pancreatic tissue to be prevented from swelling or shrinking during the
preservation of the organ. The organ preservation solution also preferably has a pH of about 7 to 8 to
prevent the acidic degsadatioipetct bictellssandissea{0086]3) DigestioaS$fepl with a

neutrophil elastase inhibitor (called a protective
solution) is also preferably used for injection into the
pancreatic duct in this step. The presence of the
neutrophil elastase inhibitor in the digestion step
enables the pancreatic tissue to sufficiently contact the
neutrophil elastase inhibitor. Thus, the action of

neutrophil elastase can be inhibited in a wide area,

enabling the damage of islets to be effectively suppressed.
For example, when Elaspol is used as a neutrophil elastase

inhibitor, the content of Elaspol per L of the protective
solution is 2 to 200 uM, preferably 5 to 100 uM, more

preferably 20 uM.

[0039]

When (1) Injection Step and/or (2) Preservation Step
is omitted, the enzyme solution preferably contains the
preservation solution described in the (1) Injection Step.
[0040]

The injection of the enzyme solution into the
pancreatic duct in the enzyme injection step may be
carried out in the same procedure as for the above-
described injection of the preservation solution.

The enzyme activation in the digestion initiation
step can be performed, for example, by increasing the
temperature of the system. Specifically, the pancreas
swollen by the injection of collagenase is placed in a

chamber, and the route for digestion is filled with the
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As a third step in the islet isolation method, a digestive enzyme is injected into the pancreas to break
down (digest) the pancreas. Specifically, an enzyme solution having the effect of breaking down
pancreas is injected into the pancreatic duct to swell the pancreas (hereinafter referred to as an
"enzyme injection step"), followed by activating the enzyme to break down the pancreas (hereinafter
referred to as a "digestion initiation step"). Thereafter, the enzyme is inactivated to terminate the
digestion (hereinafter referred to as a "digestion termination step"), followed by collecting the

broken-dowg papssatic tissuentheseinafteryefereed toassa seollectiongtepeh f0Q37]  cixamples of
the enzyme solution which may be used include, but not limited to, a collagenase solution.

Collagenastois Hhinzyivfe W&Wéfbed%céﬁ%%%e %e@@ﬂ&gerﬁé&p%éﬁngﬁﬁélﬁ%@é’s oﬁhe_ N
pancreas. [00381 5 A sQlufonithat ishe enzymesolytion addedwith.a nedtrgphil; glastase inhibitor

(called a protective solution) is also préferably used for injection into the pancreatic duct in this step.
The presente=of thelreutiophil elastaseqatibiter in the digestien step leaablesthégzaemreatic tissue to

sufficiently cr%lt c% ]Egetggutro @g e al§tase ér}]hék}it%r Tgus :tthe a%tion Okf1 Qgﬂtropgléluq sstasle can be
inhibited in"a ' wide aréa; ena ing the 8an?age ofelsf:efs to%e e%?lectivevfy Suppressed. For example,

when Elaspalds osed a5 a neutroplihelastase ifkibitamthe eerdentafdslaspolqaiteefdhe grotective
solution is 2 to 200 zM, preferably 5 to 100 pM, more preferably 20 uM. [0039] When (1) Injection
Step and/of $2)1Presen/iBA St i orhRe dPHE G R M sdidtioit refeably/ GSHRERS thelFreservation

SOMﬂondq%g@@engg¥bggégqugg&ﬁgp.gxkgﬂ Thus, when collagenase 1is
brought into action to break down the pancreas, it is
necessary to elevate the system temperature to about 37°C.
[0041]

The digestion termination step is carried out at the
time point that cells forming islets retain an aggregated
morphology and the exocrine pancreatic tissue dissociates
from the periphery of islets. The termination of
digestion can be performed by reducing the temperature of
the system. Alternatively, it can also be carried out by
adding serum protein to inactivate the enzyme. The
inactivation by adding serum protein can be carried out,
for example, by making the route into an open system and
flushing the solution of a room temperature containing
human albumin into the route. Flushing the solution of
room temperature inactivates the enzyme by reducing the
temperature of the system and diluting the enzyme. The
enzyme 1s inactivated by adding serum protein.

[0042]

After terminating the digestion, the degraded

pancreatic tissue is collected as a collection step. The

collected pancreatic tissue is preferably subjected to the
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The injection of the enzyme solution into the pancreatic duct in the enzyme injection step may be
carried out in the same procedure as for the above-described injection of the preservation solution.
The enzyme activation in the digestion initiation step can be performed, for example, by increasing the
temperature of the system. Specifically, the pancreas swollen by the injection of collagenase is placed
in a chamber, and the route for digestion is filled with the solution to make a closed
system.Thereatfter, the solution is circulated using a pump, and the solution is warmed to such a

temperaturedhat-csaagenase isactiMated shhe glevateddemperative aetivates theealagerase
infiltrated into the pancreatic tissue, which results in dissolving the collagen forming the tissue

connectingf@IsI6RFERIE v IRe PahEEat® S €olihgBnase is most activated around 37C.
Thus, when coIIagqqa}sepiﬁp{@lig}ggqtgrpcéiggggo break down the pancreas, it is necessary to elevate
the system temperature to about 37C. [0041] The digestion termination step is carried out at the
time point that cellg-formingoistetsiretdinan Aggteyateidsrhetphotoghedridotherexbbride pariceeatic tissue
dissociates from theaf)glrl(g)ger gf |sttlgtes. sze termlnatlgn ogidsl%%setloncgagb%gegormed reeducmg the

temperatur%ucﬁ]tﬁé‘ System: Alernatively, it ChH 4156 be cartisd out by adding Serur protein to

inactivate theeanzymey Thedpaciivatien by addiggtserumrharoteit €an betcasied eutafos example, by
making the route into an open s¥stem and flushing the solution of a room temperature containing

human alb8fin hES terotte. inPABSofiRtiohof rdorm tefpersttn® inactivales thé@zyme by

reducing t'@c@é&ﬁ%@%@ﬁ&%@@?m gggﬁlytingﬁ@e epaiae.i the enzyme is ?%%Q!E}!atfg by adding
serum protein. [0042] After terminating the digestion, the degraded pancreatic tissue is collected
as a collecHen Sepahe dcolesed panciaaic 1issaéd iopreferably sipjectetPtthéning  a

density gradient reagent. The islet has a low specific
gravity compared to the exocrine pancreatic tissue. This
is exploited to place the degraded pancreatic tissue in a
purification solution in which a density gradient 1is
formed by the density gradient reagent to isolate the
islets and the exocrine pancreatic tissue by a specific
gravity centrifugal method.

