*1 Soae 1 - TITTTTTTOITCI AL LELEE LR Er ettt DESCRI PTI ON
= ¥000002* NETHCD‘ ERVATI ON OF Tl SSUE EQUI VALENT AND
-\CRYCPRESERVED Tl ENT 5 TECHNI CAL FI ELD The present invention
irelates. to a nethodsfior cryopreservation of a tissue equivalent and a
“cryopreserved tissue equivalent. In nore._detail, the present I nvention
rel ates to—a—+rethed far 10 cryopreservation of a tissue equival ent which

conprises a of suspending cells in a cryopreserving solution, a step
of i nocul ati@@@mﬂﬂ) Wﬂlﬁﬂ”ﬂs oh a MatDESCRIPTION ep of freezing the thus
obtained tis ent before the cells adhere to the matrix, and a

cryopreserved t1®eee equival ent obtained by the nethod. 15 BACKGROUND ART
As the conventional general nethod for preserving a tissue equivalent,
there is taMETHORFRIE QRYOPRBSERGATIGNPEISSYIE L QYUIVALENHAINDM

i nocul ating the cells on a matrix, culturing the cells to adhere 20 to the
matri x, and soaki ng it GRYQPRESERMEDVIISPUBIRQUIVALENE period of time
to equilibrate and, thereafter, cooling gradually and freezing. However,

t he codventi onal nethod has problens that the viability of cells is very

| ow and, further, that a very precise and expensive freezing apparatus
such a program freezer is requi r'%@CfH\HCPQBF&EE&ti ng a cooling constant. In
addition, the conventional nethod needs a step of preculturing cells for
adhesi on of the cel Thet o pxegemt xinvention relates to a method for

cryopreservation of a tissue equivalent and a cryopreserved tissue
equivalent. In more detail, the present invention relétes to a method for
10 cryopreservation of a tissue equivalent which comprises a step of
suspending cells .in a cryopreserving solution, a step of inoculating the
cells on a matrix and a step of freezing the thus obtained tissue
equivalent before the cells adhere to the matrix, and a cryopreserved
tissue equivalent obtained by the method.
15
BACKGROUND ART -
As the conventional general method for preserving a tissue
equivalent, there is taken a method which comprises suspending cells in
a medium, inoculating the cells on a matrix, culturing the cells to adhere
20 to the matrix, and soaking it in a cryopreserving solution for a period of
time to equilibrate and, thereafter, cooling gradually and freezing.
However, the conventional method has problems that the
viability of cells is very low and, further, that a very precise and
expensive freezing apparatus such a program freezer is required for
25 adjusting a cooling constant. In addition, the conventional method
needs a step of preculturing cells for adhesion of the cells to a matrix

(from a few hours to overnight) and a step of washing the cells with a

o~



(frouaa.&ew hours to overnight) and a step of washing the cells with a - 2
= Cryopreserving solution before freezing and, further, also has a problem
that it takes a |l onger period of tinme to perneate and to equilibrate the
_cryopreserving solution into the cells. In particular, in an artificial
“skin, a nethod for 5 cryopreserving sheet-like epithelial cells is

di scl osed in Japanese Exam ned Patent Publication No. 2722134 and a net hod
for imobilizing a cultured skin utilizing a sol-gel nethod to preserve
and transqagopresediinglsadationnbfapa frszihp exalyifaethdigtadad Hasohd iprablem No.
23968/ 1996, respectively. 10 In addition, in Japanese Unexam ned Patent
Publ i cat i othdtoit tak@5S0326nge® pericieot tirne despenrhedteaandytwpequdilvidte dihenet hod
for a tissue equivalent which conprises soaking the tissue equivalent in a
cryopr ot ec¢yoprestmtingrsodntiontintoithg ¢dlls.o perneate sufficiently the
cryoprotectant solution into the tissue equivalent and, thereafter, 15
freezing the tissuelrequiardicarar, Tlms aet hadtibombl eskinhe 4i sswehodquforal ent
to be cryopreserved w thout danmaging the structural integrity while

mai nt aisni ngryopresetvingi shieetdikeevepithelial cealls viserdisclosedi dsuelapansseal ent
I's conparatively thick and not uniform However, the nethod does not

conpl y wi tBxamipkedf i Batdardn Bfiblicatipopr Noer 2M22h34t end na 2mathed | fort akes
atinme to perneate the cryoprotectant solution. Furthernore, a

cr yopr eserivamahilismghacwltdred skinwtildizingea 1sed-gsl methadhto quieseree aaskri bed
i n Japanese Unexam ned Patent Publication No. 87102/1997, a. .

cr yopr eseriranispertnis fisclosedrinadapanese|Unexamined Ratent iMdelicationNoese
Unexam ned Patent Publication No. 25 56897/1978, Japanese Unexam ned Patent
Publ i cat i o23R08/199P53£3DOCt¥elN- Japanese Unexani ned Patent Publication No.

10 In addition, in Japanese Unexamined Patent Publication No.
505032/1997, there is described a cryopreservation method for a tissue
equivalent which comprises soaking the tissue equivalent in a
cryoprotectant solution and stirring it to permeate sufficiently the
cryoprotectant solution into the tissue equivalent and, thereafter,

15 freezing the tissue equivalent. This method enabled the tissue
equivalent to be cryopreserved without damaging the structural integrity
while maintaining the cell viability even in a case where the tissue
equivalent is comparatively thick and not uniform. However, the
method does not comply with simplification of a cryopreservation step in -

20 that it takes a time to permeate the cryoprotectant solution.

Furthermore, a cryopreservation method and a thrawing
method of a plant cell is described in Japanese Unexamined Patent
Publication No. 87102/1997, a cryopreservation method of an artificial
liver is described in Japanese Unexamined Patent Publication No.

25 56897/1978, Japanese Unexamined Patent Publication No.
71755/1990 and Japénese Unexamined Patent Publication No.

506687/1999, and a cryopreservation method of a cornea tissue



506687%,1999, and a cryopreservation nethod of a cornea tissue ti .:6T v- 3
- equivalent is described in U S. P. 5,374,515, respectively. However, these
nmet hods do not sufficiently conply with the high viability and the high
_biological activity (for exanple, (a rate of) the proliferating activity,
“t he substance producing ability and theslike) of the cells after thaw ng of
5 the cryopreserved tissue equivalent and sinplification of a
cryopreserving step. Accordingly, an object of the present inventionis to
provi de a equivajecmsasvatsambedtinod) &.Pa 3,854l 2guiecspketivelyhavHowevke,
inmproved viability of the cryopreserved cells, the inproved biol ogica
activity ofhaseembeshodawkxinoeisidticie tiyheomiply with dtheshigh viabilityt Ard thig ect
of the present invention is to provide a cryopreserved tissue equival ent
obt ai ned blyighhbiolpgided actiDigCfosERENGple, NA/ENRTE OF tite psoliferatinguhctivity,;
diligent studies in order to solve the above- nentioned problens, the

i nvent or s teveubstance hreduciigabditgquid the ike) ohbthe eells edtarvidhwimg ef
naintaininaithe high viability and the high biological activity of cells,
by i nodul athieng ayepses¢yedus pmsied iequavalenyoparder wimpldsiagidron ofn &
matri x, and freezing the resulting tissue 20 equival ent before the cells
adhere to ¢YOPTESETANZHEPt he present invention has been acconplished.
That is, the present invention relates to: a nmethad conprising a step of
suspendi ng cel | s i nAgcerdipghnsan gbigrt afdihe: prsisend inveptign isteocRrowdag t he
cells on a matrix, and a step of freezing 25 the thus obtained tissue
equi val entCIORSEserTRtiQR methem afeat Ussye sauivalent, neadpg, Ehedimpeevesher ei n
the cell is one or nore selected fromthe . group consisting of . fibroblast,
epi der mal vabilityakthe eryenigsered e¢lis,dihe improved biological activity of the

10 thawed cells and the simplified step. A further object of the present
invention is to provide a cryopreserved tissue equivalent obtained by the

method.

DISCLOSURE OF INVENTION
15 As the result of diligent studies in order to solve the above-
mentioned problems, the inventors have found that a tissue equi‘}alent
can be preserved while maintaining the high viability and the high
biological activity of cells, by inoculating the cells suspended in a
cryopreserving solution.on a matrix, and freezing the resulting tissue
20 equivalent before the cells adhere to the matrix, and the present
invention has been accomplished.
That is, the present invention relates to:
a method comprising a step of suspending cells in a cryopreserving
solution, a step of inoculating the cells on a matrix, and a step of freezing
25 the thus obtained tissue equivalent before the cells adhere to the matrix,
the above method, wherein the cell is one or more selected from the

group consisting of fibroblast, epidermal cell, vascular endothelial cell,



- ‘4 Langerhans' cell, nelanocyte, adipocyte, hair matrix cell, hair

- papilla cell, snmooth nmuscul ar cell, hepatocyte, keratocyte, corneal
epithelial cell and corneal endothelial cell which are derived froma
manmmal , and a cryopreserved tissue equival ent obtained by a nethod
“conprising a 5 step of suspending cellg iLn a cryopreserving solution, a
step of inoculating the cells on a matrix, and a step of freezing the thus
obtained tissue equivalent before the cells adhere to the matrix. BEST
MODE FOR QAipédiandUTcelEmd\WhbdidytaN ddipoCetd, shaiisathtirix cbl, pis gudpilla
invention are finally utilized as an artificial skin, an artificial |iver
and an artddll,arabotio masculdrreell, prrpatoayty; keratorytéecarasmal efpithdisdrdellf i ci al
skin, one or nore selected from the group consisting of fibroblast,

epi der mal axedl lcorhaapendankeliaktdl]l whichaaecgevyeddrqmcy reanimal, amdri x cel |
and hair papilla cell which are 15 derived froma mammal are preferable. In
t he case dd drigepaesdrivedi dbsbe caphivaksdebbtained oby reo meetdwide coetpfisorg tthe
group consi sting of vascular endothelial cell, snooth muscular cell and

fi br oblsaststepe qfr sfuspepiding| wellshén caserybpréseraing f sekution, var stepepeff ocyt e
Is preferable. In the case of the artificial cornea, one or nore selected
from t he gnogmlatingitiie sejlsodn 20miadriat enyta stapohiratziog thecthws obtdinesnd
corneal endothelial cell are preferable. The term "suspend” in the present
i nvent i on tieswe egmivalgeait idfore tlye whlls ladhwriestol theamsdri.i on i s di spersed. In
addition, the term"inoculate"” in the present invention 25 means to

i npl ant cells suspended in a nediuminto a nediumin a culture vessel or

on a matrix. Further, the term"freezing" in the present invention neans a
- 5 BEST MODE FOR CARRYING OUT THE INVENTION
10 “Cells” used in the present invention are finally utilized as an

artificial skin, an artificial liver and an artificial cornea. @ More
parficularly, in the case of the artificial skin, one or more selected from
the group consisting of fibroblast, epidermal cell, Langerhans' cell,
melanocyte, adipocyte, hair matrix cell and hair papilla cell which are
15 derived from a mammal are preferable. In the case of the artificial blood
vessel, one or more selected from the group consisting of vascular
endothelial cell, smooth muscular cell and fibroblast are preferable. In
the case of the artificial liver, hepatocyte is preferable. In the case of
the artificial cornea, one or more selected froni the group consisting of
20 keratocyte, corneal epithelial cell and corneal endothelial cell are
preferable. |
The term “suspend” in the present invention means an
operation by which cells in a solution is dispersed.
In addition, the term “inoculate” in the present invention
25 means to implant cells suspended in a medium into a medium in a
culture vessel or on a matrix.

Further, the term “freezing” in the present invention means a



step of freezing and preserving a tissue equivalent as soon as it is nmade
.by inoculating cells on a matrix, without culturing. Since the viability
of cells is very low when the cells are frozen after the cells adhere to
the matrix by preculturing, it is preferable that the cells are frozen
Tafter the 5 cells are inocul ated and begoce the cells adhere to the matri x.
At this tinme, even when the cells do not adhere to the matrix, the | oss of
the cells by washing after thawing is little. Here, the adhering refers to
the st at e stepeasfefreezing ané presesdail y tissaedduioalentred soanvieit ia mphysi cal
force is applied. Further, it is nore preferable that the cells are frozen
during 10 Bihéndculntivie cellbere al inateixn viatheasickytinirgd Sihee thelviabHity
i nocul ated. Here, the freeing refers to the state where cells are easily
departed fofarell istedry lovawheaaithe eellsaatecitozen aftewl tite orlls adbees aoahenor e
particularly, cells nmust be cooled to 4 to 10C at such a rate that cells
do not adhaae¢rixtloy preculturing, ithe preferabtothatgthatells arkdwzdrhafteelthe
adhere to the 15 matrix and, if a tissue equivalent is frozen in this
st at e, 5t hecellsabr¢ ihygcolatetdhend dhdferatbe | collsr adheiih o dbel magrixat Atathishi s
time varies depending on a kind of cells, a kind of a cryopresevin
sol ution, tiime, evepevhenrtheatells da nQSadh@qqiwahemaWﬁve,rﬂrmélssnj the detlist i at ed
and the like. For exanple, in the case of the artificial skin in which
fi br obl astby washingaften gtawingilittie| | Hgee, theondleering nefers ththkatate of 2
to 3 mm it is preferable that the cells are cooled to 4C within 3 hours
when the cwhese gellsi anscnbhteagilytfread fromnarmakrixewbenag physicakigncgeisi ng
met hod in. the present invention is not i)articul arly limted but a slow
freezi ng mappleed. aFuapher,fit de hare prefesab Qshah&lgoai/lmam fraeenrdwengod are
preferable. Herein, "slow freezing nmethod" is a nethod for gradually
growi 1§ arthiectinae yehan tha esHsgan heceapily fserdiadteracelds |argsinpywated.

