DESCRIPTION TITLE OF THE INVENTION METHOD OF WASHING ADHERENT CELL USING
TREHALOSE-CONTAINING CELL-WASHING SOLUTION Technical Field [0001] The present
invention relates to a method of washing an adherent cell, comprising washing the adherent cell using
a cell-washing solution comprising a physiological aqueous solution added with trehalose or its
derivative or a salt thereof before detaching the adherent cell from a culture vessel by proteolytic
enzyme treatment; the cell-washing solution for use in the washing method; a method of producing a
cell suspension for transplantation by using the cell-washing solution, a kit for producing a cell
suspension for transplantation comprising tind:setkprrstinmg solution; and the like. Background Art

TITLE OF THE INVENTION
METHOD OF WASHING ADHERENT CELL USING TREHALOSE-CONTAINING

CELL-WASHING SOLUTION

Technical Field

[CO017T

The present invention relates to a method of washing
an adherent cell, comprising washing the adherent cell
using a cell-washing soluticn comprising a physiological
aqueous solution added with trehalose or its derivative or
a salt thereof before detachihg the adherent cell from a
culture vessel by proteolytic enzyme treatment; the cell-
washing solution for use in the washing method; a method
of producing & cell suspension for transplantation by
using the cell-washing solution, a kit for producing a
cell suspension for transplantation comprising the cell-

washing solution; and the like.

Background Art

[00021

In recent years, rapid progress of stem cell studies
has increased momentum toward regenerative medicine, and
the knowledge and understanding thereof has been
widespread not only in researchers but also in the public.
Regenerative medicine using stem cells 1g medicine
intended for reestablishing the function of cells and
tissues damaged by various diseases by utilizing the self-

renewal potential and multipotency of stem cells or



[0002] In recent years, rapid progress of stem cell studies has increased momentum toward
regenerative medicine, and the knowledge and understanding thereof has been widespread not only in
researchers but also in the public. Regenerative medicine using stem cells is medicine intended for
reestablishing the function of cells and tissues damaged by various diseases by utilizing the
self-renewal potential and multipotency of stem cells or transplantationinpatientshavingintractable
hematological diseases such as leukemia and aplastic anemia results in the engraftment of
hematopoietic progenitors in the body of these patients, which enables the maintenance of
hematopoieticzcapacity over almastientirelfe. Recemtly, manyresearchershave-aimethat clinical

application usllfna%ste{gggllsg%her than hematopoietic stem cells, have identified stem cells in central

nerves, peripherar hares. bone marrow, small intesiing, and the e and HdVe BEGET i implement

the tissue stermeelktransplantatiohseeatment sftraumadic diseasenand tissde degeneration disease
(Non-patent Documents 1 to 133 [0003] Stem cells used for transplantation treatment can be
collected in &h extramely1aW amountfront e liviit? b3AY TRUS, it Rds gdiaraily’B8ef thiried out to
proliferate thercollectechstemi eellsiiy ibaitro sibculues:(Ratent-Doeymentin A prateohdic enzyme,
such as tryp%ig, is %‘ggcallg used in detaching stem cells from a culture vessel during subculture;
however, it i§ consitiatEd PropiEfaticthat Cefis 3k damaged By protedlytid Eizynie fredtment and die
at a certain rate.:lncorder te Implemest regenerative meslicine of high quality, althesgh iis necessary
to provide a sufficient amount (number) of stem cells, it is simultaneously important to provide

high-quality Eelte-hahlely, &t Cefs {i8pulation) th whidkthe pefdertage B titing c&ii€s high: thus,
there has beesmconsidaredite bewsnurgentingeddaktheidentified stem cells in

central nerves, peripheral nerves, bone marrow, small
intestine, and the like, and have begun to implement the
tissue stem cell transplantation treatment of traumatic
disease and tissue degeneration disease {Non-patent
Documents 1 to 3).
(00037

Stem cells used for transplantation treatment can be
collected in an extremely low amount from the living body;
thus, it has generally been carried out to proliferate the
collected stem cells by in vitro subculture (Patent
Document 1}. L proteolytic enzyme, such as trypsin, is
typically used in detaching stem cells from a culture
vessel during subculture; however, it is considered
problematic that cells are damaged by proteclytic enzyme
treatment and die at a certain rate. In order to
implement regenerative medicine of high quality, although
1t is necessary to provide a sufficient amount (number) of
stem cells, 1t 1is simultanecusly important to provide
high-guality cells, namely, stem cells (population) in
which the percentage of living cells is high; thus, there

has ©been considered to Dbe an urgent need for the



development of a method capable of suppressing cell death due to proteolytic enzyme treatment
during subculture. [0004] Trehalose is a type of disaccharide formed by the 1,1-glycoside linkage
of glucoses. Trehalose is used in various foods and cosmetics because it presents a sweet taste and
has a high water retaining capacity. Trehalose is also used as an active ingredient of an
organ-protecting solution in transplanting the organ because it has the properties of stabilizing cell
membrane and suppressing cell damage. Excellent organ-protecting solutions containing trehalose
have been developed, such as ET-Kyoto solution and New ET-Kyoto solution (Patent Documents 2
and 3 and NoaspatepttBocuméntd ndioweverzibhas veen unctgar svether thelWashiagof adherent

cells with a tr,ehalgse-con ainif prsiOIo ical aqueous sglugon before detafhin the cells from a
qﬂg e) 8{0 eolVvric enz ﬂe eatrment urlrggsuﬁau EF e, .
culture vessel by a proteolytic enzyme's as trypsin can suppress cell deathduée to the proteolytic

enzyme treatment JPrior Art Documents Patent Documents [0005] Patent Document 1: U.S. Patent

No. 5486359 Patent Dogument 2: Japanese Ratert No; 3283131 i 4e formed by the
1,1~glycoside linkage of glucoses. Trehalose 1s used in
various foods and cosmetics because 1t presents a sweet
taste and has a high water retailning capacity. Trehalose
is also wused as an active ingredient of an organ-
protecting solution in transplanting the organ because it
has the properties of stabilizing cell membrane and
suppressing c¢ell damage. Excellent organ-prctecting
solutions containing trehalose have been developed, such
as ET-Kyeto seclution and New ET-Kyeoto scluticon {(Patent
Documents 2 and 3 and Non-patent Document 4). However, it
has been unclear whether the washing of adherent cells
with a trehalcse~containing physiclogical agueous solution
before detaching \the cells from a culture vessel by a

proteclytic enzyme such as trypsin can suppress cell death

due to the proteolytic enzyme treatment.

Prior Art Documents

Patent Documents

[G005]

Patent Document 1: U.S. Patent No. 54846359

Patent Document 2: Japanese Patent No. 3253131

Patent Document 3: International Publication No. WO
2007/043698

Non-patent Documents

[0006]



Patent Document 3: International Publication No. WO 2007/043698 Non-patent Documents [0006]
Non-patent Document 1: Gage, F.H. Science 287: 1433-1438 (2000) Non-patent Document 2:
Morrison, S.J. et al., Cell 96: 737-749 (1999) Non-patent Document 3: Batle, E. et al., Cell 111:
251-263 (2002) Non-patent Document 4: Chem, F. et al., Yonsei Med. J. 45: 1107-1114 (2004)

Non-patent Document 1: Gage, F.H. Science 287: 1433-1438
(2000)

Non-patent Document 2: Morriscn, $.J. et al., Cell 96:
737-749 (1999)

Non-patent Document 3: Batle, E. et al., Cell 111: 251-263
(2002}

Non-patent Document 4: Chem, F. et al., Yonseil Med. J. 45:

1107-1114 (2004)

Summary of the Invention
Object to be Solved by the Invention
[0C07]

An obiject of the present invention is to provide a
method of washing an adherent cell, capable of effectively
suppressing cell death due to proteolytic enzyme treatment
for detaching the adherent cell from a culture vessel and
subsequent cell treatment; a cell-washing sclution used
for the washing method; a method of producing a cell
suspension for transplantation using the cell-washing
solution; and a kit comprising the cell-washing solution.
Means to Solve the Object
(00087

The present inventors found that the washing of
mesenchymal stem cell detached from a cell culture vessel
by proteolytic enzyme  treatment with a trehalose~
containing physiclogical agqueous sclution suppressed the
death of the mesenchymal stem c¢ells (Japanese Patent
Application No. 2011-072068). Because the damage of cells
by proteolytic enzyme treatment induced a pathway of cell

death {(apcptosis or the like}, such an effect by trehalose



Summary of the Invention Object to be Solved by the Invention [0007] An object of the present
invention is to provide a method of washing an adherent cell, capable of effectively suppressing cell
death due to proteolytic enzyme treatment for detaching the adherent cell from a culture vessel and
subsequent cell treatment; a cell-washing solution used for the washing method; a method of
producing a cell suspension for transplantation using the cell-washing solution; and a kit comprising
the cell-washing solution. Means to Solve the Object [0008] -The present inventors found that the
washing of mesenchymal stem cell detached from a cell culture vessel by proteolytic enzyme
treatment wittna trehalesetontainingophysiological aqueous:solutiopsuppeassed the death of the

mesenchymgl %teEn cglls (Jag ese Pa;[}ent A éication No. 2011-07%06% . Be(;fuse the damage of
cells by prot86iykic ¥hzymettieatifient induced & pathway of ¢l dedth (apoptosis o thefike), such an
effect by trehalpsering the cell damage. However, in intensive studies

for solving the above problems, 1t has been found that
when cells happened to be washed with a trehalose-
containing lactated Ringer's sclution (hereinafter
abbreviated as "LRT")} bkefore proteclytic enzyme treatment,
cell death could be effectively suppressed compared to the
case of using lactated Ringer's solution (hereinafter
abbreviated as "LR") or phosphate buffered saline (PBRS) as
a control or the case of washing cells with LRT after
proteolytlc enzyme treatment, thereby accomplishing the
present invention.

[0009]

Specifically, the present invention relates to (1) a
methed of washing an adherent cell, comprising washing the
adherent cell using a cell-washing solution comprising a
physiological agqueous solution added with trehalose or its
derivative or a salt therecf, Dbefore detaching the
adherent cell from a culture vessel by proteolytic enzyme
treatment, (2} the method according to {1), wherein the
adherent cell is a mesenchymal stem cell, and (3) the
method according to (1} or (2}, wherein the cell-washing
soluticn comprises treshalose or its derivative or a salt
thereof in a ceoncentration of 1 to 15 {(w/v)%.