[0043]

The density gradient reagent can be properly
selected from among those which are each known to be used
for the preparation of a density gradient in a solution.
Examples thereof which can be used include OptiPrep (from
Axis-Shield plc, general name: iodixanol solution),
Nycodenz (from Axis-Shield plc, general name: iodixanol
powder) . The density gradient reagent used here 1is
preferably one capable o©of ©preparing a purification
solution having low viscosity. The purification solution
with lower viscosity enables the more rapid purification.
The preferable viscosity range is 5 cp or less, preferably
3 ¢cp or less, more preferably 2 c¢p or 1less when the

measurement thereof is performed at a measurement
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centrifugation with washing using a centrifugal separator for concentration before purification. (4)
Purification Step As a fourth step in the islet isolation method, the purification of the pancreatic
tissue collected in the preceding step is carried out. The purification is a step of isolating the pancreatic
tissue into islets and exocrine pancreatic tissue. The operation of this step is performed using a
purification solution containing a density gradient reagent. The islet has a low specific gravity
compared to the exocrine pancreatic tissue. This is exploited to place the degraded pancreatic tissue

in a puriﬁcact%%@é@ﬁjg vdich,adensity gradient &5 fopmed py the degsity gradient teagant to isolate

the islets and the exocrine pancreatic tissue by a specific gravity centrifugal method. (004 The
density gradiead teafent caddsSropesly Seldcted Bropt almonythosasvhitia diergackh knéwn to be used

for the prepargti(%n of.a density, gradient in a solution. Examples thereof which can be used include
celAC L OoX

OptiPrep (from Ams-élﬁie (ﬁ:’) c, general name: iodixanol solution), Nycodenz (from Axis-Shield plc,
general narheo fodixanol powder). The density gradient reagent used here is preferably one capable of
preparing a purification solutign having low viscosity. The purification solution with_lower viscosity

enables the more rapidl pBHACatbRZ THE Prefistabie \REtosify rafeis b dtiesdSreRFanh 3 cp or

less, more geeferably 3 £RD1 dess wharithe-measuemeny thergelds Leifgrmed aka measyrement
temperature of 22C by the Brookfield method. The density gradient reagent used is preferably one

having a lohFénde@ki1evéloposd] thehePiFARatiBESORAOAGS OBtaified By Rring &< ensity
gradient reggent to;an organ preseryation sqlytiopy, The defipition.gfhe qrgan prgservatign solution
used here Is as described in the above step of immersion-preservingthe pancreas. Among the organ
preservatigmsoigtionsristed aboveatiosexontainiag trehalddescan beaused; 1teis prefeabtento use

ET-Kyoto solution, When_an rgan %Jtr}eservatiorrl] solution containing no trgﬂhéa\#ose IS used, trehalose
u -tre

may be adde }lotﬁ%npsuriﬁ%éstlon sofution. In t’ﬁlsog’aese?gfégﬁcghrla o e,%f Qivse @%-tkr)e%alose, ora

mixture theteefgnay be usedRreterably ca,atsehalesens Uused« thesameunbef. thewrahalosa contained
in the purification solution is 0 to 400 mmol, preferably 50 to 240 mmol, particularly preferably 80 to
160 mmol MTEBP0 MISTIRE PAFfkCItiorPSditfidp? containing no trehalose 1s

used, trehalose may be added to the purification solution.
In this case, a,a-trehalose, o,B-trehalose, f,p-trehalose,
or a mixture thereof may be used. Preferably, a,a-
trehalose 1s used. The amount of the trehalose contained
in the purification solution is 0 to 400 mmol, preferably
50 to 240 mmol, particularly preferably 80 to 160 mmol in
1,000 ml of the purification solution.

[0045]

A solution that is the purification solution added
with a neutrophil elastase inhibitor (called a protective
solution) 1is preferably used for the operation of this
step. The neutrophil elastase activity is also maintained
after Dbreaking down the pancreas, which can produce
cellular damage. Thus, preferably, the neutrophil
elastase 1inhibitor 1is also present 1in the purification
step to protect the islets from the cell-damaging action.
The neutrophil elastase inhibitor added to the

purification solution can provide 1less damaged islets.
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[0045] A solution that is the purification solution added with a neutrophil elastase inhibitor (called a
protective solution) is preferably used for the operation of this step. The neutrophil elastase activity is
also maintained after breaking down the pancreas, which can produce cellular damage. Thus,
preferably, the neutrophil elastase inhibitor is also present in the purification step to protect the islets
from the cell-damaging action. The neutrophil elastase inhibitor added to the purification solution can
provide less damaged islets. The amount of the neutrophil elastase contained in the purification

solution is 2@ 200y, preferablyna to 10Q-UMmote preferally 20 Ul peril, afthe purifigation solution

when Elaspol is used. [0046] The purification solution may further contain other ingredients as
long as thepadviahtagesiofrithe plesentimveation dare riod impadire do@thies rrgrédieAtstinclude) but not
limited to, adenosine, dextran, and arin. [0047] The ratefof addition of th% density gradient

reagent to the ordna%fﬁres%?:vea%%ﬁas% fiorri& séf%y I‘Iﬁ%gsur%’ng e d& Sity 5fthé p]a%%t!:ejaﬂ tissue
before purification and ehesidering thelspecificsgravities of the density gradient reagent and the organ
preservation[(s)%lg'g?n.

The purification solution may further contain other
ingredients as long as the advantages of the present
invention are not impaired. Other ingredients include,
but not limited to, adenosine, dextran, and heparin.

[0047]

The rate of addition of the density gradient reagent
to the organ preservation solution is set by measuring the
density of the pancreatic tissue before purification and
considering the specific gravities of the density gradient
reagent and the organ preservation solution.

[0048]
The density gradient can be formed by a known method.
The density gradient may also be formed using a device
such as a continuous density-generating device. Either
the continuous density gradient or the non-continuous
density gradient is available; however, the continuous
density gradient is preferable in view of being capable of
collecting more islets.
[0049]

In the purification step, a series of operations may
also be carried out using a blood-cell washing device such
as COBE2991. When COBE2991 1is used, a density gradient
reagent 1is first exploited to prepare a density gradient
in the device; a washed and concentrated degraded

pancreatic tissue is placed therein; and it is isolated
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[0048] The density gradient can be formed by a known method. The density gradient may also be
formed using a device such as a continuous density-generating device. Either the continuous density
gradient or the non-continuous density gradient is available; however, the continuous density gradient
is preferable in view of being capable of collecting more islets. [0049] In the purification step, a
series of operations may also be carried out using a blood-cell washing device such as COBE2991.
When COBE2991 is used, a density gradient reagent is first exploited to prepare a density gradient in

the device;;3,washed apd copeeniraied degradedpancraaticdissygds piaced thareinnarg § is isolated
into islets and exocrine pancreatic tissue by a continuous specific gravity centrifugal method. Then, the
solution in §REGEVIEE is TOREEEH by @RER rhefier. THe fRedons dresubjetied t¢McHBSEpic

examination o dgﬁeermi%%{p%vcvgich fraction islets ate present, and the %s}gtgtafgrgpllecteq"h[gowl
& : . oL

The above is the details of the operations in the steps, and among these, the injection step of (1) and

the presenfatmntsiemsf (Jre steps) perferned for the purposerof prevertmgrthe deterioration of the

excised organ with time. Thus, when islets can be is,olited immediate}l_y after excising the}Pancreas,
ar the

these (1) and/or (37 Steps Ean B STdpery Siitfdd. [pBSTES =re Present,

islets are collected.
[0050]

The above 1s the details of the operations in the
steps, and among these, the injection step of (1) and the
preservation step of (2) are steps performed for the
purpose of preventing the deterioration of the excised
organ with time. Thus, when i1slets can be isoclated
immediately after excising the pancreas, these (1) and/or
(2) steps can be properly omitted.