Here, the freeing refers to the state where cells are easily departed from a
matrix and can be floated in a solution. Therefore, more particularly,
cells must be cooled to 4 to 10°C at such a rate that cells do not adhere
to the matrix. When the cooling rate is low, the cells adhere to the
15 matrix and, if a tissue equivalent is frozen in this state, the viability of
the cells are lowered. The cooling rate at this time varies depending on
a kind of cells, a kind of a cryopreseving solution, the temperature of a
tissue equivalent when cooling is initiated and the like. For example, in
the case of the artificial skin in which fibroblasts are inoculated in a
20 collagen sponge having a thickness of 2 to 3 mm, it is preferable that the
cells are cooled to 4°C within 3 hours when the cells are inoculated at

4°C to normal temperature. |
The freezing method in. the present invention is not
particularly limited but a slow freezing method, a rapid freezing method

25 and a vitrification method are preferable.
Herein, “slow freezing method” is a method for gradually

growing an ice crystal formed artificially outside a cell using a



cryopreserving solution with a cryoprotectant added, by cooling at a mld
.and suitable cooling rate, dehydrating and concentrating the interior of
the cell at a mld rate and, thereafter, cooling rapidly to prevent
intracel lular crystallization and, thereby, the high viability after 5
“preservation and thawing is obtained (Jgn. J. Enb. Trans., vol.18 No. 1,
"Vitrificating preservation of in vitro fertilization-derived bovine
enbryo", Livestock |Inprovenent Association of Japan, Inc., Aninal

Bi ot echnol ayyprésatveny soRatiandiith 4 beyomoltéctgntaideled, by cadling at eaalled t o
4C at such a rate that the cell does not adhere to the matrix as descri bed
t he above dfid andtableercdingratd, ehyaddating end| esh¢antabtingaidie irp@Eicarof ower
at arate of preferably -0.1C/mn. to -10C/mn., nore preferably -0.2 to
-5C/ min. thRapell fateezimgdneabodinds thereaftor, fcoplingpirdbidlyotdi pgewnt
freezing a tissue equivalent (or cells) to a freezing point or lower in a
ul t r a- deepntraeedbrlagsiorystallizatipoprassdy vilyebyl uth@n%mhh vidlpility5 after
cryoprot ectant added. Regarding the cooling rate, the tissue equivalent is
cool ed 5t o pesgrvation and ghewingtis kdaed ﬁ?m JoEmalhErans.o vohd 8¥orl x  as
descri bed the above and, thereafter, the tissue equivalent is cooled at a
rate of pr‘ahémﬁba;mgmsmﬁau@n ofso@ﬁfprfertlhmteolmdﬁrevqbbpvumemryo

20C/ min. When the rate is greater than -30C/ nmn., there is a 20 p055| bility
that i nt r del¥eptack lropyeyemens Asseniasieu et Japan; fac ¢ dnimal Biosrehnology
"Vitrification nmethod" is a nethod for floating cells in a sol utlon with a
hi gh concerentan) onRegasding the soelingnatsdHae C@ﬁetseqqcétht@ 4%z af such a
vitrificating solution; normall t he cel | - perneabl e and t he, non

cel | - per meE$E&had| the eeld does H@é&%@ttﬁe‘#’)e R ﬂér@?eﬁcﬂsbe theiaharers
cooling the cell to freeze, for a{)’g%er&ty pl acin tO|IC]UId mtro en.

This dOil | Hhm@ﬁhprp%a% goo HEgRL o9 ol Ak actrls

solution ISre%gIQallbeld B 18 iR, 13 food fmins Mete brsterably Sk 6 t§ 'cf/rﬁ?rﬁ.' on 7

“Rapid freezing method” is a method for rapidly cooling and

freezing a tissue equivalent (or cells) to a freezing point or lower in a

ultra-deep freezer using the cryopreserving solution with the

15 cryoprotectarit added. Regarding the cooling rate, the tissue equivalent

is cooled to 4°C at such a rate that the cells do not adhere to the matrix

as described the above and, thereafter, the tissue equivalent is cooled at

a rate of preferably -10°C/min. to -30°C/min., more preferably -10 to -

20°C/min. When the rate is greater than -30°C/min., there is a

20 possibility that intracellular crystallization occurs and the cell is broken.

“Vitrification method” is a method for floating cells in a

solution with a high concentration of a cryoprotectant added (referred to

as a vitrificating solution; normally, the cell-permeable and the non

cell-permeable solutions are used together) and, thereafter, rapidly

25 cooling the cell to freeze, for example, by placing into liquid nitrogen.

This utilizes phenomenon in which, when a high concentrated aqueous

solution is cooled at a high rate, it becomes the state of vitrification



Wi thout an ice crystal. nucleus ("Method of Culturing GermCel ",

. Gakuj ut sushuppan Center, 1993; Study Journal 21 (9), authored by Manabu
Shim zu, 1998). According to this nmethod, the tissue equivalent is frozen
in a few seconds. 5 A preserving tenperature of a tissue equivalent in the

*present invention is preferably -20C.tg ~196C, nore preferably -80C to
-196C in all of the aforenentioned three methods in order to maintain the
high biological activity for a |onger period of tine. Wen the tenperature
i s hi gherwithamut- 20C, iceherystabi huclews (EMdthods of oGeidring CGsesen o€ell”,
preservation 10 for a longer period of tinme (a few nonths or |onger).

Ther ef or e, Gakugatsusloipphn Ceeser,va993n StudyaJswnakr2 pd9),oduthotddy - 20C
is sufficient. However, in case of preservation for a | onger period of
tine, it bMeords1 Bbiwszay y1988pr esbroerdinga tbowbis t smthosl, utke Tiesud ssue
equi valent can be preserved for 1 to 2 years at -80C and the tissue

equi val enteqaivalentyis frogsnrinea fewrsecoadsanent |y at a tenperature of -120C
or lower (nitrogen gas) or -196C (liquid nitrogen). "Cryopreserving

sol uti &n" used in tAPrsserdEng icmperatune ofadissue eqnivalont bothapresentat

| east one cryoprotectant having the effect of preventing damage of a cell
due to freawendiorns pPreferablyasiO 6 ta hE9eTGwmore drefryahly h8@°Gitd 1R&°Fapi d
freezing nethod, it is preferable that a cryoprotectant is at |east one
sel ected iy athafbegtpnpmentinngd Hayress mgtheds an orderde pppintain dhedaghpvso)
propyl ene gl ycol,  ethyl ene gl ){col , sucraqse, .carboxynethyl cellul ose salt,

car boxynet Piglegical psti¥itydon)a lorgersReradroldimend ‘Ui{’@&c@}?amr&@e%u{lter Bhal ose
and the like). As a solvent, an aqueoqus ?ol ution is used. |n particular, a
physi ol ogi Righesdihans @G oy of kelsicloyard imsase ehpresstyationogi cal

salt solutjon peans a salt | ution having a pH and - )
10 tlor a longer period ofs 8me (a rt]ew months oFr) longer). 8I‘herefore, in case

of the preservation for a shorter period of time, -20°C is sufficient.
However, in case of preservation for a longer period of time, it becomes
necessary to preserve at a lower temperature. The tissue equivalent
can be preserved for 1 to 2 years at -80°C and the tissue equivalent can

15 be preserved hemi-permanently at a temperature of -120°C or lower
(nitrogen gas) or -196°C (liquid nitrogen).

“Cryopreserving solution” used in the present invention
means a solution containing at least one cryoprotectant having the effect
of preventing damage of a cell due to freezing.

20 In the case of the slow freezing method and the rapid freezing
method, it is preferable that a cryoprotectant is at least one selected
from the group consisting of glycerol, dimethyl sulfoxide (DMSO),
propylene glycol, ethylene glycol, sucrose, carboxymethylcellulose salt,
carboxymethylcellulose (CMC), monosaccharide and disaccharide

25 (trehalose and the like). As a solvent, an aqueous solution is used. In
particular, a physiological salt solution and the like are preferable. The

physiological salt solution means a salt solution having a pH and



osnotic pressure suitable for cell
..50di um chl oride (0.9% aqueous sol ution),
mai n ions such as K+ and Ca2+ are suppl enented to physi ol ogi cal
and various cell nmedium Mre particularly, there are DMEM 5 (Dul becco's

sal i ne,

*Modi fied Eagl e Medium), phosphate buffeg, -Ringer's solution,
Ri nger - Locke's solution, Tyrode's solution, Earle's solution, Hanks'

sol uti on,

Locke's solution, Eagle's mninmmessential nedium Hams

synt het i ¢ asedotiogré8sute seitabladdr call siaivindingtanid iheliflaseal ipliiysiolCheede

essenti al

medi um nodified Eagle's nmedium Waynouth's 1o nedium Kreb's
medi um asodeliin eblorde®f9%ecagquehwsnsbliDiBodh 3 salMGoBsibn VCBhith4a fé&£DB131,

MCDB402, MCDB201, MCDB302, MCDB 105 and MCDB 110. In the case of the
vi trifi catrhain ie$sdchass K andpradt ece anpplemented tephyséologitdlesaline,

vitrificating agent and/or a cell-perneable
used. As tarel nwariowls| -qadl npwdsliunvi t r Méxsat parfiaglemly, gbeyet hye edd®MgMcol ,
pol yvi nyl pyrrol i done, Ficoll (available from Anmersham Pharmacia Bi otech K
K.) an8 pdDydbeetasiMediiashEagle Medivan, phoesphate bydless RipgerfesabltéonAs t he
cell-perneating vitrificating agent, glycerol, propylene glycol, ethylene
gl ycol anRiDgeDlzmke's pelartigmbllyroda'sagelution, grlterﬁe

physi ol ogi cal salt solutions are preferable as well as in cases of the

sl ow f r eesokgtinss Hawkersl sohatiopa fiagle seBinigumt esenti racdanet, ary's t here

are DMEM phosphate buffer nger's sol ution,_ Ringer-Locke's solution,

spdfiem,, Hanks'

Ri i
Tyrode' s symthedicymediumegl2y Gregnis imadivgnkbeibayitas dir 13 Jardiam,

sol uti on,
G een's
Eagle's
9 " 10
15
20
25

Eagle's mi ni mum 25 essential nmedium_ Hanml's synthetic nmedium F12,
néchesse cwsasdialt mediums medifipd diasleess emsdibn Waymaenthsdi f i ed

medi um VWaynmout h' s _nmedium Kreb's nmedium as well as serurgfree -

medium, Kreb's medium, as well as serum-free medium MCDB153,
MCDB151, MCDB104, MCDB131, MCDB402, MCDB201, MCDB302,
MCDB105 and MCDB110.

In the case of the vitrification method, as a cryoprotectant, a
non cell-permeable vitrificating agent and/or a cell-permeable
vitrificating agent are used. As the non cell-permeable vitrificating
agent, polyethylene glycol, polyvinylpyrrolidone, Ficoll (available from
Amersham Pharmacia Biotech K. K.) and polysaccharide such as
dextran, and sucrose are preferable. As the cell-permeating
vitrificating agent, glycerol, propylene glycol, ethylene glycol and DMSO
are preferable. In addition, as the solvent, physiological salt solutions
are preferable as well as in cases of the slow freezing method and the
rapid freezing method. More concretely, there are DMEM, phosphate
buffer, Ringer's solution, Ringer-Locke's solution, Tyrode's salt solution,
Earle's solution, Hanks' solution, Locke's solution, Eagle's minimum
essential medium, Ham's synthetic medium F12, Green's medium,
Leibovitz's L-15 medium, Cheese essential medium, modified Eagle's

medium, Waymouth's medium, Kreb's medium, as well as serum-free

surviving and i ncludes a physi ol ogi cal
a salt solution in which a few

15 vitrificating agent are



medi um MCDB153, MCDB151, MCDB 104, MCDB131, MCDB402, MCDB201, MCDB302,
..MCDB 105 and MCDB 110. "Matrix" used in the present invention nust be a
material excellent in the bioconpatibility so that it is not rejected by
the immune 5 function of a patient when the tissue equivalent is applied
“to the patient. In addition, since the gatrix does not need to be renoved
later, the matrix is preferably a bi odegradable material. Mre
particularly, collagen, gelatin, chitin, chitosan, fibrin, as well as
mucopol ysanedanimdeMGDB1 & MORB 051 nMCh&1dgi tMED 1 84t e MEIBAD?2,
hyal uroni ¢ acid which are a tissue derived biomaterial; polyglycolic acid,
pol yl act i dM&ihB28&id MCRB302 e MOBBIIS anidcMCGIPB 1d Gbi odegr adabl e pol yner;
materials which have the better cell adherability anbng non- bi odegradabl e
synt hetic pol yners ‘@detriz’ yssidy im dhicapeesen invgntior muss| heier yhatesialand a
m xture thereof are preferable. Further, 15 atel ocollagen, coll agen,
gel atin, otxoedlenttintheubfosompaidbiitarsn tnatitdsinpt mejectedrley pheimavneg,
because they are excellent in the bioconpatibility and have porous and
sponges| i Keirfasion ebatpatientewhendthe dasue gawivalent 13 apppliggh toj the patiest.
desirable that the pore is vertically directional pores to a cell
i nocul ati g pidshtione singe the matipe %@@ npt eack de doe ingmaovask latsandhezo
upon inocul ating of the cells, and the pores havi_n? a constant size_ are
formed on mwdrizuisapeeigrabbr 3| hindegspdable materal.sy¥gre. partighlardy.ze s
usually preferable in a range of 20 mtao 1000 min order to nmake the cells
per meat e eeeliagerupongeledtiyl at ChitiBs t HhERIay anfibilke adSai r Webubbi@$ ent er
with difficulty. As long.as an object of the present 25 invention can be
att ai ned, TRCOPMRESIGAIATIGEY) cBUGR e2f oChPNATERHN ndroj{igs guliate aRdent
in the present inyention ns a .strucfure retaining the fynction .
equi Vépgnthy%hgprq\{%ggi&) Wﬁg‘?ﬁ Fsrd tigpug ved biomaterial; polygliycoh_c acid, |

polylactic acid and a mixture thereof which are albiodegradable polymer;
materials which have the better cell adherability among non-
biodegradable synthetic polymers such as polyurethane, polystyrene,
polyacrylate; and a mixture thereof are preferable. Further,
15 atelocollagen, collagen, gelatin, chondroitin sulfate and hyarulonic acid
are more preferable, because they are excellent in the biocompatibility
and have porous and sponge-like form so that cells are easily held in the
matrix. It is desirable that the pore is vertically directional pores to a
cell inoculating plane so that cells are easily permeated into the sponge
20 upon inoculating of the cells, and the pores having a constant size are
formed on the surface and/or plane opposite to the surface. . A pore size
is usually preferable in a range of 20 um to 1000 um in order to make the
cells permeate easily upon inoculating of the cells and make an air
bubble enter with difficulty. As long as an object of the present