[0010]

The present invention also relates to (4} a cell-
washing solution for washing an adherent cell Dbefore
detaching the adherent cell from a culture vessel by

protecliytic enzyme treatment, comprising a physiclogical

n



was considered to be due to the suppression of an apoptosis pathway or the promotion of the function
repairing the cell damage. However, in intensive studies for solving the above problems, it has been
found that when cells happened to be washed with a trehalosecontaining lactated Ringer's solution
(hereinafter abbreviated as "LRT") before proteolytic enzyme treatment, cell death could be effectively
suppressed compared to the case of using lactated Ringer's solution (hereinafter abbreviated as "LR")
or phosphate buffered saline (PBS) as a control or the case of washing cells with LAT after proteolytic
enzyme treatment, thereby accomplishing the present invention. [0009] Specifically, the present
invention relatasstoud) achethiothofasddsining iarhadhetent cely omnprisingia\mmwﬁm adherent cell
using a cell- \évaghm solution omP jlngﬁa ph ﬁ)lo c%l ueo solutlon added with trehalose or its
derivative or'a Salt thereof, befdre detaching the adheren eIISfO o & Sl Sesse By proteolytic
enzyme treatrent, {2 theimethed adterding ta:€l) 1 wherein thes adheremnd cell t2a mesenchymal stem
cell, and (3) the m ého% accord ng to QE? or (2% \%herem the cell- WaShI solutlon co rises trehalose
or its derlvatlve ora s kfhereo in & concentration of irioal%c((\ylv/v)jﬂ/mg[o e Bresent invention
also relates tox(4):al eeltrwashiag=sohationcfor mshlﬂgﬁmadher@nbdelléewemeta@u@@ the adherent
cell from a culture vessel b roteolytlc enzyme treatment, comprising a physiological aqueous
solution add&d with freh&fé o)égor ‘it déHvativeora salf ﬁérébf (5) the cell-washing solution according
to (4), wherein the adherent cell is a mesenchymal stem cell, and (6) the cell-washing solution
according to (4) or (,5&] com}pnsmg trehalose or its derivative_or a salt thereof in a concentration of 1 to

15 (Wiv)%. [0011] esenlt 1nvention also relates to (7)) a method
of producing a cell suspension for transplantation,
comprising the steps cof (a) removing a medium in a culture
vessel to which an adherent cell is adhered and washing
the adherent cell with a cell-washing solution comprising
a physiological aqueous solution added with trehalcse or
its derivative or a salt thereof; (b) detaching the
acdherent cell from the culture vessel by proteolytic
enzyme  treatment; (c) suspending the adherent cell
detached from the culture vessel in a protein-centaining
physioclogical aqueocus scolution to make a cell suspension;
and (d} removing the solution in the c¢ell suspension and
washing the acdherent cell with the physiological aqueous
solution, (8} the production method according to (7),
wherein the adherent cell is a mesenchymal stem cell, (9)
the production method according to (7)) or (8), wherein the
cell-washing solution of the step (a) comprises trehalose
or its derivative or a salt thereof in a cencentration of
1 to 15 (w/v)%, (10) the production method according to
any one of (7) to (9}, wherein the preteclytic enzyme of
the step (b) is trypsin, (11) the production method
according to any one of (7) to (10), wherein the protein-~

containing physiological aqueocus solution of the step (¢)



The present invention also relates to (7) a method of producing a cell suspension for transplantation,
comprising the steps of (a) removing a medium in a culture vessel to which an adherent cell is adhered
and washing the adherent cell with a cell-washing solution comprising a physiological aqueous
solution added with trehalose or its derivative or a salt thereof; (b) detaching the adherent cell from the
culture vessel by proteolytic enzyme treatment; (c) suspending the adherent cell detached from the
culture vessel in a protein-containing physiological aqueous solution to make a cell suspension; and
(d) removing the solution in the cell suspension and washing the adherent cell with the physiological
aqueous solfitieih@) theopioduetion metiod aecording id €7) dwheérair: thee adherent sell fs a
mesenchymal stemygell (9)ihe produstion methad aecording Lo (T).0r.E) wherein,the gel washing
solution of the step (a) comprises trehalose or its derivative or a salt thereof in a concentration of 1 to
15 (w/v)%, (20) the Production methdd according to.any onecof (7ptoo(3) i whereindhe prateolytic
enzyme of thq1 tsefo(fg isl ggpsig &1613 th yg%%%‘_tgonn rggt&g}% a%%ordin{;c 0 any one g; L(H?n)_to (20),
wherein the Br eln-cor?talnlﬁg p%ysiofogicﬁ aqueous solution 0 {he s eé (é) further comprises
trehalose or itserivative orassalt thergofiy(12) thesprothiction Method accerding:to dny pne of (7 ) to
(12), whereir%][tlrée rootginé%olntainin%ggxsiolocqﬁc ueous solution of th g?p {@ [

e

a
serum-containing basa meditim for animal cell cultu e,té)ncf I(jf/B)(%ﬁée p?oductlon metﬁ%d) according to

any one of (Ahter@2), whereih the. physiological agueons solutiohoof thé step (d)farthes comprises
trehalose or %ts olE rivative or a salt thecreo .[0012 The present invention also relates to (14) a kit
. ur(ﬁer comgrl%es re o? or 1ts. ?rlva ive c%: a ?8 % .
for producing a cell suspension Tor transplantation, comprising the céli-washing solutidrn according to
any one of (4hnter{®),fand a package insert describing an effect of suppressing cell death due to
proteolytic e %mgqtreatment by the cell-washing solution. [0013] The present invention also
relates to (15) Us€ of trehalose or its derivative or a salt thereof in the production of a cell-washing
solution for washingzarn:adherent cell hetore idetaching the ndberentcell from a auiture yessel by
proteolytic enzyme treatment. [0014]l , )
producing a cell ZuUsSpension for transplantation,
comprising the cell-washing solution according to any one
of (4) to (6), and a package insert describing an effect
of suppressing cell death due to proteolytic enzyme
Ltreatment by the cell-washing solution.
[06013]

The present invention also relates o (15) use of
trehalose or its derivative or a salt thereof in the
production of a cell-washing solution for washing an
adherent cell before detaching the adherent cell from a
culture vessel by proteolytic enzyme treatment.

[CG014]

The present Invention further relates to (16}
trehalose or its derivative or a salt thereof for use to
wash an adherent cell before detaching the adherent cell
from a culture vessel by proteolytic enzyme treatment.
[0015]

Other embodiments of the present invention <¢an

include a combination of a physioclogical aquecus solution



The present invention further relates to (16) trehalose or its derivative or a salt thereof for use to wash
an adherent cell before detaching the adherent cell from a culture vessel by proteolytic enzyme
treatment. [0015] Other embodiments of the present invention can include a combination of a
physiological aqueous solution and trehalose or its derivative or a salt thereof for washing an adherent
cell before detaching the adherent cell from a culture vessel by proteolytic enzyme treatment, and
trehalose or its derivative or a salt thereof for use by adding to a physiological aqueous solution to
wash an adherent cell before detaching the adherent cell from a culture vessel by proteolytic enzyme
treatment. Inzadditions btiersembodimerts ofdhé présenrt invention sahinciideram in vitea subculture

method for ap.adherent cell, comprising wasting the adnerent cel by using.a physiological aqueous
solution comprising ffehalosé or its defivative or a salt thereo ,anda Kit for in vitro' SGbCulture of an
adherent celbebingrising &rehaloserer its:dervative gravsalt thereof and arpackagerinsert describing
an effect of Suﬁ&’r%%séﬂ% fell death d%% to gt;:o.teoli\_/y% enzyme treal tmeg%eErff%c% o%the Invention [0016]

. E) oOsSe Or Y, e t .
According to thé present invention, the rate of dead celld cah be decreasSéd in a céfi s‘d?ﬁensmn for

transplantatiog cedtaining 'stem cells/such ag mesenchymat steav celts, @ndwogeadyuality cell

suspension for fransplantation in reqenerative medicine gan heprovided. c11 zrom a
culture vessel by proteclytic enzyme treatment. In
addition, other embodiments of the present invention can
include an in vitro subculture method for an adherent cell,
comprising washing  the adherent cell by using a
physioclogical agqueous solution comprising trehalose or its
derivative or a salt thereof, and a kit for in wvitro
subculture of an adherent cell, comprising trehalose or
its derivative or a salt thereof and a package insert

describing an effect of suppressing cell death due to

proteclytic enzyme treatment,

Effect of the Invention
[0016]

According to the present invention, the rate of dead
cells can be decreased in & cell suspension for
transplantation containing stem cells such as mesehchymai
stem c¢ells, and a good-guality «cell suspension for

transplantation in regenerative medicine can be provided.

Brief Description of Drawings
[0017] (Figure 1] Figure 1 is a graph showing the results
of analyzing the effect of suppressing cell death when
adherent cells were washed wusing LRT before trypsin

treatment {(in the figure, "washing solution before enzyme



Brief Description of Drawings [0017] [Figure 1] Figure 1 is a graph showing the results of analyzing the
effect of suppressing cell death when adherent cells were washed using LRT before trypsin treatment
(in the figure, "washing solution before enzyme treatment; LRT, washing solution after enzyme
treatment; PBS"). PBS was used as a control (in the figure, "washing solution before enzyme
treatment; PBS, washing solution after enzyme treatment; PBS), and LRT was used after trypsin
treatment as Comparative Example 1 (in the figure, "washing solution before enzyme treatment; PBS,
washing solution after enzyme treatment; LAT"). The ordinate shows the rate of dead cells (mean
standard deviatiertjar=8]). URTthe figate, 1y "shows. that a Statistieallysignificart difference exists by
Tukey test b n th roups (p.<0.001). [Figure Z%Fi ure Zﬁis a.graph showing the results of
analyzing theg%%?gcf of%éﬁor%gs%in%%& | déath w %#5 ergh?cg sewgqrgl\%ra%hedviggr 8.45%% 10 minutes
using LRT befote trypsin tredtmentehRvared RBS avererused BB ontralshThe orgliriate shwows the rate
of dead cells_ (mean standard deviation, [n = 8])._Ip the figure, :***" shows that statistically significant
differences fgganﬁlr?srt PES AT LRgtTa:ﬁ%\i%iC %L%Jkey%t%gl) for é%'c Wlé%ﬁingwﬁr%e Fpsg%.oﬁ )te[ igure 3]
Figure 3 is atgraph ishowirg thee results afanalyzing the efectdfesuppressing celt deatteywhen adherent
cells were washed using L%T having eg%h goncentratign (El 3,5,7,10, 12, or 15 Q/v/v %) of trehalose

before trypsinv{?é“ga ment. T yv%%%seﬁ a5 confrol- The ordinatd Shdws t%%sratewo et ells (mean

standard dewiafion,ifor= 12 érthefigure; "' rand ' tshow tirat; statistically signifieantdifferences

against LR exist by Dunnett test (p < 0.005 and_p < 0.001, respectivelgl). o
shows the rate 0f dead 11 (mean T standard deviation,

ead cells
[n = 8]). In the figure, "***" shows that a statistically
significant difference exists by Tukey test between the 4
groups {(p < 0.001).

[Figure 2] Figure 2 1s a graph showing the results of
analyzing the effect of suppressing cell death when
adherent cells were washed for 0.5 to 10 minutes using LRT
before trypsin treatment. LR and PB3 were used as
controls. The ordinate shows the rate ¢of dead cells (mean
+ standard deviaticn, [n = 8]). In the figure, "=¥*" shows
that statistically significant differences against PBS and
LR exist by Tukey test for each washing time (p < 0.0CL).
[Figure 3] Figure 3 1is a graph showing the results of
analyzing the effect of suppressing c¢ell death when
adherent cells were washed wusing LRT having each
concentration (1, 3, 5, 7, 10, 12, or 15 [w/v] &) of
trehalose before <trypsin treatment. LR was used as a
control. The érdinate shows the rate of.dead cells (mean
* standard deviation, [n = 12]}. In the figure, "#x" and
"wxx¥  show that statistically significant differences

against LR exist by Dunnett test (p < 0.005 and p < 0.001,

respectively) .