[0051]

However, when a time interval is present between the
organ-excising operation and the islets-isolating
operation, such as when the organ 1is required to be
transported to a distance, it 1is necessary to surely go
through the preservation step of (2) without omission.
More preferably, it is desired to go through both of the
(1) and (2) steps.

[0052]

The neutrophil elastase inhibitor can be used in all
of the steps; however, the neutrophil elastase inhibitor
may be added in each step so that it is present in the
pancreas at least at the time point of entering into the
operation of the digestion initiation step in the
digestion step of (3). For example, the addition of the

neutrophil elastase inhibitor can be limited only to the
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However, when a time interval is present between the organ-excising operation and the islets-isolating
operation, such as when the organ is required to be transported to a distance, it is necessary to surely
go through the preservation step of (2) without omission. More preferably, it is desired to go through
both of the (1) and (2) steps. [0052] The neutrophil elastase inhibitor can be used in all of the
steps; however, the neutrophil elastase inhibitor may be added in each step so that it is present in the
pancreas at least at the time point of entering into the operation of the digestion initiation step in the

digestion step:9t(3). &or example; theaddition: of the aewtrophilelastasedphibiforgan e limited only
to the enzyme solution injected in the enzyme injection step In the digestion step of (3).The inhibitor

may also bel&lded 8aKtoRe iftFRErsiod fluid in-the PreseniatiohistEp 6f (PR apreeedhty step for
the digestiqn; siep. and may,alsq be agdded anly to:tig preservation eié ad %%r}{patp%g]e step of (1)

as a preceding step therefor. [0053] According to the above isl ation method of the present
invention, lafge(Bletsicam bpnbd:&ldedxgomtpape(ftmrthbm faticpaventionat nethods1d heastets
obtained are not defect|v hibit $0 h| ha 8 rvival rate in reC| |ents thi\t the size therecg is
comparabl%%tg?ne oeﬁglﬁ§ sée fhe é6f m?he pancr%%%sgrl{ar%av hlg(ﬁ uD”;,[yr%o secre{:e insulin. From

these reasens,dbe 1arger istgs €an be)said tabe mearesuitgbleteptransplamtation. [0054]
[0053]

According to the above islet isolation method of the
present invention, large islets can be obtained compared
to those for conventional methods. The islets obtained
are not defective, exhibit so high a survival rate in
recipients that the size thereof 1is comparable to the
original size thereof in the pancreas, and have a high
ability to secrete insulin. From these reasons, the
larger islets can be said to be more suitable for
transplantation.

[0054]

In addition, the islets obtained by the method of
the present invention are excellent in terms of shape. As
shown in Examples to be described later, according to the
method of the present invention, islets that are spherical
and high in density and have intact pancreatic tissue can
be obtained. Such islets have a high ability to secrete
insulin and considered to be suitable for transplantation.
The islets obtained by the method of the present invention
are also high in purity.

[0055]
According to the method of the present invention,

the operation of isclating islets can also be simplified
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In addition, the islets obtained by the method of the present invention are excellent in teittts of shape.
As shown in Examples to be described later, according to the method of the present invention, islets
that are spherical and high in density and have intact pancreatic tissue can be obtained. Such islets
have a high ability to secrete insulin and considered to be suitable for transplantation. The islets
obtained by the method of the present invention are also high in purity. [0055] According to the
method of the present invention, the operation of isolating islets can also be simplified and efficiently

performed bydnererdecreasing the-requency ofyspof anagentsuchas ameutrophihelastase
inhibitor. [0056] According to the present invention, the action of a neutrophil elastase released

during the Bfedkiify-8SwAdf pdficteas eah hRSSUPPFELSEEIR E he BitGiTHiPESstaBE ihilidF to provide
less damageg islgts suitable for transplantation. In other words, according to the present invention,
islets having shapes and sizes suitable for transplantation can be obtained in high yields. Examples
[0057] The présentin¥entjortis baked pm¢lsenew findigtthatdoror's neatrophilsdrilteate into

pancreas after excisjon and.increase in nuinber vgihe being p sged hrou hasteg) of di egtion.

. nelﬁt]%%i’ll las&%s? re eatse . uxri % reagqllnga{- owrl g?
Accordingly, the finding obtained by the inventors is described first. Figure 115 a Series of photographs
showing degiees ©4 mfilteation dbeeutraphilsciste-panaseatictissuenthecdphawingexaeriment was
carried out using pancreas excised from a mouse. i .

inhibitor to provide less damaged 1slets suitable for
transplantation. In other words, according to the present
invention, islets having shapes and sizes suitable for

transplantation can be obtained in high yields.

Examples
[0057]

The present invention is based on the new finding
that donor's neutrophils infiltrate into pancreas after
excision and increase in number when being passed through
a step of digestion. Accordingly, the finding obtained by
the inventors is described first. Figure 1 is a series of
photographs showing degrees of infiltration of neutrophils
into pancreatic tissue; the following experiment was
carried out using pancreas excised from a mouse.

[0058]

First, mouse pancreas was excised; UW solution or
ET-Kyoto solution, which was added with type-IV
collagenase, was injected into the pancreatic duct to
swell the pancreas; then, a portion of the pancreatic
tissue was collected. Then, the swollen pancreas was
digested by incubation at 37°C for 15 minutes, and after
digestion, a portion of the pancreatic tissue was again

collected. The collected pancreatic tissue was stained
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[0058] First, mouse pancreas was excised; UW solution or ET-Kyoto solution, which was added
with type-1V collagenase, was injected into the pancreatic duct to swell the pancreas; then, a portion of
the pancreatic tissue was collected. Then, the swollen pancreas was digested by incubation at 37C for
15 minutes, and after digestion, a portion of the pancreatic tissue was again collected. The collected
pancreatic tissue was stained withhematoxylin-eosin(HE),andtheneutrophils infiltrated into the
pancreatic tissue were stained with naphthol-ASD-chroloacetate esterase. Both stained images of the

predigested, pancreatie issusand ihe digested pancreatic tigsye werg compasea wilheagh other.
[0059] In Figure 1, (a) and (c) on the left hand side show the stained images of pancreatic tissue

before digelstibi LBy aq%ﬁqume_?@%t RATFSIE8 Shew Hie Stafhet Shages-erpiitredtic fissue after
digestion; apd.the slaingdimages jndicated by acrows show actiyated neuftophils. The upper (a) and

(b) show cases where 1JW solution was used, and the lower (c) and (d) show cases whére ET-Kyoto
solution wasfusedh40080EdigERUees 1f@randei(c) showithatthe iafidratioh®of nélgepliitsdis absent in

the undigestedcpanc eagic tisssue, that is, normal pan(greathc%ltissue bef%rg the digestion step. On the
other hand® fbr) anc (%IiL onttﬁe Ef’iltjﬁt ng}{é sfa%niﬁﬁéeurevils ow that tiie fififtration of neutrophils is

present anddhe pumber of neutrophils was increased compared to that before digestion, after the
digestion step in which the pancreas was broken down with collagenase. The same pancreatic tissue

was used in FigureSaL (&8 & (b}, antfih Figitted 9{c) Smd 15, réshectiveRTRisIS i$pribable that
neutrophils.werealready present & ths exgisgd nancreas andmaredeptophils ipfiltiated into the
pancreatic tissue by the breaking-down of the pancreas through the digestion step. [0061]

(b) and (d) on the right hand side show the stained images

of pancreatic tissue after digestion; and the stained

images 1indicated by arrows show activated neutrophils.