25 invention can be attained, the numerical ranges are not limited them.
“Tissue equivalent” iri the present invention means a

structure retaining the function equivalent to at least one a part of a



manmal tissue, which was made by conbining a matri x and mammal - derived
.tells. Therefore, the tissue equivalent in the present invention contains
the matrix and the cells representative in the tissue. Since these
representative cells have the activity equivalent to those of cells of 5
“the tissue on or in the interior of thegmtrix, the tissue equival ent can
be wused (1) for the purpose of transplantation or enbedding by a variety
of nmethods in order to substitute whole or a part of a tissue or an organ
of a patisEmimalwissle t Wwaidh seaentadd by corgbingcamaatdxdndehaniabl-due to
damage or excision of the tissue or (2) for the purpose of investigating 10
‘i nt eract i odetietdweetisy arltmrsfgrepdhettissue equivadent inlthegmebsenttiinsantioor t he
effect of themon a tissue. "Artificial skin" in the present invention
means a necortaifsnthepanatrelaard thaneells sépreseindatiee aquilval tésguaradsirne
conmbining a matrix and a mammal skin-derived cell (fibroblast, epidernal
cel |, vasctlese fpresdotdteve atlls dave thenaetivity equiedlent el thioseydfesells of
adi pocyte, hair matrix cell and hair papilla cell and the like). The
artifi &i al thektissue drher i ¢semterioweithcomatsixapheitéssueeqaiviaderst san bedef ect
parts such as burn site, ulcer site, decubitus and donor site for the
pur pose ofupedifbr fargtheopnapose af trapsplantationcat emhwliddihgdonatvaniety ofhe
artificial skin grow at a 20 wound surface and, at the sane tine,
synt hesi zemsthodedneinslea tossibsstane wholecor agpanirofyw tisgulecert anprgant oki nes
whi ch pronote wound healing by pronoting growth and migration of various
cel | s and a padient ipnwhiclytbeattissugepthe osgandeadmesdysiactianakdig toh
serve as a_ scaffold when surrounding cells mgrate and reconstruct,
ti ssues). d&mage: oF eECHiionclethe tisstgeon (Bskort the paviprse afdavestigating
liver tissue equivalent nmade hy conbining a matrix and manmal -  derived
hepat déyt einteFRCtipn hatwiegn Yagigus\Rrodysls|aspeavimaterals)angda dissue, on

the effect of them on a tissue.

“Artiﬁciall skin” in the present invention means a mammal (in
particular, human) skin tissue equivalent made by combining a matrix
and a mammal skin-derived cell (fibroblast, epidermal cell, vascular

15 endothelial cell, Langerhans' cell, melanocyte, adipocyte, hair matrix cell
and hair papilla cell and the like). The artificial skin in the present
invention is applied to various skin defect parts such as burn site, ulcer
site, decubitus and donor site for the purpose of promoting wound
healing. Various cells which constitute the artificial skin grow at a

20 wound surface and, at the same time, synthesize and secrete a
substance effective for wound healing (cytokines which promote wound
healing by promoting growth and migration of various cells and
secretion of growth factors, extracellular substrates which serve as a
scaffold when surrounding cells migrate and reconstruct tissues).

25 “Artificial liver” in the present invention means a mammal
liver tissue equivalent made by combining a matrix and mammal-

derived hepatocyte. The artificial liver was developed for the purpose of



substituting a part of the function responsible by liver such as
. fret abol i sm and synthesis of substance essential for |ife, catabolism of
har nful substance, and renoval of internediate netabolites, and clinical
_applications thereof are expected as a nethod for a treating 5 patient
with term nal acute and chronic hepaticiinsufficient. According to the
general nethod for nmaking an artificial skin, a cell suspension is
prepared using a skin-derived cell and, thereafter, the cell suspension is
i nocul at edswhsttutingi xa tpambtodi the hfunctiohi cespomkible bfpr dyer asiich @fs an
artificial skin fromfibroblast is exenplified below 10 First, a skin
(i ncl udi ngmepabelisirs aaddsynlaedis @f subdtainee dsseatiadffoddifni shtalddismuolier
the clean environnent is disinfected and soaked in a physiol ogical saline
or Hanks' katnmfibnsabstagias, ngnan reamovali of | nteThiedigkd nmesabolifesd amdDVEM
in which the dispase concentration is adjusted to 1000 IU m and,
t her eaf t er¢linival skpplications sdrreaf edei expectednhs armiethpdefari 8. treasing
resulting dermis is cut into snall pieces with scissors, ground using a
honogerd zepatisnakath tenminabaeute agenekeonislhapadic tonEfcient-ai ni ng 0. 5%
(wv) collagenase), and shaken at 37C to dissolve a connectiyve tissue.
Then, centrifugati oAccergian tor thaigemersd snetlmpbiaromaiking rryartifieigl skim, 20
derm s fibroblasts. The resulting fibroblasts are cultured at 37C in DVEM
in whi ch FBSelbsuspensiamis psepajed sisiagedskin-devived ¢gll anhthgreaftery ef er s
to DVEM + 10% FBS) or the like as a culturing, solution. |If necessary,
fi brobl ast theeell suspensierds inprulated gney maftrys ihphtain ﬁ}eeafﬁéﬁF@i SKiBm a

culturing flask using 0.25%trypsin 25 solutiqon (phosphate. buffer
cont ai ni ngPTERERteR ¢f ary gHafipiad siip foem ﬂmt&aaé aﬁrﬁé?mlhﬁféf g?ﬁ%ﬂ’ﬂe

i br obitasts 15 SuspBititd HnCMEA GRS spidermis and a part B & Whofe ©
layer of dermis) taken under the clean environment is disinfected and
soaked in a physiological saline or Hanks' solution containing an
antibiotic. This skin is soaked in DMEM in which the dispase
concentration is adjusted to 1000 IU/ml and, thereafter, the skin is

15 separated into dermis and epidermis. The resulting dermis is cut
into small pieces with scissors, ground using a homogenizer, soaked
in 0.5% collagenase solution (DMEM containing 0.5% (w/v)
collagenase), and shaken at 37°C to dissolve a connective tissue.
Then, centrifugation is performed at about 200 to 1000Xg to collect
20 dermis fibroblasts. The resulting fibroblasts are cultured at 37°C in
DMEM in which FBS (bovine fetal serum) is added to 10% (v/v)
(hereafter, refers to DMEM + 10% FBS) or the like as a culturing
solution. If necessary, fibroblasts are subcultured. The cultured
fibroblasts are peeled from a culturing flask using 0.25% trypsin
25 solution (phosphate buffer containing 0.25% (w/v) trypsin and 0.005
mM sodium ethylene diamine tetraacetate) and centrifuged to collect it.

The resulting precipitate of fibroblasts is suspended with DMEM and



the like to prepare a suspension of fibroblasts. The cell concentration of
.fhe resulting fibroblast suspension is neasured using a Brker-Trk

henocyt oneter. Then, fibroblasts are collected by perform ng
centrifugation again and a suspension is prepared to 5 the density of 1 X
"104 to 5x 106 cells/m, preferably 5x10+b6 to 2x 106 cells/m using a
cryopreserving solution containing a cryoprotectant such as glycerol and
the |like. The above-nentioned fibroblast suspension is inoculated on a

col | agen sgengéikieavtmg prepiareal 4y suspardioanadf phibesbbdsia. ned Tiye gelelll ng
and lyophilizing a solution of 10 porcine or bovine-derived aterrocoll agen,
at a cell censintradiorl of th2 tresultinglibrobldst/ snidpeprsednr abl snehsuredd t o
2x10-5 cells/cnk2. After allowing to stand so as to perneate the cell
suspensi onusimgatBarkeoniljik hemocytometgwi valten, fibroblasitaede dalledtedcase
of an artificial liver, as a nmethod for isolating a 15 cell, there is a
col | agenasty gmlqurmngmnt@@fugatpm fagsiingaad & ciuspsion solpepaned oo a
hepatic tissue to disperse ceI | s but the resent invention | s not i m ted

to suck i sleadenpitectinddg). to n5x 2@ callsy mhs pacfasaiblyn o%40° ﬁoh&"el(hre
DVEM Cheese essential nedium nodified Eagle's nmedium Leibovitz'

nmedi um Weehsutml sisiogna diryepreperyisgnieliufinn Gosdalring:8j moaf@ttct@gltrredl um
in which 10% (v/v) FBS is added thereto. Concretely, Geen's mediumin

whi ch 10%S4¢ly) asBglyawied/ andhuken Ior anBihg3gbevet@msationed ofibarPlastadded
thereto is preferable. In the case of an artificial cornea, as an exanple
of a 25 rEdsReNSieN |1§0I1§9PHba‘@&' x| aeppll ﬁsﬁnalslo%eatlb%w@ afﬁatl@@mem
endot hel i aI cells, there is known a nethod for, peeli a corneal

epi t hel i aldigertioppl spargsh@biaiedhday i galing; §§§s£>’%11111t4168 aneion f -

10 porcine or bovine-derived aterrocollagen, at a cell density of 1x10? to

1x10° cells/cm?, preferably 1x10* to 2x10° cells/cm?®. After allowing

to stand so as to permeate the cell suspension into the sponge, a

tissue equivalent is obtained.

In the case of an artificial liver, as a method for isolating a

15 cell, there is a collagenase perfusion method of perfusing a

collagenase solution into a hepatic tissue to disperse cells but the

- present invention is not limited to such isolating technology. In

addition, as a medium used, there are DMEM, Cheese essential

medium, modified Eagle's medium, Leibovitz's mediuni, Waymouth's

20 medium, Kreb's medium, Green's medium and L-15 medium in which

10% (v/v) FBS is added thereto. Concretely, Green’s medium in

which 10% (v/v) FBS, 10ng/ml human FGF and 13pg/ml heparin
sodium is added thereto is preferable.

In the case of an artificial cornea, as an example of a

25 method for isolating corneal epithelial, keratocyte and corneal

endothelial cells, there is known a method for peeling a corneal

epithelial cell by soaking a cornea into dispase solution and warming



and shaking, then isolating the corneal epithelial cells by peeling a
.Corneal epitheliumfroma cornea and cutting into small pieces under a
m croscope using a bl ade of scissors or a razor, placing the resulting
cornea from which the corneal endothelial cells and the corneal 5
‘epithelial cells are renoved, on a disshata culture it, and collecting cells
running froma tissue to isolate keratocyte (Adcl heid I. Schneider et al.,
In Vitro Cell. Dev. Biol-Aninmal, Vol.35. 515-526 (1999) and Yoichi M nam
et al., | nmdtshgaliting o Hablatingythe vYosmedl Spitdredm] adls Iy peeBb@ 2324
(1993)), but the present invention is not limted to this 10 isolating
t echnol ogycorineaddgiitheliumasramne douneaseud duttingintasemsfl]l pkecest voges,
there are DVMEM nodified Eagle's nmedium Eagle's mninumessential medium
and nodi f ieethieagseope msingra bladhpf kcissovs Or/a YaZBs plecinigéhetrgendting DVEM
+ 10% FBS is preferable. In the case of corneal epithelial cells, there is
a medi um ioprwigac Hramewhich vtheg ¢Bodad gudethebalaeadls angddthen eorneale
like. While the present invention is explained through exanples below the
presenf i repitebal cellp@re|remeeer t ore fedish txantEelitjand cpliseting ceHg
cryopreservation of artificial skin derived fromhuman_ fibroblast A

Cr yopr eseruinigg fom a tispepdp isplatekergtacyly (Aslalheidbt felnsidemet aby esent
i nvention Hunan fibroblasts were cultured in DVEM + 10% FBS 25 using a
cul turi ng I ¥krq &all-uDeavy BidaAsoaady VolrdS s idruii2as(3998) taved YerpdHi t hi ¢
growt h phase were treated with 0.25%trypsin sol ution .collect . them

Cel I s wer Minapdrefeal i AnvestgakivedIrbthalnpeloss & Mlﬁt}ai%m@BFﬁi VehsS bt

FBScryo (DVEM cont ai ni ng 20% (v/v) FBS and 10% (v/ v ]
yo ( 2316-2324 (199q3)), 0u(t thc)3 present inveﬁ)tgon i)s not limited to this

10 isolating technology. In addition, as a medium used, in the case of
keratocyte, there are DMEM, modified Eagle's medium, Eagle's
minimum essential medium, and modified Eagle's medium in which
10% (v/v) FBS is added thereto, DMEM + 10% FBS is preferable. In
the case of corneal epithelial cells, there is a medium in which 10%

15 (v/v) FBS is added to Green’s medium and the like.

While the present invention is explained through examples

below, the present invention is not limited thereto.

