LONG-TERM MAINTENANCE METHOD OF ORGAN OR TISSUE FOR
TRANSPLANTATION

Technical Field
[0001]

The present invention reltes to a method for maintaining an organ or tssue mainly for
transplntation for long-term presenvation while maintaining the organ or tisste function, as well as a
method for sobting an organ or tesue. The present invention ako rektes to an organ or tesue for
transplntation.

Background Art
[000Z]

Organ transplntation & currently performed as the main therapy for ireversble organ
dysfunctiondue to illnesses or accidents. Althoughthe number of transplantation cases have increased and
the success rates thereof have dynamically rsen by advances n immunosuppressing agents or
transplntation technologies, chronic organ shortages are posing a serious probkem in transplntation
medical care (Non-Patert Literature 1). Eventhougha method for transplanting a ransplant animal organ
or a developmert of gene-modified animak with kess tendency to cause immunological rejection (Non-
Patent Literatures 2 and 3), and further a development of artificial organs aiming to replace organ functions
with artificial materiak have been promoted in order to accommodate for this organ shortage (Non-Patent
Literature 4), nore of the technology developments have reached apoint of replacing adukk organ function.
[0003]

The shortage of donor organs provided for transplantation i not only because of the number of
orgars provided, but the short duration that the solated organ can be presenved in a transplantable state &
abko ore great reason. For this reason, developrment of a technology for preserving the solated organ ex
vivo for a bong-term in a transplantabke state has been pronoted. The method currently most broadly
emplboyed & a sinpk cooling method of replacing the blood I the organ with a low-termperature organ
preservation solution and then immersing in a low-tenyperature presenvation solution to suppress cell
metabolism There s also a perfusion cooling preservation method that perfuses the vascular plexus inthe
organ with a low-tenperature organ preservation solution while performing immersion presenation at a
low tenperate inorder to remove waste products in the organ in preservation, which s recently under trial
n Europe and the U.S. (Non-Patert Literature 5).

Howe\er, safe exprration time of orgars presenved by these methods s thought to be 60 hours
for kidreys and 20 hours for livers in gereral, and an elongation technology for further duration of
presenvation has been desred.

[0004]



Moreower, in addition to the abowve problems, another factor causing the shortage in the number
ofdonor orgars is that organs that can be provided are limited because the majority ofdonor regstrants die
of cardiec arrest. In organ transplntation from cardiac arrest donors, in contrast to organ transplntation
frombrain-dead donors, a period duringwhichthe blood flow to orgars s stopped, in other words a period
of "Wwarm schemia™ occurs between cardiac arrest and soltion and preservation of orgars. Cell swelling
disorder due to depletion of ATP or accumulbtion ofwaste products suchas hypoxanthine are caused inan
organ or tissue inwarm schemic state. The hypoxanthine accumulated in celk & rapidly metabolized by
the oxygenated perfusate when blood flow to the organ or tissue is resumed. During this process, tissue
disorder may be provoked by the large amount of reactive oxygen produced, and systemic acute shock
may beevoked in the recipient receving the organ transplantation by cytokines etc. secreted from celk.
[0005]

Because an organ or tssue becormes mekdaptive for organ tramsplntation when warm
schemic state i continued for a few minutes due to organ or tissue disorder accormpanying warm ischemia
and reperfusion, the transplntation adaptation rate of organs from donors who have died from unexpected
cardiac arrests outside hospiak is currently only 10% or kss, and further the transplantation engraftment
rate therefrom remains atabout 70%. (Non-Patent Lierature 6)

[0006]

Inother words, the transplantation adaptation rate of organs fromcardiac arrest donors remain at
a very bw kel conpared to the transplntation adaptation rate of organs from brain-dead donors, and
developrment of a technology that erables organ donation from cardiac arrest donors & desired in order to
expand the number of donor orgars.
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Summary of the Invention
Problens to be Solhed by the Invention
[0008]
The object of the presert invertion & to provide a technology that emables bong-term
presenvation while maintaining the function of an organ or tisue for transplantation. A further object &



utilizing this technology to provide a technology for suppressing tissue disorder accompanying warm
schemia and reperfusion as well as restoring an organ or tisue from a cardiac arrest donor to a kel
conmpatble for trarsphntation.