The upper (a) and (b) show cases where UW solution was

used, and the lower (c) and (d) show cases where ET-Kyoto

solution was used.

[0060]

Figures 1(a) and 1(c) show that the infiltration of
neutrophils is absent in the undigested pancreatic tissue,
that 1is, normal pancreatic tissue before the digestion
step. On the other hand, (b) and (d) on the right hand
side in Figure 1 show that the infiltration of neutrophils
is present and the number of neutrophils was increased
compared to that before digestion, after the digestion
step 1in which the ©pancreas was broken down with
collagenase. The same pancreatic tissue was used in
Figures 1(a) and 1(b), and in Figures 1l(c) and 1(4),
respectively. Thus, it is probable that neutrophils were
already present in the excised pancreas and more
neutrophils infiltrated into the pancreatic tissue by the

breaking-down of the pancreas through the digestion step.

[0061]
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Neutrophilsreleaseneutrophilelastasewhen activated. It is known that the neutrophil elastase has an
important effect of an enzymatic digestion and decomposition of bacteria, etc. having entered a living
body under an environment in which an endogenous inhibitor acts, but causes the damage of tissue
when the action of the inhibitor is reduced from any cause. Thus, islets are probably damaged when
neutrophils are activated in the step of isolating the islets. [0062] Accordingly, to know in which
situation in the islet isolation step neutrophils are activated, the activity of neutrophil elastase in each

step was examinedydhg tesuits age shown i Eigure 2.[0063)1he experimentyvas carged.gut using
mice.The organ preservation solution used was ET-Kyoto solution. For the measurement of neutrophil

elastase acivitythestipernatant 8f thesuBpersioh cohtairisy pantreatic tissuetobtaindehia each step
e 2 A TEss eSS AP s eubaiy g
pnitroanilidé«eleased intddhe reactioncsodition, wastdeterminedtrgsingralsoeonnee at awvamvelength of
405 nm. body under an environment in which an endogenous inhibitor

acts, but causes the damage of tissue when the action of

the inhibitor is reduced from any cause. Thus, islets are

probably damaged when neutrophils are activated in the

step of isolating the islets.

[0062]

Accordingly, to know in which situation in the islet
isolation step neutrophils are activated, the activity of
neutrophil elastase in each step was examined; the results
are shown in Figure 2.

[0063]

The experiment was carried out using mice. The
organ preservation solution used was ET-Kyoto solution.

For the measurement of neutrophil elastase activity, the
supernatant of the suspension containing pancreatic tissue
obtained in each step of the islet isolation was used as a
measurement sample; the sample was incubated in a reaction
solution containing a neutrophil elastase-specific
substrate at 37°C for 24 hours; and the amount of p-
nitroanilide released into the reaction solution was
determined using absorbance at a wavelength of 405 nm.
[0064]

As used herein, the "before digestion" refers to a
state in which collagenase, having the effect of breaking

down pancreas, was injected into the pancreatic duct to

swell the pancreas, that 1is, after the enzyme injection
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[0064] As used herein, the "before digestion" refers to a state in which collagenase, having the
effect of breaking down pancreas, was injected into the pancreatic duct to swell the pancreas, that is,
after the enzyme injection step and before the digestion initiation step in the invention of the present
application. The "after digestion” refers to a state in which the collagenase was activated after swelling
the pancreas to break down it, followed by inactivating the collagenase to terminate the digestion, that
is, after the digestion termination step and before the collection step in the invention of the present

applications Tbg "bgfg_ie M%@ﬁ@onfhﬁ?éerséQg"e%Ié%h@ W@EQM'}%E)%?{%@EJ sug,grwastq;.gglec;ed and
washed after terminating the digestion, that is, after the collection step and before the purification step
in the inveAtivreaittherpreseht applicationr FReM4fter pREAdARRL pafers to aldiate il Whichtslets were

isolated fro&n Q_:e gx%%rine R cresatig tisgue lé%l@% a dgn%ill;}/. g d'eﬂgE reagen h%tai gft‘eNr tge
purification sﬁ p?n %he inver??%nrof thg presgnt appliéation. J[0 5}[ ('?ﬁg f%{ﬁe s%ows ﬁ1at the
activity of rettrophtl efastaSedn thewsdncieas becomes highestat the the phintiofwaftet digestion”. It
also shows t aithe neutrophil elastase activit)c{?ié\s decr(sals sed at the time point of "beforegurification",

that is, after e BPEFatiBN of ASHNY e PAndragtiCiRsstRISAF Fiithe? the HEUtEHhT efaitase activity
is more degraased atthe timg poinkof "afterpurifieation’; Bayng passeshkifoughitbe purfigation step.
In other words, the islets are predicted to be most damaged at the time point of "after digestion”, and
the islets exBElleRERFRIItY 2N B bbBATEPEIiEESE by preveftingtHedahtiye af thishitne point.

[0066] present application. The "before purification" refers to

a state in which the pancreatic tissue was collected and
washed after terminating the digestion, that is, after the
collection step and before the purification step in the
invention of the present application. The "after
purification" refers to a state in which islets were
isolated from the exocrine pancreatic tissue wusing a
density gradient reagent, that is, after the purification
step in the invention of the present application.

[0065]

This figure shows that the activity of neutrophil
elastase in the pancreas becomes highest at the time point
of "after digestion". It also shows that the neutrophil
elastase activity 1is decreased at the time point of
"before purification", that 1is, after the operation of
washing the pancreatic tissue, and further the neutrophil
elastase activity is more decreased at the time point of
"after purification"” having passed through the
purification step. In other woxrds, the 1islets are
predicted to be most damaged at the time point of "after
digestion", and the islets excellent in quality can be
obtained efficiently by preventing the damage at this time

point.

26



The present invention is based on the above findings and is characterized in that a neutrophil elastase
inhibitor is present in the inside of the pancreas at least at the time point of entering into the digestion
initiation step in the digestion step. [0067] The concentration of the neutrophil elastase inhibitor
used in the isolation method of the present invention was examined as follows using the extracellular
leakage of LDH (lactate dehydrogenase) (indicator for cytotoxicity) as an indicator. [0068] First,
mouse islets were cultured in the presence of neutrophil elastase at a concentration of 0.31 to 10
4g/mL andthgstipernatant was collected after a lapse of a certain time. Subsequently, the remaining
mouse islets were homogenized and the islet suspension was collected. LDH contained in the
collected supernatdhtamf tiesslet dusfRpsiorrwas measarkdBy Gty aRDIE addafkit® measure

absorbancgr@ 56§§1m. Jﬁ!?r%@@%%' fg@gentgﬂion &gg@_n%utrqggﬂg %inhigﬂg%}gg%g_xamined by

adding 2 to 200 uM of the neutrophil elastase inhibitor, sivelestat, in culturing mouse islets in the
presence dfnrarious conceatratioas @f heutrophilletastase; drd sihilarlyaneasmingethe amount of LDH.
The CytOto_)L(glt% was expr?issed as the erc%ntagfe (%3 of the amgu@oofa%%g cantained in the

supernatant i ﬁe sautm gf fie atr%]rgﬁnt 7 LDH contaifie eﬁJﬂzl]eqsuprelrnat &n tﬁ%easn%&t?nl%of LDH

contained imtheiislet suspension r[0068] Hiestesuitsare shgwn in Figure 3.The vertical axis indicates
the degree of cytotoxicity, and the high values mean the more damage of cells. The horizontal axis
represents[t@m% Bhcentration of neutrophil elastase. Figure 3 shows that the higher concentration of

neutrophil elastasergauses.theagre damage of iglet celig. At this fime,ywhen 2 uMg2Q UM, or 200 uM

of sivelestat was added, the damage of islet cells was most suppressed in the presence of 20 uM of
sivelestat. Mhysbthecsptimakcbndentrdtion of e rdutophimgistase infibitbhis stgfeststtto be 20