[Figure 4] Figure 4 is a graph showing the results of analyzing the effect of stpressing cell death
when trehalose was added in trypsin treatment or in trypsin reaction termination treatment. In the
figure, "trypsin + T" shows a trypsin solution containing trehalose, and in the figure, "medium + T"
shows an FBS-containing human MSC medium containing trehalose. The ordinate shows the rate of
dead cells (mean standard deviation, [n = 6]). In the figure, "***" shows that statistically significant
differences against PBS and LR exist by Tukey test (p < 0.001), and in the figure, "**" shows that
statistically significant differences against PBS and LR exist by Tukey test (p < 0.001 and p < 0.005,
respectively)l Niaderef CarryifigoOutthé Invention {0648] shIherngashing methodof thefpresent
invention is t ich involves.washing.an adherent cell such as.a mammalian cell in a culture
vessel from %v ghpag Sr!ﬁlvég;iu%ﬁ% re??o%ee%ﬁn a(%f\?angg%ﬁ]egﬁ Jégﬁirat%ﬁ% thé:{fl ﬁﬁg_‘%sir"fgn the
cell-washingtsotiiticro ekthe preserdtimverntion toptasning aphysictogicab agqueous selution and
trehalose o is depivallve or.a salttereof (eteinater referred fo as g liehalgse ) added to the
phyS|oIog|calraqueous solution, name?y, a physiological aqueous SoltitibR‘contain gjtrehalose, before
detaching th&'adbherent cell frowcthercuttuie: véssel by prateoiytic enzymel teatmentawhere the
cell-washing%olut%oin ggtgle Rres Qt invgntfiqn is intended EQB e_sgecific fQr use as a cgll-washing
solution for washing an‘adherent cell before detaching the Adnherentcair ffém B ddture Vessel by
proteolytic enzyiertreatment. :[Eorghe peiposesef. thepresentdnventions amwadherent €gllaneans an
anchorage-dependent cell capable of survival, proliferation, and substance production by adhering to

the anchorade. Spetitic Examble<"6f AdHerétTeiid Thn F5eiddd hititipotent steth tells @mbryonic

stem cells [ES:gells]i E&-g¢lls, 1S cellsnand the dike), mesenchynaalistom gells, neurakstem cells,
myeloid ste fggs and germ stem cells; among those, mesenchymal stem cells are preferable.

Examples of mammalscan RADUBTHdEnS sBAT ad thiceTaLS, FaAmSterE and time S pigs,
Lagomorphas such)gs rabbits, Aingulates: such.as pigsy cows,goats, orses; angksheep, Larnivoras
such as dogs and cats, and primates such as humans, monkeys, rhesus monkey, cynomolgus
monkey, ma%%gé‘é‘ OraHgUtarls, S CRitn gz LBE "arbng Bitsetficet BigsPdnd htikians can be
preferably exemplified. £x@mples0fdthe mammalian cellscan-inghide; mammalian pancreatic islet cells
intravenously administered to patients with type | diabetes, and mammalian dendritic cells, natural
killer cells, 4 T cells, y5 T cells, and cytotoxic T lymphocytes (CTL) intravenously administered to

cancer patients in addition tasraapalian sigm:celleadninistanegada ibg blood vessel for regenerative

medicine or the like. [0019]
[coie]

The washing method of the present invention 1s a

method which involves washing an adherent cell such as a
mammalian cell in a culture vessel from which a medium is
removed 1in advance with an aspirator or the like, using
the cell-washing solution of the ©present invention
containing & physiological aqueous soluticn and trehalose
or its derivative or a salt therecof (hereinafter referred
to as "a trehalose") added to the physiolegical agueous
sclution, namely, & physiclogical agueous solution
containing trehalose, before detaching the adherent cell
from the culture vessel Dby proteolytic enzyme *treatment,
where the cell-washing solution of the present invention
is intended to be specific for use as a cell-washing

selution for washing an adherent cell before detaching the

10



The physiological aqueous solution applied to the cell-washing solution of the present invention is not
particularly limited provided that it is an isotonic aqueous solution in which the concentrations of salt
and sugar and the like are adjusted with sodium, potassium, and the like so as to provide almost the
same osmotic pressure as that of body fluid or cell fluid. Specific examples thereof can include
physiological saline, salines having a buffering effect (phosphate buffered saline; PBS, Tris buffered
saline; TBS, HEPES buffered saline, and the like), Ringer's solutions (lactated Ringer's solution,
acetated Ringer's solution, bicarbonated Ringer's solution, and the like), a 5% glucose aqueous
solution, basal needia forcanimafl celt culture (DMEMy EMEN, RPMI:1640; arMEM cB:25=-10, M-199,
and the Iike)tgggé%%tggic agents (&ggpe su arélei)-soogbi£ I D-rr%%nrg%oé, Iactosg sodium chloride, and
the like); among those, preferred are saline ﬁaving abu erir?g affect anlcflﬁ?ngelr%néoluat%ns, more
preferably PB&and tactatetl IRimger!s selutiancihe gahysitlogicalaquentislsalatien ay-ite one
commercial% avagaglf or of on 'ls ev]\grépigplaratiopldExam%Ie of the commgrc@l% ava'lgl\(ble one can
include D-P §?§ (¥rorﬁ Invﬁrogen , hysm[o’gica?salines(‘} tstkaNorntal Salfne® tom Sfsuka
Pharmaceuticah Eactary,tinc.} HactatethRinger's scbptian (Lactecdnjection fram Qtsuka Pharmaceutical
Factory, Inc.):,e %.% a ([’r)a%diurp1 (Htus ecificlf%r, hugantmeg&enchym | stem cells (from Lonza Group Ltd.).
As used heréin, "iBotonIc" MEans that the osmotic pressire is firthe raRgs of 25070 386"mOsm/1. The
physiologicatagiieousisblutien nady, further contain a stabilizer (fer, example; hgman serym albumin or
polyethylene %Ig/colg a buffer (for example, phosghate buffer or sodium acetate bUff(tair}é a chelating
agent (for example, BB, R citiic atid, oF dalitylate)"8 soitbitizer, BfteSefatiean
antioxidant, and ke like.d [0920}h stdxamples pf tebalpse msairehalose asappliegdderthe
cell-washing salution of the present invention can include a,P-trehalose as a disaccharide in which
a-glucose aﬁ(ﬁf’ﬁ-{ﬁlucao%% aFe T12gRR0Side-linkEd aha 3, PireRailia ss adifactRaridd in which 2
P-glucose moteriles aredk:h- glycosidedinked,tip additien te a8-trehalosg as,a disgseharide in which
2 a-glucose molecules are 1,1- gllrz/coside-linked; among those, a,a-trehalose is preferable. These

trehaloses cARABEBrodtitad By ahy Rndwh réthod StRRES Efemital sirthes &S prédiittion by a

microorganigipz as¢ preduction by.an anayp)e; howeves-cemmereially ayailable .ones:gan also be
used. Examples thereof can include a,aTrehalose (from Hayashibara Co., Ltd.) and a,a-Trehalose

(from Wako Piife CHeliitaf hdustiids, (&8.). [OPS  FRE eKilose d&ivitivdad Atiehalose as

applied to the\salkwashing:solutiop, ofthe-present invention is-hat particularly limitedarovided that it is
a glycosyltrehalose in which one or more sugar units are bonded to trehalose as disaccharide;

glycosyltrehdi388E inchidaSylycBeylfiehdfd<$Es maftbsyltratistose, & m&ifotrivs§krstaidse.

exemplified. Examples of the mammalian cells can include
mammalian pancreatic islet cells intravenously
administered to patients with type I diabetes, and
mammalian dendritic cells, natural killer cells, of T
cells, & T «cells, and cytotoxic T Ilymphocytes (CTL)
intravenously administered to cancer patients in addition
to mammalian stem cells administered via the blood vessel
for regenerative medicine or the like.

[0019]

The physiological agqueous solution applied to the
cell-washing solution of the present invention i1s not
particularly limited provided that i1t 1s an isotonic
aquecus soluticon in which the concentrations of salt and

sugar and the like are adjusted with sodium, potassium,
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[0022] Examples of salts of. trehalose or its derivative as trehalose as applied to the cell-washing
solution of the present invention can include acid addition salts such as hydrochlorides,
hydrobromates, hydroiodides, phosphates, nitrates, sulfates, acetates, propionates,
toluenesulfonates,succinates,oxalates,lactates, tartrates,glycolates,methanesulfonates,butyrates,
valerates, citrates, fumarates, maleates, and malates; metal salts such as sodium salts, potassium
salts, and calcium salts; and ammonium salts and alkylammonium salts. These salts are each used in
the form of a solution at the time of use, and their action preferably has the same potency as that of
trehalose. These satts maykferns hydzates or sotvatés candimay be tsed alene opima praper
combination_of two or mare thereof. [0 The concentration of a trehalose as applied to the
cell-washing solution of the szlsae%t |J;'r)1]\E/c)ezr};:j’tlfodnY mg%/%jéaa ggncgﬁt%tio%iélalgdble 6P §0ppreSsing
(inhibiting) celt gmaile apdptesis fnecrosisy ol thieslike) wtiestocqprotedlytic enzyne degatment, and the
optimal condition thereof can be properly.selected depending.on the type of the cell, the number of
cells in a cul uargivne%séél,%ﬁ%%%ﬁéé}r%raet%]egft celld %ﬁ%ﬁﬁ%%kg}%ﬁéﬁ e dohcEhtration of a trehalose
has a higherTeffecticapable=of stipptessing Hee, celkdeathiduertoproteaiyticrenzymel treatment;
however, toa h}g{i} a concentration of the trehalose has the possibility of adversely affecting the survival
of cells. For example, fhe Gbrcentration bf tréhalode &S @pphied t6 thE Téllvasiing Sofifton of the
present inveatienis &ypically(®: 1 (w994 ot moare, prefanaihdy: 3 0-0v/w)%pf-mares anere: preferably 3.0
(w/v)% or more, and isrtypically 20 (W/V)% or less, preferably 15 (w/v)% or less, more preferably 7.0

(W/V)% or e84 %l Hio preteraBly 50 BRT5 ST IRES 7Y VR Sraloiding adikteritifs étfect on the

rate of survival.of geligafhuse 11 culture (DMEM, EMEM, RPMI-1640, o-MEM, F-
12, ¥-10, M-199, and the like), and isotonic agents (grape
sugar, D-scrbitel, D-mannitol, lactose, sodium chloride,
and the like); among those, preferred are salines having a
buffering effect and Ringer's solutions, more preferably
PBS and lactated Ringer's soluticn. The physiclogical

aqueous solution may be one commercially available or of

one's own preparation. Examples of the commercially
available one can include D-PBS (-} (from Invitrogen),
physiclogical saline ("Otsuka Normal Saline"™ from Otsuka

Pharmaceutical Factory, Inc.), lactated Ringer's solution
(Lactec Injection from Otsuka Pharmaceutical Factory,
Inc.), and a medium kit specific for human mesenchymal
stem cells (from Lonza Group Ltd.}. As used herein,
"isotonic" means that the osmotic pressure is in the range
of 250 to 380 mOsm/l1. The physiological agueogus sclution
may further contain a stabilizer (for example, human serum
albumin or polyethylene glycol), a buffer (for example,
phosphate buffer or sodium acetate buffer), a chelating
agent (for example, EDTA, EGTA, citric acid, or
salicylate}, a solubilizer, a preservative, an antioxidant,

and the like.
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the concentration of trehalose in the cell-washing solution is 0.1 to 20 (w/v)%, preferably 1.0 to 15
(W/v)%, more preferably 1.0 to 7.0 (w/v)%, still more preferably 3.0 to 5.0 (w/v)%.The ability of the
cell-washing solution of the present invention to suppress cell death can be confirmed by using any
known method capable of detecting cell death, such as a trypan blue staining method, TUNEL method,
Nexin method, or ELICA method. [0024] Examples of the proteolytic enzyme used for the
proteolytic enzyme treatment of the present invention can include trypsin, lysylendopeptidase,
pronase, pepsin, elastase, and collagenase; among those, trypsin can be preferably shown as an
example. [0028]20] The conditions, such as temperature and time, during the washing of adherent

cells, for the Washlngxrg%%@gsc_)fg%e @rreggﬁlnélgn%%n rgt]a%]pghcgpglstlongémdgr M]é@ tjgg effec; of
trehalose of the present invention is observed and the Cells are not deamagea, the temperature is

typically in tHerpange bf 2046l 372C arebthettieatment tinheeis typicallytin thewangewf 1 second to 20
minutes. Howev I:l CEhe effect of ggQalose of the tHr,esent invention is observed to the same extent at

range o 16 FiRGfes” thus’ thd traluiefttiHe s preferably 30

least in the tfeéatment tin range of 36 Sel5nds
seconds to hmirfites.uthe aumber of washingpefations: meay, besatdegstpnce-and may also be
plural times (2, 3, 4 times, or thgéike),; how}gaye& onc is preferable iri vievx_{ of time eﬁ;ec]tiveness and
cost effectivéfeds disaccharide in whic giucose molecules are 1,1-

glycoside-linked, 1in additicn to o,a-trehalose as a

disaccharide 1in which 2 o-gluccse molecules are 1,1~

glycoside~linked; among those, o,a-trehalose is preferable.

