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DESCRI PTION  PERFUSI ON CULTURE METHOD AND PERFUSHONCUCTURE.
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DESCRIPTION - ' O
PERFUSION CULTURE -METHOD AND PERFUSION CULTURE DEVICE FOR
ORGAN OR TISSUE

Technical Field
[0001]

The present invention relates to a perfusion culture

method " and perfusion" culture device for longFterm_

preservation of an organ or tissue that is extirpated

primarily for the purpose of transplantation.

Background Art

" [0002]

Organ transplantation is currently perxrformed as the
main therapy for irreversible dySfunction of organs due to
illness or accidents. Although the number = of
transplantation cases has increased and their success rates
have dramatically risen due to advance in immunosuppressive
'drug and transplantation technology, chronic shortage' of
organs has come to be a serious problem in transplantation
medicine (Non-Patent Document l); Although a method of
transplénting organs from transplantation animals " or
development of genetically modified animals which are less
likely to produce).immunological rejection - (Non-Patent

Documents 2 and 3), as well as development of artificial

" organs which aims to replace an organ function w1th. an

‘artificial material (Non-Patent Document 4) are being

carried out in order to overcome this organ shortage, none
of the technological developments have yvet to replace the
functions of adult ofgans.
[0003] | | |

Major reasons for shortage of donor organs supplied
for transplantation are not only the number of organs

provided, but ‘also the short period of time that the

extirpated organ can be preserved in a transplantable state.

For this reason, development of technology to preserve the

elates
erm

preservation of an organ or tissue that S extlrpated pri mar ifispisbor thé
pur pose of transpl ant ati on.

llllllﬂllllll



Background Art [0002] Organ transplantation is currently perforned
as the main therapy for irreversible dysfunction of organs due to illness
or accidents. Although the nunber of transpl antation cases has increased
and their success rates have dramatically risen due to advance in

i mmunosuppressi ve drug and transpl antati on technol ogy, chronic shortage of
organs has cone to be a serious problemin transplantation nedicine

(Non- Pat ent Docunent 1). Although a nethod of transplanting organs from
transpl antation animals or devel opnment of genetically nodified animals
“which ar %xk&&@até&&btgfa@l pERdug@ocl Mmungl @giae@plraejt@@ﬂieonsw@@ E@treﬁi
Documenti % ar‘;Cl e) ,as vvell asrd%\élo ment_,.of art|f|c1§ 19rga h ai s
to repl ac8%8n Gran fundtish MR AT hr ti f10 af*Ofkt e  4F Ciyaet
Docunent m&éfharde tbdimg icaradled mragﬁ mﬂerepbaovegcbﬂr@mihmtm:@art@or t age,
none of b%ahecqheal 901 63 cdepek-apurat 3 Bave el o e AR 1he Jdingt | ons of

adult organs. [O Maj or reasons for shortage of donor organs
suppl i ed SPBPrFFEné’ﬁI ént“é?ﬁacﬁ?]a]r%“no‘imGnlt\l}ePhémﬁ‘iﬁFo%lrn%fl'br g&n§ prIVi ded,
but al sotkeheeshotrepereatwfatiidre sbatitiba.extTheated sorgbgo can chﬂd

prese“’ege&?u&%a” %let%tg%iablogf ex:f‘r&rﬁer O%no'r%éeégééggiogevglcom?”t

-technol ogy to preser an eéx vivoin a transpﬂ ant abl e
state. foﬁiealpleﬁﬂgut—’ﬁn‘e’hi‘-éebﬁﬁﬁféuﬁrl@mté@ VHseuRest neitaeink evipiioyedheet hod

foday is.eobd siieipge oh,rerhaeing pkoad -yt hip.Lheargan V&&ﬂhtalon,
I owterrper ature organ preservation solution to sup gr ess cell net abol ism

and t hen tPRMEMEPRES t°7 W%lq:%w-ltseﬁ"ﬁé}oéﬁﬂge hesErFati 8ﬁ0§b’1cﬁt irkDifhere is
al so a cehd pardddsiverd r@f@@ﬂ of THIENssi Q@rprteﬁ_@sr vatd O@eaénalyoméleﬂg)erat_ure

whil e perfusm th ar netvvork

Iowterrpglaﬁtrufg E.tan br (Lagé%r%?l S8R % yr%‘l e %g?gﬁ E\Pwactherft

r enovi ngDokemgast é)prodii@tvewarhl rthtew@ m%ser\ledu@rgzm tlTel eegipar athis are
recent |y Reieng, GaLK | edirgﬁéd-} I@g&%@n%ltt@le bakked r§éé‘ﬁ§és( '\@é{‘n Pq;eent

Docunent - 5) . However eisalimt to peri od time which organs
preser ve@aRetl tIResh ﬁﬁ?ﬁo@‘%eﬂe Sfae ellﬁ“ﬂéceooﬁfb‘lseex%l eiVERe Y mit of
use for lkiciar ghyreeld ﬁ:tom@@ghts tBowght2 cnhcbxergp hahﬂS)a tamara;ﬂ@hnol ogy

for further di n preservation periad is in ge] As
2 tevi ce PGt STORCr o BrESEE SR R T A5 o R AR i Y G system &s
proposed,[owlediei n an organ hanging tube is.inserted into the inferior vena

cava st ump, of ABe ! 1acd NEoPNLre, LVRY di hanantio Andet hG dryetar

supported by said han er tube an e surface of container part the l|iver
i s pl ace@ripdacinhi cﬁrﬁay aPYeheMt 9 bRreptedn avkpreted 3 at¥dSee,

e.g., panaegapl 0@24]i<0firRatendd Dogtenhe 1linFegube ZenandNigWitin) -
Rel at ed Art
of ‘the liver, the entire liver is hanged, and the liver is
supported by said ‘hanger tube and the surface of a
container part the_livér is placed upon, which may allow it.
to be kept in a dilated state (See, e.g., paragraph [0024]
of Patent Document 1, Figufe.z,-and Figure 4). | '
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Disclosure of .the invention

Problems to be Solved- by the Invention
[0007] N |

| In the method of Patent Document 1, the organ is
easily damaged since a hanger tube is inserted into the
organ. Moreover, the present inventors have confirmed in
an experiment using a similar configuration that the
perfusate is not delivered to all parts .of the liver.
Accordingly, the object of the present inveﬁtion is

‘to provide a perfusion culture method and perfusion.culture'
device, wherein an_organ.can be preserved for a long time
while sufficiently maintaining the function thereof by
delivering a perfusate to all parts of the organ. |

~ Means for Solving the Problems

-[0008] |
' As a result of repeated inVestigations to solve the
above problems, the present inventors have fouhd that in
perfusion culture of an organ or tissue (hereinafter
sometimes referred to as "organ etc."), rather than hanging
the organ etc. itself, by extirpating the organ etc. along
with a second organ or tissue which is connected to the
organ ‘etc. 1in- vivo,  and hanging the brgan etc. to be
cultured by fixing the aforementioned second organ or
tissue, culturing can be pérformed so that the perfusate is
delivered to all parts without causing damage to the ofgan
etc. ' _ R o _

Further, it was foﬁnd that when hanging and culturing

the organ etc., by immersing it in an organ etc. immersion



Di scl.osure of the Invention Problens to be Solved by the Invention [0007]
In the nethod of Patent Docunent 1, the organ is easily damaged since a
hanger tube is inserted into the organ. Mreover, the present ‘i nventors
have confirmed in an experinment using a simlar configuration that the
~perfusate is not .delivered to all parés of the liver. Accordingly,
the object of the present invention is to provide a perfusion culture

met hod and perfusion culture device, wherein an organ can be preserved for
along time while sufficiently maintaining the function thereof by

delivering alaebbu%ﬁdttétaiéa@@réspﬁ&ﬂfEfCE&@nor@@ﬁnétEorﬁ%ﬁéﬂd&%the
Problens OOSL resul t ofbrepe ted i vestlﬁatlons to sqlve the
above prBBPERARS ythéhﬁréﬁﬁé U Fent o sOf ORTEE Hat TR pePPasforr cul ture

of an orgha orgthnsste. (MQﬁauhﬁtpﬁrrmﬁmmfn9$meetberédnbolaa "toregaofetc. "),
rat her tBﬁH Q%”Q&ﬂ%u&ﬂﬁgﬁigfg gt nlka%%%%i YPYe R T gt e .argan etc.

along with a secon or tls ue whi i's connected-to the organ 'etc.
in vivo, péﬁéeﬁéngpﬁgnﬁh@nowgénC@W@leFGdbe cultured by fixing the

af orenent i onedrseeend OLGANOr $hSSHBpetH! tdi | ige CaRebenperifiRidiRd o30 t hat

t he perfus? g is.delivered to all parts w thout causing danage to the organ
-etc. 3-8 tRat at least a part- of the organ etc. receives buoyancy,

t he perfﬁ&hte Bamebbodelfove ped fiue Lioor ecypldrdise off t e organ etrc.timsdiet he

peri od OEthgEaEQS fEYRGE | PN RRL £0T  fanhe @%ﬂgfﬁfﬁﬁh'érskggkhbcﬁ%t'y or

ext ended fhus the present invention was co
wor ds, oﬁété§8é6?dof:oﬁﬁéh6ﬁfeé*’éﬁth iR ?EﬂJ%ﬁle@rtBlssue which 1s

connected to the aforesaid oxrgan or tissue in vivo,
comprising a step of hanging the aforesaid organ or tissue
by fixing said second organ. or tissue, and a step of
perfusing the blood 'vessels in the aforesaid organ or
tissue w1th a perfusate, ' '

(2] The perfusion culture method according to the above
[1], wherein in the said perfusion step, at least a part of
the aforesaid organ or tissue 1is immersed in an organ etc.
"immersion liquid; | '

[3-1] The perfusion culture method acéording to the above
[1] or [2], wherein the aforesaid organ or tissue is the
liver, and said second organ or tissue is the diaphragm;
[3-2] The perfusion culture method according to the above
(1] or [2], wherein the-aforesaid'organ or tissue is the
liver, and said second organ or tissue are the diaphragm
and the rib; |

(4] The perfusion culture method according to the above
[1] or [2], wherein the aforesaid organ or tissue is the
kidney, and said second organ or tissue is adipose tissue
surrounding the kidney; and | _ '
[5] A method for perfusion culture of an orgén or tissue
extirpated from a mammal, comprising a step of hanging the
aforesaid organ or tissue, and immersing at least a part of
‘aforesaid organ or tissue in an organ etc. immersion liguid,
and a step of perfusing the blood vessels in the aforesaid

organ or tissue with a perfusate.



[1] A nethod for perfusion culture of an. organ or tissue extirpated froma
manmel , wherein said organ or tissue is extirpated together with a second
organ or tissue which is connected to the aforesaid organ or tissue in
vivo, conprising a step of hanging the aforesaid organ or tissue by fixing
sai d second organ or tissue, and a step of perfusing the blood vessels in
the aforesaid organ or tissue with a perfusate; [2] The perfusion culture
met hod according to the above [1], wherein in the said perfusion step, at

| east a part of the aforesaid organ or tissue is imersed in an organ etc.
i mrersion |iquid; -1] The perfusion culture nmethod according to .the
above [ 1] orq[gf, ﬁ%gﬁg|1%Qﬁﬁéﬁcn%%%fEGErggﬁp8E§ti§%ue%ﬁ§ztﬁé %?&ﬁ,'and
sai d secomyemtgam aeleitssuédc:s t he di aphragm [3-2] The perfusion culture

met hod aqgqr di ng, & fde,AbaMe ik Get2le Whereip thga{ opesaigdqrgan or
tissue is the liver, and said second organ or tissue are the diaphragm and

the rib; COWFITHEGDer f FHRETU YUr 'SPt hod Cac P hef t ¢ heCdB8%e 94] or
[2], whereigduehe aaferesaiat corigail o ddasies i Sot hel kiwhiey, a anslrSad4k second
organ or LI ssug, I.g adipose ddsoue suroynding {he ki dney:. apd. [ 21, A met hod
for perfusion culture Of an organ or- 178§sue ex:flrpa‘teof1 roma wammﬁ,
-conpri si mytd lome gaginudan diory aliewifng dgw dorganter 19 sSuew awd f¥erer si ng

at | east &P, Qf-af0esaid o gansQfe 1 ssue in an organ etc. imersion
liquid, and a step. of perfusingtthe bl ood vessels_in the aforesaid organ

or tissudMithT&epétFifsatien gulture deice RECURNIHRI ARotHsr APEt of

t he presqnrt] ,i nMerdihen ¢ehptesihg: a [VasfePpethasi eanclititwe tewéceidor an
organ or tdssue, CcOnprising suspensi on neans. for hangi,ng the organ or

i Ssue, & T GSAEE PFow Canii i FEroat | m & pert dear & 10 19w 1 nt o

t he af or esmied saroganl bguidssdg, leandhe perdrssted ootrbhow @antdisgutorial | owi ng
t he perf%%@ﬁ%tﬂgﬂa(gy(nn fromthe aforesaid organ or tissue; [7] The
perfusion culture é%vice according to the above [6], further conprising a
vessel tH& dafPgl [RAF THATEIS| BRI BFT 61 d59ENRE P ParT oY shPd rgaftPOre ti ssue
in the organ &tc.[7] Mehsiredn i the dafbirkeatiie afqpresar dtosgae drs tilssue is
-belng haqq%ér, ~and further comprising a biliary ' cannula for
recovering bile; ' _

[8-2] The_perfusion;culture device according to the above
[6], [7] or [8-1], wherein the aforesaid organ or tissue is
the liver, and - the said suspension means has a
configuration where the liver extirpated together with the
rib and the diaphragm from a mammal is fixable at the rib;
[9-1] The perfusion culture device according to the above
[6] or [7],.wherein the aforesaid organ or tissue is the
kidney, and further comprising a ureteral cannula for
recovering urine; and

[9-2] The perfusion culture device according to the above
(6], [7] or [9-1], wherein the afOresaid organ or tissue 1is
the kidney, and the said suspension means has @ a
configuration where the kidney extirpated together with the
surrounding adipose tissue from a mammal is fixable at th

e

adipose tissue.