Mears for SoMing the Problens
[0009]

As a resuk of repeated investigations by the present inventors to solve the above problens, it
was found that organ or tissue disorder can be maintaired ina significantly suppressed state for a longtime
by perfusing an organ or tisste for transplantation with a perfusate comprising an oxygen carrier and a
blood coagultion inhbitor.

The present inventors have ako found that organ or tssue disorder can be further significantly
suppressed by keeping the temperature of the organ ortissue during perfusion within a given range.

The present inventors have further found that an organ or tissue that has once cone to be ina
warm schemic state canbe restored to a state close to the organ or tissue before cardiac arrest by perfusing
the organ or tisue that has come to be in a warm ischemic state due to cardiac arrest with a perfusate
compriing an oxygen carrier and a blood coaguletion inhbitor, and thus achieved the conpletion of the
presert invention.

[0010]

In other words, the present invention provides a long-term maintenance method of a
mammalian organ or tissue for transp lantation that employs perfusion by a perfusate, conmprising each of
the following steps of: (a) connecting a perfusate instream cannula for streaming said perfusate into said
"organ or tisue, " (b) conrecting a perfusate outstream cannula for streaming said perfusate out from said
"organ or tissue," and (C) perfusing a perfusate comprising an oxygen carrier and a blood coagulation
iPhbitor into said organ or tisste.

Here, ore embodiment of the long-term maintenance method of a mammalian organ or tesue
for transplantationaccording to the present invention s characterized inthat said oxygen carrier in said step
(C) b erythrocyte.

Ore embodiment of the long-term mainterance method of a mammalian organ or tissue for
transplntation according to the present invention & characterized in that the perfusate in said step (C) &
crcubted.

Ore embodiment of the long-term mainterance method of a mammalian organ or tssue for
transplantation according to the present invention i characterized in that it conprises a further subsequent
step of (d) before said step (C), perfusing said "organ or tissue™ with a perfusate conyprising an oxygen
carrier and a blood coagulation inhbitor to wash said "organ or tissue,™ and then removing the perfusate
employed for said washing.



Ore embodiment of the long-term mainterance method of a mammalian organ or tsswe for
transplntation according to the present invention is characterized in that in said step (c), said "organ or
tsste™ b sokted together witha second "organor tissue™ that is continuous in vivo to said "organ or tssue,”
and perfusion is performed with said "organ or tissue™ in a suspended state by immobilizing said second
"organ or tissLe”.

Ore embodiment of the long-term mainterance method of a mammalian organ or tssue for
transplantation according to the present invention is characterized in that in said step (c), said "organ or
tesue” B iImmersed naliqud so that at least apart thereof receies buoyarcy.

Ore embodiment of the long-term mainterance method of a mammalian organ or tisue for
transplantation according to the present invention is characterized in that in said step (c), said "organ or
tsue™ b plced under a termperatLre state maintained at4°C - 37°C.

Ore embodinment of the long-term mainterance method of a mammalian organ or tissue for
transplntation according to the present invention i characterized inthat said blood coagultion inhbitor
heparin.

Ore embodiment of the long-term mainterance method of a mammalian organ or tssue for
transplantation according to the present invention s characterized inthat said "organor tissue™ isan "organ
or tisse" selected from the group corsisting of the liver, the kidney, the pancreas, the heart, the lung, the
stormach, the tests, the ovary, and the eyeball.

[0011]

Moreower, according to another embodimert of the present invention, a method for sokting
sad "organ or tisue" for a long-term maintenance of a mammalian organ or tissue for transplntation &
provided, comprising the following steps of: (f) sokting said "organor tissue™ from said mammal, and (g)
administering a blood coagulation inhibitor to said mammalbefore said step (f), whereinsaid mammal sa
nonthuman or ahuman (but imited to a human who & abrain-dead patient).