These trehaloses can be produced by any known method such

as chemical synthesis, production by a microorganism, and

production by an enzyme; however, commercially available

ones can also be used. Examples thereof can include o, d~

Trehalcse (from Havyashibara Co., Ltd.) and «,c-Trehalose

(from Wake Pure Chemical Industries, Ltd.).

00211

The trehalose derivative as a trehalose as applied

to the cell-washing solution of the present invention is

provided that it is a

not particularly limited
glycesyltrehalose i1in which one or more sugar units are
bonded to trehalcose as disaccharide; glycosyltrehaloses
inciude glycosylitrehalose, maltosyltrehalose, and
maltotriosyltrehalose.

[coz2;

Examples of salts of trehalose or its derivative as
trehalose as applied to the cell-washing solution of the
present invention can include acid addition salts such as
hydrochlorides, hydrobromates, hydroiodides, phosphates,
nitrates, sulfates, acetates, propionates,

toluenesulfonates, succinates, oxalates, lactates,
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[0026]  The cell-washing solution of the present invention can be used to produce a cell
suspension for transplantation as follows. [0027] The above-described adherent cells are first
subcultured in vitro in a culture vessel for adherent cells (a multiwell-plate, a culture dish [petri dish or
dish], a flask, or the like) coating-treated with cell adhesion molecules (fibronectin, vitronectin, laminin,
nidogen, or the like) or a polymer (poly-L-ornithine, poly-lysine, or the like), or a surface-treated culture
vessel for adherent cells. A factor inhibiting the activity of a proteolytic enzyme, such as a protease
inhibitor, may be contained in the medium, or the function of the proteolytic enzyme may be
competitively: putibiteteby an excessivetamount of¢prdtein présentan dbe mediwry Fhusshefore
performing protfop/ti{g:ees)nzyngg%reagment in.the next step, the. medium in the culture vessel to which

adherent cells adhere is renfoved With an aspiratoroF the Tike- i advance: 1olloNéd byiFashing the

cells with theneglt-Washihgsolatioh ofzthe presentingenticn comptainmglitile crana proteindo remove the
remaining mggﬁum. %ondi{igm sucQ as temperature f{]d tim% in 55 e ashi(gﬁ?,treatment can include the
above conditiéns during the Washing 6f adherént Célis for the' w Vrﬁéa% o Of fhe présent invention.
[0028] Thiens thesadherent €ells ane detathed froma the qulture wessel by prateotytic.enzyme
treatment. Op this occasion, the cglls ?e,t ically damaged to decrease the cell survival rate in the

cell population”Howdver the effédtof trahafosé 5F tHE pred&itindetion SR sippresififhibit) the

decrease in the-eeltsurvval ratest of trehalose. These salts may form
hydrates or solvates, and may be used alone or in a proper
combination of two or more thareof,
[0023] |
The concentration of a trehalose as applied to the
cell-washing solution of the present invention may bhe a
concentraticn capable of suppressing (inhibiting) cell
death {apoptosis, necrosis, or the like) due to
proteolytic enzyme treatment, and the optimal condition
thereof can be properly selected depending on the type of
the cell, the number of cells in & culture wvessel, the
concentration of cells, and the like. A higher
concentration of & trehalose has a higher effect capable
of suppressing the cell death due to proteolytic enzyme
treatment; however, too high a concentration of the
trehalose has the possibility of adversely affecting the
survival of cells. For example, the concentration of
trehalcse as applied te the cell-~washing solution of the
present invention is typically 0.1 (w/v}% or nmore,
preferably 1.0 (w/v)% or more, more preferably 3.0 (w/v}%
or more, and is typilcally 20 (w/v)% or less, preferably 15
(w/v)% or less, more preferably 7.0 (w/v)% or less, still
more preferably 5.0 (w/v)% or less in view of avoiding a

deleterious effect on the rate of survival of cells. Thus,
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[0029] The proteolytic enzyme treatment is performed by contacting the cells with an aqueous
solution containing the proteolytic enzyme. The aqueous solution containing the proteolytic enzyme
may be an aqueous solution in which a commercially available proteolytic enzyme powder from Gibco
or the like is dissolved in the above physiological aqueous solution, or a commercially available
proteolytic enzyme solution from Lonza Group Ltd. or the like, diluted with the physiological aqueous
solution. The concentration of the proteolytic enzyme in the aqueous solution containing the proteolytic
enzyme may be a concentration sufficient to detach the cells depending on the type of the proteolytic
enzyme, and:isetypicalyciertheaange of 0105 t00:25 (whAg%. [0030]the The tdnditishssuch as

temperature and time for. proteglytic enzyme treatment be conditions under whjch most (70 to

100%) of the ce fg%e?ﬁl bé'sde%aighécd) frgr&n t Vé/tcvﬁltﬂfe %é%gel%f%%f mﬁgaﬁfrg ?sgty "fgg{lfy"ih the range of

20 to 37C, and thke treatfrenttime is typically’inithe varvge of 3 $écondsrte 15rmaiwted.1The proteolytic

enzyme treatment of cells qver, a sustained period of time may typically damage the cells to decrease
gﬂg %o .8 (wf m% ; gkg ceﬁg— I3

. Vi % . @ oAbl lit oL Washil .
the survival rate thereof; However, the cells difficult tbo etach from a cUlture vesser in al%)(?plcal

treatment tinze tan bertreafed ler along:periothefdime {10 tox3G miputessor the likejdecause it can
suppress the decrease i the gell suivival rate, J0031] Sybsequently, o Sor the prpteolytic enzyme
detecting cell death, such as a trypan blus staining
method, TUNEL method, Nexin method, or FLICA method.
[0024]

Examples of the proteclytic enzyme used for the
proteclytic enzyme treatment of the present inveniion can
include  trypsin, lysylendopeptidase, pronase, pepsin,
elastase, and collagenase; among those, trypsin can be
preferably shown as an example.

[0025]

The conditions, such as temperature and time, during
the washing of adherent cells, for the washing method of
the present invention may be conditions under which the
effect of trehalosé of the present invention is observed
and the cells are not damaged; the temperature is
typically in the range of 20 to 27°C and the treatment
time i1s typically in the range ¢of 1 second to 20 minutes.
However, the effect of trehalcse of the present inventiocon
is observed to the same extent at least In the treatment
time range o¢f 30 seconds to 10 mwminutes; thus, the
treatment time 1s preferably 30 seconds to 10 minutes.
The number of washing coperations may be at least once and
may aliso be plural times (2, 3, 4 times, or the like);
however, once 1s preferable in view of time effectiveness

and cost effectiveness.
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treatment, the adherent cells detached from the culture vessel are suspended in a protein-containing
physiological aqueous solution. The suspension can be carried out by a method well-known in the art,
such as pipetting or tapping. The protein-containing physiological aqueous solution may be a
physiological aqueous solution containing a protein in an amount sufficient to suppress the activity of
the proteolytic enzyme. Specific examples thereof can include the physiological aqueous solution
described above, containing 0.1 to 30 (v/v)% serum (fetal bovine serum [FBS], calf bovine serum [CS],
or the like); preferred is the basal medium for animal cell culture described above, containing FBS. The
protein-contaitigb physiological aqueous solution preferably further contain S trehalose as described
above because an additive ]'syvr\;%_%g%c effect due to cgg]bing%ion \]{yétg é{lethaloggeoftttgg Jpresent
invention is observed. Fooﬁf en, fo remove the proteglytlc gnzyme in the cell suspension and
wash the adherent dedls, thessolutionan themeltsispernsion iszfeimoved stotlowedrby washing the
adherent cells by using the above-described physiological agueous solution as a washing solution
after the pro'ﬂceroafétlsg ér%;/trﬁg ”’tr%%tr%sen%gllﬁé) "rqegrﬁoval of the solution in the cell suspension can be
carried out bytsegparating the cell suspension into the supernatant (solution) and the precipitate (cells)
using a centrifuge apgd removing the supernatant using an aspirator or the like. To enhance the
washing effect, the ggé%ipita\%?%%Fgf%?acﬁh%%%pen%% ebry‘:‘f)ﬁpl?attir‘f:ge, gﬁping&f%? the lik&*The number of
washings of the cells incthe celh suspensiori may becatlleastonceszard may alsebequtal times (2, 3, 4
times, or the Iikle%; however, Jlttis prﬁtLe_ralglg/ once in vie tof timedeff ctiveness and, cost effectiveness.
The above-déstriBed phyaiblogitaraqiiesus solition Used as & washing SofutioR 5¥tér Proteolytic
enzyme treatment preterably:furthereontains trehalosecas deseyibac-abeve becawse-an additive or
synergistic effect due to combination with the trehalose of the present invention is observed. [0033]
The cells afteF Washitly artseparated intd e Shisérhatint (Jo1066RFENd The predipitat (cells) using a
centrifuge, and afferremeying-the supeatant-using ar agpiator @the-likes suspended in an
aqueous solution faor transplantation suitable for transplantation via means such as intra-arterial,
intra-venous® Or Perdlitan&ous Theans® spedific exathplds 6fthé HftuebligEotstioR for#afsplantation
can include thesakave-describerh physielogical agueoussolgtiens;preferred issRinger'sysolution, more
preferably lactated Ringer's solution, acetated Ringer's solution, or bicarbonated Ringer's solution, still

more preferddly tacthied Ringér's BoREBRL [0S enzyme, such as a protease

inhibitor, may be contained in the medium, or the function
of the proteolytic enzyme may be competitively inhibited
by an excessive amount of protein present in the medium.
Thus, before performing proteolytic enzyme treatment in
the next step, the medium in the culture vessel to which
adherent cells adhere is removed with an aspiratcor or the
like in advance, followed by washing the cells with the
cell-washing solution ¢f the present invention containing
little or no protein to remove the remaining medium.
Conditions such as temperature and time in the washing
treatment can Include the above conditions during the
washing of adherent cells for the washing method of the
present invention.
[00z28]