Advantage of the Invention
[0009] '

According to the perfusion culture method and



{8-1]. The perfusion culture device according to the above [6] or [7], .
wherein the ‘aforesaid organ or tissue is the liver, and further conprising
a biliary cannula for recovering bile; [8-2] The perfusion culture device
according to the above [6], [7] or [8-1], wherein the aforesaid organ or
tissue is the liver, and the said susﬁension means has a configuration
where the liver extirpated together with the rib and the di aphragmfrom a
manmal is fixable at the rib; [9-1] The perfusion culture device according
to the above [6] or [7], wherein the aforesaid organ or tissue is the

ki dney, @udefalfdherucompsi gingcad sbet 8F-ghncCapnl astior of eepvepagetit i ne; and
[ 9- 2] The_&erju5|on cul ture device accord;%%rtg tﬂg above [ 6], [7% or

[0-1], WIS The G Esar8Corant B72tFs i 85t HEEKG ¢ %A Rd ¢he said
suspensiparteans thas argeanf iwguhatitoramMeing tdwendgedney ex¢ | opadred foget her
with the ry qundi |0 tis I OF | i.s; fi xAh] adi pose
- tissue. %%a%%aggle%%rﬁ%g)lﬁ(ggntai ?ﬁ%ogg?\é g%qg?f unléalislc#]E cu trggr chﬁ%%?ce 'fgr
organ orfenasien ofo the preveaedi AoEntraRSPirRERt AR PRrRusaPe thathe

del i veregh-10r abdsPeapSi®h bhecpéEdapamwi hggut causing damage to the organ, it
can be pfeﬁeéved for a long tinme while maintaining organ function to be

- provi ded §ot %ransprantation in-a good state. Brief Description of the

Dr awi ngsF{@@id] 1 Fiiguree schemat ¢ hémagiremdisagwangs lkowi argpran eexaihpteeof - t he

perfusi Q0o eHILIKS fRYLGR! QAL EaN O Lisaue AcCOrding acLo-bhegpr esent
i nvention;  Figure Is a schematic di agram the magnitied culture vessel
of the pe?fitlF PresfiiuregevFeeshown in Figure 1. The liver is Shown in

t he schempgi€e dbagreaam ok chicgiate 2 deigtam asfanhex emgyn f1ioad i ealckigure 3 is -
a schematic diagran%%homjn_ an exangle of .the cannul a Fo QFchpnegted to
the orgah®oicti 85uélEe & ¥ The-PresERt HFhvENCoh 10 Figure
. The liver is shown in the schematic diagram of Figure 2
merely as an exemplification; ' '
Figure 3 is a ébhematic diagram showing an example of the
cannula to be connected to the organ or tissue according to
the present'invention; .
Figure 4 ié a schematic diagram showing an example of the
bubble removal device; . _
“Figﬁre 5 is a schematic diagram éhowing an eXampie of the
preperfusion. circuit;
Figure 6 1s the appearance and_ micro-CT images after
circulating trypan blue in a liver subjected to perfusion
culture by variougs fixation methods;
Figure 7 is the chahge over time of GOT and GPT in a liver
, subjeéted to pérfusion cﬁlture by various fixation methods;
" Figure :8 is the change - over time of the amount of urea
synthésis in. a liver subjected to perfusion culture by the
hénging‘fixation method in liquid;
Figure 9 is the change over time of the. amount of bile
secretion in a liver subjected'to perfusibn culture by the:
hanging fixation method in liguid; and
Figure 10 is the 'change over - time of GOT and GPT in a
kidney subjected to perfﬁsion culture by 'the stationary

fixation method and the hanging fixation method in ligquid.



Figure 4 is a schematic di agram showi ng an exanpl e of the bubbl e renoval
device; Figure 5 1i1s a-schematic diagram show ng an e5canpl e of the
preperfUsion circuit; Figure 6 is the appearance -and micro-CT inages after
circulating trypan blue in a liver subjected to perfusion r-ultur. by .

various fixation m=.1-horls; Figure 7 is the change over tine of GOT and

GPT in a liver subjected to perfusion culture by various fixation nethods;
Figure -8 is the change over tinme of the ampbunt of urea synthesis in a

| i ver subjected to perfusion culture by the hanging fixation method in

l'i qui d; Bbggggpglbg thepehangeeayer time of the ampbunt of bile secretion in
aliver i & fted to perfusion culture by the hangi ng fixation nethod in
liquid;" a1 Ei gure 10 i's the change over time of GOT and GPT in a kidney
subj ect edrtof peibusbuﬁtumbtmeehby the stagthobaryikkxali on method and the
hangi ng fixati me id Gri o] i 11]

[ Perfusion cul?ﬂ?e %gggod ? ggigéﬁfor%ilsgh b fpel;ff%%qog;alrs ggbect of

t he or ganepEPuSicePTHHS Ure Wet hpdeaenbr dinvgnttd orhel prasenthpdvdetion is a

met hod f gerpeEfUsi @M i1GUlArer Ofn aargaga@rort tdssteeexiispad @drbrpmaa
mammal | charag terized in that.the g?ore tioned organ or_tissue is
2]

ext i r pat Ba"T8get KPP AT 258t oY 13 SRS PGS RBARBCOEd to the

_af oresai diesganier ekicsspatied VDgetheﬂnwntslagsacshdpo@gahaoglmgsshe or gan

or Ll ssugyoun LEl pg e 800900 A080.OL oLLASHe AN, 2 3LER.0T PRLLUS ng the

bl ood vessels in e organ or tissue wt
comprising a step of hanging the organ or tissue by fixing

the second organ or tissue, and a step of perfusing the
blood vessels in the organ or tissue with a perfusate.
[0012] ' ' | o
"Mammal" herein is not particularly limited,,and'the
perfusion culture method according tofthe present-invention
can be utilized for organ etc. of any mammal . When the
organ etc. cultured With the method according to - the
present invention is employed for transplantation, the
mammal can be appropriately selected according- to the
subject to which the organ etc. is transplanted_(rebipient),
examples of which include - humans, pigs, cows, monkeys
baboons, dogs, and cats When the recipient is a human

the organ etc. used is primarily that extirpated from a

"Organ or tissue (organ etc.)" herein is not
o particularly limited as long'as it is an organ or tissue
.suitable for perfusion culture, examples of which include
the "heart, liver, kidney, -1lung, pancreas, stomach; small
intestine, large intestine, tooth and its surrounding
_tissue,_and hair and its surrounding tissue.
[0014] | ' |
"Perfusion culture" of organ etc. 1in the present
invention refers to linking a tube such as a cannula to the
blood vessels of a extirpated organ etc. and allowing the

perfusate to flow in and out in a manner similar to blood



Al

[0012) - "Mammal " herein is not particularly limted, and the
perfusion culture nmethod according to the present invention can be utilized
for organ etc. of any mammal. Wen the organ etc. cultured with the nethod
according to the present invention is enployed for transplantation, the
manmal can be appropriately sel ected éccording- to the subject to which the
organ etc. is transplanted (reC pient), exanples of which include humans,
pi gs, cows, nonkeys, baboons, dogs, and cats. Wien the recipient is a '
human, the organ etc. used is primarily that extirpated froma brain-dead
patient: sfQQ13], order to Q@PMLAL EhESULSEEN JaMRILe ) skNETSAN1HS tARL
particularly limted as,lon% as it is-an"organ or tissue suitable for

per f usi oATEUFRUr EPPERRAPPES 18T SHHSAT i hot e T hearTPOFE VP REdAey,

| ung, paBeteaspostionaclompssBtiohnbéstheepekrangetentesbirdénat aot hhand its
surrounding tissue, and hair_and its surraoundi tissue. 41
"Perfusikxgguf%urgamg?gofﬁhnog %?'in ?ﬁ% 5%%%@2%’in%%nﬁﬁg%q%%fgpgsfo .

| i nki ng campubeisach rag raegdsnul sdlo t he blsvgdreessal s dfincexBicigsat ed
organ etge.-andaall eWgdihe perfusate ta fdomw e agdlaut ohn edipTaiRer
simlar to bl ood ﬁ flg in_order to culture the organ..Those ski.lled in
the art SR SBPFGHI SEdRy CUHIGEE Delt- RAGAR RERPGST EFaRToFoqur ion

corr espoaapigyednpast tooganf prieseperftisat ecaccbedienpltaydde anpe tbe manmal
or organ._ For exanpl i be th LLsi,Ng. ri.ents such as sugars
or aninoCQEPSElﬁéggs§§?§%ngxgeﬁPEs§§%F§§ﬁEakigu?%&g%egdlution enpl oyed for
general dePR5¢ulture or an organ preservation solution enployed for organ

preservation cap be,emyavediandche wenprsthb@n 4bes£8ings ot the
particularly limted. [0015] In the perfusion culture nethod

accor di n§YESee IPVESEAPT nGENOFERT & Cor XN 1EPRTCEXPEFAET 3¢t Rer with
a secondcergad ofrghinSstetwsisth whiechniectetntotkhe tor gare etrgan @twi.vo i S

enpl oyed.; Acsordi ng. | gnsugheaoNTi gUalidng stacetde apiauppiaped second
organ or ti s§ué can be fix 8_|n order to hrang the organ etc. to be
cul turedgsinige cuhe ure oxsimeriterPrsgh Beceali verean t @©Tal Fipakes @Ant B or gan

etc. wthoylbscausidudanBgentAgt Bae0daA et t oo bepsubtiitesed, the '
culture solution can be delivered to all parts of the organ
etc. without causing damage to the organ etc. to be
culturedp
The second organ or tissue is preferably an organ or

tissue whiéh is connected to the organ etc. in vivo, more
preferably an organ or tissue which 1is connected to the
upper- part of the organ etc. in vivo. By hanging with such
organ or tissue, the .organ etc. can be cultured in an
environment similar to the in vivo configuration. An
environment similar to the in wvivo configuration herein
means an environment where the organ etc. can maintain its
natural shape without being subjected to compression from-
hard materials such as the inner surface of a container.
Because the conventional perfusion culture for organ etc.
wag carried out'by placing the organ etc. 1in a container
such as a petri dish, the blood vessels_in the portion in
contact with thé petri dish was compressed, and the
perfusate was not sufficiently delivered. According to the
method of the present invention, since the organ etc. 1is

hanged and cultured in an environment similar to the 1in



The second organ or tissue is preferably - an organ or tissue which is
connected to the organ etc. in vivo, nore preferably an organ or tissue
which is connected to the upper part of the organ etc. in vivo. By hanging
wi th such organ or tissue, the organ etc. can be cultured in an environnent
simlar to the in vivo configuration.9An environment simlar to the in vivo
configuration herein neans an environnent where the organ etc. can maintain
its natural shape without being subjected to conpression from hard
material s such as the inner surface of a container. Because the

~conventional, pehfFUSLERGUht Urg d Of PFFAR: Bt CanVad CheTiderddi QUL 1RY

.

pl acing the organ étc. in a container such as a petri dish, the bl ood
vessel s PRECPoPEi BRACi AEBAPaE Wi th the petri dish was conpressed, and the
perfusate was mottisedfi citent | ¥idehigverad. Aecondi ngrdant her netibedieof the
present Loventiqn. singe the.grdan ote., fs hanged and gultured.in an

envi ronnBrt “Si m 1A t oot He i A 9 Vi VO configurati on, Phe perQUsate can be
del i ver etliesual Espdpmagefl, t he orgaheeférmly fixeBumtifidy menfenisf isxichg t he
second organnQtrtissug, nahgee thsee bii?@ih cg&zﬁnbe&qeéifo&h%e%@%gnd organ
or tissue,is damaged, it can be firmy fixed with nethods such as inserting
a hanger "ttBe? EPgbﬁ?ng with a clip, or sewing with a' suture. For

exanple, if theroeganple, bef cuhtuvedanstbhbel buéturehe idi apler dgmeirs

£onnect edy.o! Qg HpRer  Barh theredl 10 (o, 808t hs,a1 or erEni | ongd

di aphragm-rs necte 0 the rib. "Accor only phragm  or fhe
di aphr agiidnd end iths cdirriseneaiployrsd danteagecbndcongants)t &p tihssue(s) .
When ext Lipati Rgcbbaihbyer bh0p anmeARBbhrbbmt herdiaphbagmhHrs axbinhgpat ed

-together, the:.liver can be hanged bn_an environment that approxi mates that
[

in vivo BYefFiPngaPnBeafBPER¥RE BRelRGi SFAPREGNPTRRFd Atb tiFSE&difion to
t he di aplihagmeixs iexkichipat @thet Qgeidrers rduea rmbdmean, beff kxed diepaldaem a nore
st abl e hangi ng.. [0016 - Ocher, exanpl es of _the _second grgan qr tissue
Thol ude. TBot ST TRTUT CSE TS oF "Bl Lt g ATe BEania A portbr &,
adi pose thysyenaenachddtt capheoximabes chathelki darp dry phhesteas thieor

cul turi ngran-QEARR-AES! *&a‘ﬂikﬁ%g}ni._\’e §¥st@m ap; Ypsir eadn Adj acept engan
(specifically, the stomach or duodenum for culturing the small intestine.

and the SHEPPTPAFeSH XY GPAAAT uF PAYEERE. | APGe Lilkt 6631 nBY; SASPIcH %t uri ng

- the toot hiasd &t sosdr seHBUENgahysage, the jaw bone, al veol ar bone, root

bone, an Ogaggiva; and for culturing the hair and its surroundi ng tissue,
the epidernis; derm s, and adi pose tissue. [0017] In the perfusion
cul ture net hodOooher hexpmpsenat of ntbat Benpnthergaspoaf tpesfugsiimg ltuse bl ood

vessel s hﬂttﬁé A69aR i Rt CogM BN 2 RELLYSALE nEPRHEURL OB ST &) GaR R8s,
performed by, for exanple, linking a tube c nnecte& to’the 6100 vessel s of
t he or gafdépeset & iEPimmpatanahar o ngheheurface of the kidney or

pancreas; for culturing an organ of the digestive system,
an upstream adjacent organ (specifically, the stomach or
duodenum for culturing the small intestine and the small
intestine for culturing the large intestine); for culturing
‘the tooth and its surrounding tissue, the Jjaw Dbone,
alveolar bone, root bone, and gingiva; and for culturing
the hair 'and its surrounding tissue, the epidermis, dermis,
and adipose tissue. |

[0017] _ _ _

_ In the perfusion culture method of the present
inVention, the step of perfusing the blood vessels in the
organ etc. with a perfusate (perfusion step) can be
performed by, for example,'linking a tube connected to the

blood vessels of the organ etc. to a pump, and allowing the



10 perfusate to flowin and out. [0018] The perfusion culture nethod
- of the present invention is preferably carried out by imersing at |least a
part of the organ etc. in the organ etc. immersion liquid in the perfusion
step. By doing so, at |least a part of the organ etc. receives buoyancy, and
“therefore an environnent that further-%pproxi mates the in vivo
configuration can be created conpared to sinple hanging, and the perfusate
can bé delivered to all parts of the organ etc. A state where at |east 30%
of the organ etc. exists.in the liquid is preferred, nore preferably 50%

further ngf@g@@gyt§04§o@ngnn9§g greferably, the entire organ etc. exists
in the I|qU|d As with the perfusate, those skilled in the art can

appropri att§! sel ect the organ etc. inmersion liquid according to the type
- of mammal and THgateeiwsjomndul tun@aymbdehod bhethanprQSeatdﬁhhemenbn

conp05|t|on asfghng§LL§§$1%d,LQRJ%%¥ %mmer51n %%qud5%§gghéa9£ E?e

per f usi on° clfture’ne 'SSU8 dccording present
|nventlohhﬁsoagﬁEtMﬁ¢fcﬂnpébﬁugnganxﬁtgrel@ﬁeaﬁl@mgdWQHkﬁ ext ithgat ed

froma rrgmhmgﬂaé@%erl é?d dorln‘tigh%to Itattcomgéts‘% ﬁaﬁe@fotnha%@a& ‘the
as ar of . I n an

organ etc, and i myersi

i mer si ofitfi qarfESYRd gg§¥%ﬁp$ﬁ p2rd §Pﬁ§eéﬁ§ebFHbd89¥§§%P§e?ﬁ Pﬁ@torgan
“etc. wthuatperfugateoximates e tier neringed domfiimgifatrisin as:pmct bef the
perfusiopn, gg{é&rng§g3891ﬁg organ Ohahbogue ageordlyo %PE' £ 0 esgnt

i nvention are e synon $econd aspe escri ption
thereforéeléeéhV?¥@@ h@réll[@@ZGF ot the Q?BQ%ee§@con6 §§a§€tW@ﬁrﬁhe

met hod ageondiakg too4 h%fprﬁﬁénbﬁg&\he%t@n, ebhig st epn ofcHeanyi dgi d he sorgan
etc. can be_any nethod as | an tain . the function
her cof ., PAFERBUR, 1TSS BFEFERABY Q08¢ afCobhni BFC6 EHAYeofr oRRENt | n
Vi vo. Acmosdlpgéyerablys phef entede dfgahoehangeixistise inamdevéritjudal.
orientathgn @s.jn Miyo E’J{éfﬂgsé?‘témt hadbas NN VAsi Me a5, PosSIb! ean
appropriately select the organ etc. immersion liquid
according to the type of mammal and organ etc., and it may
be of the same or a dl ferent comp051tlon as the perfusate.
[0019] .