LIM. invention was examined as follows using the extracellular

leakage of LDH (lactate dehydrogenase) (indicator for
cytotoxicity) as an indicator.
[0068]

First, mouse islets were cultured in the presence of
neutrophil elastase at a concentration of 0.31 to 10 pug/mL
and the supernatant was collected after a lapse of a
certain time. Subsequently, the remaining mouse islets
were homogenized and the islet suspension was collected.
LDH contained 1in the collected supernatant and the islet
suspension was measured by using a LDH assay kit to
measure absorbance at 562 nm. The optimal concentration
of the neutrophil elastase inhibitor was examined by
adding 2 to 200 puM of the neutrophil elastase inhibitor,
sivelestat, in culturing mouse islets in the presence of
various concentrations of neutrophil elastase, and
similarly measuring the amount of LDH. The cytotoxicity
was expressed as the percentage (%) of the amount of LDH
contained in the supernatant in the sum of the amount of
LDH contained in the supernatant and the amount of LDH

contained in the islet suspension.
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[0070] Then,the presentinventionisspecifically described with reference to Examples. These are only
illustrative examples, and the present invention is not intended to be limited thereto. [0071]

Nine-week or older C57BL/6N mice (body weight: 20 to 22 g) were used in each of the methods for
isolating islets described in Example 1 and Comparative Examples 1 to 3. An islet isolation method
was adopted which involves only (4) the purification step after (3) the digestion step, omitting (1) the
injection step and (2) the preservation step. The method was carried out by varying the ingredient of
the preservagigp splution used in the digestion step in each example. The neutrophil elastase activity in
each step was measured. The number, shape, size, and insulin-secreting ability of the islets obtained
by these methods W8fe nicssuté® TRE detaifeure déBeribédwerw3[0072TREXAMIE 18 Kyoto>

axis indicates the degree of cytotoxicity, and the high
values mean the more damage of cells. The horizontal axis
represents the concentration of neutrophil elastase.
Figure 3 shows that the higher concentration of neutrophil
elastase causes the more damage of islet cells. At this
time, when 2 uM, 20 puM, or 200 uM of sivelestat was added,
the damage of islet cells was most suppressed in the
presence of 20 uM of sivelestat. Thus, the optimal
concentration of the neutrophil elastase inhibitor is
suggested to be 20 uM.

[0070]

Then, the present invention is specifically
described with reference to Examples. These are only
illustrative examples, and the present invention 1is not
intended to be limited thereto.

[0071]

Nine-week or older C57BL/6N mice (body weight: 20 to
22 g) were used in each of the methods for isolating
islets described in Example 1 and Comparative Examples 1
to 3. An islet isolation method was adopted which
involves only (4) the purification step after (3) the
digestion step, omitting (1) the injection step and (2)
the preservation step. The method was carried out by
varying the ingredient of the preservation solution used
in the digestion step in each example. The neutrophil
elastase activity in each step was measured. The number,

shape, size, and insulin-secreting ability of the islets
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Elaspol(registeredtradename,fromOno Pharmaceutical Co., Ltd., general name: sivelestat) was added
to ET-Kyoto solution at the final concentration of 20 filvl to prepare a protective solution (hereinafter
referred to as S-Kyoto solution). [0073] The above mice were each subjected to about 1-cm
horizontal incision of the skin in the lower abdominal region under anesthesia, followed by ventrotomy
by the V-shaped incision of the muscular layer. Then, after displacing the small intestine and the large
intestine out of the body, the anterior diaphragm was incised and the heart was incised with scissors

for intrathomca@ke@@n%xo fratl The Pangrealie duckyasisplated ,anddt was pynciurgdawith a
syringe (with a 30G needle) to inject about 3 to 5 ml of a solution in which the protective solution

prepared aBev€ Wdkestderiltovthe digestion enzyme, type IV collagenase, thereinto to swell the
pancreas. 'Ifrd%%lpllen pancreas was isolated from the duodenum, the small intestine, the large
intestine, and the spleen and transferred to a 50-ml conical tube and cooled on ice, followed by placing
the tube containing<threzpanceeds: inSx ByCtwarm bath to start digestion. The digestion was promoted
by incubating the t%tieain thf warm bath for about 15 minutes. Thereafter, thegprotective solution at

cool temperature was added to thgert%%ésc%%fa? ing th%rpaa ‘creas Yo Hiake su 58Wsion; HRA the

digestion wasdterainated. da addition, thewsuspengianeeentainiagndhe pancepdis tissye wasswashed
and concentrated by a centrifugation operation. Finally, the above protective solution was added to the
purification?$8iGibn EOpHBrehY ot AQsShiel pRE gérittal hinte: igeRaFRNssREdRAFaA purification

step (o prepgre 276, 235%,,2084,and L1 1y solutians, and ths respsgtive ganceniagiong of the
solutions were superposed to form a non-continuous density graéllent. Then, the collected suspension
containing e pameréatio tissueSwhiy added @laretywhich was then centrifuged to collect a fraction
containing ﬁ?@gr purification. [0074] <Comparative Example 1: ET-Kyoto> Comparative
Example 1 adopted ET-Kyoto solution (containing no Elaspol) in place of the protective solution of
Example 1. As a patificatitsosalutian cET-Kyate selation atldeslavite@ptiRsepanas: adoptesh Other
operations were performed as in Example 1. , , .
horizontal incision of the skin in the lower abdominal
region under anesthesia, followed by ventrotomy by the V-
shaped incision of the muscular layer. Then, after
displacing the small intestine and the large intestine out
of the body, the anterior diaphragm was incised and the
heart was incised with scissors for intrathoracic bleeding
to death. The pancreatic duct was isolated ,and it was
punctured with a syringe (with a 30G needle) to inject
about 3 to 5 ml of a solution in which the protective
solution prepared above was added to the digestion enzyme,
type IV collagenase, thereinto to swell the pancreas. The
swollen pancreas was isolated from the duodenum, the small
intestine, the large intestine, and the spleen and
transferred to a 50-ml conical tube and cooled on ice,
followed by placing the tube containing the pancreas in a
37°C warm bath to start digestion. The digestion was
promoted by incubating the tube in the warm bath for about

15 minutes. Thereafter, the protective solution at cool

temperature was added to the tube containing the pancreas
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[0075] <Comparative Example 2: M-Kyoto> In place of the protective solution of Example 1,
Comparative Example 2 used ET-Kyoto solution added with Miraclid (registered trade name, from
Mochida Pharmaceutical Co., Ltd., general name: urinastatin) (hereinafter referred to as M-Kyoto). As
the purification solution, ET-Kyoto solution added with OptiPrep and Miraclid was adopted. To 1 L of
ET-Kyoto solution was added 100,000 units of Miraclid. Other operations were perfoimed as in
Example 1. [00761 <Comparative Example 3: UW> Comparative Example 3 adopted Viaspan

(registered-rades RaRME QR Bristal-MyersSauikb, genekal namey BV selttion) theplace phthe
protective solution of Example 1. Viaspan was adopted for the purification solution. Other operations
were perfoRdied asIR ExaRpIeSEIDOTALICN (IPPEAE bFfleGtiSpHITIasta3E Ketivativfthd Solutions

Used was washed and concentrated by a centrifugation operation.