Then, the adherent <cells are detached from the

culture vessel by proteolytic enzyme treatment. On this
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Examples of the in vitro subculture method for adherent cells according to another aspect can include
a method sequentially comprising the steps of (a') removing the medium in the above-described
culture vessel to which adherent cells adhere and washing the adherent cells with the cell-washing
solution of the present invention; (b") detaching the adherent cells from the culture vessel by the
proteolytic enzyme treatment using the above-described proteolytic enzyme; (c') suspending the
detached adherent cellsintheabove-describedprotein-containing physiological aqueous solution; and
(d") subculturing a portion (50 [v/v] %, 25 [vIv] %, 12 [vIv] %, or the like) of the cell suspension using a
fresh cultureoressel,aneretprefersed is & rrethoth furthericomprisingl theostdp of £psremowving the

solution in thcee‘ﬁ” %’gP%Q%iQ{‘ angtygaspingttnlg aggﬁrlent %elglvgithégq a %ve-describegé)hysiological
aqueous solltion or proteinccontaining physiological aquBots solutioh’ betweehthe steps (c') and (d).
[0035] Thefeulture fempetaturesappliedibdhe sabeulture is typidally indhe range-etabout 30 to
'4000 and is preferably 37C. The CO2 concentration during culture is typically in the range of about 1
to 10% and igl&% e%r:é%fy & gutdﬁ%f“?'ﬁa%ulrﬁlidﬁ%%u?ier}%rlcu ture %svfay]?)ic}:/a |§/em the range of about 70 to
100% and is[preterably about 95 to 100%. [0036] Examples of the medium applied to the

subculture can inclug)gethe br%sgl edium for animal cell culture described above, containing serum
(FBS, CS, or the like) in therange of 0-T to 30 &) % and thE Bhsal Hiediti t6F-dhithal Téll culture

described abexe; containingladditivess with an aqueous solution containing
the proteclvtic enzyme. The agueous solution containing
the proteolytic enzyme may be an agueous scoluticn in which
a commercially available proteoclytic enzyme powder from
Gibco or the like is dissclved in the above physiological
aqueous solution, or a commercially available proteolytic
enzyme sclution from Lonza Group Ltd. or the like, diluted
with the physiclogical agueous solution. The
concentration of the proteolytic enzyme in the agueous
solution containing the proteclytic enzyme may be a
concentration sufficient to detach the cells depending on
the type of the proteolytic enzyme, and is typically in
the range of 0.05 to 0.25 (w/v}%.
[0C30]

The conditicons such as temperature and time for
proteclytic enzyme treatment may be conditions under which
most (70 to 100%) of the cells can be detached from the
culture vessel; the temperature is typically in the range
of 20 to 37°C, and the treatment time is typically in the
range of 15 seconds to 15 minutes. The protecolytic enzyme
treatment of cells over a sustained period of time may
typically damage the cells to decrease the survival rate
therecf; however, the cells difficult to detach from a

culture vessel in a typical treatment time can be treated
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necessary for cell proliferation in place of serum. Examples of the additives can include iron sources
(transferrin and the like), growth factors (insulin, EGF, basic FGF, glial cell line-derived neurotrophic
factor [GDNF], stem cell factors [SCE] and the like), polyamines (putrescine and the like), steroids
(progesterone, p-- estradiol, and the like), minerals (selenous acid or its salt), adhesion factors (for
example, heparin, heparan sulfate, collagen, and fibronectin), and reducing agents (N-acetylcysteine,
2-mercaptoethanol, catalase, and the like). These media may also contain saccharides such as
glucose, an antibiotic such as streptomycin, penicillin, or gentamicin, a buffer such as Hepes, in
addition to afstemecelldifferentiation imhibitor€LIFL Writp TGE-Pyland-the like) heeesisary for maintaining
the undifferepiigled stays of slem.cells, JQST, . _Inhe pradygtion methofhfoLg cell suispension for
transplantation according to the préD &nt imvention or the above in vitro subculture method for an
adherent celtateording to another aspect, each step is preferably aseptically carried out using a clean
bench or theil&lﬁes' order to avoid the contamination of dust, bacteria, and the like. [0038] The kit
for producing a cell suspension for transplantation according to the present invention or the kit for in
vitro subculture of afddimrertcallyaccording te amothertaspecttis siot pasticutarly simiteg=provided that

it is_ Iim_ited to use as a kit fotr rodau irégrancgll Cseujgfgpsé%n gorhtransglgg}&atigﬁeor_ g@ited 3:to use as a kit
for in vitro subcuitare otf’an a ﬁereﬁ%\celﬁ and comprises %hé: cgﬁl-washlng solution’o fheepresent
invention and<g package:inserdestebdingthe effect of suppressing cell deathidue-to peoteolytic
enzymetmﬁggﬁggggeggyﬁéion. The suspension can be carried out by a
method well-known in the art, such as pipetting or tapping.
The protein-containing physiological agueous solution may
be a physiological aquecus solution containing a protein
in- an amount sufficient to suppress the activity of the
proteolytic enzyme. Specific examples thereof can include
the physiolegical aguecus solution described above,
containing 0.1 to 30 (v/vi% sgerum (fetal Dbovine serum
[FES], calf bovine serum [CS], or the like); preferred is
the basal medium for animal cell culture described above,
containing FRS. The protein-containing physiclogical
aqueous solution preferably further contains trehalose as
described above bkecause an additive or synergistic effect
due to combination with trehalose of the present invention
is observed.
(00321
Then, to remove the proteolyiic enzyme in the cell
suspension and wash the adherent c¢ells, the solution in
the cell suspension 1s removed, followed by washing the
adherent cells by using the above-described physiclogical
agueous  scolutien as  a washing solution after the

proteclytic enzyme treatment. The removal of the solution

in the cell suspension can be carried out by separating
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further comprise the above-described proteolytic enzyme and a pipette, a centrifuge tube, and the like,
and can be particularly preferably exemplified by those further comprising the above-described
proteolytic enzyme. [0039] The present invention will be more specifically described below with
reference to Examples. However, these Examples are not intended to limit the technical scope of the
present invention. Examples Example 1 [0040] 1. Confirmation of Suppression of Cell Death by Use of
Cell-Washing Solution of Present Invention as Cell-Washing Solution before Proteolytic Enzyme
TreatmentdkkMatell suspension into the supernatant (solution) and

the precipitate {cells) using a centrifuge and removing
the supernatant using an aspirator or the like. To
enhance the washing effect, the precipitate is preferably
suspended by pipetting, tapping, or the like. The number
cf washings of the cells in the cell suspension may be at
least once, and may also be plural times (2, 3, 4 times,
or the like}; however, 1t is preferably once in view of
time effectiveness and cost effectiveness. The above-
described physiclogical agueous solution used as a washing
solution after proteolytic enzyme treatment preferably
further contains trehalose as described above because an
additive or synergistic effect due to combination with the
trehalose of the present invention is ocbserved.

[0033]

The <cells after washing are separated into the
supernatant (solution) and the precipitate (cells) using a
centrifuge, and, after removing the supernatant using an
aspirator or the like, suspended in an agqueous solution

for transplantation suitable for transplantation via means

such asg intra-arterial, intra-venous, or percutanecus
means. Specific examples of the aqueous solution for
trangplantation can include the above-described

physiclogical agueous solutions; preferred is Ringer's
solution, more preferably lactated Ringer's sclution,
acetated Ringer's solution, or bicarbonated Ringer's
gsolution, still more preferably lactated Ringer's solution.
[oC34]

Examples of the i1in wvitro subculture method for

adherent cells according to another aspect can include a
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1-1-1 3 (wW/v)% Trehalose-Con a ning Lactated Ringer's Solution 3 g of trehalose (from
Hayashibara Co., Ltd.) was mixed with 90 mL of lactated Ringer's solution ("Lactec Injection” from
Otsuka Pharmaceutical Factory, Inc.), which was then dissolved using a stirrer. The resultant was
adjusted to a volume of 100 mL with the lactated Ringer's solution and then sterilized using a 0.22-pm
filter in a safety cabinet, and 10 mL each was dispensed. [0041] 1-1-2 Human Mesenchymal Stem
Cells from Bone Marrow (hMSCBM) hMSC-BM(from Lonza Group Ltd.) was prepared according the
procedures described in [1] to [9] below and used in the present experiment. [1] hAMSC-BM was
cultured in ans%CO2 frcurator af 3¥C ivthye preisemce iof asmedisinoKit Spedificcfondruiman
meSGnChWﬂ%?&”ﬁ%@EK%OQ%DQ%%GQ%%%éqgescribed culture vessel to which
adherent cells adhere and washing the adherent cells with
the cell-washing solution of the present invention; (b')
detaching the adherent cells from the culture wvessel by

the protecolytic enzyme treatment using the above-described

proteolytic enzyme; (c') suspending the detached adherent
cells in the above~described protein-containing
physiological agueous sclution; and (d') subculturing a

portion (30 [v/v] %, 25 [v/v] %, 12 [v/v] %, or the like)
of the cell suspension using a fresh culture vessel; more
preferred is a method further comprising the step of (p)
removing the solution in the cell suspension and washing
the adherent cells with the above-described physiological
agueous soluticn or protein-containing  physiclogical
aquecus sclution, between the steps (¢') and (d").

[0035]

The culture temperature applied to the subculture is
typically 1in the range of about 30 teo '40°C and ié
preferably 37°C. The C0O; concentration during culture is
typically in the range of about 1 to 10% and is preferably
about 5%. The humidity during culfure is typically in the
range of about 70 to 100% and is preferably about 95 to
100%.

[0036]

Fxamples of the medium applied to the subculture can
include the basal medium for animal cell culture described
above, containing serum (¥FBS, €%, or the like) in the
range of 0.1 to 30 (v/v)% and the basal medium for animal

cell culture described above, containing additives
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(hereinafter referred to as "MSC medium"”) using a 75-cm2 flask. The condition of the cells was
observed under a microscope, and culture was performed until a confluent state of about 90% was
reached. [2] The MSC medium was removed using an aspirator, and the cells were rinsed with 8
mL/flask of Dulbecco's phosphate buffered saline (D-PBS [-]) (hereinafter simply referred to as "PBS")
(from Invitrogen). [3] PBS was removed using an aspirator, and 3.75 mL/flask of trypsin-EDTA
(from Lonza Group Ltd.) was added, followed by standing at room temperature for 5 minutes. [4]
The flask was gently shaken while the cells were observed under a microscope until about 90%
thereof wererdetachedy £45] 3751l /flasklof MISEhedium wassadded to,stopdbe drypsin reaction,

and the ceI!sEv}ggrrne Eeecsoyerefd by Pb%ettgnog dgr%d transferred foa 59{@'@ centl[ifuge tube. [6]
Centrifugationi WAS carried’out at 600 X g ahd 22C fors Findtas: [7THe MEE retium as the
supernatant wasaresteved using an@aspiratireand roliflask of MSE medisnmwas agdded, followed by
suspending g]aes%ec" p%lé%tl(prg(ji g?te)éell line-derived neurotrophic factor
[GDNE], stem cell factors [3CF] and the like), polyamines
(putrescine and the 1like), steroids (progesterone, pB-
estradiol, and the like), minerals (selenous acid or its
salt), adhesion factors (for example, heparin, heparan
sulfate, collagen, and fibronectin), and reducing agents
(N-acetylcysteine, 2-mercaptoethancl, catalase, and the
like). These media may alsoc contain saccharides such as
glucese, an antibiotic such as streptomycin, penicillin,
cr gentamicin, a buffer such as Hepes, in addition to a
stem cell differentiation inhibitor (LIF, Wnt, TGF-B, and
the 1like) necessary for maintaining the undifferentiatsd
state of stem cells.

[0037]

In the producticn method for a c¢ell suspension for
transplantation according to the present invention or the
above in vitro subculture method fer an adherent cell
according to another aspect, each step 1s preferably
aseptically carried out using a clean bench or the like in
order to avoid the contamination of dust, bacteria, and
the like.