EXAMPLE 1-1
20 Slow cooling cryopreservation of artificial skin derived from human
fibroblast
A. Cryopreservation of artificial skin according to the method of the
present invention
Human ﬁbroblasfs were cultured in DMEM + 10% FBS
25 using a culturing flask (culturing area 80cm?). The fibroblasts in the
logarithmic growth phase were treated with 0.25% trypsin solution to

collect them. Cells were suspended in three kinds of cryopreserving



grycerol), Cell Banker Il (available from N ppon Zenyaku Kogyo Co., Ltd.))
.and Cellvation (available fromICN Bionedicals Inc.)), respectively, to
prepare cell suspensions of 9.0x 105 cells/m . Each 5 0.5 m of cell
~suspension was inoculated on a circul ar collagen sponge having a dianeter
“of 22mm which had been placed in a 12-wpjl_plate in advance (1.2 x 105
cells/ cn2) . After allowng to stand so as to perneate the cell
suspension into the sponge, the 12-well plate was cooled at a rate of -0.5-
to -2C m nsolidrieef #BSOryd (D MBRWcogtaihihge @t (vi/ivE FBS sitnd 18686 (v/v)
measurenent of the viability After preserved at -80C for a necessary
period of giyaerot)heCeldrBahkerdl (akailabds fedinoNeppon ZeapdkunHegybh€o.,
conditions of 5% carbonic acid gas and 37C for 10 to 15 m nutes to thaw.
After the Lukj) uandbs Cedbiatived (availabde e froime ACEN f Bipaledikhbs wdacwshed
with 2 15 M of DVEM + 10% FBS or DVEM twi ce. After 2 ml of DMEM + 10% FBS
or DVEM wesespeiielyito upreppreasehesdspensiomsdef % 0& 108 aradls/imhs Backto
carbonic acid gas and 37C for 15 hours or longer. Then, the resulting
artifi @ al Oskiml ofacel salspenisios Wasiinotulatsthon al ¢ingglarseodagen ispongend
shaken in a water bath at 37C for 5 to 10 20 mnutes to dissolve the tissue
equi val enthadsig s diemete pE2Lesdmbwhinbh hadrhedn plac¢dnnp déewalbplatey 5

m nutes under the conditions of about 400xg and 4C, and the viability was
measur ed. IFhednames i (fly2ul Of heellsitmd).i sAftesvwallowingpbite stand seeasake
using either of cryopreserving solutions, it was shown that the viability
i s rapi dl ypeomense the celdesuspenrsioaninta Hee safange, thee 13-wisll plata wasrdl y
changed or gradually lowered b about 1 nonth. In addition, the viability
of 50% or @@@&deatﬂa@itedbftaﬁ-ﬁeé) e dp/ Bfineto fregaf-h. 15 - TABLE 1

10 A-1) Thawing of the artificial skin and measurement of the viability
After preserved at -80°C for a necessary period of time, the
artificial skin was allowed to stand under the conditions of 5%
carbonic acid gas and 37°C for 10 to 15 minutes to thaw. After the
medium was aspirated to remove, the artificial skin was washed with 2
15 ml of DMEM + 10% FBS or DMEM twice. After 2 ml of DMEM + 10%
FBS or DMEM was added, culturing was performed under the
conditions of 5% carbonic acid gas and 37°C for 15 hours or longer.
Then, the resulting artificial skin was soaked in 5.0 ml of 0.5%
collagenase solution, and shaken in a water bath at 37°C for 5 to 10
20 minutes to dissolve the tissue equivalent. Cells were collected by the
centrifugation procedures for 5 minutes under the conditions of about
400xg and 4°C, and the viability was measured. The viability of the
cells is shown in Table 1. In the case using either of cryopreserving
solutions, it was shown that the viability is rapidly lowered at freezing
25 and, thereafter, the viability is hardly changed or gradually lowered by
about 1 month. In addition, the viability of 50% or greater was

obtained even after 1 month.



Viability of cells (%9 Cryopreserving solution O day 1 day 1 week 1 nonth
.3 months FBScryo 97.2 70.2 62.9 58.2 42.3 Cellbanker Il 97.2 - 59.8 67.3
39.5 Cellvation 97.2 - 69.9 59.0 57.1 A-2) Thawing of artificial skin and
neasur enent of biological activity A-2-1. Cell growth rate 5 The
‘artificial skin preserved at -80C was ald owed to stand under the
conditions of 5% carbonic acid gas and 37C for 10 to 15 mnutes to thaw
After the nediumwas aspirated to re%(i&tlhe artificial skin was washed
with 2 mM of DVEM + 10% FBS or DVEM . After 2 mMl of DVEM + 10% FBS or
DMEM was added, 10 cul turing was perforned itions of 5%
carbonic acid gas . and 37C ?or 3 gayq ar 7 ayg{y %%Hg%ﬁp resul ting
artifici aCXRRSHOE SOBHIY i n 4% m pfa 0.5%cpl | agenase sol utian and
shaken in a water bath at 37C 16”5 to 10 minutes to dissol ve the >
artificial skin. CelTs were collected by the centrifugation procedures for
5 m nut es FB®EBIc 15 the conditi ofé-2%of aB8@& 400%)9%and 4%,8-% he tot%3 nunber
of cells, the nunber of living cells and the viability of cells were

count ed b¥ellbgesi I bl ue dye excPl<i on method. ¥h8parti &ft&r, in3Pme case
where cultured. in DVEM + 10% FBS, the nunmber of living cells was increased
by 1.4-f&5UFE after 3 day cOfure to after®%9day cod®Ure. TR -hunber of
20 living cells in the artificial skin after thawing is showmn in Table 2.
16 - TABLE 2 The nunber of living cells (cells)

A-2) Thawing of artificial skin and measurement of biological activity

A-2-1: Cell growth rate

5 The artificial skin preserved at -80°C was allowed to stand
under the conditions of 5% carbonic acid gas and 37°C for 10 to 15
minutes to thaw. After the medium was aspirated to remove, the
artificial skin was washed with 2 ml of DMEM + 10% FBS or DMEM
twice. After 2 ml of DMEM + 10% FBS or DMEM was added,

10 culturing was performed under the conditions of 5% carbonic acid gas
and 37°C for 3 days or 7 days. Then, the resulting artificial skin was
soaked in 5.0 ml of a 0.5% collagenase solution and shaken in a water
bath at 37°C for 5 to 10 minutes to dissolve the artificial skin. Cells
were collected by the centrifugation procedures for 5 minutes under

15 the conditions of about 400xg and 4°C, the total number of cells, the
number of living cells and the viability of cells were counted by trypan
blue dye exclusion method. In particular, in the case where cultured
in DMEM + 10% FBS, the number of living cells was increased by
1.4-fold over after 3 day culfure to after 7 day culture. The number of

20 living cells in the artificial skin after thawing is shown in Table 2.



Preservation Cells Preservation Culture nethod nedi um nedi um After After 3
.day 7day culture culture The present invention Sl ow Freezing Suspend
FBScryo DVEM+10%-BS 1.41- 105 1.94x 105 Sl ow Freezing Suspend FBScryo DVEM
1.30x 105 1.42x 105 Conparative Exanple Nonfreezing Adhesi on DVEM+10%-BS
‘DMEM+10%-BS 3. 07- 105 2.44x 105 Nonfreggzing Adhesi on DVEM DVEM 2. 36x105
2.04x105 A-2-2: Vascul ar endothelial growmh factor (VEG-) producing
ability The artificial skin preserved at -80C was allowed to stand 5 under
t he conditions of 5% carbonic acid ghABLEI237C for 10 to 15 mnutes to

t haw. Af ter—thernedirumwas—asprrated—torenove,—the—artificrat—skirn—was
washed with 2 ml of DMEM + 10% FBS or DVMEM tw ce. AfteTheaomber of of

medi um was respectively added, culturing was perfornedivngleelld (eells)

condi t i oRgesefvabidncar cﬁm C aGreésegestiand 30ultuk® The cul ture supernatant was
col | ect echeBhethy aft &ul t umedjumand t he matiomnt of VEGKtém t heaewper nat ant
was neasured by an enzyne imunoassay (ELISA). As a caddapl, thdaysimlar
measurenent was perforned on an artificial Skl n whi ch hdeirot beeuref rozen.
In the a v e
15 little dlfference between thqﬁ_@@@@@m@al skln (1) and 2) in TabIe
3) and the non-frozen artificial skin (3) and 4) . in Table 3). The anopunt

of VECE SRAY Pldeghi> dusbbRE GHidcio P! OdUCHAEIN:4BGFHS | T 81R10TKY BaRhbe!

day culture Is s - 17 - TABLE
Slow Freezing Suspend FBScryo DMEM 1.30x10° 1.42x10°
Comparative Example
Nonfreezing  Adhesion DMEM+10%FBS DMEM+10%FBS  3.07x 10° 2.44x10°
Nonfreezing  Adhesion DMEM DMEM 2.36x10° 2.04x10°

A-2-2: Vascular endothelial growth factor (VEGF) producing ability
The artificial skin preserved at -80°C was allowed to stand
5 under the conditions of 5% carbonic acid gas and 37°C for 10 to 15
minutes to thaw. After the medium was aspirated to remove, the
artificial skin was washed with 2 ml of DMEM + 10% FBS or DMEM
twice.. After each 2 ml of medium was respectively added, culturing
was performed under the conditions of 5% carbonic acid gas and 37°C.
10 The culture supernatant was collected 3 day after culturing, and the
amount of VEGF in the supernatant was measured by an enzyme
immunoassay (ELISA). As a control, the similar measurement was
performed on an artificial skin which had not been frozen. In the
amount of produced VEGF per a living cell, there was recognized a
15 little difference between the frozen artificial skin (1) and 2) in Table 3)
and the non-frozen artificial skin (3) and 4).in Table 3). The amount
of VEGF (pg/ml/ 10° living cells) produced by the artificial skin after 3

day culture is shown in Table 3.



Preservati on The amount of Culture medi um produced VEG- nethod (pg/m/
.I05 living cells) The present 1) Slow freezing DVEMF10%-BS 1399 invention
2) Slow freezing DVEM 1474 Conparative 3) Nonfreezing DVEWM+ 10%-BS 983
Exanpl e 4) Nonfreezing DMEM 1137 A-2-3: Collagen type | producing ability
‘The artificial skin preserved at -80C wes allowed to stand 5 under the
conditions of 5% carbonic acid gas and 37C for 10 to 15 mnutes to thaw
After the nediumwas aspirated to renove, the artificial skin was washed
with 2 mM of DMEMtw ce. After 2 mMl TABLEEBM was added, cul turing was

per f or red—under—the—condir-t+ons—of — 5% carbontrc—acrd—gas—and—37C—The—

cul ture supernatant was 10 callected after 3 day cult The amwhttdie anount of
collagen type | in the mgtﬂggrneﬂ ant was Guiagamediiby Epr@asstigel As a
control, the sinilar measurenent was performed on thégmly/19cldng skils)
whi ch ha —Si = '

the presefe progeht or s) Slowfreedngt s wi t DMEM#D@%BBEI agen in s39wm 15
cont ai ned jnRettieh Nedi titation of collagen type I _was perforned
only on the artifici al%ng %‘pn%\ﬁﬁ%{g% had been "MEMired i n ~ DVEM#*he amount of
produced col | agen per inrieg,;lnéell after 3 daa/0 culture was _al nost the
sane as thaemperatiye artiticial Skin whi PIMWHI #B8BSbeen froz@R3 The anount
of produce®aBPieagen 4y Penfrefzigtm / 105 20 pirging cel | s) of gygartificial

- ski n af t er—3—day—ettture—+s—showm—+a—Fable—4—34+8—FAB-F 44—

by

A-2-3: Collagen type I producing ability
The artificial skin preserved at -80°C was allowed to stand
5 under the conditions of 5% carbonic acid gas and 37°C for 10 to 15
minutes to thaw. After the medium was aspirated to remove, the
artificial skin was washed with 2 ml of DMEM twice. After 2 ml of
DMEM was added, culturing was performed under the conditions of
5% carbonic acid gas and 37°C. The culture supernatant was
10 collected after 3 day culture, and the amount of collagen type I in the
supernatant was measured by ELISA method. As a control, the
similar measurement was performed on the artificial skin which had
not been frozen. Since an anti-collagen type I antibody used by the
present inventors cross-reacts with bovine collagen in serum
15 contained in the medium, the quantitation of collagen type I was
performed only on the artificial skin which had been cultured in
DMEM. The amount of produced collagen per a living cell after 3 day
culture was almost the same as that of the artificial skin which had
not been frozen. The amount of produced collagen type I (ng/ml/ 105

20 living cells) of an artificial skin after 3 day culture is shown in Table 4.