Finally, the above protective solution was added to the
purification solution, OptiPrep (from Axis-Shield plc,
general name: iodixanol solution), as a purification step
to prepare 25%, 22.5%, 20%, and 11.1% solutions, and the
respective concentrations of the solutions were superposed
to form a non-continuous density gradient. Then, the
collected suspension containing the pancreatic tissue was
added thereto, which was then centrifuged to collect a
fraction containing islets for purification.

[0074]

<Comparative Example 1: ET-Kyotos

Comparative Example 1 adopted ET-Kyoto solution

(containing no Elaspol) in place of the protective
solution of Example 1. As a purification solution, ET-
Kyoto solution added with OptiPrep was adopted. Other

operations were performed as in Example 1.
[0075]
<Comparative Example 2: M-Kyotos
In place of the protective solution of Example 1,

Comparative Example 2 used ET-Kyoto solution added with

Miraclid (registered trade name, from Mochida
Pharmaceutical Co., Ltd., general name: urinastatin)
(hereinafter referred to as M-Kyoto). As the purification

solution, ET-Kyoto solution added with OptiPrep and
Miraclid was adopted. To 1 L of ET-Kyoto solution was
added 100,000 units of Miraclid. Other operations were

performed as in Example 1.
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The activity of neutrophil elastase was measured in each step of the isolation method performed in
Example and Comparative Examples. Measurements were performed at 4 timepoints: "before
digestion”, "after digestion", "before purification”, and "after purification". As used herein, the "before
digestion” refers to a state in which collagenase, having the effect of breaking down pancreas, was
injected into the pancreatic duct to swell the pancreas, that is, after the enzyme injection step and
before the digestion initiation step in the invention of the present application. The "after digestion”
refers to a stade #1 which the collagenase was activated after swelling to break down the pancreas,
followed by inactivating the collagenase to terminate the digestion, that is, after the digestion
termination step artFSEBRE theldtteEHGTBED id thé’wention of the present application. The "before
purification” refers {Q,g siate in which:the pancregtic lissye was yaghed giter Eeé?in:?giggélae digestion,
that is, after the collection step and before the purification step in the invention of the present
applicationt Taé¢afterparification! réfeistood stéye irswHichnistdts wernisokatedfrone the €Wocrine
pancreatic tissue using a.densjty gradient reagent, that is, after the purification step in-the invention of
the presen?gpp%cja |8rg . [bﬁ?@]sig(cquﬁeg stp%g&fig ﬁ%%%ﬁfteln%’gntso? n%%ﬁgghi?glagé%%%%ﬁvi y'was
carried outihysibedallowdry pspduce. The supeyngiant 6f thetsitspersiom eaptainingthiegpancreatic
tissue was used as a measurement sample and incubated in a reaction solution containing a
neutrouhil BREEREEPESHFSHBsRRE SR ETeF0R 54 HoufE BN dlby measuring the amount of
p-nitroanilidg geleqsed into the reaction solution using absorbance at a wavelength of 405 nm. At this
time, N-methoxysuccinyl-Ala-Ala-Pro-Val-pnitroanilide was used as the neutrophil elastase-specific
substrate, and the dourkof pasitroadilidisvdsreabulate Efamta eglibAasa canePreparsd using
known congerit&%t]i“oon ’?—gf Qj-gg@anilide and defined as the neutrophil elastase activity. [0079] The
results are SHOWR In igure 4. All neutrophil elastase activities in Example 1 and Comparative
Examples 1 to 3 wetesabout 100 O beforadigestiphiAll eeutropin el astas erectivities aveiensimilarly
increased from 300 41v1 to 400 1_01 after digestion; however, they were decreased after purification
and lower fARthESEBefdfe Giyestidiy THe! ght?b%ﬁ%%as%gefﬁ&ﬁi(/ﬁ\% after GieSRaT was fowest in
Example 1¢saganeklowest imtamparative Example-2mand similarehighast sreemparative Examples
1 and 3. In Figure 4, the increase of neutrophil elastase activity from before digestion to after digestion
indicates thatHRREBPRAS weREAGHAtCH B tHeldifestiorPdftRe pansieatic tRsue. "TrRIRE®ophil
elastase agfjyjty before purificationqvas;ipwest ig Examplg 4, gpd this was fallowed by Gomparative
Example 2, Comparative Example 1, and Comparative Example 3. The lowest neutrophil elastase
activity in Bempld bassyrobablpdaé totie actiohasfshe fieutraphil etastase inhibiterhicaddition,
when a variatiop in é[ple é/glue of _\rflegtro%lijirleela%%sé% gctiv'gyﬁ')s %gﬁgrved, Ctljg)e @rtgﬁ)est g%réegg)n was
evidenced after a%esﬁon angl%eﬁ)rg purification, and the action of the neuYrop iFelastase nhibitor can
be said to ke smost exeded afteridigesticthe pancreatic duct to swell the

pancreas, that i1is, after the enzyme injection step and
before the digestion initiation step in the invention of
the present application. The "after digestion" refers to
a state in which the collagenase was activated after
swelling to break down the pancreas, followed Dby
inactivating the collagenase to terminate the digestion,
that is, after the digestion termination step and before
the collection step in the invention of the present
application. The "before purification" refers to a state
in which the pancreatic tissue was washed after
terminating the digestion, that 1is, after the collection

step and before the purification step in the invention of

31



[0080] The above results demonstrated thatwas the protective solution of Example 1 that had the
strongest effect of not sustaining the activity of neutrophil elastase and immediately suppressing it.
[0081] (3) IEQ, Isolation Index, Purity, and Pancreatic Islet Size Distribution These indicators
were calculated by measuring the number, the longest diameter, and the area of islets obtained by the
methods described in Example 1 and Comparative Examples 1 to 3. IEQ is an abbreviation of islet
equivalents and an international unit indicating the volume of islets, in which the volume of an islet

having a digmetes,af J5Qmmispdafinediaml. Themaumbeanafisojated islets wasdefined asdhe number
obtained by taking 50 pL from 1 mL of a solution containing islet cells, measuring the number of the
islets stainé® by dithzbfe Jand’ mifdplyifig B restitantirimiBésy 207 orhetibgestafiamet@r and the

area of islefs yere mepsured hy image analysis ysing a fuoggscent microscope,VH Apglyzer
(KEYENCE CORPORATION). The isolation index was calculated using IEQ and the number of islets

and using the cakfilation formulauexipressediby: isptation index kd EQritea humbercd istéts. The purity

was calculated usintq the area otbtained from the image analysis and using the calculation formula
expressed %Jflzeﬁ’&ﬁiy 2HR-ared stained by dithizone / the total area. The islet size distribution was

divided into[ sige g]jasses: 50 pm to 100 pm, 100 pm to 150 pm, 150 pm to 200 pm, 200 pm to 250 pm,
250 pm to 300 pm, 300 pm to 350 pm, and 350 pm or more, based on the major diameter of islets
obtained by image BRalysPs i theerBERaYE BP8Rch ditribulie FF PRMUmb& ol 3stéts was