The second aspect of the perfusion culture method for
organ or tissue according to the present 1nventlon is a
method for perfusion culture of an organ etc. extirpated
from a mammal, characterized in that it comprises a step .of
hanging the organ etc. and immersing at least a part:of the
organ etc. in an organ immersion liguid, and a step of
perfusing the blood vessels in the organ etc. with a
perfusate.

The terms used in the first aspect of the perfusion
culture method for organ or tissue according to the present
invention are employed éynonymously in the second aspéct,
and description theréfore'is omitted here.

[0020] _ :

In the éecond aspect of the mcthod according to the
presenc invention, the step of hanging the organ etc. can
be any method as long as the organ etc. can maintain the
function thereof, although it is preferably a state similar

to the environment in vivo. Accordingly, it is preferred



[0021] [Perfusion culture device for organ or tissue] The perfusion
culture device for an organ or tissue according to the present invention is
characterized i.n that it conprises a suspension neans for hanging the organ
etc., a vessel that can allowimersion of at |east a part of said organ
etc. in an organ etc. imersion |iquild while the organ etc. is being
hanged, a perfusate inflow cannula for allowing a perfusate to flow into
the organ etc., and a perfusate outflow cannula for allow ng the perfusate.
to flow out fromthe organ etc. [0022] When enpl oyi ng the

oo e at L Wity SN e LG LLUELDG 1 B8 LhYBES oht ob0 1B €1867 684 Lur ther
conpri se 2 BFi7a c¢annu y rnserting_a ﬁrary cannula into the bile
duct of mheh¢@v@$ n@heleﬁelgec@etE@Sﬁﬁbhﬁthe |iver can be recovered on the
outsi de ofpthe cul ture vessel . [ 0023] V%en enpl oyi ng the

aforenentroned device_for cglturrnﬁ t he krdne% IS preferred to further
conpri se [Peripet @R af UL aHRGI 9SVEFSi hSEr PFHG a” r&fgﬁgﬁ cannula into the
urinary duct ofhé hpekifdaeyn tcha turrienedsetcet édrf mom eteaki dney isanebe

recoveregcgor&bfﬂ Estggnggeggﬁtcyg%gﬁﬁl% s§%'ch&9@%€krlzed 1nNQ%%Qver

when enpl 0yi ng af orenenti oned devi ce or cul turrn% |ver "wherein
the |ivetti OBRYLFPAL BISHERERREPIVNERNENECK] HRRAGNEhEDE] Qﬁﬁraé’gﬁr Sthe

suspensi gnRaRs prieder abhy asw canéigupat il dthatcaan fa xphhe ritb.
[ 0025] Mor eover,. when enpl o |ng t he aforenenﬁrone ?Hrce for
culturrnﬁaﬂﬁeoﬁgﬂﬁeﬁtcmhépeﬁﬁ PhRE2RI Bhéy FEEXCrPPatéd t5gél h the

surrpundbﬁgaadeposelbr&&uem;uhﬁxgutpemspenfueane pnéftewabbpnbde for
Conflgurgai8aiﬁgakicﬁgrfusate to flow into the organ etc., and'a

perfusate outflow cannula for allowing the perfusate to
flow out from the organ etc.
[0022]

When employing the aforementioned device for
cuituring'the liver, it is ?referred to further comprise a
biliary cannula. By inéerting a biliary cannula into the
bile duct of the liver, the bile secreted from the liver
can be recovered on ﬁhe outside of the culture vessel.
[0023]

When employing the aforementioned device for
culturing the kidney, it is preferred to further comprise a
ureteral'cannﬁla; By inserting a ureteral cannula into the
urinary duct of the kidney, the urine secreted £from ‘the
kidney can be recovered on the outside of the culture
vessel.

[0024]

Moreover, when employihg the aforementioned device
for culturing the 1iver,'wheréin the liver i1is extirpated
together with the rib and the diaphragm, the suspension
means preferably.has a configuration that can fix the rib.
[0025] _ , _ _

Moreover, when eﬁploying the aforementioned device
for culturing the kidney, wherein the kidney is-extirpated
together - with the surrounding adipose tissue, the

suspension  means preferably has a configuration that can



12 fix the adi pose tissue. [0026] ' As an exanpl e the perfusion
culture device.according to the present invention, a liver culturing device
1is showmn in Figure 1, and its overview will be described below. The I|iver
culturing device 1 is for culturing the liver extirpated together with the
di aphragm and rib, and the liver is skibjected to perfusion culture in a
state where the entire liver is immersed in the liquid. [0027] - The
liver culturing device 1 conprises a liver fixation culture vessel 10, as
wel |l as a perfusate inflow cannula 20 and a perfusate outfl ow cannula 30

which wilLl_b t and tubes 80 and 82 are connect to each
cannul a. % E?L éSgB&Q Qﬁsgh¥ be | inked to the perfusate inflow cannul a
20 is cohfpegbed to a microcarrier spinner flask 62 via a perfusate inflow

peristaltic pugp %9, «aBfpSHPRIHL o e, Pesd ue@l@ui«étmeﬂlbeea@b@&@qa@rl er
-spinner flask 62 to the perfusate infl cannul perfusate

that floWed G &?ﬁﬁePFvéﬁ"fﬁﬁﬁoﬁ’r 'ough e e?‘flﬁ%'éfen?nfqev\k Eanhul’§ 20 will
flow out shewhhenpeifusat &, oahﬂlmmgcan&mwae®0w1aﬂdbex@@ﬁﬂ@ihe@t@eﬂ@@

m crocar g e Splqner ) £Lashg SAdAanol tubee 82 el linkedoho thecper fusat e

outhOM/cann r ef era | e exa es of each constléuent el enent
wi Il nowebbilgBaspPbdpgether wAthaghie i CapPoragh t#ed| Ndr 3RAt iFOR culture

vessel 1leér5hQMmsuEb£%©@ﬂet3 perfu81oﬂl%uﬂt&r¥GSSBha19t§6€pmhﬁré
suspen5|on means and 108 . which gllomz heillvg_ 100 to be hanged by the
S

ribs 104t ?h@nFﬁFEr &V 1eheEGF G a configuration where
the .vesdeb2cdn be filled with liquid, and the entire liver 100 is i mrersed

so that it rece hgeS%Qggéaggéisggiggd'ﬁ et N8 WRldnofi dae qul tiurgvesse

10 has through-hol e t hereon for paSS|n t he tubes 80
and 82 | Etakadips ﬂwéq§gquﬂeﬁsel 10, as well as a perfusate inflow

cannula 20 and a perfusate outflow cannula 30 which will be
fixed to the liver, and tubes 80 and 82 are connect to each
cannula. The tube 80  which will be linked to the perfusate
inflow cannula 20 is connected to a microcarrier spinner
flask 62 via a perfusate inflow:periStaitic pump 70, and
supplies the perfusate within the microcarrier spinner
flask 62 to the perfusate inflow cannula 20.

The perfusate that flowed into the liver 100 through
the perfusate inflow cannula 20 will £flow out to _the
perfusate outflow cannula 30, and exported into the
microcarrier spinner flask 62 through tube 82 etc. linked
to the perfuéate outflow cannula 30.

Preferable examples of each constituent element will
now be described. _ _

A magnification of the liver fixation culture vessel
10 is shown in Figure 2. '

Culture vessel lO'compriees_suspension means 106 and
108.which allows the liver 100 to be hanged by the ribs 104.
The interior of the culture vessel 10 has a configuration
where the vessel can be filled with liguid, and the entire
llver 100 is immersed so that it receives'buoyancy' In
addltlon, the wall of the culture vessel 10 has through-
holes 99a and 99b formed thereon for passing the tubes 80

and 82 linked to the cannula.



13 . ‘The culture vessel 10 al so conprises fixtures 96 and 98 for
fixing the cannula or tube |inked thereto. By fixing the cannula with the
fixtures 96 and 98, the cannula is prevented frombeing inserted too far
into the organ and causi ng damage th reto or from bei ng detached fromthe
organ, so that the culture solution gan be stably circul ated. For fixtures
96 and 98, for exanple, a colum-shaped nenber having a slit of a few
mllineters at the tip into which the cannula or tube is fittable can be
enpl oyed. The cannula is fixed by anchoring the aforenentioned nenber to

t he inner wal Iryef ctLﬂe:LCrlél t s es¥essel adrad fdd:ﬁ;irﬁ@etéweficajmsa dqtandhe slit.
The culture VeSS be of a na%e@d%

can |cat mnth
e.g. glas & 6Prac b?ln%o TRE"D rfusate |€%Ioﬁp%§§nu eﬁ%ls sh gg
Frgure:%Ixmngxﬂhﬂnpaﬂnuk&HWlmbl@h©ufikbures 96 and 98, the cannula

is prevented from being inserted too far into the organ'and
causing damage thereto or from being detached from the
organ, so that the culture solution <can be stably
circulated. For fixtures 96 and'98, for example, a column—
shéped member having'a glit of a few millimeters at the tip -
into which the cannula or tube is fittable can be employed.
The cannula is fixed by anchoring the aforementioned member
to the inner wall of the culture vessel and fitting the
cannula into the slit.
The culture vessel 10 may be of any materiai, and can .

be fabricated with e.g. glass or acrYl.

[0028] B

The perfusate inflow cannula 20 is shown in Figure 3

top.column, the perfusate outflbw cannulé 30 in“Figure 3
middle column, and the biliary cannula 40 in Figure 3
bottom column. In each cannula shown in Figure 3, the size
etc. of each member, for. example the catheter part
configuring the cannula can be altered depending -on the
organ or tissue applied. For example, in liver perfusion
.culture, the perfusate inflow/outflow cannula is'fabricated
by cutting off catheter parts 21 and 31 of indwelling '
needles (e.g. 22G for inflow and 16G for outflow),
connecting them to silicone tubes 25 and 35 (e.g. ID 1 mm),
sewing and fixing them at two pbsitions with flexible silk
sutures 24 and 34, and wrapping Parafilms. 22 and 32. The
"biliary cannula 40 is fabricated by connecting catheter
part 41 of the indwelling needle (e.g. 27G) to siliconé
tube 45 (e.g. ID 1 mm) via a luer lock fitting 42 (e.g. for
1.5 mm ID{. | Luer lock fittings 23, 33, and 43 are
léonnected to ends opposite from the catheter on. each
cannula so that they can be linked to tubes 80, 82, and 88
(Figure 1) .

The perfusate inflow cannula 20 and the perfusate



cannul a 30 i_n Fi gure 3 m ddl ecol um, andt h‘ebi liary cannula 40 in Figure 3

14

outflow cannula 30 are each difectly or indirectly
connected to e.g. the portal wvein of the liver 100 and the
vein of the liver, respectively.

The perfusate inflow cannula 20 is connected to the
perfusate inflow peristaltic pump 70, and the perfusate.
flows from the perfusate inflow cannula 20 into the liver
100 by operating-the pump 70. The perfusate that flowed in
passes through the liver 100 and flows out from 'the
perfusate outflow cannula 30, and flows into the tube 82.
In addition, the bile secreted from the liver is recovered
from the biliary cannula 40 into the bile recovery circuit
(bile reco?ery tube 88 and bile recovery bottle 68).

[0029] |

The perfusate inflow cannula 20 1is 1linked to the
silicone tube 80 (e.g. ID 2 mm) with luer lock fitting 23
(e.g. for 2.5 mm ID), and the silicone tube is similarly
connected to a Pharmed tube (e.g. ID 3.15 mm) with a luer
lock fitting. Fluorine gfease is applied.to thié Pharmed
tube, and set up on the perfusate inflow peristaltic pump
70.