[3038]

The kit for producing a «cell suspension for
transplantaticon according to the present invention or the
kit for in vitro subculture of an adherent cell according
to another aspect 1s not particularly limited provided

that it 1s limited to use as a kit for producing a cell
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[8] 10 ILL of the cell suspension was taken and mixed with 10 121. of 0.4% trypan blue (from Gibco) to
measure the number of live cells using a cell counter. [9] The cells were seeded in a 6-well dish
to 1 x 105 cells/2 mL/well, and then cultured in a 5% CO?2 incubator at 37C. The whole amount of the
MSC medium was exchanged with a fresh medium every 3 to 4 days. [0042] 1-2 Method To
confirm that the use of the cell-washing solution of the present invention as a cell-washing solution
before proteolytic enzyme treatment suppresses cell death, an experiment was carried out according
to the procedures described in [1] to [5] below. [1] The MSC medium was aspirated/removed from
the 6- well dishparhichhMSEC-BM:=adheredtocwhich2-mLiwelt ofilactated KRirger's solution
containing 3 \év/v)%trggglose @}%@: LE{CTJ at 25? was tg%n addgd, fo Igwed tgly incubation at 25C for 1
minute (washing tréatmeni before enzyme treatment). PBS was Used ‘as a Cofifror. = = <f2] Atter
aspirating/remoying:3%-kR $h1mlL/aellaf trypsintERTA (fsamskenzai@reixitsh) nmaimtained at 25C

was added, followed by,incubatiog at 25.% for 15 rr?inutefsf(%enzymée treatmeng. , [3%The MSC
medium at 25C°Was addeéd by 1 MET6'supRAd theE celis (BRzymé réattiBhTermitaticn treatment),

death due to proteclytic enzyme treatment. They may
further comprise the above-described proteolytic enzyme
and a pipette, a centrifuge tube, and the like, and can be
particularly preferably exemplified by those further
comprising the above~described proteclytic enzyme,
[0032]

The present invention will be more specifically
described below with reference to Examples. However,
these Examples are not intended to limit the technical

scope of the present invention.

Examples

Example 1
[0040]
1. Confirmation of Suppression of Cell Death by Use of
Cell~Washing Solution of Present Invention as Cell-Washing
Solution befére Proteclytic Enzyme Treatment
1-1 Material
1~1-1 3 (w/v)% Trehalose-Containing Lactated Ringer's
Solution

3 g of trehalose (from Havashibara Co., Ltd.) was
mixed with 90 mlL of lactated Ringer's solution ("lLactec
Injection” from Otsuka Pharmaceutical Factory, 1Inc.),
which was then dissclved using a stirrer. The resultant

was adjusted to a volume of 100 =mL with the lactated
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and then the cell suspension was transferred to a 15-mL conical centrifuge tube. [4]
Centrifugation was carried out at 600 x g and 25CforSminutes,andthesupernatantwas
aspirated/removed, followed by suspension in 100 pL of ice-cold PBS for each well (washing treatment
after enzyme treatment). [5] 10 pL of the cell suspension was taken and mixed with 10 pL of
trypan blue, followed by measuring the number of cells using one cell counter under a microscope to
evaluate the rate of dead cells. [0043] 1-3 Result Whereas when the cells were washed using
PBS before trypsin treatment, the rate of dead cells after L.rypsin treatment was 34.7% (Figure 1, the
1st bar fromehedeft); whentheceells were washed using3%:iLAT befere.gypsin weatment, the rate of
dead cells af;erltcrgpsin treatmept was 1%3% Figure 1 Bhe 2nd b%rbfrom the right); a statistically
significant diffeterice Was observed bEfwaart botlof the rates f5<-0.56T). THeRe 1estits show that the
washing of thié @ell$ using a physiological aqueous solution containing trehalose, such as LAT, before
trypsin treatTgm gecreases the rate of dead cells after trypsin treatment compare{d to that using a
physiologicat aguéoti§8aititioR Hot Containing trehaldse SAS EFmFarative Exaniblé 1 SHen the cells
were washednsing PBS before trypsin treatment (the step of [1] in the "1-2 Method" of Example 1

above [washing treatment before enzyme treatment]) and the cells were washed using 3% LRT after
trypsin treatment BM - (frem  Lonza roup Ltd.) was prepared

according the procedures described in {1] to [9] below and

used in the present experiment.
(1] hMSC-BM was cultured in a 5% C0O; incubator at

37°C in the presence of a medium kit specific for human

mesenchymal stem cells {from Lenza Group Ltd.)
(hereinafter referred to as "MSC medium") using a 75-cm®
flask. The condition of the cells was observed under a

microsceope, and culture was perfermed until a confluent
state of about 20% was reached.

[Z2] The MSC medium was removed using an aspirator,
and the cells were rinsed with 8 mL/flask of Dulbecco's
phosphate buffered saline (D-PBS [~]) (hereinafter simply
reférred te as "PBSY) (from Invitrogen).

[31 PBS was removed using an aspirator, and 3.75
mL/flask of trypsin-EDTA (from Lonza Group Ltd.) was added,
followed by standing at room temperature for 5 minutes.

[4] The flask was gently shaken while the cells were
observed under a microscope until about %0% theteof were
detached.

[3] 3.75 mL/flask of MSC medium was added tc stop
the trypsin reaction, and the cells were recovered by
pipetting and transferred to a 50-mL centrifuge tube.

[6] Centrifugation was carried out at 600 x g and

22°C for 3 minutes.
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(the step of [4] in the "1-2 Method" of Example 1 above [washing treatment after enzyme treatment]),
the rate of dead cells was 32.8% (Figure 1, the 2nd bar from the left); this could confirm that the rate of
dead cells was decreased, but not significantly, compared to when PBS as a control was used (Figure
1, the 1st bar from the left, rate of dead cells: 34.7%); however, the effect was excellent to a larger
extent when the cells were washed using 3% LRT before trypsin treatment (p < 0.001, Figure 1,
comparison between the 2nd and 3rd bars from the left). When the cells were washed using 3% LRT
before trypsin treatment and the cells were further washed using 3% LRT after trypsin treatment, the
rate of dead cells aftefltrypsin théafmentadvasi13:8% {Figumibethealstribar frem themight)i this could

confirm that @%Eate fdead.cellcs was decrease t not significantly, compared to when 3% LRT
was used be%ore ﬁyﬁ%natrsé)a%r%%n?fﬁigafleg f%hné%r?; %gg fr%% %“géérig etficrléftrél o‘?%sea%d\(,(:\ée S! 16.3%).
These resultscshiow: tivatithe userafitrehajosé i cell Washingafteipreteglytic eazyme treatment can

further decrease the_rate % de%d cgllgtkl?% an % ditive or synergistic effect due to combination with the
cell-washing solution Of the pFesent invention: Exarmpie %%6624]“?‘.%&%??7%6%&?@%?&

Death-Suppressing Effect by CelldwashingeSolution of Present:invention IssByetosTreRalose and
Studying Tim% I%g Tre%tp%gtvvgith CeiI-Washin Soluti](_)f of Present Invention 2-1 Method In addition,to

; 18 cells using a ce 1 ;
confirm that the effect of counter

(9] The cells were seeded in a 6-well dish to 1 x 10°
cells/2 mL/well, anrnd then cultured in a 5% CO, incubator
at 37°C. The whole amount of the MSC medium was exchanged
with a fresh medium every 3 to 4 days.

[004z]
1=-2 Method

To confirm that the use of the cell-washing solution
of the present invention as a cell-washing sclution before
proteclytic enzyme treatment suppresses c¢ell death, an
experiment was carried out according to the procedures
described in [11 to [5] below.

[1] The M3C medium was aspirated/removed from the 6-
well dish to whiéh hMSC-BM adhered, to which 2 mL/well of
lactated Ringer's sclution containing 3 (w/v)% trehalose
(3% LRT) at 25°C was then added, followed by incukation at
25°C  for 1  minute (washing treatment before enzyme
treatment). PBS was used as a control.

[2] After aspirating/removing 3% LRT, 1 mL/well of
trypsin-EDTA (from Lonza Group Ltd.) maintained at 25°C
was added, followed by incubation at 25°C for 15 minutes

{enzyme treatment).

[3] The MSC medium at 25°C was added by 1 mlL to

suspend the cells (enzyme reaction termination treatment),
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suppressing cell death by LAT was not due to LR but due to trehalose, an experiment when LR was
used as a control for the washing solution before trypsin treatment was carried out. To simultaneously
study cell-washing treatment time before trypsin treatment, the experiment was also carried out
according to the procedures described in [1] to [5] below. [1] The MSC medium was
aspirated/removed from the 6- well dish to which hMSC-BM adhered, to which 2 mL/well of lactated
Ringer's solution containing 3 (w/v)% trehalose (3% LRT) at 25C was then added, followed by
incubation at 25C for 0.5, 1, 3,5, 7, and 10 minutes(washing treatment before enzyme treatment). LR
was used asiadontrsh: artd: PBSe whichuiseenshonly wsed foraa washing sohstion, wasuded as also

control. J2] After %QH@Q@%@%‘O%’E}Q@?.’% LRT, 1 mL/well of a diluted trypsin-EDTA (from Lonza
Group Ltd.) solution in which PBS maintained at 25C was mixed in equal amounts was added,

followed by incubatidd at 25€tfor. 20gmmutes (eazyme treadrient:.t at[3FThe MSE medium at 25C

was added @/51,mL t%ggspergd the cj{eyllgt(ggzyme gea_ction Hgbéminatsign treaémgn}c), an%then the cell
suspension Was transférred té a 15°mL conical cenﬁﬁ’uge Fu e. fﬁT @enifrlﬁljgation Was carried out
at 600 x g ard 25Ciorksiinutes;addtheSupernatantivas aspiratediremovad, followed bystispension in

100 IL of ice-cold PBS for each well (washing treatment after enzyme

treatment) .

[5] 10 uL of the cell suspension was taken and mixed
with 20 ulL of trypan blue, followed by measuring the
nunber of cells using one cell counter under a microscope
to evaluate the rate of dead cells.

(00431
1-3 Result

Whereas when the cells were washed using PBS before
trypsin treatment, the rate of dead cells after trypsin
treatment was 34.7% (Figure 1, the lst bar from the left),
when the cells were washed using 3% LRT before trypsin
treatment, the rate of dead cells after trypsin treaiment
was 16.3% (Figure 1, the 2Znd bar from the right); a
statistically significant difference was observed between
both of the rates (p < 0.001). These results show that
the washing of the c¢ells using a physiological agueocus
solution containing trehalose, such as LRT, before trypsin
treatment decreases the rate of dead cells after trypsin
treatment compared to that using a physiclogical a@ueous
sclution not containing trehalose. As Comparative Example
1, when the c¢ells were washed using PBS before trypsin
treatment {(the step of {1} in the "1-2 Method" of Example
1 above [washing treatment before enzyme treatment]) and

the cells were washed using 3% LRT after trypsin treatment
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ice-cold PBS for each well (washing treatment after enzyme treatment). [5] 10 gh of the cell
suspension was taken and mixed with 10 p.L of trypan blue, followed by measuring the number of cells
using one cell counter under a microscope to evaluate the rate of dead cells. [0045] 2-2 Result

The results are shown in Figure 2. For example, for a washing treatment time before trypsin treatment
of 10 minutes, whereas when the cells were washed using LR before trypsin treatment, the rate of
dead cells after trypsin treatment was 42.1%, when the cells were washed using 3% LRT before
trypsin treatment, the rate of dead cells after trypsin treatment was decreased to 14.8% (Figure 2); the
decrease waktstatistically signifieanti(p <t@.001)! No sfatistical sighifiEantdifferehceivagobserved

between PB%%&g?TQ%%%g%se%té SQ?We@ate fgectE 9]:9 %l%%prgﬁi?g ch éje%tgt%y the cell-washing
dition, si

solution of the present invention was not due to ut dueto trehalosé. In a Simi arly for a time
of cell-washiagareatmeéntwithalsRT3Befdke tripsintreatrhentttf9.520F miiautesthe efféct of
suppressing fee%tc%e,ath was otg)s&ved to the sam egter;;éFiIgu;éee 2)O.£rh saeées%Iﬁshow that when

; :

) ok t 1o : :
treatment is performed at Teastin ?hecf)avﬁazér& 05 %0 10'minutes usifg the cel~washing™Solution of the

present invedtonr before, trypsin treatnenintheleffect of suppressingicelbdeathis elserwed to the same
extent. Exa@pgg%g¥%¥ﬂwas used (Figure 1, the 1lst bar from the left,
rate of dead cells: 34.7%); however, the effect was
excellent to a larger extent when the cells were washed
using 3% LRT before trypsin treatment (p < 0.001, Figure 1,
comparison between the 2Znd and 3rd bars from the left).
When the cells were washed using 3% LRT before trypsin
treatment and the cells were further washed using 3% LRT
after trypsin treatment, Ithe rate of dead cells after
trypsin treatment was 13.8% (Figure 1, the 1lst bar from
the right); this could confirm that the rate of dead cells
was decreased, but not significantly, compared to when 3%
LRT was used before trypsin treatment (Figure 1, the 2nd
bar from the right, rate of dead cells: 16.3%). These
results show that the use of trehalecse in cell washing
after proteclytic enzyme treatment c¢an further decrease
the rate of dead cells by an additive or synergistic

effect due to combination with the cell-washing solution

of the present invention.