Cmcmawd399§@ity was carried out by the following procedure. The
supernatant of the suspension containing the pancreatic
tissue was used as a measurement sample and incubated in a
reaction solution <containing a neutrophil elastase-
specific substrate at 37°C for 24 hours, followed by
measuring the amount of p-nitroanilide released into the
reaction solution using absorbance at a wavelength of 405
nm. At this time, N-methoxysuccinyl-Ala-Ala-Pro-Val-p-
nitroanilide was used as the neutrophil elastase-specific
substrate, and the amount of p-nitrcanilide was calculated
from a calibration curve prepared using known
concentration of p-nitroanilide and defined as the
neutrophil elastase activity.

[0079]

The results are shown in Figure 4. All neutrophil
elastase activities in Example 1 and Comparative Examples
1 to 3 were about 100 uM before digestion. All neutrophil
elastase activities were similarly increased from 300 uM

to 400 uM after digestion; however, they were decreased

after purification and lower than those before digestion.
The neutrophil elastase activity after digestion was
lowest in Example 1, second-lowest in Comparative Example

2, and similarly highest in Comparative Examples 1 and 3.
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Figure 5 shows the IEQ of the islets obtained. This shows that the IEQ thereof in Example 1 is
significantly higher compared to that in Comparative Example 1 and in Comparative Example 3. [0083]
Figure 6 shows the isolation index of the islets obtained. This shows that the isolation index thereof in
Example 1 is significantly higher compared to that in Comparative Example 1 and in Comparative
Example 3. [0084] Figure 7 shows the purity of the islets obtained. This shows that the purity
thereof in Example 1 is significantly higher compared to that in Comparative Example 3. [0085]

Figure 8 shayvspthg distriutioprf the,diameler of the,isiats gptaineds This-shaws that islets,of 150 pm
or less were fewer in number for Example 1 compared to those for Comparative Examples. In addition,
islets of 250757 toBEPBIR Wete Afdré M nurfber forEXxampRET EdRiparedds aadsesfortdsrhparative

Examples %@%@%ﬁéﬂf’éo PiTLQLMOLE. 3N, be ghtained fOEEéamB'fﬁééki%o%"y ok Qo@ﬁé‘raﬁ"e
Example 2 that islets of 350 pm or more could be obtained for other than Example; this also shows
that large isletsoweretdlotainetlss igh yieldsSHe Examptercpmparedadas CoseparativeiExamples. [0086]
before purification was lowest in Example 1, and this was
followed by Comparative Example 2, Comparative Example 1,
and Comparative Example 3. The lowest neutrophil elastase
activity in Example 1 was probably due to the action of
the neutrophil elastase inhibitor. In addition, when a
variation in the value of neutrophil elastase activity is
observed, the largest variation was evidenced after
digestion and before purification, and the action of the
neutrophil elastase inhibitor can be said to be most
exerted after digestion.
[0080]

The above results demonstrated that it was the
protective solution of Example 1 that had the strongest
effect of not sustaining the activity of neutrophil
elastase and immediately suppressing it.

[0081]

(3) IEQ, Isolation 1Index, Purity, and Pancreatic
Islet Size Distribution

These indicators were calculated by measuring the
number, the longest diameter, and the area of islets
obtained by the methods described in Example 1 and
Comparative Examples 1 to 3. IEQ is an abbreviation of
islet equivalents and an international unit indicating the
volume of islets, in which the volume of an islet having a
diameter of 150 um 1is defined as 1. The number of

isolated islets was defined as the number obtained by
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(4) Shape Figure 9 shows photographs of the islets obtained. Figures 9(a) to 9(d) are photographs
under an electron microscope. In Figure 9, (a) shows Comparative Example 3, (b), Comparative
Example 1, (c), Comparative Example 2, and (d), Example 1. This shows that the islets obtained in
Example 1 each has good roundness, a dense structure, and a reduced broken-down tissue compared
to the islets in Comparative Examples. The shapes of the islets obtained in Example 1 and
Comparative Examples 1 to 3 were consistent with the results of the neutrophil elastase activity after

digestion. Thys; iy Exampja. 1, the.action gf the peutrophihelastase inbibitgr prohably syppressed the

damage of the pancreatic tissue. [0087] (5) Stimulation Index Figure 10 shows the stimulation
index of thé fstéts obtaPRIVAS Sed Heteimr i SEMURE ONGREex iaf rRlic&br sBGMing e secretory

ability of thg jglgts, The isolatign gf. the islets was capied outusing the Sﬂﬂ?&%&ﬂaﬁg@” 3%in Example
1. Thirty each of the islets obtained in Example™1 and Comparative Examples 1 to 3 'were cultured
under the CoraitibmrgfSTC o1 2Adioers amdlthencultures untler a tonditior ot atea glucese

concentrat'g)n ora Qgg gluc%sle %%nscengagjon fora d$ Lrlr&i:needcteiarpl%, foruoy:ved Sb mgasur'{r;lg the
concentratioh of iNsdin inthe sﬁpernatanst. THe stimutationtindex was calcuiated TFom the'ratio

between thenahilitiesito secretvirsulimortbe jovr glucose qoneentsiinatarththe higdkglueose
concentration. According to Figure 10, the stimulation index was significantly higher in Example 1 than

in ComparGfExamplts 453, TR deitbnstrate FHTH Ste iSIBts tht&ihed MiEkahple*d exhibited
better insulif, secegfion respopainge 9. glusase siimulationdhan the islets optained.in &omparative
Examples 1 and 3. Industrial Applicability
IEQ / the number of islets. The purity was calculated
using the area obtained from the image analysis and using
the calculation formula expressed by: purity = the area
stained by dithizone / the total area. The islet size
distribution was divided into size classes: 50 um to 100
pum, 100 pum to 150 um, 150 pum to 200 um, 200 pm to 250 pum,
250 um to 300 pm, 300 pum to 350 um, and 350 um or more,
based on the major diameter of islets obtained by image
analysis and the percentage of each distribution in the
number of all islets was calculated.
[0082]

Figure 5 shows the IEQ of the islets obtained. This
shows that the IEQ thereof in Example 1 is significantly
higher compared to that in Comparative Example 1 and in
Comparative Example 3.

[0083]

Figure 6 shows the isclation index of the islets
obtained. This shows that the isolation index thereof in
Example 1 1is significantly higher compared to that in

Comparative Example 1 and in Comparative Example 3.