The amount of produced nethod Preservation Prese Cul ture nmedi um col |l agen
.t'ype | o (ng/m/ 105 living cells) Slow freezing (The present invention)
DMVEM 1883 Nonfreezi ng (Conparative Exanple) DVEM 1928 B. Cryopreservation
of artificial skin by the conventional nethod Human fibroblasts were
‘cultured in DVEM 10% + FBS 5 using a d@élt-uring flask (culturing area 80
cn). The fibroblasts in the logarithmc growh phase were treated with
0.25% trypsin solution to collect it. Cells were suspended in DVEM 10% +
FBS to prepare cell suspension of STARLE)% cells/m. Each 0.5 ml of cell
suspensi omwWas 1 noculated on a circular col I agen sponge_havi ng%(g dianmet er
of 22nm 5 10 ywhigLh figg been placed in a 12-wel apPeat of Riggy (1.2x10
cells/cn2). The ddsyel | pl at e Gelsureunedivgy undesollegen Bmedi ti ons of 5%
carbonic acid gas and 37C for 15 hours or | ongdng/mBitle’ livatheslepce of cells
was obser ved, rﬁge gedi_um Was aspirated 10 renpve, and cells were washed
with 2 nml of theoEsespmdserving s 1.on 15 (FBScryo, Banker 11,
Cel | vat i on) (Thgipsesertdnegniipnhe] | vv;ﬂsl\hl%goed 2 m of a c%%%reservi ng
sol ution, thef2=wetit—ptate was cootedat—a rate of -0.5 to -20gmn. to
freeze. B-1) ThNenfrgeadfigartifi ci al | and neasurenen viability After
Dd@é\k{gd Flgz:géartificial skin
H+-oen e—actd—gas—and 37C

B. Cryopreservation of artificial skin by the conventional method
Human fibroblasts were cultured in DMEM10% + FBS
5 using a culturing flask (culturing area 80 cm?). The fibroblasts in the
logarithmic growth phase were treated with 0.25% trypsin solution to
collect it. Cells were suspended in DMEM10% + FBS to prepare cell
suspension of 9..0>_< 10° cells/ml. Each 0.5 ml of cell suspension was
inoculated on a circular collagen sponge having a diameter of 22mm
10 which had been placed in a 12-well plate in advance (1.2x10°
cells/cm?). The 12-well plate was cultured under the conditions of
5% carbonic acid gas and 37°C for 15 hours or longer. After
adherence of cells was observed, the medium was aspirated to remove,
and cells were washed with 2 ml of the cryopreserving solution
15 (FBScryo, Cell Banker II, Cellvation) twice. To each well was added 2
ml of a cryopreserving solution, the 12-well plate was cooled at a rate
of -0.5 to -2°C/min. to freeze.
B-1) Thawing of artificial skin and measurement.of viability
After preserved at -80°C for a necessary period of time, the
20 artificial skin was allowed to stand under the conditions of 5%
carbonic acid gas and 37°C for 10 to 15 minutes to thaw. After the

medium was aspirated to remove, the artificial skin was washed with 2



medi um was aspirated to renove, the artificial skin was washed with 2 19
.m of DVEM + 10% FBS or DVEM twi ce. After 2 ml of DVEM + 10% FBS or DMVEM
was added, culturing was performed under the conditions of 5% carbonic
acid gas and 37C for 15 hours or longer. Then, the resulting artificial
‘'skin was soaked in 5.0 Ml of a 0.5%5 cp) l.agenase sol ution, and shaken in a
water bath at 37C for 5to 10 mnutes to dissolve the tissue equivalent.
Cells were collected by the <centrifugation procedures for 5 m nutes under
t he condi tindred DM ENDt 10%0BBG endMEMTivecar t iAfter 2l mdlafrDMEM: hal@%h at 1
day after freezing, and the total nunber of cells, the nunber of Iiving
cel I s and ¥B& wmbPMEM 19asf aslddd, wardturmmgs uwasl. pehtarmed | singare the
gradually cooled and frozen in the state where they adhered to the

col | agen spumdidionheohdUbraibonist acid Bes ardS3AY Jer \l 3 hours a0 longeny
irrespective of a kind of the cryopreserving solution. The viabi Iitoy of
cel I s i s shaen, itheTapsulting 1artifagiat sKiny yors evakeidhdn Garpasl tafoa 6r5%
manuf actures Viability solution of cells (/0) FBS20%v/v), FBScryo

d ycer 8l 19°{agernasq soluiem, ndahakgken a watepfathzah gk fagpotacd O Lt d
15 Cellvation ICN Bionedicals, Inc. 15 C. Correlation between cell form
at freezi n@inpgey tamlisselyeothe dissiie equivalenhy dhelle vegrencetertedoby ftheezi ng
an artificial skinin 25 the state where cells adhere tq collagen sponge,
the vi abi |¢antrggagians progedyrss, foroR mingtssebiides thre gopditipns o about

cryopreserving solution. A difference in the viability was_recogni zed
be%/wlie)en t r@ogggiqr} i43C. skhhe artificial skin was thawed at 1 ¥:1ay after fre%zing,

and the total number of cells, the number of living cells and the viability
10  of cells were measured. When cells were gradually cooled and frozen in
the state where they adhered to the collagen sponge, the viability of cells
were as very low as 10 to 20% irrespective of a kind of the

cryopreserving solution. The viability of cells is shown in Table 5.

15 TABLE 5
Cryopreserving - | Viability
solution Composition or manufactures of cells (%)
FBS20%(v/v), :
FBScryo Glycerol 10%(v/v), 11
DMEM
20 Cellbanker II Nippon Zenyaku Kogyo Co., Ltd 15
Cellvation ICN Biomedicals, Inc. 15

C. Correlation between cell form at freezing and viability of cells
In the conventional method for freezing an artificial skin in
25 the state where cells adhere to collagen sponge, the viability of cells
was very low irrespective of a kind of a cryopreserving solution. A

difference in the viability was recognized between the artificial skin



- 20 according to the present nmethod and the artificial skin frozen in the
.State where cells adhered to the collagen sponge, because the cell forns
at freezing were different. Then, in order to reveal the relationship
‘hetween the cell format freezing of the artificial skin and 5 the
viability, the artificial skin was prepg ed according to the sane manner
as in Exanple 1-1 A except that a culturing tine before freezing was
changed, and the viability of cells after freezing and thawi ng were
measur ed. ddwordpagttoctharpreseattmethdd ared |theuspifisial rskinafroedenoive dhieo
stand until it pernmeated into the sponge (present 10 invention), or after
cul turi ng stase pehtoe nexllsitadives-efdoto 2t o uradlagenl Spolnmer, sheddnesarthief icellal
skin was prepared and frozen according to the sane manner as in Exanple
1-1 A | n faddig i atn, fraszimg owmerol diffédrentvi afllHert,y inf ordet s tovaseverds twhed
simlarly on the artificial skin in which cells were cultured at 37C for
48 hours afelationsbepltxttivegn The cell forabatiftgezing dfahed artaficltsKincaatd skin
in which cells were cultured for 2 hours to 15 hours after inocul ating,
whi | e Bhe ther yidhidjityyithbi artificisd sskighve s paeparedheacnaridingital th&isamiei ch
was frozen i mediately after inoculating of cells. Wien m croscopic

obser vat i onamerpesst on nBganmeleorle 1f Aeexicapt thatwas codiitingetimeabefaree t han
hal f of cells adhered 20 to the sponge in the artificial skin which was
cul tured fiseezingowas athangedn dhiengiatiditsl of oedlsc affter ixgezieg apdt he
sponge in the artificial skin_ which had been cultured for_15 hours or

| onger. THixawisng weregseasyneddeMere particHéasly apfterttheogell suspepsien

di fferent depending upon the <cel]l format freezing. A cell recovery rate
of the artwapcaldpwed owatand 28nkidith permaadedninte the spangewtiesend cel |
~adhered, was 90% or nore as conpared with the artificial skin which_had
not bd€n finggasion)Tesradter eulfuringsves marferragdiatad? delfps Zaheurstas hed in

t he col |l agen L . .
' ours, the artificial skin was prepared and frozen according to the

same manner as in Example 1-1 A. In addition, as a control, the
viability of cells was measured similarly on the artificial skin in which
cells were cultured at 37°C for 48 hours after inoculating. The
15 viability was low in an artificial skin in which cells were cultured for 2
hours to 15 hours after inoculating, while the very high viability was
obtained in the artificial skin which was frozen immediately after
inoculating of cells. When microscopic observation was performed
before freezing, it was confirmed that more than half of cells adhered
20 to the sponge in the artificial skin which was cultured for 2 hours after
inoculating and all the cells adhered to the sponge in the artificial skin
which had been cultured for 15 hours or longer. That is, it was
considered that the viability of cells were different depending upon the
cell form at freezing. A cell recovery rate of the artificial skin which
25 had been frozen in the state where no cell adhered, was 90% or more
as compared with the artificial skin which had not been frozen.

Therefore, it was considered that cells are retained in the collagen



- 21 sponge even when washi ng procedures were performed after the
.artificial skin has been thawed. The viability and the total nunber of
cells are shown in Table 6. 5 TABLE 6 Cryopreservation Viability Tot al

met hod Preculture of cells (% cells (cells) The present Wthout 5
‘invention 1) Slow freezing preculture #. 2 2.21 x 10 2) Slow freezing 2.
hours 20.1 2.04x105 10 Conparative 3) Slow freezing 15 hours 19.8 2.51x10 5
Exanpl e 4) Nonfreezing 48 hours 90.7 2.31 x 105 EXAMPLE 1-2 Rapid

cryopr esersgange eferar wihferciwhsbing perdeduaresr overeurparfonrnetl ftdn dbe A
Cryopreservation of artificial skin according to the nmethod of the present
i nventi on aitifaciafl iskinthas beeasthawedr ed’ hmvia%Eli/tyramd%fEBB)haé imgmder of
culturing flask (culturing area 80cnR) . The fibroblast in the logarithmc
20 grow h gilsereshawedncbable f. 0. 25% trypsin solution to collect it.
Cells were suspended in FBScryo to prepare a cell suspension of 9.Ox 105
cells/m. Each 0.5 m of the cell suspension was inoculated on a circular
col | agen sponge having a di ameter of_ 22nm whi ch had been placed in a
12-wel | plate in advance (1.2x 105 déAB&fe®). After allow ng

Cryopreservation becut Viability Total
method eculture o cells (%) (cells)
The present Without
e DS 1) Slow freezing preculture 71.2 2.21x10°
2) Slow freezing 2 hours 20.1 2.04x10°
10 gz:;g;f:t“’e 3) Slow freezing 15 hours 19.8 2.51x10°
4) Nonfreezing 48 hours 90.7 2.31x10°
EXAMPLE 1-2

Rapid cryopreservation of artificial skin derived from human
15 fibroblast
A. Cryopreservation of artificial skin according to the method of the
present invention
Human fibroblast was cultured in DMEM + 10% FBS using a
culturing flask (culturing area 80cm?. The fibroblast in the logarithmic
20 growth phase was treated with 0.25% trypsin solution to collect it.
Cells were suspended in FBScryo to prepare a cell suspension of 9.0x10°
cells/ml. Each 0.5 ml of the cell suspension was inoculated on a
circular collagen sponge having a diameter of 22mm which had been
placed in a 12-well plate in advance (1.2x10° cells/cm?). After allowing
25 to stand so as to permeate the cell suspension into the sponge, the 12-
well plate was sealed with plastic tape. The 12-well plate was frozen

and preserved by directly putting into ultra-deep freezer of 152°C.



25 to stand so as to perneate the cell suspension into the sponge, the 12-
.mell plate was sealed with plastic tape. The 12-well plate was frozen and
preserved by directly putting into ultra-deep freezer of 152C. - 22 A-1)
Thawi ng of artificial skin and neasurenent of viability The artificial skin
preserved at -152C 1 day after freeziing2 was allowed to stand under the
conditions of 5% carbonic acid gas and 37C for 3 mnutes to thaw. After
the nedium was aspirated to 5 renpove, the artificial skin was washed with 2
m of DVEM-)IDBawisg diartéiciafl tskin2amdl mea®vEMnentsh FHBDilgs added,
culturing was performed under the conditions of 5% carbonic acid gas and
37C for 15 hours dFhtamificialiséin preservedlati ﬂ]gﬁa"r@ilf dayaaftekifneewingsoaked
in 5.0 mM of 0.5%collagenase solution, and shaken in a water bath at 10
37C for 5 wasloweditestanddindefr \tbetdtvelctltlgmeofe'if‘dn cathonic aoadigasyend

col l ected by the centrlfugatl on procedures for 5 m nutes under the

condi ti ons36C afiosuB moigfeanto sthawhe Alterltheumediwn was sisnlh@tedm}ﬁ’ber of
living cells and the vi abi || of cells were counted trypan bl ue d

excl SFon e, (e axtidisiak okin wies eaher withiagns of MEN 44 0%edbesed on
the artificial skin which had not been frozen. The viability that is as
hi gh as 7twWigewadfeer & el afnDMEMir i¥Q%i EBSmas addedh pulfurdes vasi dl y
frozen at -152C. This result can be said to be equivalent to that of slow
freezing. perfapaed vadeadhe eprditdpne af| 3% earhanicanidgrn agbadeCoipr
extension of a pseudopodi um was confirnmed 20 an artifjcial skin

haw ng,
whi ch had b%éwurr%eéﬁoagebrm h@rlt’(fhﬁh’ées%ﬁ’égeﬁftlhﬁ%loﬂﬂ&nﬁ’ast sRaked dgr |

cul turing overni ght. The ability o cells js, shown.in Table 7. .23 -
TABLE 7 J 5.0 ml gf 0.5% co fagenaseysolfutlon and shaken in a water bath at

10 37°C for 5 to 10 minutes to dissolve the tissue equivalent. Cells were
collected by the centrifugation procedures for 5 minutes under the
conditions of about 400xg and 4°C, the total number of cells, the
number of living cells and the viability of cells were counted by trypan
blue dye exclusion method. As a control, the viability was similarly

15 measured on the artificial skin which had not been frozen. The
viability that is as high as 77.4% was obtained in the artificial skin
which had been rapidly frozen at —-152°C. | This result can be said to
be equivalent to that of slow freezing. In addition, adherence of cells
to the collagen sponge by extension of a pseudopodium was confirmed

20 by thawing an artificial skin which had been frozen according to the
present method and, thereafter, culturing overnight. The viability of

cells is shown in Table 7.



Medi um on Cryopreserving Freezing Viability Preculture tenperature of
.cells inoculating cells solution (C) (% Freezing (The present invention)
Wthout Wtho ture FBScryo FBScryo -152C 77.4 precul Nonfreezing
(Conparative Exanple) 48 hours DVEM+ 10%-BS Nonfreezing - 88.7 EXAWPLE 2
Cryopreservation of artificial skin der2aved fromepidermal cell 5 A Method
of Preparation and cryopreservation of artificial skin according to the
nmet hod of the present invention Hurman epidernmal cells were cultured in the
G een nmedi um contai ning 3%(v/v) FBSABrifE'éafter refers to G een medi um +

3% FBS) usi rlg a cuttourtng—ftask—(cultuor rng d.l ea_ 80 Ttne)- |r|,e urrun to
epi dermal ¢ were tMe@iugdon t h 2 afjopste re 2188 uti o ¥Hsphat e
buf fer) whi ‘HH B Beennedjlashedeltso Jsﬂﬁﬁlounl t/rr1 %té“fa EI e from
Godo shusei_Co., Ltd.) and collected. The coll ect d epi der cells were

further treated with 0.25%'t (Rsi N lution to i nto srngle cells. The
cells were suspended in a cr@%ﬁ%&gg@%—%ﬁm 15 (Green nedium

cont ai ni ng Mi¥hé¢w v) grycerol and 20% (v/v) FBS) to prepare a cell

SUSpensi on @ecuilfirel0 e/ m . EadB™® n of t4@°CsuspenéTdn was

I nocul at ed whi ch
had been placed in a 12-welNogitexze nple) 105 cell s/cnR). Then,
the artificial skin was prepared 20 accordl ng to the foll owi ng net hod. 24

48 hours DMEM+10%FBS Nonfreezing - 88.7

EXAMPLE 2
Cryopreservation of artificial skin derived from epidermal cell
5 A. Method of Preparation and cryopreser\ration of artificial skin
according to the method of the present invention
Human epidermal cells were cultured in the Green medium
containing 3% (v / v) FBS (hereafter refers to Green medium + 3% FBS)
using a culturing flask (culturing area 80 cm?. The human
10 epidermal cells were treated with 2 ml of a PBS (-) solution (phosphate
buffer) which had been adjusted to 1000 unit/ml dispase (available
from Godo shusei Co., Ltd.) and collected. The collected epidermal
cells were further treated with 0.25% trypsin solution to make into
single cells. The cells were suspended in a cryopreserving solution A
15 (Green medium containing 10% (v/v) grycerol and 20% (v/v) FBS) to
prepare a cell suspension of 2.5x10° cells/ml. Each 0.5 ml of the
suspension was inoculated on a circular collagen sponge having a
diameter of 22 mm which had been placed in a 12-well plate in
advance (3.3x10° cells/cm?). Then, the artificial skin was prepared

20 according to the following method.