[0030]

The perfusate outflow cannula 30 1is linked to the
silicone tube 82 (e.g. ID 2 mm) with luer lock fitting 33
(e.g. Zfor 2.5 mm ID). This éilicone tube . ig further
connected to Teflon tube Tl of a Scott bottle with a
silicone stopper 60 (e.g. 100 ml) having three Teflon tubes
(e.g. ID 1 mm; Tl and T2, thé third tube is not shown)
pierced through on the 1lid. '

On the other hand, to one of the remaining two Teflon
tubes of the Scott bottle 60, a silicone tube (e.g. ID 2
mm) long enough, to reach the bottom of the bottle is
connected on the inside (T2 1in Figufé 1), and a Pharmed
tube having silicone tubes (e.g. ID 2 mm) linked ‘on both
sides is connected on the outside. The other end of the
silicone tube is connected via the perfusate outflow
peristalﬁic pump 72 to Teflon tube T3 (ASONE), which does



bottom colum. In each cannula shown in Figure 3, the size etc. of each
menber, for exanple the catheter part configuring the cannul a can be
~altered depending on the organ or tissue applied. For exanple, in liver
- perfusion culture, the perfusate inflow outflow cannula is fabricated by
cutting off catheter parts 21 and 3116f indwelling needles (e.g. 22G for
i nfl ow and 16G for outflow), connecting themto silicone tubes 25 and 35
(e.g. ID1 mm), sewing and fixing themat two positions with flexible silk
sutures 24 and 34, and wapping Parafilms 22 and 32. The biliary cannula 40
)5 Q200 S8l el by £ODNPELLAG CALOSH £uc0ar bn M0l shbeal ndWRLhLNBoneed! & (e 0.
27G to silicone tube e.g. ID1 mm via a luer lock fitting 42 (e.qg.
for 1.5 and| bhe lder fork flPFtir_ﬁ@§h23%h%3,ll%HHd4§u§|f€C€onr?éE‘f%% t8%ends
_ ?5@22'ggtﬁ%§@1f@§1§§tb@$@£ @ﬁie@@gﬁp@nnu$@ spitdatubbeyscant behbivnked to
, .82, an igure 1). . perfusate infl ow cannul d the .
per f usat 81314 %uFPFB%éEa%%ﬁaf%ﬁp%uglgaeﬁ E?Féc %F?ﬁafrﬁ1#e%?$§n%gnnected
to e.g. fhespomtialh vei midficdre | $vepped0 @nd -t he0 V@i miof 6Re i1 vehe
{ﬁspec$| §%¥re'f| The pe[fusate i nflow cannula 20 is connected to
_ eperfusate Inflow peristaltic pu 70, and the rfusate flo romth
~ perfusate infl| B chftifaTl élPﬂtBBngpﬁqﬁﬁe@Mﬁyqﬂgghxﬁhﬁi%ﬁétﬂﬁsﬁhﬁp 7%.6
The perfysate bbat1tl @oethaisn spasses firoughcdiesdiadrod0dhandutkods out
fromthe ?eréusgtetguthOM/cannula 30, and flows into the tube 82. In
addi ti on®*t h&®p Pets8creted fromthe liver is recovered fromthe biliary
cannul a 4008hto the bile recovery circuit (bile recovery tube 88 and bile
recovery bOtt|@h$8ger£QQg@é ig kept whemPByfHsaberinflouppaandkrauzl is
linked to the silicone tube 80 (e.g, ID 2 nm wth Iuer&?ock fitting 23
(e.g. fothg. SNIRKIMLTiRE ERENSEM chbhaskud? is sthf| &APLGHEG edSto a
Phar med tubectgrdy | Pnd. 1overdga thody | uaimdeaekc drd tiafg. tHeuoriamgegrease is
applied to thlS'PKarned t ube, gng set up.on the pe % at e ghf Qw, .
~peri stal FRETBUnp 376, ORI °F PUTTHE per fHSATE o ow taRntFa 30 is
| i nked t empheysil i case t pbef82abéyg. CBL2MARYFERI t hFleaiblleck Heefieng 33
(e-9. 2. Gy ahDbic, ThicS, s, L.r0ne)! Uhe | e Uit dees conpecieditaytation tube
Ti of a Scott bottle th a si'licone stopper 60 (e.g. 100 m) "having three
Tef | on t Bk@pefargrel BIEGRROdR BRETRET t Relefi r dtybe iR showdf pierced
tTQ][ log_ght nggtsfﬁfds% dofs thet rBQtsﬁ;B@zéﬁiéﬂr éplammw Of Daigk Ofs 2t heaclemiiaieng t wo
o] e Sco ottle ,..a silico be (e.qg. l,D-2 1 on
enough tGthécﬁeFHQDb5t S {HE <ﬁ§€%9$%-cgﬁ%%¥ %dQBHQtﬁé'%ﬁgg%E (T29in'
Figure lxo anéiaiPbaemedbeulie .haviing2sinm)cpnertebeshiough kbe2 naghtl i nked
on both gi.des '%.%Pﬁﬂﬁfﬁﬁgﬁgﬂ?§r§éééﬁéé e Thec othes repdeohokhe esiild cone.
tube is connected viathe Derfusate outflow peristaltic punp 72, to Teflon
t ube T3 @Asgﬁg);qubﬁ_@@§§usate inflow peristaltic pump 70 via a

silicone tube. _

The other Teflon tube pierced through the right 1lid
in the Figure has an air filter connected on the outside of
the bottle. -

When culturing the organ etc. at a low temperature, a
well-known cooling device can be employed instead of the
heater to cool the perfusate. The cooling temperature is
preferably 4°C to 35°C, more preferably 20°C to 35°C.
Moreover, when culturing the organ etc. at a low
temperature, it is preferred that the liquid for immersing
the organ etc. is also at a low temperature, and the organ
etc. in culture 1is simultaneouély cooled. Examples of
cooling devices employed for such cooling include wvarious

radiators and Peltier cooling device.



15 not have a silicone tube linked on the inside of the bottle and the tip
does not reach the liquid surface, anmong the three Tefl on tubes (T3 and T4,
the third tube is not shown) pierced through the right lid of the
mcrocarrier spinner flask with a silicone stopper (e.g. 1000 M) 62 in the
Fi gure. The third Teflon tubel erced through the lid of the Scott
~bottle 60 has an air filter connected on the outside of the bottle. [0031]
The perfusate is kept warmby a heater w apped around the microcarrier

spi nner flask 62. The tenperature is preferably the average body

tenperatﬁpf ?L the target mammal, and in case of humans at around 37C. The
heat er oyed is preferably CELLNASTER Fl exi bl e Heat er &vaken yaku, Kyoto,

Japan) and CELEMAGSTERIL 700 {dkakeasiak§4 Tefpdf a2t el EFERLF8deCPMePEl er

Tol ed, Toky9rod@PabeshectWaechi dsnof gderudorocantiien spennetaitask 62
each have three Tef| on tubes gterced t rough Te£I03 tube 4b5%ﬂ5 g to a

si |'i conePt@Be Pe. 3% | B'S RAY THFEFEed T hrOlgh FRE: #i gift 157 i gure
"t hat reaeheSthéubatEOmmaﬁhdmadﬂnndkalsolanﬁedhﬁ)S¢Q¥@eb®ﬁ%h@e6pnflOW

peristallig pump 79 svar%h%fﬁ%&e%ngﬁe%ty@e . 15 The otber -fefLep:hybe

pi er ced ?ﬂroug ri e Flgure has an air filter connected on
t he out stie E?rﬁhéaﬁﬁttﬁeset up opnheRSEGlturing the organ etc. at a | ow

tenper at ypgz 3@ wel | -known cooling device can be enployed instead of the.

heater to cool rfusate. .The cooli tenperature is a 4C to
35C, nore pref%rEBP§?§0§GF8 §'§CCf reovg8 mh%ﬁgtu %ﬁﬁlggEﬁégﬁo?hén etc.
at a Iompéeﬁpea&éureanQW|qumuﬂhﬂhuy¢ tnampthé0lliﬂﬂ(thﬂ' Pﬁﬁép§ﬁﬁ§ t he

organ etg, fh?watgﬁPa% %X ?ﬁgpgéﬁkyéﬁragggntgg ehgapuehte rBmevbtiure is
si mul t aneous y coole es o
device 50 is shown in Figure 4 Slllcone tubes stopped

with luer lock fitting plugs 51 are linked with Y shaped
tubes to prevent bubbles entrained in the circuit from
flowing into the liver, and at the same time a device for
eliminating these bubbles from the luer lock fitting plugs
51 (ISIs) 1is installed. Mini-fittings (F) 53 (for 6.5 mm
' ID; ISIS) are preferably employed. as the Y-shaped tubes.
"[0034] '

In order to exchange the perfusate every 24 hours of
perfusion culture, among»three Teflon tubes (T5 and T6, the
third_tube'is not shown) pierced through'the left lid of
the microcarrier spinner flask 62 in the Figure as shown in
Figure 1, to each of Teflon tube T5 which does not have a
silicone tube_linked on the inside and the tip does not
reach the liquid surface, and Teflon tube T6 which has a.
silicone tube linked on the inside and the tip reaches the
liquid surface, are connected a Pharmed tube having
‘silicone tubes connected on both ends. An air filter is
connected to the remaining Tefion tube . |

The silicone tube connected to Teflon tube T5 1is
linked to a perfusate addition Scott bottle 64 (e.g. 2000
ml) comprising fresh media via -a perfusate addition
peristaltic pump 74. »

The silicone tube connected to Teflon tube .T6 is

linked to a perfusate recovery Scott bottle 66 (e.g. 2000



Fl ow path switch cocks 84 and 86 are installed on the silicone tubes
between the perfusate inflow peristaltic punp 70 and the-perfusate inflow
cannul a 20, and between the perfusate outfl ow cannula 30 and the Scott
bottle 60, and a perfusate recovery tube. (e.g. 15 nl) for collecting the
perfusate is set up on these. [0033]17 A bubbl e renoval - device 50-is
installed between the perfusate inflow peristaltic punp 70 and the
perfusate inflow cannula 20. The configuration of the bubble renoval device
50 is shown in Figure 4.Silicone tubes stopped with luer lock fitting plugs

51 are linked with Y- Q?Hed ' vent | bub eptrained in the
circuit I]F‘]::l)or?{*f‘_’} oavx,ipnegrﬁdn o1 h% Cl?\\%eegr}p Eg%]%%ttﬁe géaﬁeﬁpti me a device for
elimnati®@B3ihese bubbles fromthe luer lock fitting plugs 51 (I1SIS) is

install ed. M nityfd t tigseAf)sbSh . (£0FcB:i 6 MBNbRN | SIS) mirgme ef &rabby
-enpl oyed as the Y-shaped tubes 0034

. | d th
per f usat @BV T h&ar sEBRC pert spgﬁjf&f’lattﬁr ecagn%%e%ﬁl&ng)ee@;g?ﬁg%ﬁ?ubgs (T5
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and T6, theotvdl rdftuhe ilsveot. showm)ppréncedet hndughv tdvnrhelfa 29 disf the
mcrocar (| ar_spLaner 11asko82 Lithe Figur gpas shigan.iRoFiaue docko each

of Teflo | does not have a silicone tube |inked gn %tfe i nsi de
and the £iptiees?hotah@dehi®helilieemne SuPfate, CaRReFERFoh®t AbBUT8 %hi ch has

a silicopentvbe ddnkes om t henhoshee antlitbeet tpbeeachksnkhd ktbquhd
surface, are connecte Phar med_ t ube havin ilicone _tube n ed on
both endSUPRE af PPV R e?ielvslcceong%ct ed t atrﬁ%drse?r%}lg%i ﬁa_#éf ISICI)D?IO?UE@
The ailrappnisd twiteh cdimectied t gr¥ebeonisubbumshes |kt t $oa pBEfusate

addi ti on_ SoLL, POLLLE. 64566 0¢n2000 e OIS BG f Eesh wpdich Viaca
perfusat% addi T on peristaltic punp 74. The silicone tube connected
to Tefl operibeal6i¢ sPUMRKe t 0 & petticere FE6vel§ Bcoft KottTe 68 (e.g.

2000 173inked to the other end of the Pharmed tube to pump the
' perfusate. from a Scott bottle 952.

This resulted in the perfusate pumped from the Scott
bottle 92 to flow into the 1liver through the perfusate
inflow cannula 20 and flow out to the perfus’ate' ou_tflow
cannula 30. The perfusate outflow cannula 30 is linked to
a silicone tube (e.g. ID 2 mm) with luer lock fitting 33,
and the perfusate which flowed out of the liver is exported

. from the silicone tube and disposed.

The liver connected to the preperfusion circuit can
be connected to the perfusion circuit shown in Figure 1 by
disconnecting the perfusate inflow cannula 20 and the
perfusate' outflow cannula 30 from the silicone tubes by
luer lock fittingé 23 and 33, and then connecting the luer
lock fittings 23 and 33 to the luer lock fittings of the
silicone tubes 80 and 82 (Figure 1).

[0036]

Although the overview of the liver culturing device 1
has been described as an example the perfusion culture
device according to the present invention,  other organ etc.
can also be perfusion cultured with a configuration similar
to the liver culturing device 1. For example, the kidney

can be perfusion cultured with a similar configuration. In

" such a case, the configuration can be altered as described



m) via a perfusate recovery peristaltic punp 78. [0035] The
preperfusion circuit shown in Figure 5 is constructed so that the perfusate
can be punped during renmoval of the liver. The perfusate inflow cannula 20
is linked to a silicone tube (e.g. ID2 mm wth luer lock fitting 23, and
this silicone tube is connected to alBubble removal device 50'. Anot her
‘silicone tube is linked to the bubble renoval device 50', a Pharnmed tube
(e.g. ID3 M applied with fluorine grease is further linked to the
silicone tube, and the Pharned tube is set up on the peristaltic punp 94. A
silicon%%t (e g. ID2 m) islinked to the other end of the Pharmed tube
to punp She perfusate froma Scott bottle 92. This resulted in the
per f usat @q@iped fromthe Scott bottle 92 to flow into the liver through
the perfusat e dhf | owwsndul ahd0 cameghifllzovapelt stimilbe p;efd‘snsaér@b@yécﬂ ow

cannula 30 The perfusate outf can uIa 30 | i_nk t e tube
(e.g. IBF mM)sh theF %51?%cﬁu#F?f?nag' and 't elg%??u§%?%a % | owed

out oftﬁ&tﬂau&r pareapb®9ednﬁr©mﬂtbé QﬂdWﬁﬁﬂ;ﬂgﬂﬁ?Q#k?%h@%d%ed26G

The lives,conpecled.t9 {88 EB?D%&EE%W} Cdﬂecmgeopaeblba;wn@@ﬁt@gat@ t he
perfu5|on circuit s%omn In gure by, dlsconnefi %]theegfri e i nfl ow
cannulaigﬁﬂéquqﬁi%RWfﬁ§%PE1%utPP@WQ&BHRH%F36 the? RBne"Fubes by

| uer Ioq&qﬁlm&tﬁg&aZ%a&&@m83tlpndei@ﬁn cennedeirngTime O, e Oudckffomti ngs 23
and 33 t égﬁéé}§¥ | ock f % ngs, of | }é@é§%itﬁgg$?igbes 80 and 82 (Figure

1). [00 ?houg le overvi ew o ver culturing device 1 has
been descri bedmasaddigtanpl ethde pearfussiten énftare GEVIER acfor dFRg to the

present %&’ﬁ%é@é‘ QEP%worc%&u%C 3cﬁanaﬁdiseheeu|&%rtfeu@10rba:rwuw edowith a
configuration S|n1 ar to the liver culturlng devi ce For exgth t he
Ki dney ca¥e beipettisPEn 18ulttiif PTH t HOA §Pf 1 ec?orﬁﬁcgetﬁtat‘f%% “Cuch a

case, thg-goshigurdtiadtGanche ialdiered 1as descedcbed td8 het oaxainpd87]
' thé renal artery of the kidney, the renal vein of the
kidney, and the urinary duct, respectively. |
[0038] _

The perfusate inflow cannula 20 is linked to the
silicone tube 80 (e.g. ID 1.0 mm) with luer lock fitting 23
(e.gﬂ'for 1.5 mm ID), and the siliéone tube is similarly
connected a Pharmedtube with a luer lock fitting. Fluorine
grease is applied to this Pharmed tube (e.g. ID 1.6 mm),
and set up on the perfusate inflow peristaltic pump 70.