[0084]
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[0088] The islet isolation method of the present invention enables islets having shapes and sizes
suitable for transplantation to be obtained in high yields and can be expected to be applied to the
treatment of diabetes. The presentinvention has been specifically described with reference to
particular embodiments. However, it will be apparent to those skilled in the art that various changes
and modifications may be made without departing from the spirit and scope of the present invention.
The present application is based on Japanese Patent Application No. 2010-159053 filed July 13, 2010,
the contents of whigh@ie éncorpetetedshetgia by tefetgnce fAllgited teferences-aredneasporated
herein in their entirety. CLAIMS 1. A method for isolating islets, comprising:
This shows that the purity thereof in Example 1 1is
significantly higher compared to that in Comparative
Example 3.
[0085]
Figure 8 shows the distribution of the diameter of
the islets obtained. This shows that islets of 150 um or
less were fewer in number for Example 1 compared to those
for Comparative Examples. In addition, islets of 250 pum
to 350 pum were more in number for Example 1 compared to
those for Comparative Examples and islets of 350 um or
more can be obtained for Example 1. It is only for
Comparative Example 2 that islets of 350 pum or more could
be obtained for other than Example; this also shows that
large islets were obtained in high yields in Example
compared to in Comparative Examples.
[0086]
(4) Shape
Figure 9 shows photographs of the islets obtained.
Figures 9(a) to 9(d) are photographs under an electron
microscope. In Figure 9, (a) shows Comparative Example 3,
(b), Comparative Example 1, (c¢), Comparative Example 2,
and (d), Example 1. This shows that the islets obtained
in Example 1 each has good roundness, a dense structure,
and a reduced broken-down tissue compared to the islets in
Comparative Examples. The shapes of the islets obtained
in Example 1 and Comparative Examples 1 to 3 were

consistent with the results of the neutrophil elastase

activity after digestion. Thus, in Example 1, the action
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a digestion step of breaking down an excised pancreas to provide pancreatic tissue, and a
purification step of immersing the pancreatic tissue in a purification solution to provide islets, wherein
the digestion step comprises: an enzyme injection step of injecting an enzyme solution containing
a digestive enzyme into the inside of the pancreas; a digestion initiation step of activating the
digestive enzyme; a digestion termination step of inactivating the digestive enzyme; and a
collection step of collecting the broken down pancreatic tissue, wherein a neutrophil elastase

inhibitor is gddedefore the gigestion-iniatignsteprsoithat the neutrephil elastasy inbiiteris present
in the inside of the pancreas at the time point of starting the digestion initiation step. 2. The method for
isolating islebsacEstamy 18 cldiffl FaRAECEdMprisiA§ Before the digestion step an injection step of
injecting a @bq;gg\fation solution into the pancreatic duct of an excised pancreas and/or a preservation
step of immersing the pancreas in an immersion fluid for preservation.

(5) Stimulation Index

Figure 10 shows the stimulation index of the islets
obtained. As used herein, the stimulation index i1is an
indicator showing the secretory ability of the islets.
The isolation of the islets was carried out using the same
operation as in Example 1. Thirty each of the islets
obtained in Example 1 and Comparative Examples 1 to 3 were
cultured under the condition of 37°C for 24 hours and then
cultured under a condition of a low glucose concentration
or a high glucose concentration for a determined time,
followed by measuring the concentration of insulin in the
supernatant. The stimulation index was calculated £from
the ratio between the abilities to secrete insulin in the
low glucose concentration and the high glucose
concentration. According to Figure 10, the stimulation
index was significantly higher in Example 1 than in
Comparative Examples 1 and 3. This demonstrated that the
islets obtained in Example 1 exhibited better insulin
secretion responding to glucose stimulation than the

islets obtained in Comparative Examples 1 and 3.

Industrial Applicability
[0088]
The islet isolation method of the present invention
enables 1islets having shapes and sizes suitable for
transplantation to be obtained in high yields and can be

expected to be applied to the treatment of diabetes.
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3. The method for isolating islets according to claim 1 or 2, wherein the addition of the neutrophil
elastase inhibitor is performed by adding the neutrophil elastase inhibitor to the enzyme solution. 4.
The method for isolating islets according to claim 1 or 2, wherein the addition of the neutrophil elastase
inhibitor is perfoLmed by adding the neutrophil elastase inhibitor to the enzyme solution and the
purification solution. 5. The method for isolating islets according to claim 2, wherein the addition of the
neutrophil elastase inhibitor is performed by adding the neutrophil elastase inhibitor to all of the

preservation solutiaf, dhe immessign fluid; the gpzyspe soluion, apd the purfication soluiien. 6. The
method for isolating islets according to any one of claims 3 to 5, wherein the concentrations of the

neutrophil lastaséhsigdbitor ircthe prsskevgivnssolution, t@intmersiarfluicthe@hmanég selution, and
the purificafjon sglution are 219 209.aM, 7. A prgleciiye salution for piofecfingine pancrealic issue
from the action of elastase released fromreutrophils having infiltrated into pancreatic tissue, wherein
the protectivessolutinicomprisesrageeuteophileiasidse-nbibitos. BaThé protectyewsditttontaccording
to claim 7, wherein the concentration of the neutrophil elastase inhibitor in the protective solution is 2
departing from the spirit and scope o0f the present
to 200 p.M.
invention.
The present application is based on Japanese Patent
Application No. 2010-159053 filed July 13, 2010, the
contents of which are incorporated herein by reference.

All cited references are i1ncorporated herein in their

entirety.
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CLAIMS

1. A method for isolating islets, comprising:

a digestion step of Dbreaking down an excised
pancreas to provide pancreatic tissue, and

a purification step of immersing the pancreatic
tissue in a purification solution to provide islets,

wherein the digestion step comprises:

an enzyme injection step of injecting an enzyme
solution containing a digestive enzyme into the inside of
the pancreas;

a digestion initiation step of activating the
digestive enzyme;

a digestion termination step of inactivating the
digestive enzyme; and

a collection step of collecting the broken down
pancreatic tissue,

wherein a neutrophil elastase inhibitor 1is added
before the digestion initiation step so that the
neutrophil elastase inhibitor is present in the inside of
the pancreas at the time point of starting the digestion

initiation step.

2. The method for isolating islets according to claim 1,
further comprising before the digestion step an injection
step of 1injecting a preservation solution into the
pancreatic duct of an excised pancreas and/or a
preservation step of immersing the pancreas in an

immersion fluid for preservation.
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3. The method for isolating islets according to claim 1 or
2, wherein the addition of the neutrophil elastase
inhibitor is performed by adding the neutrophil elastase

inhibitor to the enzyme solution.

4. The method for isolating islets according to claim 1 or
2, wherein the addition of the neutrophil elastase
inhibitor is performed by adding the neutrophil elastase
inhibitor to the enzyme solution and the purification

solution.

5. The method for isolating islets according to claim 2,
wherein the addition of the neutrophil elastase inhibitor
is performed by adding the neutrophil elastase inhibitor
to all of the preservation solution, the immersion £fluid,

the enzyme solution, and the purification solution.

6. The method for isolating islets according to any one of
claims 3 to 5, wherein the concentrations of the
neutrophil elastase inhibitor in the preservation solution,

the immersion fluid, the enzyme solution, and the

purification solution are 2 to 200 uM.

7. A protective solution for protecting the pancreatic
tissue from the action of «elastase released from
neutrophils having infiltrated into pancreatic tissue,
wherein the protective solution comprises a neutrophil

elastase inhibitor.
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8. The protective solution according to claim 7, wherein
the concentration of the neutrophil elastase inhibitor in

the protective solution is 2 to 200 uM.
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