1) After inoculating, cells were allowed to stand to sufficiently perneate
.irnto the sponge, and cooled to -80C at a rate of -0.2 to - 5Cmn. to
freeze (slow freezing nmethod). 2) After inoculating, cells were allowed to
stand to sufficiently 5 perneate into the sponge, and placed in ultra-deep
freezer at -80C to freeze (rapid freezifg- method). 3) After inoculating,
cells were allowed to stand to sufficiently perneate into a sponge, and
placed in ultra-deep freezer at -152C to freeze (rapid freezing nethod).
10 B. Prepd)aAfter nmobuthtohgar¢ells cwalre skilovest otali sprid tdesufficientlynal
met hod and artificial skin as control Human epidermal cells were cultured
in the G eparmeditenmte 386 EBSngs| magdacooleditonegBPiGsit 4 cualte wfi HQ.2atea 80
cn2). The human epidermal cells were treated with 2 ml of PBS (-) solution
( phosphat e51G/ miff. ¢o) frebze isloxd flseemgdnathed).t o 1000 unit/n di spase
(avail able from Godo shusei Co., Ltd.), and collected. The collected

epi der mal 2pefAfterwénechilatingy celdsit werei abloaved] 269 stanpdi to ssuffi¢ientho nake
into single cells. The cells were suspended in the G een medium+ 3% FBS
t o pr efar eparmeiate dntpshsismonsge, arsk placed én|witra-deepciregzer at -80°€0ta he
suspensi on_was inocul ated_on a circular collagen sponge having a dianeter
of 22 mm wieere HaapiskEreeping daethpd). 12-wel | plate in advance (3.3x 105
cells/cnm). Then, the artificial skin was_prepared according to_ the

fol | owi ng bt AblEr imogynlatingy ¢elbeuwsrengllogvgd utq nstand per suffreigntly
overni ght (15 hours or longer) under the conditions of 5% carbonic acid
gas and 37PReTmeade intp@ spange aad pBlasedainylirg-degpseesareat ol P2 (wetoe

washed with - 25 . .
freeze (rapid freezing method).

10 B. Preparation method of artificial skin according to the conventional

method and artificial skin as control
Human epidermal cells were cultured in the Green medium

+ 3% FBS using a culturing flask (culturing area 80 cm?):. The human
epidermal cells were treated with 2 ml of PBS (-) solution (phosphate

15 buffer) which had been adjusted to 1000 unit/ml dispase (available
from Godo shusei Co., Ltd.), and collected. The collected epidermal
cells were further treated with a 0.25% trypsin solution to make into
single cells. The cells were suspended in the Green medium + 3%
FBS to prepare a cell suspension of 2.5x10° cells/ml. Each 0.5 ml of

20 the suspension was inoculated on a circular collagen sponge having a
diameter of 22 mm which had been placed in a 12-well plate in
advance (3.3x10° cells/cm?).

Then, the artificial skin was prepared'according to the

following method.

25 4) After inoculating, culturing was performed overnight (15 hours or
longer) under the conditions of 5% carbonic acid gas and 37°C. After

the medium was aspirated to remove, the cells were washed with



cryopreserving solution A twice. Each 1.5 m of the cryopreserving
.solution A was added to each well, which was cooled to -80C at a rate of
0.2 to 5C/mn. to freeze (slow freezing nethod). 5) The culturing was
perfornmed for 2 days without freezing, and the 5 viability of cells was
measured according to the nethod of C (gescribed below): C. Thaw ng of
artificial skin and neasurenent of viability The viabilitys of cells in
artificial skins prepared in the above nentioned Exanple 2 A and B were
nmeasur ed aagoptesgreing soelutionf Al tvoiveng Emtlndd 5 fitleofithef ¢rgiogreskivinghi ch
had been cryopreserved in the ultra-deep freezer at -180C or -152C for 1
to 7 days,soladicoakeesi added wateachhwiehl, athidhGvhsrcdoled to0-80 e s tatet haw.
After the nedium was aspirated to renove, the artificial skin was washed
with 2.0 ndf -69.2150 @ €dmmediafreez8YskB® fregzing misthedp 1. 5m of the sane
medi um was added, followed by culturing overnight (15 hours or | onger)
under thebkcThdi cubinging was eetbormedaford2 @aysuvwitBoat fThering, remqlagu:l ting
artificial skin was soaked in 5.0 nl of 0.5% collagenase sol ution, and
shaken 5i n viabilit ef cols was nEsUred gceerdiogriorilreemetbodi efsGl(describego
col | agen sponge. Cells were collected by the centrifugation procedures of
about 400xlgglo®xq.and 5 minutes. After the supernatant was renoved, 3.0 ni
of 0. 25%tryq_si n solution was added to cells, which was_shaken in the
wat er bat HCathgmarigpef grtificial skimandsmeasgairemenrt p§ vigdityol | ect ed by the
centrifugation procedures 25 of about 400xg, 4C and 5 mnutes. Cells were
suspended in the dJFBenvighilitys «ofz3eelpsin adificial \skibis prgparedeln dheas
measured by trypan bl ue dye excl usion nethod. 26 .

above mentioned Example 2 A and B were measured according to the

10 following method.
The artificial skin which had been cryopreserved in the
ultra-deep freezer at -180°C or —-152°C for 1 to 7 days, was soaked in a
water bath at 37°C for S to 10 minutes to thaw. After the medium
was aspirated to remove, the artificial skin was washed with 2.0 ml of
15 Green medium + 3% FBS twice. Thereto 1.5ml of the same medium
was added, followed by culturing overnight (15 hours or longer) under
the conditions of 5% carbonic acid gas and 37°C. Then, the resulting
artificial skin was soaked in 5.0 ml of 0.5% collagenase solution, and
shaken in the water bath at 37°C for 5 to 10 minutes to dissolve the
20 collagen sponge. Cells were collected by the centrifugation
procedures of about 400xg, 4°C and S5 minutes. After the
supernatant was removed, 3.0 ml of 0.25% trypsin solution was added
to cells, which was shaken in the water bath at 37°C for 5 to 10
minutes. Again, cells were collected by the centrifugation procedures
25 of about 400xg, 4°C and S5 minutes. Cells were suspended in the
Green medium + 3% FBS, and the viability of cells was measured by

trypan blue dye exclusion method.



As a result, the high viability was obtained in the artificial skin in
.which cells were inocul ated on the coll agen sponge and, thereafter, slowy
cool ed and frozen (the present invention, 1) in Table 8) or rapidly frozen
(the present invention, 2) and 3) in Table 8) before 5 cells adhered. To .
the contrary, in the artificial skindmpgwich, cells were inocul ated and,
thereafter, slowy cooled and frozen after «culturing for 15 hours
(conventional nethod, 4) in Table 8), the wviability of cells was | ow. The
viability of cells As shesmlt, th€abigh 8ialilitif ABLE obthimed iingthePaeséicval i on
Preculture tenperature Viability of nethod (C cells (/a) 1) Slow freezing
W t hout - 8kid4.if wirietuldellse wékiee ippewbated? prRdpied chtlageinn g pdittgeo wnd 30
74.6 invention preculture 15 3) Rapid freezing Wthout -152 83.2

Pr ecul t ur ehePeafarasiowlyiyosladhandeirozen (tite present doverstion, k) anTabls)
Nonfreezing 48 hours - 89.6 20 EXAMPLE 3 Cryopreservation of artificial

bl ood vess®) odeapidy frosem\tle pirgsentmaventibnal2) @ad 3)inNEabled8before
Preparation and cryopreservation of artificial blood vessel according to
met hod Sof edlls pddwred. i nleiheoponbmpuianthe estifipiak sl Hal wilicheldedlsner e

cultured in the Geen nediumcontaining 10% (v/v) FBS and | Ong/ m human
FGF were inoculated and, thereafter, slowly cooled and frozen after

culturing for 15 hours (conventional method, 4) in Table 8), the

viability of cells was low. The viability of cells is shown in Table 8.

10 TABLE 8
Pr i Freezing Viability of
eservauon t tu 1aDi1l1 (8]
method Preculture (oe(r:r)l PErattire  ells (%)
. Without
1) Slow freezing preculture -80 84.6
The present . . Without
invention 2) Rapid freezing preculture -80 74.6
15
. . Without
3) Rapid freezing Preculture -152 83.2
Comparative 4} Slow freezing 15 hours -80 19.1
Example 5) Nonfreezing 48 hours - 89.6
20 EXAMPLE 3
Cryopreservation of artificial blood vessel derived from vascular
endothelial cell
A. Method of Preparation and cryopreservation of artificial blood vessel
according to method of the present invention.
25 Human vascular endothelial cells were cultured in the

Green medium containing 10% (v/v) FBS and 10ng/ml human FGF

(human fibroblast growth factor) using a culturing flask (culturing



(human fibroblast growh factor) using a culturing flask (culturing 27
.area 80 cnR). The human vascul ar endothelial cells were treated with 0.25%
trypsin solution to collect. The cells were suspended in the

cryopreserving solution B (G een nedium containing 10% (v/v) grycerol, 20%
(v/v) FBS and 10ng/m human FGF) to prepare a cell 5 suspension of 1.4x 106
cells/m. Each 0.6 m of the suspension was inoculated on the circular

col | agen sponge having a dianmeter of 22 mm which had been placed in a
12-wel | platea BA adfancEhe hizxam sasceldrsrohdthelitl @e]lstwerettdstediwithbl ood
vessel was prepared according to 10 the followi ng nethod. 1) After

i nocul at i n@,23% trypsinesalutigweda coBeand Thescdlls ovenet buspsadeshinr thet o t he
sponge, and cooled to -80C at a rate of -0.2 to - 5Cmn. to freeze (slow
freezi ng nemtegeseBving epeludionnBreGregnof medivufr ccemntaingng Uéel(v/v)
according to the 15 conventional nethod and artificial blood vessel as
control HugmrceratcldPie (ehdoFRS iagd déng/ mbluiman §iGH) to peparera@elhedi um
contai ning 10% (v/v) EBS and ,10n /M human FG- (hunman fibrobl ast growth
fact or )5 ussgpensian of ihgxmoascr@l?&/ani-ur fBegh Qreanbof ¢he)suspensigmawas

vascul ar endothelial cells were treated with 20 0. 25% trypsin solution to
col I ect. THwadpted war the giseiaegollagenspangehaning adiagreterafde m (v/ v)

'FBS and 10ng/m human FGF to prepare a _cell suspension of 1.4x 106 .
cel | s/m . Whighobady begn placed;siendi dr-Wedl inlatel Hr ead¥anecge (i3t ar

col | agen spongf hgving a dianmeter of 22 nm which had been placed in a
12-vel | pl €8S ¢m 5 advance (2.2x 105 cells/cnR).

Then, the artificial blood vessel was prepared according to
10 the following method.
1) After inoculating, cells were allowed to stand to sufficiently
permeate into the sponge, and cooled to -80°C at a rate of -0.2 to -
5°C/min. to freeze (slow freezing method).
B. Preparation method of artificial blood vessel according to the
15 conventional method and artificial blood vessel as control
Human vascular endothelial cells were cultured in the
Green medium containing 10% (v/v) FBS and 10ng/ml human FGF
(human fibroblast growth factor) using a culturing flask (cuituring
area 80 cm®). The human vascular endothelial cells were treated with
20 0.25% trypsin solution to collect. The cells were suspended in the
Green medium containing 10% (v/v) FBS and 10ng/ml human FGF to
prepare a cell suspension of 1.4x10° cells/ml. Each 0.6 ml of the
suspension was inoculated on the circular collagen sponge having a
diameter of 22 mm which had been placed in a 12-well plate in
25 advance (2.2x10° cells/cm?).
Then, the artificial blood vessel was prepared according to the

following method.