Example 2

[004£4]

2. Confirming That Cell Death-Suppressing Effect by Cell-~
Washing Solution cof Present Invention Is Due to Trehalose
and Studying Time of Treatment with Cell-Washing Soclution

of Present Invention
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3. Study of Trehalose Concentration Applied to Cell-Washing Solution of Present Invention 3-1 Method
Then, to study the trehalose concentration applied to the cell-washing solution of the present invention,
an experiment was carried out according to the procedures described in [1] to [5] below. [1] The
MSC medium was aspirated/removed from the 6- well dish to which hMSC-BM adhered, to which 2
mL/well of lactated Ringer's solution containing each concentration (1, 3, 5, 7, 10, 12, or 15 [w/v]%) of
trehalose at 25C was then added, followed by making heat retention at 25C for 1 minute (washing
treatment before enzyme treatment). LR was used as a control. [2] After aspirating/removing the
washing soldtion Hefore@nzyme treatment of [1], 1 mL/well of trypsin-EDTA (from Lonza Group Ltd.)

maintained at 25C was adgggifcoj!lgﬁfed b%/Oincu gltliggrargl 25%%%%15 rtpri%utese(gpég@e troe tment).

[3] The MSC medium at 25C was added by 1 mL to suspend the cells (enzymé reaction termination
treatment), antbtheasthércellcsuspensiomnwas trahsferred tood 18-l conical icentrifuge tube. [4]

Centrlfugathtnr\évas carried out at, %%Q: X9 ggd 5Cfo?:5§n|wngges&an thesupernatq_nths £

aspirated/remov%af %?I%\’Ne%nby@stlspensmn in 100 s of ice-colt PBS o e&Ch well (Wa%lﬁing treatment
after enzyme treatmemt)ng solution before trypsin treatment was carried '

cut. To simultaneously study cell-washing treatment Utime

before trypsin treatment, the experiment was also carried

out according to the procedures described in {11 to [5]

below.

[1] The MSC medium was aspirated/removed from the 6-
well dish to which hMSC-BM adhered, to which 2 mL/well of
lactated Ringer's sclution containing 3 (w/v}% trehalcse
(3% LRT) at 25°C was then added, followed by incubation at
25°C for 0.5, 1, 3, 5, 7, and 10 minutes (washing
treatment before enzyme treatmsnt). LR was used as a
control, and PBS, which is commonly used for & washing
solution, was used as also control.

[2] Rfter aspirating/removing 3% LRT, 1 mL/well of a
diluted trypsin-EDTA (from Lonza Group Litd.) solution in
which PBS maintained at 253°C was mixed in equal amounts
was added, followed by incubation at 235°C for 20 minutes
{enzyme treatment).

[3] The M3C medium at 25°%C was added by 1 mlL to
suspend the cells (enzyme reaction termination treatment),
and then the cell suspension was transferred to a 15-mL
conical centrifuge tube,

(4] Centrifugation was carried out at 600 x g and
25°C for 5 minutes, and the supernatant was

aspirated/removed, followed by suspension in 100 piL of
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[5] 10 pti, of the cell suspension was taken and mixed with 10 p1 of trypan blue, followed by measuring
the number of cells using one cell counter under a microscope to evaluate the rate of dead cells.
[0047] 3-2 Result The results are shown in Figure 3. When the cells before trypsin treatment was
washed using LRT having a trehalose concentration of 1 to 15 (w/v)%, the rate of dead cells was
decreased at each concentration thereof compared to when LR containing no trehalose was used
(Figure 3); the decrease was statistically significant. It was also revealed that when the cell-washing
solution having a trehalose concentration of 3 (w/v)% was used, the effect of suppressing cell death
was most outStanding! THitSefresutes showethat theasffdctof suppiessirig edlt deathrisobserved when
the trehalos%lgggg%gtr@tgqn applied to the cell-washing solution of the present invention is at least in
the range of 1 to 15 (w/v)%, and also show that the particularly excellent effect of suppressing cell
death is observed wheh thé trighatosettencentiationss drteih (Wividh, pakticularhd3 ta 5uv/v)%.
Example 4 [OO%%] 41An3|%§ii§ %eE ect of Su%Egessinng il Dea}}h %\/ﬁpen Trehalose W%ﬁéb\dded in

. 1 iy I £ O oW measurin
Trypsin Treatment or Tr action T&rmination Treatment g

number of cells using cne cell counter under & microscope
to evaluate the rate of dead cells.
[0045]
2-2 Result

The results are shown in Figure 2. For example, for

a washing treatment time befcore trypsin treétment of 10
minutes, whereas when the cells were washed wusing LR
before trypsin treatment, the rate of dead cells after
frypsin treatment was 42.1%, when the c¢ells were washed

using 3% LRT before trypsin treatment, the rate of dead
cells after trypsin treatment was decreased to 14.8%

(Figure 2); the decrease was statistically significant (p

< 0.001). No statistical significant difference was
observed between PBS and LR. These results show that the

effect of suppressing cell death by the cell-washing

solution ©of the present invention was not due to LR but

due to trehalecse. In addition, similarly for a time of
cell-washing treatment with LRT before trypsin treatment

"of 0.5 to 7 minutes, the effect of suppressing cell death
was observed to the same extent (Figure 2). These results
show that when <treatment 1is performed at least in the

range of 0.5 to 10 minutes using the cell-washing solutiocn

of the present i1nvention before ftrypsin treatment, the
effect of suppressing cell death is observed to the same

extent.
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4-1 Method Then, to analyze the effect of suppressing cell death when trehalose was added in
trypsin treatment or trypsin reaction termination treatment, an experiment was carried out according to
the procedures described in [1] to [5] below. [1] The MSC medium was aspirated/removed from
the 6- well dish to which hMSC-BM adhered, to which 2 mL/well of lactated Ringer's solution
containing 3 (w/v)% trehalose at 25C was then added, followed by making heat retention at 25C for 1
minute (washing treatment before enzyme treatment). LR was used as a control. [2] After
aspirating/removing the washing solution before enzyme treatment of [1], 1 mL/well of a
trehaloseco®amigd &yBsin solution maintained at 25C, in which trehalose was added to a final
concentration&{&(lwlv)% to trypsin-EDTA (from Lonza Group Ltd.) was added, followed by incubation
at 25C for 15[ minutes (enzyme treatment). [3] A trehalose-containing MSC medium maintained at
25C,in whictBtrehdloséywasdddéett toe finakcontentration:of i3-(w/vi%ctoiMS C mediomiwas added by 1
mL to su.speﬁg S:[pie Ig:ellg%ep&gm&reagtig? tgrr}q@a}ir%l etrrlecagt(rjnr?nt), followed by transferring the cell
suspension to a 5L conical cen?ﬁfuge@tu%e.

3-1 Method

Then, toc study the trehalose concentration applied
to the cell-washing solution of the present invention, an
experiment was carried out according to the procedures
described in [1] te [5] below.

{1] The MSC medium was aspirated/removed from the &=
well dish te which hMSC-BM adhered, to which 2 mL/well of
lactated Ringer's solution containing each c¢eoncentration
(L, 3, 5, 7, 10, 12z, or 1% [w/v]%¥) of trehalose at 25°C
was then added, followed by making heat retehtiOﬂ at 25°C
for 1 minute (washing treatment before enzyme treatment).
LR was used as a control,

[2] After aspirating/removing the washing solution
before enzyme treatment of [1], 1 mi/well of trypsin-EDTA
{from Lonza Group Ltd.) maintained at 25°C was added,
followed by incubation at 25°C for 15 minutes {enzyme
treatment).

[31 The MSC medium at 253°C was added by 1 mL to
suspend the cells {enzyme reaction termination treatment),
and then the c¢ell suspension was transferred to a 15-mL
conical centrifuge tube.

[4] Centrifugation was carried out at 600 x g and
25°C for 5 minutes, and the supernatant was

aspirated/removed, followed by suspension in 100 pL of
ice~cold PBS for each well (washing treatment after enzyme

treatment) .
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[4] Centrifugation was carried out at 600 x g and 25CforSminutes,andthesupernatantwas
aspirated/removed, followed by suspension in 100 ITL of ice-cold PBS for each well (washing
treatment after enzyme treatment). [5] 10 p1 of the cell suspension was taken and mixed with 10
pi, of trypan blue, followed by measuring the number of cells using one cell counter under a
microscope to evaluate the rate of dead cells. [0049] 4-2 Result The results are shown in Figure 4.
As Comparative Example 2, when the cells were washed using PBS before trypsin treatment and
enzyme treatment was performed using the trehalose-containing trypsin solution (the step of [1] in "1-2
Method" of Examplel £ abbVe flvasHingireatmeht befgrerenzymestrteatmdnt]), aochangedn the rate of

dead cells was tquselrged ciomggreg to when kt:qe;,z teryps!'tnoic_)Llutiori;j| c%ntainin% no tr.ehalosg was used

(comparisonwﬁetween "tr{/lpsin FT"and f?“t?ypsln irf Figure ZBW‘T’ esé resuite show that the addition of

trehalose in proteslytic enzyrestrestient eannctessuppress therrate:dtdead telts: As:Comparative
Example 3, V&’Q%JQ?&@H% vvt%(rjg "%%Scheedo‘fSiQQa'f%Bée er[gre trypsin treatment and the
e VTS .

trehalose-containing MSC medium ("medium + igure 4) was used in trypsin reaction termination
treatment (thedstéplof [3] in "1-2 Method" of Example 1 above (enzyme reaction termination
treatment)), g}lezregg olhdcead cells was decreased compared to when the MSC medium containing no
trehalose was use ?"medium" in Figure 4) (comparison between the 1st bar from the left in Figure 4
[rate of dead cells: 378%} and the 2ad barfronnthérdeffipkigarez4 [ratérehdead:cellsl 33.9%)]). These
results shomzﬁ@g})wher%}ghe SCEIIIF re Sgén eg%edwlé%nq“qd%goetginﬁcgjpéainirﬂ%{;)h%sgogical agueous
solution, suchas Msc m%%lum, to Which tréhalose is added; ¢ Hhe e

trehalose concentration of 1 to 15 {(w/v)%, the rate of

dead cells was decreased at each concentration thereof

compared to when LR containing no trehalose was used

(Figure 3); the decrease was statistically significant.

It was also revealed that when the cell-washing solution

having a trehalose concentraticn of 3 (w/v)% was used, the

effect of suppressing cell death was most outstanding.