The perfusate outflow cannula 30 1is linked to the
silicone tube 82 (e.g. ID 1 mm) with luer lock fitting 33
(e.g. .for 1.5 mﬁ ID) . This silicone tube is further
.connected to Te:lon tube Tl of the three Teflon tubes (e.g.
ID 1 mm; Tl and T2, the third tube is not shown) pierced
through the 1id of the Scott bottle with a silicone stopper
60 {(e.g. 100 ml) . 7

' On the other hand, to one of the remaining two Teflon
tubes of the Scott bottle 60, a silicone tube (e.g. ID 2
mm) ldng enough to reach the bottom the bottle is connected
on the insidé (T2 in Figure 1), and a Pharmed tube having
silicone tubes (e.g. ID 2 mm) linked on both sides 1is
connected on the outside. - The other end.of'the silicone

tube is connected via the perfusate outflow peristaltic



For exanple, the cannula are simlar those enployed for liver perfusion
culture shown in Figure 3, except that catheter parts 109 and 110 of

i ndwel I i ng needles (e.g. 26G for inflow and 16G for outflow) are used for
the perfusate inflow outflow cannula, -and tip part ‘111 of a gel loading tip
with a narrow tip (e.g. GELoader Tipl@, 5-241 from Epi pendorf) is used for
the ureteral cannul a. In addition, the perfusate inflow .cannula
20, the perfusate outflow cannul a ‘30, and the ureteral cannula 40 are
simlar as in the case for the liver except that they are each directly or

| ndi Fect Yo f ongegt el dé&&?f (XML { Agofienalyatkerdol hie I‘i’leﬁl&e)’a the

r enal urinary duct, respectively é _
The perf&'e;(sletitCeOIlEnftlléiw3 cjaﬂﬁtﬁ ©R0he 1n9ked 95 the %?ch%n%n‘iiu'ﬁ}é 86”€e g. ID

1. 8 my ydh IIlgjuler rkaek ftIHeij]_ @l?d(gugfa&@r éﬁan@}ﬂdlﬁ@) t}artd?tmefsohl cone

tube is simlarly conpecte e with a luer

Fl uori net¢pease’ gs Pl Téd t ?hlti“lﬁ%a ©t dbe Ife gsqo%%l} bit ?gand set

up on thtehml@kusahe infdlow pedi sbfl tthe pubprFOarrier Spl'ﬂﬁéﬁeﬁe rfusake

outflow C"’\? nnul a Jéé di Q&aﬁ%&? %e Si ﬁb@@“ﬁl?ug’ﬁ §§ £BeOrislrd MM with
t1i e J3 e

| uer | ock’ . This sil |cone ue%jE Lrﬁ]rther
connected to ‘ITéTEE oWl%?EFE)e Filer EHESt erééc?éf S e J(;l 1t Ti and

T2, the ghifd tyha s Bot sbowbnmi&i€ed ddir aughaihe ﬂ:l]d:@xf e Bbet t
bottle W th a silicone sto per 60 (e.g. 100 m). On the ot her hand,
to one oPUtHEIF eai A ?5\}8 Fefl on tubes of the Scott bottle 60, a silicone
tube (e.goo3®) 2 mr) Iong enough to reach the bottomthe bottle is connected

on the inside ig Ph et beal[@én ng1sd | bgepeet ubes
(e.g. ID 2 mw)l\g s V%lF lﬁbot hivglrggga?_g cgﬁggc(teeg e outside. The other
end of th%m@wllc@ﬁé”{c@be 734 ¢ bHfe CRH Vi §XFI}51§n§§rf S B f FOWCPeFi stal tic
19 punp c?gnt%eTeuls@a tlubeaT?o:c(r&S@dE)awﬂumhsdme:'tanottdnavhaa sfd¥ cohe tube
“liked on the |nsL ge bottle and the tip does not reach the liquid
surf ace, LafdhgCt ‘éuﬁﬁ]%e TFE¢F6n tubes (T3 and T4, ‘the third tube is not

shown) pileoced through the right Iid of the mcrocarrier spinner flask with

a silicone StopR ) 825t heyfgir ey pigurdhest hijed Tef lon
t ube pierced t é%e %9%90 tﬁe §cott bottle 60n| S ]é%nnect ed to an air

filter ononﬁérggtgpd§OO£hﬁﬁetbétPﬁéfuﬁeéggfan also be pumped during
removal of the kidney. The perfusate inflow cannula 20 is

‘linked to a silicone tube (e.g. ID 1.0 mm) with luer lock
fitting 23, and this .silicone tube is connected to the
bubble removal device 50'. Another silicone tube is linked
to the bubble removal device 50', a Pharmed tube (e.g. ID
1.6 mm) applied with fluorine greése is further linked, and
set up on the peristaltic pump 24. A ciWiFone tube (e.g.
'ID 1.0 mm) is linked to .the other end of the Pharmed tube
to pump the perfusate from the Scott bottle 92.

The perfusate thereby pumped from the Scott bottle 92
flows into the kidney through the perfusate inflow cannula
20 and flows out to .the perfdsate outflow cannula 30. The
perfusate outflow cannula 30 is linked to a silicone tube
“(e.g. ID 2 mm) with luer lock ‘fitting 33, and the perfusate
which flowed out of the kldney is exported from the
silicone tube and disposed. The kidney connected to the
preperfusion' circuit. can be connected to the perfusion
circuit shown 'in Figure 1 by disconnecting the perfusate

inflow cannula 20 from the silicone tube by 1luer Ilock



Mor eaver, -the perfusate recovery tube, the bubble renoval device, and the
medi a exchange perfusion circuit can be used in a configuration sinmlar to
that- for the liver culturing device. [0040] - The preperfusion circuit
shown in Figure 5 is constructed so that the perfusate can al so be punped
during removal of the kidney. The peffusate inflow cannula 20 is |inked to
a silicone tube (e. g. ID1.0 nm with luer lock fitting 23, and this
silicone tube is connected to the bubble renopval  device 50'. Another
silicone tube is linked to the bubble renoval device 50', ‘a Pharned tube

(e. g '%;ut 2ﬁpp4riaedcrvgﬁ mér!r&@éﬂmogm@srauw mmheftumem end set up
on e peris

tic pu : i | 1.cone. t ube g? Q nn%$ Ilnked to
the ot herhenkhey kark trﬁ@&ﬂt%e“%% %%Jpc?lh% b ?u%%té 199 * Scot t
bottle 92y041] The perfusate t hereby Dunped fromthe Scott bottle 92
flows into the Ki dney through. the perfus nnuba g0-apg, £l ows out
to the perfusé?ﬁaoﬁf%mﬁN Qﬁﬁﬂjrh%g ”%hegégrfus% fe %ﬁtf %m/caﬁnula 30 is
| i nked tmgear sibiaonehdbinets, | ml motwi tmtepard | ek LifEFngt38, and

t he perf & which flowed out of the kidney is exported fromthe silicone
t ube and di sposed._ The ki dney connected to. the preggrfu5|9udg|rpu can be

connected to the FEHFUGHN GF 1™ shoRAPT h° Higur & i

b§nalscon ec |ng t he
perfUSGI@Sé@fh@EegﬂnﬂwU@dd%frmmné®@ shblcmm&dxﬂxfl@aihﬁrlhdckatQ@ fitting

23, and then connec he | uer to | u gksfitting
of the s?F %Bﬂbs?ub%hgg % gyﬁ%? 82% tLte R g?erngiﬁggd herein are
enployedntmbdescetbe pax@sbulamde@@@ﬁlﬁﬂﬁS#XQ%Rﬂ%o¥h?n?éh8EﬁnF% PEmit the

inventiof.per jte s O%Qfgét'gge pthect 8hBht §0MALnBERY" e@Bd) " i ncl udi ng” as
used heréin 1nten e

ss the cont ext clearly i ndi cat es othermnse t hat
t he stat &d0¢2kns (parts steps, elenents, nunbers etc.) exist, and does not
excl ude the existence &ﬁh@iﬁﬁéeit@@flﬁ@ﬁ[t8a1$tepsrme|eHEBﬁS hauebar s

?rﬁc?udlanFLEﬂh?%aFe§H&l§@leg%r rM%ﬁ%?%tf¥Q§Se ?ﬁ% gghg%nggﬁgnggggl?hat.

broadl y meangnyzed bjathbseaskiv lmbdanidrs dey ofposheskethdl 68y 96 which

the presggE 'Qfenéﬁ@n technology to which- the present invention
belengs.' The terms used here, uﬁless explicitly defined
otherwise, should be construed as havlng meanings
consistent with the meanings herein and in the related
'teehnological field, and are not to be construed as
idealized or excessively formal meanings.
[0043]

The embodiments of the present ‘invention may be
described referring to schematic diagrams. In such a case, -
they may be exaggerated in bresentation in order to clarify
the descrlptlon _

Terms such as first and second may be employed to
' express various elements, but it shall be recognized that .
these elements are not to be limited by these terms. These
‘terms are employed to differentiate one element from the
other element, and for example, it is possible, without
departing from the scope of the invention, to describe the
first element as the second element, and similarly to
describe the second element as the first element.

[0044]
" The present invention will now be described in detail



bel ongs. The ternms used here, unless explicitly defined otherw se, shoul d be
construed as having nmeani ngs consistent with the nmeanings herein and in the
rel ated technologlcal field, and are not to be construed as idealized or
excessively formal meanings. [0043] The enbodi nents of the present
i nvention may be described referring2to schematic diagrams. In such a case,
.they may be exaggerated in presentation in order to clarify the
descri ption. .Terms such as first and second nmay be enployed to
expr ess varLous elenments, but it shall be recognized that these el enents
are not to be limted P e ter ese I £l t
. . E ; e

di ffgren’ﬁfairerlon_ ¢ err’leg%?grgc%mt é)%%ffﬁgr) Zi%ee .nx:E,SSég{ntS for Iqe)%(/%%pl e;jmit i's
possi bl ehe vkt e@elpar ViR ORSoRSPRE tSeop@dofshtle: itferT ofi? t - deScr i be
the firsigelemmnt: asidde second ekemenés apdcsimédandyein. describe the
second eéenent'as the first element. [0044] 21 referring to Exanples.
However , E¥#ePMi%®sent invention can be enmbodi ed by various aspects, and
shal | notodesiconstrued as being limted to the Exanpl es described herein.
Exanpl es The present invention will now be specifically
described based on Examples, but shall not be limited to
these in any way .
1. Preparation of Perfusate

The perfusate employed was L-15 medium (Sigma,

Missouri, US) sﬁpplemented with 10% FCS (Life Technologies,

California, us) and antibiotics-antimycotics  mixture
solution (nacalai tesque, Japan), gentamicin sulfate (Wako,
Osaka, Japan), L-Glutamine (Life Technologies) . 1000 ml of

the perfusate was'placed in a 1000 ml microcarrier spinner
" flask (Bellco) with a silicone stopper, and kept warm ét
37°C.
[0046] |
2. Extirpation of Liver and Connection to Preperfusion
Circuit |
The liver was extirpated from a rat, and connected to
the preperfusion circuit shown in Figure 5.
A desiccator was filled with diethyl.ether (Wako), an
8-10 week-old Wistar rat (SLC) was transferred to the
desiccator for inhalation anesthesia, and then 400 pl of
pentobarbital sodium (TCI, Tokyo, Japan) solution at a
final concentration of 25 mg/ml wes intraperitoneally
injected with an 25G injection needle (Terumo) and a 1 ml
syringe (Terumo); _
Incision was made to the skin of a rat under deep
- anesthesia from lower abdomen to below the throat.along the
midline. The peritoneum was.incised, and the organs of the
digestivé system were mbved to expose the liver and the
portal vein. The liver was lifted towards the rib to
expose the hepatié artery, and Silk suture No.7 (Natume)

was pulled through from under the hepatic artery and



[ 0045] The present invention will now be specifically described
based on Exanples, but shall not be [imted to these in any way. 1.
Preparation of Perfusate The perfusate enployed was L-15 nedi um
(Sigma, Mssouri, US) supplenented with 10% FCS (Li fe Technol ogi es,
California, US) and antibiotics-antifycotics nixture solution (nacal ai
tesque, Japan), gentamcin sulfate (Wko, Osaka, Japan), L-Qutamne (Life
Technol ogi es). 1000 m of the .perfusate was placed in a 1000 m

m crocarrier spinner flask (Bellco) with a silicone stopper, and kept warm

at 37C. [0046], 2. ti;nRahion gf L LAhdySonneghi-gRet 0 WAepsifLsd on
Circuit lliga%“dThesﬁl \}é%%vlvgs’ es%t]i]lér_péé%e%a*fro%a Sa{a?:gaﬁ?:l conngﬁ ed to the
preper f usiornadi r cbiet SHORPPR AL Fi gOFETSCT Vena &ayasiRafor nds T7F 1 ed with

di et hyl ether{MakQ)op an 8-ckQ meektrake Wistar rmat@stl) was tpahbé@rred to
the desiccator. for i nhgl ation, anesthesi a aﬂq I

. 40 bar bi t al
sodi ym'(%??gﬁbk%‘? §BpSRY985FGtTon a &0 nalg%g%ﬁdenﬁwaﬁ%ér%{tofg%}grrgyn1| :
wes i nt raperid oNeakl y(Naijwot)edwaie hpad 128G tijetah orhReddi®d 81TeYeHd) and a

1 m syr&n%§ £J€%yggi'to createl RGLSHAY MRS MR HO t henskparDhsaceat under
deep anesthesia from| ower abdonmen to pel pw t he thr.gat(gt%l ong the {r}ldl i ne.

The perivanebhPHas iITAGBEE B PRPDT gans of Cthe drgestiVe “syst em wer e
moved t 0;@¥pese the 16 ven /and,t eepasdataleiveinThend | bésewasdl idtt ed t owar ds

e 1, LPueRoge Lheyhepalic aut vy, and " sl ar o 2. Ty (Bt ure) ves
loops, and the perfusate inflow cannula 20 was quickly
inserted into the portal vein. The subhepatic inferior
vena cava was immediately cut downstream from the ligature
loop to allow inflow of the perfusate.