Then, the artificial blood vessel was prepared according to the follow ng
.Mmethod. - 28 2) After inoculating, the cells were cultured overnight and
washed with the cryopreserving solution B twice and, thereafter, cooled to
-80Cat a rate of -0.2 to -5C/ min. to freeze (slow freezing nmethod). 3)
The culturing was perfornmed for 2 days ag thout freezing and the 5
viability of cells was neasured according to the nethod of C (described
below). C. Thawi ng of artificial blood vessel and neasurenment of viability
The vi abi | 2} Aftefr inecldatingt hbe aellsfweratultioed oressegh b aepiweadhied witthe
above nentioned Exanple 3 A and B were neasured according to 10 the

f ol | owi ng tiet hoyopikseraing SobitibnbB dwdce essl| thereaftenadobleshte +§0pCemster ved
in the ultra-deep freezer at -80C for 1 to 7 days, was soaked in a water
bath at 37€rhde of -{b21® nPHUY suint dotfireeze flowr fregeingpanethadls aspirated to
remove, the artificial blood vessel was washed with 2.0 ml 15 of G een

medi um con8hiTengulowing/ wasrpsrignmerbfey A daysawiterut fidezing Breddhe 1. 5ml
of the sane nedi um was added, followed by culturing overnight (15 hours or
| onger )5 undigbilibie of ealstwanmedswned ageduhng tacihe methadioR¢ddesaribed he
resulting artificial blood vessel was soaked in 5.0 ml of 0.5% col | agenase
- solution, Bel®Whaken 20 in the water bath at 37C for 5 to 10 nminutes to

di ssolve the collagen_ sponge. Cells were collected by the centrifugation

pr ocedur esCofThaswing of @gidficialcblgnd yepseluand mepsurepmantsobiahilifne was
renmoved, 3.0 ml of 0. 25_%t,r,%/psi n soli utti or{:l \/\%siadded&o cel | sr, V\,hri (éh, was
shaken in the wat el hsatinbgityzqiccelds i the argifigialblood ygesel preparedyigr e 25
collected Pﬁ/e g%%v%er;]l%rrlitzourgg iE%(r;lnplrp g %dxraegdoé \n?eti‘%u;neAé()s%)i‘%a gf(g:oal%qng to

10 the following method.

The artificial blood vessel which had been cryopreserved in
the ultra-deep freezer at ~80°C for 1 to 7 days, was soaked in a water
bath at 37°C for 5 to 10 minutes to thaw. After the medium was
aspirated to remove, the artiﬁciél blood vessel was washed with 2.0 ml

15 of Green medium containing 10% (v/v) FBS and 10ng/ml human FGF
twice. Thereto 1.5ml of the same medium was added, followed by
culturing overnight (15 hours or longer) under the conditions of 5%
carbonic acid gas and 37°C. Then, the resulting artificial blood
vessel was soaked in 5.0 ml of 0.5% collagenase solution, and shaken

20 in the water bath at 37°C for 5 to 10 minutes to dissolve the collagen
sponge. Cells were collected by the centrifugation procedures of
about 400xg, 4°C and 5 minutes. After the supernatant was removed,
3.0 ml of 0.25% trypsin solution was added to cells, which was shaken
in the water bath at 37°C for 5 to 10 minutes. Again, cells were

25 collected by the centrifugation procedures of about 400xg, 4°C and 5

minutes. Cells were suspended in the Green medium containing 10%

(v/v) FBS and 10ng/ml human FGF, and the viability of the cells was



m nutes. Cells were suspended in the G een nmedi umcontaining 10% (v/v) FBS
.and 1Ong/mM human FGF, and the viability of the cells was 29 - neasured by
trypan blue dye exclusion nethod. As a result, the high viability was
obtained in the artificial blood vessel in which cells were inoculated on
the col |l agen sponge and, thereafter,. ggowly cool ed and frozen before cells
adhered (the present 5 invention, 1) in Table 9). To the contrary, in the
artificial blood vessel in which, cells were inocul ated and, thereafter,

sl owl y coahedsaned Hy tzgramaftilae dyd exclugjohametBotour s (conventi onal '
method, 2) in Table 9), the viability of the cells was low. The viability
of cells is shown iks aTeddwltothehiphBriatdlify sers nbtairrash ém \thiei artificial
tenperature Viability nethod Preculture SC) of cells (% The present 1)

Sl ow f r eedilngdWetsiseliin v8icdscdlls mwrererinosnlateskomn itheecollagetvapangeiand 2)
Slow freezing 15 hours -80 51.1 Exanple 3) Nonfreezing 48 hours - 87.7
EXAVPLE 4 tBeyoafteseslawlynooledaanidi froizen befpee atdls adheredrithepnesente 20
A. Method of Preparation and cryopreservation of artificial liver

accor dPng ingenhiomek)HodTable b predbstcantrery. inthe antificigladbloog eess@dr e
cultured in the Geen medium_ containing 10% (v/v) FBS, |ong/m human FGF
and 131Ag/in whighs i eells ueteninochdated @indy thereafiet slawbicosdedraadso
cnR). The human

) frozen after culturing for 15 hours (conventional method, 2) in Table 9),

the viability of the cells wé.s low. The viability of cells is shown in

Table 9.
10
TABLE 9
Freezing
Preservation t u Viability
method Preculture o) PEratire  of cells (%)
The present 1) Slow freezin Without '
invention g preculture -80 83.7
15 Comparative 2) Slow freezing 15 hours -80 S51.1
Example 3) Nonfreezing 48 hours - 87.7
EXAMPLE 4

Cryopreservation of artificial liver derived from hepatocyte
20 A. Method of Preparation and cryopreservation of artificial liver
according to the method of the present invention
Human hepatocytes were cultured in the Green medium
containing 10% (v/v) FBS, 10ng/ml human FGF and 13ug/ml heparin
sodium using a culturing’ﬂask (culturing area 80 cm?). The human
25 hepatocytes were treated with 0.25% trypsin solution to collect. The
cells were suspended in a cryopreserving solution C (Green medium

containing 10% (v/v) grycerol, 20% (v/v) FBS, 10ng/ml human FGF



25 hepatocytes were treated with 0.25% trypsin solution to collect. The
.cells were suspended in a cryopreserving solution C (G een nedi um

contai ning 10% (v/v) grycerol, 20% (v/v) FBS, 10ng/m human FGF 30 and
13g/m heparin sodiunm) to prepare a cell suspension of 1.5x.106 «cells/m.
Each 0.5 ml of the suspension was i nocuwgted on a circular collagen sponge
havi ng a dianeter of 22 nm which had been placed in a 12-well plate in
advance (2. 0Ox 105 cells/cn2). Then, the artificial 5 liver was prepared
accor di ng andt h@ug Hinl dvépryinedddiduml jo prepare mocell atispgnsiehlad Werd Gl | owed
to stand to sufficiently perneate into the sponge, and cooled to -80C at a
rate of -Océllsimi. 5Ea0n0.3 enf oftze sispensiorevasnoatladdil.orPp dfcelar

i noculating, cells were allowed to stand to sufficiently 10 perneate into
t he spongecoliagemlspoeze havirtg a-deepeter ed 22 nan wiidch thmad beenzslacedpind
freezing method). 3) After inoculating, cells were allowed to stand to

suf fi ci entayl 2peelieplade i imt adaagwen(2.0>dif peldsbai’h uThea, ddepaitificialr at
-152C to freeze (rapid freezing method). 15 B. Preparation nethod of
artifi & allintouths/psspared acoardiolg tetha fbblpatiogymeshadre cultured in the
G een nedium containing 10% (v/v) FBS, 10ng/nm human FGF and 13g/m
heparin. Spdifterusneguiatimg: wellyy weaekallowadiringstarsh 80 swificiemtly hunan
hepat ocytes were treated with 0.25%trypsin solution to collect. The 20

cel | s wer epeumpgeatednte the spangedand eonled o mPAAt\a vpterRs —0.208~ m
human FGF and 13g/ ml_ heparin sodiumto prepare a cell suspension of 1.5x
106 cel | s/HIC/migh to. fseege (Flophlresgingmediodlas i nocul ated on a circul ar

col | agen sponge having a dianmeter of 22 mm whjch had been placed in a
12-wel | p|§)egftﬁramg@é@q12g,0@eﬂt§5 were allowed to stand to sufficiently

10 permeate into the sponge, and placed in ultra-deep freezer at -80°C to
freeze (rapid freezing method).
3) After inoCulating, cells were allowed to stand to sufficiently
permeate into a sponge, and placed in ultra-deep freezer at -152°C to
freeze (rapid freezing method).
15 B. Preparation method of artificial blood vessel as control
Human hepatocytes were cultured in the Green medium
containing 10% (v/v) FBS, 10ng/ml human FGF and 13ug/ml heparin
sodium using a culturing flask (culturing area 80 cm?). The human
hepatocytes were treated with 0.25% trypsin solution to collect. The
20 cells were suspended in Green medium containing 10% (v/v) FBS,
- 10ng/ml human FGF and 13pg/ml heparin sodium to prépare a cell
suépension of 1.5x10° cells/ml. Each 0.5 ml of the suspension was
inoculated on a circular collagen sponge having a diameter of 22 mm
which had been placed in a 12-well plate in advance (2.0x10°
25 cells/cm?).
Then, the artificial liver was prepared according to the

following method.



25 cells/cn2). Then, the artificial |liver was prepared according to the
.Followi ng nethod. - 31 4) After inoculating, culturing was perforned
overni ght (15 hours or |onger) under the conditions of 5% carbonic acid
gas and 37C. After the nediumwas aspirated to renove, the cell was washed
with cryopreserving solution Ctwice. fach 1.5 m of the cryopreserving 5
solution C was added to each well, which was cooled to -80C at a rate of
-0.2to 5C/mn. to freeze (slow freezing nethod). 5) After inocul ating,

cul turi ng #pAfer fmowdtivgraalgiring wdw pezfarmed angghlightdeb hbars or

conditions of 5% carbonic acid gas and 37C. After the nedium was aspirated
t o renove,loniperf alndenvidrecanditdein svof 5% Carbparic actd \Yasgasd|3T9n Eften ce.
Each 1.5 m of the cryopreserving solution C was added to each well, and
it placed the uhtdaideepabr aspmatedt te 86Inbeef rdez eclb)wadbewashiedr iwighwas
performed for 2 days without freezing, and the viability of cells was
measur ed aoyopdiesgriing helutkohdd tic€. ( demch i h&dmilsf beé amyoptesdhdnigng of
artificial liver and neasurenent of viability The viability of cells in the
artifi &i alsdlnton O wasr adidéd to lkachawelle wikichi wasdtdoledtbe-80°L ahd fateer e
measured according to the follow ng nethod. 20 The.artificial |iver which
had been oofyePieteSi€d min.t trefreglzer(alaedpedzingzmetbod).80C or -152C for 1 to
7 days, was soaked in a water bath at 37C for 5 to 10 minutes to thaw.
After the Pedifion ingoulatiig, atwlduring evaw perforened taviargiight (1 9dhowss amashed
with 2.0 Ml of G een nmediumcontaining 10% (v/v) FBS, 10ng/m human FGF
and longer) under the conditions of 5% carbonic acid gas and 37°C. After

the medium was aspirated to remove, the cells were washed with

10 cryopreserving solution C twice. Each 1.5 ml of the cryopreserving
solution C was added to each well, and it placed in ultra-deep freezer
at —-80°C to freeze.

6) The culturing was performed for 2 days without freezing, and the
viability of cells was measured according to the method of C (described

15 below).

C. Thawing of artificial liver and measurement of viability

The viability of cells in the artificial liver prepared in the
above mentioned Example 4 A and B were measured according to the
following method.

20 The artificial liver which had been cryopreserved in the
ultra-deep freezer at -80°C or ~152°C for 1 to 7 days, was soaked in a
water bath at 37°C for 5 to 10 minutes to thaw. After the medium
was aspirated to remove, the artificial liver was washed with 2.0 ml of
Green medium containing 10% (v/v) FBS, 10ng/ml human FGF and

25 13pg/ml heparin sodium twice. Thereto 1.5ml of the same medium

was added, followed by culturing overnight (15 hours or longer) under

the conditions of 5% carbonic acid gas and 37°C. Then, the resulting



25 13g/ M heparin sodiumtw ce. Thereto 1.5ml of the sanme nedium was
.added, followed by culturing overnight (15 hours or |onger) under the
condi tions of 5% carbonic acid gas and 37C. Then, the resulting - 32
artificial liver was soaked in 5.0 ml of 0.5% collagenase solution, and
shaken in the water bath at 37C for 5 tgz» 10 m nutes to di ssol ve the

col | agen sponge. Cells were collected by the centrifugation procedures of
about 400xg, 4C and 5 mnutes. Cells were 5 suspended in the G een nedium
cont ai ni nqaitificiad NiwerRBsSs sb@kgdrin ShOnmbh of @ S&b aollzgema seepaititivsodndm  and
the viability of the cells was neasured by trypan bl ue dye excl usion

met hod. Asshakessuht the eatieirgbath abi37TiC fomd tbhtld neditest teedwsdlve dhal
liver in which cells were inoculated on the collagen sponge and, 10

t her eaf t ercolldgem y sposiged andCdliwzaveret heolpeetednt biynvidret i cantrifugatidabl e
10) or rapidly frozen (the present invention, 2% and 3) in Table 10)

bef ore celprocesdtresedd! Tbewe 400<gar ¢°Ci rande Sar mihiwdesl | iGellsi wemei ch,
cells were inoculated and, thereafter, cooled and frozen after culturing
for 15Shouuspendedin draGresnhmedinm peataining TOBH ¢v 4v) FBShel @ngpmli ty
15 of cells was |ow. The viability of cells is shown in Table 10. TABLE 10
Pr eser vat ilvArRRFSGRGnd 38uBi ml eparnint sastivm eandt theviad)ibéy af the cellsl s C
(%9 1) Slow freezing Wthout -80 88.5 preculture The present 2) Rapid
freezi ng Weaadsneasgoed s trynae mlns s exciusipr methpdpi d freezi ng Wt hout

-152 79.6 '
As a result, the high viability was obtained in the artificial

liver in which cells were inoculated on the collagen sponge and,
10 thereafter, slowly cooled and frozen (the present invention, 1) in Table
10) or rapidly frozen (the present invention, 2) and 3) in Table 10)
before cells adhered. To the contrary, in the artificial liver in which,
cells were inoculated and, thereafter, cooled and frozen after culturing
for 15 hours (conventional method, 4) and 5) in Table 10}, the viability

15 of cells was low. The viability of cells is shown in Table 10.