These results show that the effect of suppressing cell

death is observed when the trehalose concentration applied

to the cell-washing soluticn of the present inventicn is

at least 1n the range of 1 to 15 {(w/v)%, and alsc show

that the particularly excellent effect of suppressing cell

death is observed when the trehalose concentration is 1 to

7 (w/v)%, particularly 3 to 5 {(w/v)%.

Example 4

(00483

4. Analysis of Effect of Suppressing Cell Death When
Trehalose Was Added in Trypsin Treatment or Trypsin
Reaction Termination Treatment

4-1 Method
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in enzyme reaction termination treatment after proteolytic enzyme treatment, the rate of dead cells can
be decreased, to a lesser extent, compared to when the cell-washing solution of the present invention
is used. It could also be confirmed that when the cells were washed using 3% LRT before trypsin
treatment and, further, a trehalosecontain ng MSC medium was used in trypsin reaction termination
treatment, the rate of dead cells after trypsin treatment was 13.0% (Figure 4, the 3rd bar from the right)
and the rate of dead cells was decreased, but not significantly, compared to when 3% LRT was used
before trypsin treatment (Figure 4, the 4th bar from the right, rate of dead cells: 16.8%). These results
show that the use ofrttehalosecin proteotytic enzymestieetion termination-tteatment ear further
decrease th% rate of dead cells l%y .?n additive ordsdy(peégistic effect due to combination with the
cell-washing S6iifon 6t iRe presant itventbh Indtistial ABplicaBie 1005012 “™FH& présent invention
is useful in the fiekk af medical transpiantation in tegenerative, medicine: ep thei likenand; the field of
cancer treatment because it can decrease the percentage of dead cells in a cell suspension containing
stem cells s(éH 3 FSC 6 pfvide d'gtod Gualityceli SUspehsion. CEAMSSE A thethdd of washing
an adherent:¢cgll,[ egmpsisiig. washing the adherent cell using a cell-washing solution comprising a
physiological aqueous solution added with trehalose or its derivative or a salt thereof, b6efore detaching

the adherent cell front & cUlttird ves<e b Protbbiyti ey frebtmened from the

well dish te which hMSC-BM adhered, to which 2 mL/well of

lactated Ringer's soluticon containing 3 (w/v)% trehalose
at 25°C was then added, followsd by making heat retention
at 25°C for 1 minute (washing treatment befocre enzyme
treatment). LR was used as a control.

[2] After aspirating/removing the washing solution
before enzyme tfreatment of [1], 1 mlL/well of a trehalose-
containing trypsin solution maintained at 25°C, in which
trehalose was added té a final concentration of 3 (w/v)%
to trypsin-EDTA {(from Lonza Group Litd.) was added,
followed Dby incubation &t 25°C for 15 minutes {enzyme
treatment).

[3] A trehalcse-~containing MSC medium maintained at
z25°C, in which trehalose Was added to a final
concentration of 3 (w/v)% to MSC medium was added by 1 miL
to suspend the cells {enzyme reactiocon termination
treatment), followed by transferring the cell suspension
te a 15-mL conilcal centrifuge tube,

[4] Centrifugation was carried out at 600 x ¢ and
Z25°C for 5 minutes, and the supernatant was
aspirated/removed, followed by suspension in 100 uL of
ice~cold PBS for each well {washing treatment after enzyme

treatment) .
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2. The method according to claim 1, wherein the adherent cell is a mesenchymal stem cell. 3. The
method according to claim 1 or 2, wherein the cell-washing solution comprises trehalose or its
derivative or a salt thereof in a concentration of 1 to 15 (w/v)%. 4. A cell-washing solution for washing
an adherent cell before detaching the adherent cell from a culture vessel
byproteolyticenzymetreatment,comprisinga physiological aqueous solution added with trehalose or its
derivative or a salt thereof. 5. The cell-washing solution according to ‘claim 4, wherein the adherent
cell is a mesenchymal stem cell. 6. The cell-washing solution according to claim 4 or 5, comprising
trehalose or its derivative oy ausalbthereef inaconceseationcof h4os1% fwbn%s:nd. Amethod of

S nS|on fortran Iantatlon comprising the st s of:
[rOduungzaCe”SU ?8 epan lue, pfol owed gy measuring the

number of cells using one cell counter under a microscope
tec evaluate the rate of dead cells.
[0049]
4~2 Result

The results are shown in Figure 4. As Comparative
Example 2, when the cells were washed using PBS before
trypsin treatment and enzyme treatment was performed using
the trehalose-containing trypsin solution (the step of [1)
in "1-2 Method" of Example 1 above [washing treatment
before enzyme treatment]), no change in the rate of dead
cells was cbserved compared to when the trypsin solution
containing no trehalcose was used (comparison between
"trypsin + T" and "trypsin" in Figure 4). These results
show that the addition cof trehalose in proteolytic enzyme
treatment cannot suppress the rate of dead cells. As
Comparative Example 3, when the cells were washed using
PBS before trypsin treatment and the trehalose-containing
MSC medium {("medium + T" in Figure 4) was used in trypsin
reaction termination treatment (the step of [3] in "1-2
Methed" of Example 1 above (enzyme reaction termination
treatment) ), the rate of dead cells was decreased compared
to when the MSC medium containing nce trehalose was used
("medium" in Figure 4) (compariscn between the 1st bar
from the left in Figure 4 [rate of dead cells: 37.9%1 and
the Znd bar from the left in Figure 4 [rate of dead cells:
33.9%]). These results show that when the cells are
suspended using a protein-containing physiclogical agueous

solution, such as MSC medium, to which trehalecse is added,
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(a) removing a medium in a culture vessel to which an adherent cell is adhered and washing the
adherent cell with a cell-washing solution comprising a physiological aqueous solution added with
trehalose or its derivative or a salt thereof; (b) detaching the adherent cell from the culture vessel by
proteolytic enzyme treatment; (c) suspending the adherent cell detached from the culture vessel in a
protein-containing physiological aqueous solution to make a cell suspension; and (d) removing the
solution in the cell suspension and washing the adherent cell with the physiological aqueous solution.
8. The production method according to claim 7, wherein the adherent cell is a mesencnymal stem cell.
9. The productionmmethedacoording tosctaimm 7 o &, whereinrthetcelliwashing sotutiontdfithe step (a)
comprises trehalose or its dt%rivaéivehcglrea %alﬁtheorgof in a corg}(ielrgratior? %f 1to 15 é‘g’é‘@?@ 10. The

production rﬁe%ﬁgg%c%re Ing o ahy ohe 5 cldims 7Ct153 @?w‘ﬁereln thé prof%o yﬁ?f%renzymé of the step
(b) is trypsint21.  hel progctionmethod accordingdo any ore«of claimas 7cell-washing
soluticn of the present invention is used. 1t could also
be confirmed that when the cells were washed using 3% LRT
before frypsin treatment and, further, a trehalose-
containing MSC medium was used in trypsin reaction
termination treatment, the rate of dead cells after
trypsin treatment was 13.0% (Figure 4, the 3rd bkar from
the right) and the rate of dead cells was decreased, but
not significantly, compared to when 3% LRT was used before
trypsin treatment (Figure 4, the 4th bar from the right,
rate of dead cells: 16.8%). These results show that the
use of trehalcse in proteolytic Senzyme reaction
termination treatment can further decrease the rate of
dead cells by an additive or synergistic effect due to

combination with the cell-washing solution of the present

invention.

Industrial Applicability
[Q050]

The present invention is useful in the field of
medical transplantation in regenerative medicine or the
like and the field c¢f cancer treatment. because it can
decrease the percentage of dead cells in a cell suspension
containing stem cells such as MSC to provide a good-

guality cell suspension.
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to 10, wherein the protein-containing physiological aqueous solution of the step (c) further comprises
trehalose or its derivative or a salt thereof. 12. The production method according to any one of claims
7 to 11, wherein the protein-containing physiological agueous solution of the step (c) is a
serum-containing basal medium for animal cell culture. 13. The production method according to any
one of claims 7 to 12, wherein the physiological aqueous solution of the step (d) further comprises
trehalose or its derivative or a salt thereof. 14. A kitfor producing acellsuspension for transplantation,
comprising the cell-washing solution according to any one of claims 4 to 6 and a package insert
describing an effect of suppressing cell death duaftMsroteolytic enzyme treatment by the cell-washing
solution. 15. Use of trehalose or its derivative or a salt thereof in the production of a cell-washing
solution for washing an adherent cell before detaching the adherent cell from a culture vessel by
proteolytic ehzyme treathient. of washing an adherent c¢ell, comprising

washing the adherent cell using a cell-washing solution
comprising a physiclogical agqueous solution added with
trehalecse or 1its derivative or a salt thereof, bhefore
detaching the adherent cell from a culture vessel by

proteclytic enzyme treatment.

2. The methed according to «laim 1, wherein the adherent

cell is a mesenchymal stem cell.

3. The method according to claim 1 or 2, wherein the cell-
washing scluticn comprises ftrshalese or its derivative or

a salt thereof in a concentration of 1 to 15 (w/v)%.

4. A cell-washing scliution for washing an adherent cell
pefore detaching the adherent cell from a culture vessel
by proteclvtic enzymea treatment, comprising a
physiological aqueous sclutlion added with trehalose or its

derivaitive or a salt thereof.

5. The cell-washing solution according to ¢laim 4, wherein

the adherent cell is a mesenchymal stem cell.
6. The cell-washing solution according to claim 4 or 5,

comprising trehalose or its derivative or a salt thereof

in a concentration of 1 to 15 (w/v)%.
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16. Trehalose or its derivative or a salt thereof for use to wash an adherent cell before detaching the
adherent cell from a culture vessel by proteolytic enzyme treatment.

7. A  method of producing a <cell suspension for
transplanﬁaﬁion, comprising the steps of:

(a} removing a medium in a culture vessel to which an
adherent cell 1is adhered and washing the adherent cell
with a cell-washing solution comprising a physiclogical
agueous solution added with trehalose or its derivative or
a salt thereof; '

(b) detaching the adherent cell from the culture vessel by
-proteoclytic enzyme treatment;

{c) suspending the adherent cell detached from the culture
vessel Iin a protein-containing physiological agueous
solution to make a cell suspension; and

{d) removing the scluticn in the c¢ell suspension and
washing the adherent cell with the physiological agueous

solution.

8. The production method according to claim 7, wherein the

adherent cell is a mesenchymal stem cell.

9. The production method according to claim 7 or 8,
wherein the cell-washing solution of the step {a)
comprises trehalose or its derivative cor a salt therecof in

a concentration of 1 to 15 {(w/v)%.
10. The preduction method according to any one of claims 7
to 9, wherein the proteolytic enzyme of the step (b)) is

trypsin.

11. The production method according to any one of claims 7

te 10, wherein the protein-containing physiological
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agqueous solution of the step (¢} further comprises

trehalose or i1ts derivative cor a salt thereof.

12. The production methed according to any one of claims 7
to 11, wherein the protein~containing physiclogical
agueous solution of the step (¢} 1s a serum-containing

basal medium for animal cell culture.

13. The production methed according to any one of claims 7
to 12, wherein the physiological agqueous solution of the
step (d) further comprises trehalcse or its derivative or

a salt thereof.

14. A kit for preoducing a cell suspension  for
transplantation, comprising the cell-washing ~solution
according to any one of claims 4 to & and a package insert
describing an effect of suppressing cell death due to

proteclytic enzyme treatment by the cell-washing sclution,

15. Use of trehalose or its derivative or a salt therecof
in the production of a cell-washing sclution for washing
an adherent c¢ell before detaching the adherent cell from a

culture vessel by proteclytic enzyme treatment.
16. Trehalocse or 1its derivative or a salt thereof for use

to wash an adherent cell before detaching the adherent

cell from a culture vessel by proteolytic enzyme treatment.
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