The two portal vein 1igature loops were ligated to
fix the cannula 20 to the portal vein, and the cannulation
portion was fixed with a small amount of Aron Alpha A
(Daiichi Sankyo, Tokyo, Japan). The qomhbn bile duct was
bisected and the biliary cannula 40 was inserted, and then
fixed with Aron Alpha A (Daiichi Sankyo). The'diaphragm
was exposed, and the left and right phrenic arteries/veins
were ligated with silk suture No.7 (Natume) .

The diaphrégnl was. cut out. along with the rib by
making incisions between the ribs, and the portion of the
rib above the incision was cut open to below the throat .
Incision was .made to a part of the rib, silk suture No.4
(Natume) was pulled through the suprahepatic inferior vena
cava, and two ligature loops were created. The loops were
ligated, the outflow of the perfusate from the subhepatic
inferior vena cava was.étopped, and the right atrium was
bisected. The perfusate outflow cannula 30 was inserted
inte the bisected right atrium portion, the .two ligature
loops of suprahepatic inferior wvena cava were ligated to
fix the cannula, and the ligation and cannulation portions
were fixed with Aron Alpha A. After extirpating the organs
surrounding the liver and the connective tissue,:the-liver'

_was cut away from backside with the rib and the diaphragm



22 liaated. Simlarly, silk suture No.4 (Natune) was pulled through the
subhepatic i-nferior vena cava to create one ligature loop. Silk suture No.7
(Natune) was pulled through the splenogastric vein and |igated. Two bent
silk suture No.4 (Natume) were pulled through the portal vein with interva
to create two ligature | oops. The perfausate was fl owed through the
preperfusion circuit (Figure 5 in advance at 10 mMl/mn, the portal vein
was bisected at a site away fromthe liver than the two portal vein
ligature | oops, and the perfusate inflow cannula 20 was quickly inserted

into the portal Velﬂ The subhig atic inferior vena cava was i medi ately cut
downst r efifi t+oRFERERERgEPUF RS 0OBSTo al l ow i nflow of the perfusate.

The two moonan vein ligature | oops were ligated to fix the cannula 20 to

the port t I trop-was fixed with a small anount
of Aron %I ﬁghﬁ ga??eﬁg % Ey ?ék?GSE?ﬁJapaﬁ% The connDn bil e duct was

-blsected3ahd 5hétbpnﬁéYyFé§ﬁhaPa A@ORH§UFH§EP eYetand) then fixed with Aron
~ Alpha A (Dal|ch5r§@nky@ﬁl1Jhangjﬂpmﬁﬂﬁﬁ&ﬁﬁafxmmsedhean@rbberﬁebuoand ri ght
phrenic arterles/v INs_ were I mnth sut.ur,

The di apAftaghiias "Gt R5tE 5 f% yghaqagwﬁ%%%%?%ggﬁﬁétmeen
t he rlbsflandreh@6p@ﬁuuhe(ﬁuhuu¥q|Yﬁ%%%bel@hethﬁcp§r HSRas eutidp¥n to

bel ow th%ahmﬂat 3d “&%é' o0 035 f@mdento @ palde 0bgt heudd brhsi bk 1sutyre ‘No. 4
(Nat une) ‘was rou he suprahepat.i c |nfer|or vena cava, _and two

| i gat ur e cRodp: @M&%&%ﬁ%a@ EO fﬁéeﬂodﬁé el eXFHyat d@Ot PSR 1 ow 6F t he
perfusatglﬁﬁgﬁythﬁuﬁﬂﬂh@pﬁilﬁa$nteﬁnébtéanaleaWaxmaslstbpﬁedp1agd4Bhe right

atriumwas bisected. ,The Derfusate outfl u 0 Lnsertegd nto the
bisectegqgﬁgﬁs a??ldﬁFbOPE? TR TWo f?é% &2 kgggs ﬁﬁégﬁpﬁﬁﬂegaflc '
i nferi or ovenddeavd Wﬂmxadukﬁum&1WQséak:1Me calpaub 8, aadd Sewéet! bgatilén and

cannulatl 9 portions were fixed with Aron Al pha A After extirpatlng t he

—'organs sur ounding the liver and the connectlve tissue, 5 | iver was cut
away from back¥e#& wi Eket el i ndhd ke di éﬁﬁw%mc%n%\z? dt?adth€d to the
liver. [QQ4#s3tceConneetdwn tanhiiver Perfusken Q@lrigyidd with Pean

hemostatic forceps (Natume) to'tempdrarily stop the ligquid
flow, . and then the perfusate outflow cannula 30 was
immediately linked to tube 82 with luer lock fitting'33
(ISIS), and connected to the perfusion circuit. Then, the
perfusate inflow cannula 20 was immediately cut off from
the prepérfusion circuit with luer lock fitting 23 (ISIS),
and by linking the perfusate inflow cannula 20 and tube 80
via luer lock fitting 23 (ISIS), sterilely connected to the
perfusion circuit prefilled with culture solution and
'bubbles removed to prevent entrainment of bubbles into the
liver. Further, the 1iqﬁid flow of the perfusion circuit
was simultaneously started by removing the Pean hemostatic
forceps (Natume) of the perfusion circuit.
The liver 100 was mounted on a platform in the
culture vessel 10. ' '
[0048]
3-2. Stationary Fixation in Solution (Conventional Method)
The liver 100 was connected to the perfusion circuit
with a method similar to 3-1.
The liver iOO was mounted on the platforni in the

culture vessel 10, covered with gauze so that the liver



3-1. .Stationary Fixation (Conventional Method) First, while stil
connected to the preperfusion circuit, the perfusate inflow cannula 20 was
fixed to the fixture 96 of the culture vessel 10, the perfusate outfl ow
cannula 30 was fixed to the fixture 98, and the biliarycannula 40 was al so
fixed to a fixture (not shown). The Bifliary cannula 40 was connected via

| uer lock fitting 43 (I1SIS) to the bile -recovery circuit that flows to the
outside of the culture vessel 10 (tube 88 and Scott bottle 68).

Next, the silicone tube (ASONE) connected to the perfusate inflow cannul a

20 was clipped w an..h stati S tupR) 40 deorasddy stop -
the Ii qtf%oaé)%%% %g%lg?hg t%h%lé% p%grf%%%}oéﬁgﬁt ‘f\]lﬁ%% cannula 30 was innediately
| i nked tX0 t dbe f82 1widt Hvi ler 1REER S | thS G BB ERSPSR, ShiAfTofneéfed o the

per fusi on,&id hnpradeibn, tdel paid ugaiee ivdd o cadntd ac 20 wieest fomedi at el y

~cut off fromthe preperfusion circuit with |luer_|lock-fifttin ISIS), and
by I'i nki ng t he' 5 f usHt eCFLFFBﬁ/ YERRGa 20 SR Fﬁggego “{%t%l ?PuBZS? I(O)c?k
fitting 2B 4wSIP) £het erivet y toconheghedyt Elides penflusilen oieseesilt vefil | ed

W th cuIéugfééolution and bubbl es renoved to prevent entrai nnment of bubbles
into the Tiver. Further, the liquid flow of the perfusion circuit was

si mul t ané®Us?ly started by renoving the Pean henpstatic forceps (Natume) of’
the perfuysi ongghdCati tFixation (Méehdd vef APOseas Apphtedtoonha platformin
the culture vessel 10. [0048] 3-2.  Statiaonar ' i I, N, S0L U LQn:

(Convent i onal H%ngﬁhgg?i%8F f8 nﬁ&se%o%ﬁgéﬁkgaé%P?%%ﬂﬁgr%us?on circuit

with a mettioda sheihedt somBrtdr to 3-1. The |iver 100 was nounted on the

platformin the cultyre;yesseh k0,0 coyered whthgauze B0 that theebiver 24
does not float up due _to buozancggwhen_-the culture v ss%le 0.is 'hl led with
0

liquid, IeaweNFEoudtasSace s et ot BOVEE conPt e S4GIT Shd *°t he"Gauze was.
fixed tochheupbatteray 10 witHhenlktbetaukt tioe 4veltedurd) wassfithed with

PBS (-) allowing the [iver to Lighthy float,apd Lhgeygasel,.vag geaked.
vertically so that the inflow cannula 20 will be placed on -
the lower side, and the liver 100 was hangéd by the ribs
104 and the diaphragm 102. I '

' [0050] '
3-4. Hanging"Fixation, in Solution (Method of Present
Application)
The liver 100 was connected to the perfusion circuit
with a method similar to 3-1.
After the ribs 104 were fixed in several places to
" the fixture 108 attached to the culture vessel 10 with silk
suture No.4 (Natume) 106, the culture vessel 10 was filled
with PBS (-) to allow the liver to float. The culture
vessel was sealed, the culture vegsel 10 was placed
vertically so that the inflow cannula 20 will be placed on
the lower side, and the 1iver 100 was hanged by the 'ribs
104 and the diaphragm 102 and floated.
[0051]
4. Liver Perfusion Culture
The peristaltic bump 70 (IWAKI) between the perfusate
inflow cannula 20 and the microcarrier spinner flask 62
(Bellco) was adjusted to a flow rate of 10 ml/min, and the

perfusate was allowed to flow into the liver 100.



10049] 3-3." Hanging Fixation (Method of Present Application) The
liver 100 was connected to the perfusion circuit with a nmethod simlar to
3-1. As shown in Figure 2, after the ribs 104 were fixed in several
pl aces to the fixture 108 attached to the culture vessel 10 with silk
suture No.4 (Natume) 106, the cul turé®vessel 10 was seal ed, the culture
~vessel was placed vertically so that the inflow cannula 20 will be placed
on the lower side, and the liver 100 was hanged by the ribs 104 and the .
di aphragm 102. [0050] 3-4. Hanging Fixation in Solution (Method of Present

Application pne o1dhGubdver 140 vesicappeciaddio khe pertusian & rouit
with a nethod simlar to 3-1.

e.ri i xed in
several ‘Praceshd oot hEl PYXFEFE T@élaFthH%dmiszﬂegguﬁFﬁWQ %;ﬁ 49 i th
?I I) kt sut(fgllr@fé\%hﬁcel( Neit U@Eév%@ﬁ@nth? @uht;ung wesls élo 110 st He Id:lebltwee h PBS
o allowthe ver .to oat ure. vesse S al | t
vessel %ﬁ%LpFé%%%rvéf%.%%flVEESlFﬁgt e??% om}g§ﬁnu%% 2 Q?ﬁgfbgu e
pl aced oﬂlaﬁm bower Bdgestandtt kg | tvese 100 avasrhbpgedasy PHECOFT®S 104 and

the di apphyagm:1Q2 g@gf{ﬂsgéfeedam&ﬁ)@@llre”coxkéﬂ@i Redwisien Gubifteate The
peristaltic punp

m crocar¥§ErPVspl n’f’u‘é}Pe]Ic \FASSK:? ée%t\é%%ncé%lrehggr g] gt%{engldnz p é,\{:?(:C?(r)lw rg%%go?ngot e
m/mn, gadidhe pesf psape was mtwewed tbef |00 i nlo $hett i berttlE0. 60
(DURAN) and the microcarrier spinner flask 62 (IWAKI) was
also adjusted to have a flow rate of 10 ml/min.  In
addition, aeration filters (Millipore) were installed on
the lids of the Scott bottle 60 and the microcarrier
- spinner flask 62 so that the pressure inéide the circuit
will not be dhanged by the peristaltic pump 72.
[0052] |
5. Verification of Circulation of ‘perfusate to Blood
Vessels in Organ ' . |
" For livers fixed with each fixation method descrlbed
in 3-1 to 3-4, appearance and micro-CT images of the livers
were photographed after pumping 10 ml' of trypan -blue
solution (Sigma) diluted 5-fold with PBS (-) according to

the method of "4. Liver Perfusion Culture". The result is
shown in Figure 6. In Figure 6, 3-1 shows the conventional
stationary fixation, 3-2 shows stationary fixation in

liguid, 3-3 shows hanging fixation, and 3-4 shows hanging
fixation in liquid. In Figure. 6, A 1is the photograph
showing the appearance of the liver, and B shows the micro-
CT image of the 1liver. In the photographs showing
 appearance, the area enclosed in dotted line is the portion
stained by trypan blue. . '

For the conventional stationary fixation (3-1) and
stationary.fixation in liquid (3-2), not the entire organ
was stained blue, and no staining was observed in the area
where each lobe of the liver is folded over one another.
For haﬁging fixation (3-3), although Ea-portion where no

staining was observed existed, nearly all parts of the



25 . The altitude of the culture vessel was- adjusted so that the
outflowrate will- be 10 mM/mn by gravity due to difference of elevation by
rai sing and holding the culture vessel higher in the vertical direction
than the spinner flask 62. Adjustnent of these flow rates was perforned
with the perfusate anmount recovered #fmthe perfusate recovery tube in a
certain period .of tinme. Mreover, the peristaltic punp 72 between the 100
m Scott bottle 60 (DURAN) and the microcarrier spinner flask 62 (1WAKI)
was al so adjusted to have a flowrate of 10 mM/mn. In addition, aeration

filters (MLLIporel. aepesinshal lechopahbectLds hat hensSceltchohthen60 and

the microcarrier sprnner flask t e pressure_inside the circuit
Wi || notobetlhangedubyteheifBirsichiet X FUhPFR. HRe%2Fd 5COVRRT £ caPi on of
a rﬁU|at£P@ AnPerfusate 0.8l e0dryessehsibA &k gadationaryFaixkkvens fi xed
wi th each fixatiqn nethod described in 3-1 to 3-4, .appearance,;an icro-CT
i mges of™t éqPFgers %%¥eh6H8%Bar§§ﬁ%§”éF%e%“paﬁﬁPﬁé fg ’of*?rgsgh - bl ue
- sol uti onsSignehadi | ot ecubaf obn wesh PBS- ey acpurtiedg tlan heapsthed of
114, Liver, Lerlusion: QUbturge e JhecLesuld s showmeln Fboune bpibaaFi gure

6, 3-1 shows the conventional stationary fixation, 3-2 shows stationary
fixati onvEaSeiguild 8PS <HE&' h&rgrhg ?%ﬁaﬁ?ﬁﬁ?ehnarggﬁ Stsis SK&RGY ng
fixationgtRihéqubtueln Figure 6, A is the photograph show ng the appearance
of the liver,. and B shows the mcro-CT inmage of the liver. In the ,
phOtograéﬂgséhomﬁng appearance, the area enclosed in dotted line is the
portion &t aMesdubymenygpah BeuEusion RateFor the conventional stationary

fixation (3 1)pand) stabhoRatiql bdti ahd el h (FeghoqBotekhe igad re
organ was st ai ned ue, and no staining was observed in the area where each
| obe of the3-ilvednd s 3fdl F oReFLBRECENGT M T Fbr ERBNGI* g PI%REt | 617E(3- 3),

al t houghparpeeht enwaher@ N stad NEpg was ebseivedi axbsted,s near leybal |- Dart's
of the 6_organ was st ai ned, d it _becanme, clear that the cir tion of

t he perf%@Q?egﬂpPﬁFﬁe hEOoFggn%ﬂgﬁ P *o?g&tggnﬁgfgdﬁgegﬁéo%@néékgronal

st at i onaaydf icxat ifdovorrastat odnahy fiexdtisarre nElavwiuigl. 1Foe haagilageli xat i on

N 11Oulgo63ed, ch by WS 8NBEn HlaboChcHal k0B, MRy LUkl ber chinaved than

hangi ng |xaF|on and t%e berfusate was circulatedto all_ bl ood vessels in

the or ganesknceeaferefiti re BRyarPSRESRWRIFy M aitid KU TDOFFPUNE
relative to the inflow amount was calculated as the
perfusion raté. .