TABLE 10
Preservation fer;ezéfrfture Viability of
method Preculture (oc)p cells (%)
S Without
1) Slow freezing preculture -80 88.5
The present . . Without '
invention 2) Rapid freezing preculture -80 78.5
e Without
3) Rapid freezing preculture -152 79.6
4) Slow freezing 15 hours -80 23.9
gomparatlve 5) Rapid freezing 15 hours -80 22.9
xample

6) Nonfreezing 48 hours - 94.0




-preculture 4) Slow freezing 15 hours -80 23.9 Conparative 5) Rapid
.fFreezing 15 hours -80 22.9 Exanple 6) Nonfreezing 48 hours - 94.0 33 -
EXAMPLE 5 Cryopreservation of artificial cornea derived fromkeratocyte A
Method of Preparation and cryopreservation of artificial cornea according
to the method of the present inventian 43 Rabbit keratocyte was cultured in
DVEM + 10% FBS using a culturing flask (culturing area 80 cnR). The rabbit
kerat ocytes were treated with 0.25%trypsin solution to collect. The cells
were suspended in the cryopreserVviEAMPLEI®n FBScryo to prepare a cell
suspension of 1.0X 106 cells/m . Each 0.5 m of the suspension was 10
i nocul at edCoyopreservation obhrtifjemlsponym Havived frodi keraescytE 22 nm  whi ch
had been placed in a 12-well plate in advance (1.3 X 105 cells/cnR). Then,
the artifi&i Metwodeal Rreparaparne et coydprgse¢ivativn éblaroifioigl metrined. 1)
After inoculating, cells were allowed to stand to sufficiently 15 perneate
into the sywngelingrie doomeethiad o§dlepresendtinveontioh 2 to - 5C/min. to
freeze (slow freezing nethod). 2) After inoculating, cells were allowed to
stand Ho suffici ent Rabbiekeratasytemas hulispedgienn DMEM|+ad 880 FBSusiagdeep
freezer at -152C to freeze (rapid freezi ng met hod). 20 B. Preparation
met hod of arulfunhglflask (eatusingareaBOrmb.t ke aabbjt kerakocyteswaneed in
DVEM + 10% FBS using a culturing flask (culturing area 80 cnﬂi. The rabbit
treated with 0.25% trypsin solution to collect. The cells were
suspended in the cryopreserving solution FBScfyo to prepare a cell
suspension of 1.0x10° cells/ml. Each 0.5 ml of the suspension was
10 inoculated on a circular collagen sponge having a diameter of 22 mm
which had been placed in a 12-well plate in advance (1.3x10°
cells/cm?). Then, the artificial cornea was prepared according to the
following method.
1) After inoculating, cells were allowed to stand to sufficiently
15 permeate into the sponge, and cooled to —80°C at a rate of —-0.2 to —
5°C/min. to freeze (slow freezing method).
2) After inoculating, cells were allowed to stand to sufficiently
permeate into the sponge, and placed in ultra-deep freezer at —152°C
to freeze (rapid freezing method).
20 B. Preparation method of artificial cornea as control
Rabbit keratocytes were cultured in DMEM + 10% FBS
using a culturing flask (culturing area 80 cm?). The rabbit
keratocytes were treated with 0.25% trypsin solution to collect. The
cells were suspended in DMEM + 10% FBS to prepare a cell
25 suspension of 1.0x10° cells/ml. Each 0.5 ml of the suspension was

inoculated on a circular collagen sponge having a diameter of 22 mm

which had been placed in a 12-well plate in advance (1.3x10°



keratocytes were treated with 0.25% trypsin solution to collect. The cells
.were suspended in DVEM + 10% FBS to prepare a cell 25 suspension of 1.0X
106 cells/m . Each 0.5 nl of the suspension was inoculated on a circular
Col | agen sponge having a diameter of 22 nm which had been placed in a
12-wel |l plate in advance (1.3x10 5 34 -34cells/cnR). Then, the artificial
cornea was prepared according to the follow ng nethod. 3) After

i nocul ating, culturing was perforned overnight (15 hours or 5 |onger)
under -t he aedlsfficmmYns of 5% carbonic acid gas and 37C. After the nmedi um was
aspirated to renove, the cells were washed with FBScryo twi ce. Each 1.5 ni
of FBScryo was adde€bhen, ¢hehangfitial ednimda wess poepaded cac8oding to thee of
-0.2to 5C/mn. to freeze (slow freezing nmethod). 10 4) After inoculating,
cul turi ng fatlewingfmetbddover ni ght (15 hours or |onger) under the
conditions of 5% carbonic acid gas and 37C. After the nedium was aspirated
to renove,3)t Aftecanosuletimgiesibléuring waspscioroediayerniglah (15 sheuirgfor
FBScryo was added to each well, and it placed in ultra-deep freezer at
-80C t 6 frlenger) usdsy theecenditionsgf e geebpoicragid gasand sy “4-t halter
freezing, and the viability of cells was nmeasured according to the nethod
-of C (desdhiebsgedbanomwas @spiraifichgoofemoves i thicalcellsr Weacawashesk Wwidhent of
viability The viability of cells in the artificial cornea prepared in the

20 above rERBravedvEcgrpl Bashalahdn ele FBIrmoumas addadiitegeasht mell,

fol |l owi ng net hod. ) :
which was cooled to -80°C at a rate of -0.2 to 5°C/min. to freeze (slow

freezing method).

10 4) After inoculating, culturing was performed overnight (15 hours or
longer) under the conditions of 5% carbonic acid gas and 37°C. After
the medium was aspirated to remove, the cells were washed with
FBScryo twice. Each 1.5 ml of FBScryo was added to each well, and
it placed in ultra-deep freezer at —-80°C to freeze.

15 5) The culturing was performed for 2 days without freezing, and the
viability of cells was measured according to the method of C (described
below).

C. Thawing of artificial cornea and measurement of viability
The viability of cells in the artificial cornea prepared in the

20 above mentioned Example 5 A and B were measured according to the
following method.

The artificial cornea which had been cryopreserved in .the
ultra-deep freezer at —-80°C or —152°C for 1 to 7 days, was soaked in a
water bath at 37°C for 5 to 10 minutes to thaw. After the medium

25 was aspirated to remove, the artificial cornea was washed with 2.0 ml
of 10% (v/v) FBS twice. Thereto 1.5ml of the same medium was

added, followed by culturing overnight (15 hours or longer) under the



The artificial cornea which had been cryopreserved in the ultra-deep
.freezer at -80C or -152C for 1 to 7 days, was soaked in a water bath at
87C for 5 to 10 mnutes to thaw. After the medium 25 was aspirated to
remove, the artificial cornea was washed with 2.0 mMl of 10% (v/v) FBS
twice. Thereto 1.5m of the sanme nediumssas added, followed by culturing
overni ght (15 hours or longer) under the 35 conditions of 5% carbonic acid
gas and 37C. Then, the resulting artificial cornea was soaked in 5.0 m of
0.5% col | acgﬁmmrss)qut 5%n carbpdisredidngas amé dater Odten,athgrestdting to 10
mnutes to dissolve the collagen sponge. Cells were collected by the

cent ri f ugaartaficial prayoedumess sbakisdun £00xml alCOb% solthgenese stHutian,| s
were suspended in the DVEM + 10% FBS, and the viability of the cells was

- measur ed lﬁ/ndrsshmkﬁlbllnetltlywaéﬁclhﬁéboat et Rothr Adoal P gnighutes ke disgalve
viability was obtained in the artificial cornea in which cells were

i nocul at ecthsn edltagen | SB@nngon%llénéVCrel@Otlk@ﬁ@@f br the| eanyrifegprtignand
frozen (the present invention, in Table 11) or rapidl ){‘ frozen (the
presend i rvernadires2ofi aAbyus 6091<)g bier andey dnimates: ed Thro cells osfcr ary,
inthe artificial carnea in which, cells were _inocul ated and, thereafter,
cool ed ancusperdedfnethe DMEM 1y10% FBS, andrthe vighility pihe srdlnpas 3)
and 4) in Table, 11) the viaghility of 15 cells s low The viability of
cells is SHERSUTRATRPItEYRAN @A@L@Yﬁf@l‘é@&%gﬁt&ﬁ reezing Viability of

Preculture tenperature cell freezing W.thout -80
63.5 The present é&ll‘”?ﬁ\"i‘ (tﬁ()e h V1a ﬁ o%talne 1n the artificia

cornea in which cells were inoculated on the collagen sponge and,
10 thereafter, slowly cooled and frozen (the present invention, 1) in Table
11) or rapidly frozen (the present invention, 2) in Table 11) before cells
adhered. To the contrary, in the artificial cornea in which, cells were
inoculated and, thereafter, cooled and frozen after culturing for 15
hours (conventional mefhod, 3) and 4) in Table 11), the viability of

15 cells was low. The viability of cells is shown in Table 11.

TABLE 11
. Freezing Viability of
ir:t:s;;:/iatlon Preculture temperature cells (%)
(¢C)

1) Slow freezing Without -80 63.5
The present preculture
invention .

2) Rapid freezing ~ Without -152 70.4

preculture

3) Slow freezing 15 hours -80 149
Comparative 4) Rapid freezing 15 hours -80 9.1
Example

5) Nonfreezing 48 hours - 88.2




invention 2) Rapid freezing Wthout -152 72.4 preculture 3) Slow freezing
.45 hours -80 14.9 Conparative 4) Rapid freezing 15 hours -80 9.1 Exanple
5) Nonfreezing 48 hours - 88.2 - 36 - | NDUSTRI AL APPLI CABI LI TY Since the
fethod for cryopreservation of the present invention has the higher
Viability of cells than that in the comsgentional nethod, a tissue
equi val ent useful for wound healing can be preserved 5 for a | onger period
of time. In addition, since preculturing and washing steps before freezing
can be omtted and washi ng dNRUSTIRIALaAPPLICABILIY i s sinple in the
present nethod, the present nmethod is sinpler and nore inexpensive as
conpared with the cBmenttheametheidhofbr Fuybbeesemiatiom aof | dxtiepeeggnvtal ent
can be cryopreserved by a to sinple freezer (-85C to -20C) in the present
met hod, a invegutéondps ta¢ bighenmakhility of @ellsdthan thhabimtle conveadional es.
Moreover, since a tissue equivalent cryopreserved by the present nethod
has no tomiethod, andsaugleguvalent useiddopavounddiealing cander pressevad v, -
37 - CLAIM5S 1. A nethod for cryopreservation of a tissue equival ent which
conpri $es Wrseefonges uBpEndi 0f é@W-s ilnt @dgditippe psiseer Breguddiungoands 5
step of inoculating the cells on a matrix, and a step of freezing the thus
obt ai ned tweshéngdifepsl reforpdreezingheandrg omidird andwashingt pyocedurerhe

met hod of Claim1l1, wherein the cell is one or nore )
after thawing is simple in the present method, the present method is

simpler and more inexpensive as compared with the conventional
method. Further, since a tissue equivalent can be cryopreserved by a
10 simple freezer (-85°C to —20°C). in the present method, a tissue
equivalent can be preserved in more medical facilities. Moreover,
since a tissue equivalent cryopreserved by the present method has no

toxicity and high safety, it can be immediately used clinically.



selected fromthe group consisting of fibroblast, epidermal cell, vascul ar

.10 endothelial cell, Langerhans' cell, nelanocyte, adipocyte, hair matrix
ecell, hair papilla cell, snmooth nuscul ar cell, hepatocyte, keratocyte,
Corneal epithelial cell, and corneal endothelial cell which are derived

froma nmanmmal. 15 3. The nethod of O aml, wherein the step of freezing
is carried out using slow freezing nmethod. 4. The nmethod of Caim1l,
wherein the step of freezing is <carried out using rapid freezing nethod.
20 5. The nethod of daim1, wherei nGLdM$ep of freezing is carried out
using vitrification nmethod. 6. The nethod of Caim1l, wherein the
preservation 25 tenperature after freezing is at |least -196C to at nost
-20C. 7. The nmethod of Caiml1l, wherein the tissue equivalent is an - 38
artificial skin, anlafAtmethodfohtrmpressseitionef artissueeghivalent wrichn
artificial cornea. 8. A cryopreserved tissue equival ent obtained by

i nocul at i epmprises| @ stappeingagpending cpbipriadera icngoprssgrviorg salutiomt ai x and
freezing it before the cells adhere to the matrix. 9. The cryopreserved

t i ssue Sequiterl eninasulatingribe celfe pai & matdx asd gestajupl fiesging shgthus
artificial skin, an artificial blood vessel, an. 10 artificial liver or an
artifici aloRigined tissye quuivalent befargi the eells adheratentbe MmEFEi n a
conbination of the matrix and the cells is a sponge conpri sing

atel ocol l agen and fibroblasts derived from humman. 15

2. The method of Claim 1, wherein the cell is one or more

selected from the group consisting 6f fibroblast, epidermal cell, vascular

10 endothelial cell, Langerhans' cell, melanocyte, adipocyte, hair matrix cell,
hair papilla cell, smooth muscular cell, hepatocyte, keratocyte, corneal
epithelial cell, and corneal endothelial cell which are derived from a

mammal.

15 3. The method of Claim 1, wherein the step of freezing is

carried out using slow freezing method.

4. The method of Claim 1, wherein the step of freezing is
carried out using rapid freezing method.
20
5. The method of Claim 1, wherein the step of freezing is

carried out using vitrification method.

6. The method of Claim 1, wherein the preservation

25 temperature after freezing is at least —196°C to at most -20°C.

7. The method of Claim 1, wherein the tissue equivalent is an



11. The tissue equivalent of Caiml10,

i n which the sponge conprising
.atel ocol |l agen has vertically directional pores.

T .

- 38 -

artificial skin, an artificial blood vessel, an artificial liver or an artificial

cornea.

8. A cryopreserved tissue equivalent obtained by inoculating

5 cells suspended in a cryopreserving solution on a matrix and freezing it
before the cells adhere to the matrix.
9. The cryopreserved tissue equivalent of Claim 8, wherein
the tissue equivalent is an artificial skin, an artificial blood vessel, an
10

artificial liver or an artificial cornea.

10. The tissue equivalent of Claim 8, wherein a combination

of the matrix and the cells is a sponge comprising atelocollagen and
fibroblasts derived from humman.

15

11. The tissue equivalent of Claim 10, in which the sponge

comprising atelocollagen has vertically directional pores.