A perfusion rate of 90% or higher was maintained for
24 hours in all cases,’ confirming' that normal perfusion
culture was being carried out.
7. Measurément of Impaired Enzyme Activity
The perfusate was recovered for 30 seconds in a 15 ml

tube (BD) connected to the flow path switch cock every one
hour, the recovered perfusate was aliquoted in 50 pul
portions into 0.5 ml tubes (Eppendolf, Hamburg, Germany),
and cryopreserved at -80°C. At a later date, the
cryopreserved perfusate was thawed, centrifugatéd at 15000
rpm for 5 minutes, and GOT and GPT enzyme actiﬁity of the-
supernatant thereof were measured according to the method
attached to Transaminase CII-Test Wako (Wako). The
measurementé after_exéhanging the perfusate were calculated
by adding'on rhe measurement value that changed before and
after the exchange. '

The measurement result is shown in Figure 7. For



6. Measurenent of Perfusion Rate For livers fixed with the fixation
met hods described in 3-1 and 3-4 and perfusion cultured for 24 hours, the
perfusate was col |l ected-for 30 seconds into a 15 m tube (BD) connected to
the flow path switch cock every one hour, and the flow rate  -of the
perfusate.flowing into the |liVer and 2he flow rate of the perfusate flow ng
out of the liver were neasured. The percentage of the outfl ow anount
relative to the inflow anobunt was cal cul ated as the perfusion rate.

A perfusion rate of 90% or higher was maintained for 24 hours in all cases,

confirmn hat _no | perfusion culture was being.carried out
Nbasurenﬁg?gofofnpégaedgﬁﬂ¥§ lﬂB?EV|F§atlonaryThglxat u%étegha ‘Fcover ed
for 30 séceadsonn ands hendiutze {BO)ttonneéot edltGiche fEGv Pash28wilflch cock

every OngthHEs/EggaﬁeﬁQ&QﬁﬁdaHQr&B@ah%s“@% alj guoted d/mo2@1j idecROkt | ONS
into 0.5 tubes (Eppendol T, . Hanburg, .Germany), and cryoDreserved at -80C.

At a IatéP aat é8 Pﬁéé?y@ﬁrE§€ﬁ9§aoﬁeFP&§§F§ was thawed, centrifugated at
15000 rpm for ﬁoﬂlBuée&on&@@teaﬁaandyiiﬂidmmmeEfazatybhy(of10hef$@mernatant

Lher eof yer setteasuied. aocer dl gt g.the ethad auiached o Tansanipase

Cll-Test Urements “af ter o exchangi ng  the. perfusate were
cal cul at €8Thywaddi 7y oFUt hex meessie et l valerd Yhat Qﬂ@hné@&fbéﬁéﬂénghd after
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hangi ng filxati érsE3LefFalCOFEdiag - 7OAFQdel@@ﬂé%tGﬁaWQﬂﬁmQuﬁ%ﬁﬂi GPRtwas 25
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sol ution éS 4) after. 24 hours of culture, | ess/ t ot al
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ed
conventi & %Ftlpatlonarygﬁl%atlon or "Hangi ng fixation. [0054]
[0054]

8. Measurement of Amount of Urea Synthesis

The perfusate was recovered for 30 seconds in a 15 ml
tube (BD) connected to the flow path switch cock 84 every
one hour, and the recovered perfusate was aliquoted'in 1 ml
portions into 1.5 ml tubes (Eppendolf, Hamburg, Germany) ,
and cryopreserved at —805C. At a later date, the
crydpreserved perfusate was thawed, centrifugated at 15000
rpm for 5 minutes, and urea was measured according to the
method attached to F-kit (J.K International). The
measurements after exchanging the perfusate were calculated
by adding on the measurement value that changed before and
after the exchange.

The measurement result is shown in Figure 8. For
hanging fixation in solution, the measurements were 1.098
mM -up to 14 hours of perfusion culture, 2.566 mM at 24
hours of culture, ahd_37529 mM at 41.5 hours of culture.:

| Accordingly, it became clear that in hanging fixation
in solution where circulatiOn_to all blood vessels in the

organ is ensured, urea synthesis capability is maintained



8. Mpgasurenent of Amount of Urea Synthesis . The perfusate was
recovered for 30 seconds in a 15 nl tube (BD) connected to the flow path
switch cock 84 every one hour, and the recovered perfusate was aliquoted in
1 mM portions into 1.5 m tubes (Eppendol f, Hanburg, Germany), and
cryopreserved at -80C. - At a |later dat& the cryopreserved perfusate was
thawed, centrifugated at 15000 rpmfor 5 m nutes, and urea was neasured
according to the nethod attached to F-kit (J.K International): . The
measurenents after exchangi ng the perfusate were cal cul ated by addi ng on

t he nea ur enen I t
ot valug,phat cha %e\gaure&g §:fA4 abt el e gxebangsnathe

measur e is”s or "hanging fixation in solution,
t he neasm¢em®®t@hM@¢ela.@@Shﬂw¢ﬁp to 14 hours of perfusion culture, 2.566

mM at 24 heyes of culture, and 3.529 mvlat 41.5 hours of culture.

Accordin It becane clear that xation in solution where
ci reul atgonM?%s‘é]FﬁFm%rI“bo‘Ei%_ VSRS ?%1 Fagﬁekﬁ €nsureéd, urea synthesis
capability is mmt ntt&id’ledimcﬁﬁlﬂ)eyiﬁ’]dhﬁﬂee | inegrovereser vatticon thiem Pidf t he

conventi gnal gg}t,hggr%#:ch (L5520 oW Ry %@?é]bo@tléfbé@}” epgot spbuARount  of

Bile secrerion he armunt of e recovered Into the bile
‘recover yo€i Pédiet s@Ailss 198 WS@BPFuBS?t W td8)an ¢ fee Ghbomt © %7 Pr&e

Secr eti OR,¥aSt ABaSEL g WréBodareheeteedi enbahsnge fromthe wei ght recovered
every one hour, The measurement result is shown in Figure 9. For
‘hanging fixation in solution, chronological bile secretion
of 0.06 g per hour from the beginning of perfusion culture
to 40 hours of culture was verified.

Accordlngly, it became clear that in hanging fixation
in solution where circulation to all blood vessels in the
organ is ensufed, bile productivity is maintained beyond
the liver preservation limit of the conventional method
which is 20 hOuré.

[0056])
10. Extirpation of" Kidney and Connectlon to Preperfusion
Circuit

The kidney was extirpated from a rat, and connected
to the preperfusion circuit shown in Figure 5 instead of
the liver via perfusate inflow/outflow cannula 20 and 30
employed for kidnéy perfusion culture. -

" A desiccator was filled with diethyl. ether (Wako), an
8-10 week-old Wistar rat (SLC5 was transferred to the
desiccator for inhalation anesthesia, and then 400 ul of
pentobarbital sodium (TCI, Tokyo, Japan) solution at a
final concentratién of 25 mg/ml was intraperitoneally
injected with an 25G injection needle (Terumo) and a 1 ml
syringe (Terumc) . ' '

.Incision was made to the skln of a rat under deep
anesfhe51a from lower abdomen to below the throat along the
midline. The peritoneum was incised, ‘and the organs of the
digestive system were moved td expose the kidney, the renal

artery, the renal vein, and the urinary duct. The renal



The neasurenent result is shown in Figure 9.For hanging fixation in
sol ution, chronol ogical bile secretion of 0.06 g per hour fromthe
begi nni ng of perfusion culture to 40 hours of culture was verified.
Accordingly, it becane clear that in hanging fixation in solution where
circulation to all blood vessels in % organ is ensured, bile productivity
is maintained beyond the |iver preservation [imt of the conventional
met hod which is 20 hours. [0056] 10. Extirpation of Kidney and Connection
to Preperfusion Circuit _ The ki dney was extirpated froma rat, and
connected to the preperfusion gircuit shgmnkin Eiggrg gnLhstead of the
liver vid Peryusat&® i nfFbW ottf | B eahuta®20"and 30" 8nproyed tor ki dney
per f usi opuctbtndeng tissuep dedikccatoresadid.i4 | Bbwind) dierdybuelaer .
(Wako), an 8- k- i/ star,r (SLO) tr ferr t hg;desi ccator
for inha a?%gﬁgaﬁggﬁhgg?§¥yaﬁ%b?hgﬁ'400'[Egﬁé%fa%%%f%%a?%?%%% 2§§?Un1(TCI
Tokyo, 'depanyiserut Cowtat a4 i bup &bAREHTRatlioOR oIS nf At Fastor -
'intraperéa@@ealymminb@@tadawbthman Eﬁéhéﬁgeﬁkbmqﬁneﬂgiepffpénﬁn$iand aln
syringe (Terupp).,_. | nci sion was _nmade to.the in of_,a r der deep
anestheséb???b?1Ngﬁé?nﬁbdéheﬁ”foa JPOWSt het t BrSat & %h%’tﬁé%ﬁig P%g. The
peritoneanteaag vacilsedechad aheaosyaasashyt hzowi ghst kidnsystbeanwehe noved
to'eXpOS€w$h§eF5gn%$té¥yaIfﬁ@%uf€t§6¥ps§h%nﬁeﬁ§kaVﬁéfﬁu@@@ethﬁfmbwnary
duct. The renal 29 artéry, Tenal vein, and urinary drct wer e detgched from
e

the surreamarhy 29 s¥ae, 94 Fkl¥utBPEEtRE. ANFRatifefRere2buFFEd tAfGugh from
under eagBroflthensepsalaawher ymmeanatelei autand aiiloar ynlow, odndhewo
ligature | opps were created for each. The perfusate was flowed through the
preperfug?ﬁﬁuﬁ??%uit (Figure 5) in advance at 0.2 ni/nin, the renal artery
was bi sected atha swbe rawmal faomethel kpdheyet Rawpshevanso Fematrear tery

| gatu ezl Q0R%e rﬁéﬁﬁ%@egﬁﬁie&e dnfdaw cannuba 3 wasnaui ekkyrinserted
into the renal artery. The dorsal vena cava was inmediately cut to all ow
i nfl ow ofhehegyer uggte was bisected, and the perfusate outflow .
cannula 30 was quickly inserted into the renal vein. The
two renal vein ligature 1loops were ligated to fix the
perfusate outflow cannula 30 to the renal vein, and the
cannulation portion was fixed with a small amount of Aron’
Alpha A (Daiichi Sankyo, Tokyo, Japan). The urinary duct
was bisected and the ﬁreteral cannula 40 was inserted, the
loop was ligated, and then fiXed with Aron Alpha A (Daiichi
Sankyo) .

In order to extirpate the kidney, after 'excising'
other. crgans, the kidney was cut away from backside with
adipose tissue_surrounding the kidney still attached to the
kidney.

[0057] _
11. Connection to Kidney Perfusion Circuit
11-1. Stationary Fixation (Conventional Methodf

First, while the kidney is still connected to the
preperfusion circuit, the perfusate inflow cannula 20 was
fixed to 'the_ fixture 96 of the culture vessel 10, the
perfusate outflow caﬁnula 30 was fixed'to the fixture 98,
and the uretéral cannula 40 was also fixed to a fixture
(not shown) . The ureteral cannula 40 was connected via

luer lock fitting 43 (IS1IS) to the urine recovery circuit -



The - two renal artery ligature |oops were ligated to fix the perfusate
inflow cannula 20 to the renal artery, the renal vein was bisected, and the
~perfusate outflow - cannula 30 was quickly inserted into the renal vein.
The two renal vein ligature loops were ligated to fix. the perfusate.
outflow cannula 30 to the renal vein,3@nd the cannul ati on portion wasfixed
with a small anount of Aron Al pha A (Daiichi Sankyo, Tokyo, Japan). The
urinary duct was bisected and the ureteral cannula 40 wasinserted, the | oop
was. |igated, and then fixed with Aron Al pha A (Daiichi Sankyo). In

order to _extirpate the kidne fter e CISI ot her S dney was
cut away ?‘F‘Bmtgﬁfﬁ’ﬁsitf?e, tﬁugt‘]llaSs@f §u8uggPF8uX8ISﬁ8rlgﬁilg IéleESyléétl I_Iy .
attachedahd shetki toeyle[ 6657] 11. Connecti on to Kidney. Perfusion Grecuit
L1-1. Stationagy,Fixalion o qGonyent Lonal MebbRe). connectdd!sly whble the
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perfusate in cannula 20 was_clipped with Pean henostatic orcgﬁe
( Nat une) PES THERE6r arfiPvst 6pRPREa| .%fu. tPF | oWredhatEREn THe PEFf ¢S
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with | ueNlIaodPaefrl tloiokg £23 tE RS 8)3 (38d Dy Isltﬁlrllﬁglvhéoﬁ@lepu§a1t &a rriieow

cannul a %Q?%%glb%becﬁgcﬂﬁ% |P§%fh@§%df'hﬁk%9 %%1€h§b8)sc§b%ﬁbhelﬁn@pnnected

to the perfusion circuit prefi d with culture solutjon and bub
renoved PHbBLEFeAETGHS% tiree W HUPBT EITRRR" t e RPBRESS IiEPItPhérhe t he

liquid flkownef, t hempenidis QihéilIfq{kidV\@Soﬁlaﬂl tReepusiyssbar taddmi t
extirpati n%wahe Peﬁn herms];&itl c.forc ) of .t.he perfu5| G circuit.

The ki dné{SwasS HBONt BACYRS & pl SEPEFR o I%%e é? tGPEvESsel T19.

hemostatic forceps (Natume) of the perfusion circuit.

The kidney was mounted on a platform in the culture
veséel 10.
11-2. Hanging Fixation in Solution (Method of Present
Application) ' | o |

First, with the kidney still connected to the
preperfuéion circuit, the kidney along with the renal
artery, renal wvein, and urinary duct were moved onto
siliéone -rubber ‘while maintaining the positional
relationship with the kidney, and the perfusate

" inflow/outflow/ureteral cannula 20, 30, and 40 were fixed

to the silicone rubber with 25G injection needles (Terumo).
Each cannula .was fixed by croésing and pilercing two
injection needles so that they straddle each cannula as if
to press them down. Further, the adipose tissue
surrounding the kidney was.flxea to the silicone rubber -
with 25G injection-needles (Terumo) .

The perfusate inflow cannula 20 was fixed to the
fixture 96 of the culture vessel 10, the perfusate outflow

cannula 30 was fixed to the fixture 98, and the ureteral



11-2.. Hanging Fixation in Solution (Method of Present Application)

First, with the kidney still connected to the preperfusion circuit, the

ki dney along with the renal artery, renal vein, and urinary duct were noved
onto silicone rubber while maintaining the positional relationship with the
ki dney, and the perfusate inflow outfllow ureteral tannula 20, 30, and 40
were fixed to the silicone rubber with 25G injection needles (Terunp). Each
cannula was fixed by crossing and piercing two injection needles so that
they straddl e each cannula as if to press them down. Further, the adi pose

tissue SHQBRHS?' ng the kidneyryasafioxed t oiipersi l(heenesHdipber wrhb- 25G

i njection needles (Teruno). The perfusate |anOM/£annuIa %8 was
fixed tourheefpkt GRBNYE20f Ot W& Sc AAHSE hres SE1a 118 hePper FuEatBIolitf | ow
cannul a 30swas fdoxeghd outheef | xdasee 9B, cardutihe (waher ab Bid cannuka 40 was
also fixed to a fixtur ot sho . Th reteral n nnect ed
Vi a IueerBEiéfﬁgki%gag3g?P§FSf%ﬁ?Q%uféﬁ|%é§r%%beggygg??%égtw?gﬁgg 88 and
Scott .babtle 68) that flows to the outside of the culture vessel 10.

- Next, the silgﬁggg t yhe (ASNEL conpgeted igotibe pestusatesi nfd owneannul a
20 was clipped with Pean henostatic farceps éhﬁtgn%# to te ora%igx stop
the | i quPETERERLCand HHEAY t hePert@isat’® out?f owScakRCa 30" Was i niedi at el y

liinked' tembebatr82 Wothebuer(Naatkne)i ttd nged3oxd1S113), saod tbanédteddto t he
perfusion_.circuit. Then, t perfusa infl nul S A iatel'y
cut off 2}8thh§n8reS§?PusP§ﬁ CPFEEP%SﬁFthoﬁggggﬁocfgpﬁg%%ﬁQBSS EIEIS), and
by |i nki ngmeHe apei fuslatrgeacf towtcdmuda 20 tdndleebe 180*vi Bitudrd| 6k

fitting 2344k$ ShnastefideeloL connested.d priheopef usion. ci meuh, pnefil | ed
with culture solution and bubbles renoved to pr.even entralnfgnt of bubbl es

into t he DEMEESAtEUrTHIOY t FRNRTR I & Of I'RF of "PRETBEFAYsiTH cPFeuitt Was

si mul t aneeus lytcsleairied cBy Jiemmitngyitie Rean heabsfatidnforsepd sENat une)

cli pped beforehand. . After invert]j h ilico b (o] ich the
Ki oy 1 ST 0 e g N oy e 2t f 28 PR RE R aler 6
‘the fixtuwrie 108rafibakhédttansh@3cUlldise /vessal 1ed vwiaomrsiatie ds (our-éeNo. 4

(Nat urre) Je?&us'i%% CUlLULE cvesselr 110 swas wfiichl eduicilrePBSdiuk ild aldnew t he

ki dney tg | oat. The culture vessel was sealed, the c ure .vessel 10 was

pl aced véﬂ&ﬁd@ﬁlyﬁﬂ@Wﬁ%ﬂtqPR??YﬁW%mFEaﬁﬁhW%FQWIPLbBuEkEGEd*Eﬁ“thgm1omer

si de, and jthe ki dneyrmas hanged ignd df |Daiwedb byt hbepeuitueindi rg radiipose

_tissue. kggfékﬂ%.tggégggﬁJ%ggégﬁég]é%lgg&gving the Pean hemostatic
forceps (Natume) clipped beforehand.

Aftér inverting the silicone rubber to which the
kidney is fixed and hanging the kidney, and fixing the
gsilicone rubberfto'the_fixturé 108 attached to the culture
vessel 10 with silk suture No.4 (Natume) 106, the culture
vessel 10 was filled with PBS (-) to allow the kidney to
float. The culture vessel was sealed, the culture_vessel
10 was placed vertically so that the inflow cannula will be

: plaéed on the lower side, and the kidney was hanged and
floated by the surrounding adipose tissue. »
[0058] |
12. Kidney Perfusion Culture

The peristaltic pump 70 (IWAKI) between the perfusate
infldw cannula 20 and the - microcarrier spinner flask 62
(Bellco) was appropriately adjusted so that the urine
amount will be 0.3 ml/hour, and the perfusate was allowed

to flow into the kidney.



The peristaltic punp 70 (1 WAKI) between the perfusate inflow cannula 20 and
the mcrocarrier spinner flask 62 (Bellco) was appropriately adjusted so
that the urine amount will be 0.3 m/hour, and the perfusate was allowed to
flow into the kidney. 32 - The perfusate was allowed to fl ow out of
the kidney by gravity due to differenge of elevation by raising and hol di ng
the culture vessel higher 'in the vertical direction than the spinner flask
62. Other conditions were simlar to that for |iver perfusion culture. 13.
Measurenent of |npaired Enzyne Activity The urine recovered into the

urine recovery circuit_ (tube 88 and. Scott bot 68 mas allquo d in 50
1. 11 portions |ﬁ?09§?§ aHﬁﬁ%%S(Egﬁ8W88lﬁo Hgﬂﬂj & %éh?
cryopres&:ryvegirahtﬁOﬁ:ueAttoa dﬁfﬂereiaiee otfhea](mgaxplrcesebyedaursung wasd t hawed,

centri fuggs %t t%@O%%fthlrp 2471 tge;§ t(ggl’/,\,(éylfC eég draeCCH Mty of

t he supernatan t her Were measur e accor Ing tot ached to
Tr ansan ridse Gihe TeRinygko L ngko)s.2 TheOH@9§u€@ﬁéhFlp§§mW¢ﬁQ;%ﬂmw%ﬁﬁn

Fi gure leFQﬂE&thQOQ%Q@&Igﬁgﬁdgﬁgﬂ(yﬁyahﬁéxatlon (11-1) after 40 hours of
cul ture, re and GPT. as 0.08 1 U ki dney or nore,
wher eas fgiﬂﬁg%&ﬂﬁjqﬁééuloﬂﬁﬁ%' IBﬁmfifQB VIS was about 0.1

| U ki dney and CGR® masinearéqoﬁertﬂkuQMQytﬂﬁuruhene ﬁ@cowammlnjﬁdudnion in
sol ution 2), caf ur ul oy dney and
GPT was a@ ¥% 2381 %%ﬁKl A% égor% é? y Sbeca qié%rlpha%bgﬁ%alrlng '
of or gan R SS@p)5r esslet 905 H‘énquHiFE’rl % PP@ﬁdthsol}@mb@ﬁgoorﬁ%ﬁwao t he

conventi Qi S8idinaidi-idxation. - gescriptigp of Sympehs [PORS] the 1t

f lture d t fusate infl
canmul b B3OS = G5 e 19ba P uer FRrhie) At Re: OF Pt SBM a2, 42

Parafi| mE®3, B3, miBut®ay af by  ZOT/IET f | exiphe sabklsmtyreof’zs L1856, 45

silicone P I . . 40; . bi i [_yr et annul a;
S0, 50T BABEE Pl vt o Bhbgo MY et Ba BbY il Hod:
m crocar rdtdrrdEoner Trieasienizgisey LI estg Wadep  (Fae) 80 82 88' tube: 84,
86: f' ow path gt Qﬁba@élpﬂ%me%b QgsuitXtﬂg esnO9R, 1%9@1§JH&UQ@ For

the conventional stationary fixation (11-1) after 40 hours
of culture, GOT was 0.6 IU '/kidney or more and GPT was 0.08
IU/kidney or more, whereas for hanging fixation in solution
- (11-2), GOT was about 0.1 IU/kidney and GPT was nearly 0
IU/kidney. Further, for hanging fixation in solution (11-
2) after 60 hours- of culture, GOT was about 0.3 IU/Kidney
and GPT was about 0.01 IU/Kidney. Accordingly, it became
clear that impairing of organ is suppressed for hanging
fixation in solution compared to the conventional
stationary fixation; '
Description of Symbols
foos9l

1: organ perfusion culture device; 10: culture
vessel; 20: perfusate inflow cannula; 21, 31, 41, 109, 110,
111: liver/kidney cathetef part; 22, 32, 42: Parafilm; 23,
33, 43: Parafilm; 24, 34: flexible silk suture; 25, 35, 45:
silicone tube; 30: perfusate outflow cannula; 40 :
biliary/ureteral cannula; 50, 50': bubble_removal device;
60, 64, 66, 68, 92: Scott bottle; 62: microcarrier spinner
flask; 70, 72, 74, 78, 94: pump; 80, 82, 88: tube; 84, 86:
flow path switch cock; 96, 98: fixture}.99a, 99b: through-



33 hole; 100.: liver; 102: diaphragm 104: rib; 106: suture, and 108:
fixture. 34 CLAIMS 1. A nethod for perfusion culture of an organ or
tissue extirpated froma manmmal, wherein said organ or tissue is extirpated
. together with a second organ or tissue which is connected to the organ or -
tissue in vivo, conprising:" ,aXxtep of hanging the organ or tissue by
fixing the second organ or tissue, and. - . a step of perfusing the

bl ood vessels in the organ or tissue with a perfusate. 2. The perfusion
culture nethod according to claim1l, wherein in the said perfusion step, at

I t t of th ti e 1S i in.a liguid. .._Th
porTusi oRCLB L ot HOGF Acedrds Al AT e L8 or 20 Wiy Bf n StRETrgan or

tissue iand Lbgerfiandrethe second organ or tissue is a diaphragm



4. The perfusion culture nmethod according to clains 1 or 2, wherein the
organ or tissue is a liver, and the second organ or tissue is a diaphragm
and the rib. 5. The perfusion culture nmethod according to clainms 1 or 2,
wherein the organ or tissue is the kidney, and the second organ or tissue
is adi pose tissue surrounding a kidneys4 6. A nethod for perfusion culture

of an organ or tissue extirpated froma nmamal, conprising: a step
of hanging the organ or tissue, and immersing at |east a part of the organ
or tissue.ina liquid, and a step of perfusing the blood vessels in

the organ or tissue with a perfusate. 7. A perfusion culture device for an
organ or tissue conprising:. a susp%%%'%ﬁ means for hangi ng the organ or

tissue, : A aemabﬁusatepmﬁﬂunudnummleuf@roalhﬁWbmgam[Mﬂfﬂﬁﬁﬁueto fl ow
into the ti rf e I l.a for
al | owi ng %ﬁQQ% Sga e to fﬁ%ﬁp%at Fgﬁfﬂﬁéf%iﬁgﬁadgg% g?h%%%% fﬁ9

per f usi o@X@alrp@rt@ddé\ﬂ%éf@tdrﬂdﬂngat%e@@adnwgan or tissue which is

connected to the organ or tissue in vivo, comprising:
.a step of hanging the organ or tissue by fixing the
second organ or tissue, and '
a step of perfusing the blood vessels in the organ or
tissue with a perfusate.
2. The perfusion culture method according to claim 1,
whereiﬁ in the said perfusion step, at least a part of the
organ or tissue is immersed in a liquid.
3.  The perfusion culture method according to'claims 1 or
2, wherein the organ or tissue is a livér, and the second
organ or tissue is a diaphragm. .
4.  The perfusion culture method according to claims 1 or
‘2, wherein the organ or tissue is a liver, and the second
organ or tissue is a diaphragm and the rib.
5. °  The perfusion culture method according to claims 1 or
2, wherein the organ or tissue 1is the kidney, and the
second organ or tissue is adipose tissue surrounding a
kidney. _
6. A method for perfusibn culture of an.organ or tissue
extirpated from a mammal, comprising:
a step of hanging the organ or tissue, and immersing
at. least a part of the organ or tissue in a ligquid, and
a step of pérfusing the blood vessels in the organ or
tissue with a perfusate. ' '
7. A perfusion culture device for an organ or tissue,
comprisiﬁg: ' |
a suspension means for hanging the organ or tissue,
a perfusate inffbw cannula for allowing a perfusate
to flow into the organ or tissue, and _
" a perfusate outflow cannula for _allowing the
perfusate to flow out from the organ or tissué.

8. The perfusion culture device according to claim 7,



85 further conprising a vessel that can allow i mersion of at |east a part
of the organ or tissue in the liquid in a state that the organ or tissue is
hanged. 9. The perfusion culture device according to clainms 7 or 8,
wherein the organ or tissue i-s a liver, and further conprising a biliary
cannula. 10. The perfusion culture dévice according to any one of clains 7
to 9; wherein the organ or tissue is a liver, and wherein the said
suspensi.on neans has a configuration where the | i ver extirpated together
with arib and a diaphragmfroma mammal is. flxable at the rib. - 11. The

perfu5|0@ Sukture devi.ce accordin ng fo_g clalns 7 @ wher ei.n th% Qr.gan or

tissue i §"a Krdney, Tand 1 ther®t conpr|5|ng APURSE &Yl TRERS LR ©T12 T The

'perfu3|oﬁe@@ktwrepdev|@é ath@rdnngutooanylaﬁsmnflﬁla&ms I7ia@id oinlA

wher ei n: Sthe-organ e%etbsgg% b& %1%%%@§£s Ndiged. the suspension nmeans
has a configuration where™the dney extlrpated toget her with asurrounding

adi pose fi-ssueTPPoRFATHERRE Cuétfli—"ﬁagleé”&te AREFFH PG iGsuigs 7 or

8, wherein the organ or tissue 1s a 1liver, and further
comprising a biliary cannula. _
10. The perfusion culture device according to any one of
‘claims 7 to 9;

wherein the'organ or tissue is a liver, and

wherein the said suspénsion means has a configuration
where the liver extirpated together with a rib and a
diaphragm from a mammal is fixable at the rib.
11. The perfusion culture device according to claims 7 or
8/ wherein the organ or tissue is a kidney, and further
comprising a ureteral cannula. .
12. The perfusion culture device according to any one of
claims 7, 8, or 11, wherein: o

the organ or tissue is a kidney, and

the suspension means has a configuration where the
kldney extirpated together with asurroundlng adlpose tlssue

"from a mammal is fixable at the adlpose ‘tissue.