[0012]

Further, according to another embodiment of the present invertion, a mammelian organ or
tssue for transplantation & provided, characterized inthat said "organor tssue™ i isolted froma mammal,
and the blood in said "organ or tssue™ & substituted by a perfusate conmprising an oxygen carrier and a
blood coagultion nhibitor.

Efiects of the Invention
[0013]

According to the long-term mainterance method of an organ or tisste according to the present
invention, by perfusing an organ or tissue for transplntation with a perfusate supplemented with an
oxywen carrier and a blood coagubtion inhibitor, a disorder of an organ efc. after organ isoktion can be
maintained in a significantly suppressed state for a long time. Moreover, organ or tissue disorder can be



maintained in a further significantly suppressed state for a long time by keeping the termperature of the
organor tissue during perfusion withina givenrange. Further, by perfusinganorgan or tissue after cardiac
arrest with a perfusate supplemented with an oxygen carrier and a blood coagulation inhibitor, the structure
and function of an organ or tissue that has become untransplantable due to suffering disorder from warm
schemia can be restored to a trarsplniabke state.  In this way, long-term preservation & allowed while
maintaining the function ofanorganor tissue for transplantation inorder to subject it to rarsplantation ina
good state.

Brief Description ofthe Drawings
[0014]

Figure 1 shows the schermatic diagram of the perfusion circuit which & ore embodiment of the
present invention.

Figure 2 shows the graph that cormpares the increase in ALT activity in the perfusate when the
liver ofrats immediately after sacrifice was perfused for 48 hours by altering the erythrocyte concentration
condiion i the perfusate.

Figure 3 shows the tisste staining images of the liver of rats immediately after sacrifice, as well
as the tisste staining images after the liver of rats immediately after sacrifice was perfused for 48 hours by
altering the enythrocyte concentration condiion in the perfusate.

Figure 4 shows the graph that cormpares the increase in ALT activity in the perfusate when the
liver of rats immeditely after sacrifice was perfused by altering the liver termperature condition during
perfusion.

Figure 5 shows the tisste staining images of the liver of rats immediately after sacrifice, as well
as the tissue staining images after the liver of rats immediately after sacrifice was perfused by akering the
Iver termperature condition during perfusion.

Figure 6 shows the schematic diagramof liver washing which s one embodiment ofthe present
nvention.

Figure 7 shows the graph that compares the increase in ALT activity in the perfusate when the
Iiver of warm ischemia model rats which s ore enbodiment of the present invention was perfused for 48
hours with an erythrocyte-supplenmented  or -nonsupplemented  perfusate.

Figure 8 shows the graph that conpares the ALT activity in the perfusate during liver washing
before nitietion of perfusion by the perfusion circut n Figure 7.

Figure 9 shows the tissue staining images of the liver of warm ischemia model rats which s ore
embodiment of the present invention after 48 hours of perfusion with an erythrocyte-supplemented
perfusate.



Figure 10 shows the tissue staining images of the liver of warm schemia model rats which s
ore embodiment ofthe present invention atter 48 hours of perfusion with an erythrocyte-nonsupp lemented
perfusate.

Figure 11 shows the conmparison of the amount of abumin in the perfusate whenthe liver of
warm ischemia model rats which s one embodiment of the present invention was perfused for 48 hours
with an erythrocyte-supplemented or -nonsupplermented perfusate.

Figure 12 shows the conparison of the amount of abumin in the perfusate when the liver of
warm ischemia model rats which s ore embodiment of the present invention was perfused for 48 hours
with an erythrocyte-supplemented or -nonsupplermented  perfusate.

Figure 13 show the graph ofthe results of measurement of urea synthesis ability whenamnonia
loading test was performed with the liver of warm ischemia model rats perfused for 48 hours with an
erythrocyte-supplenented or -nonsuppkenmented perfusate which s one embodiment of the present
nention and the Iver of rats mmediately after sacrifice.

Figure 14 shows the tissue images of when the intrahepatic vascular plexus of warm ischemia
model rats perfused for 48 hours with an erythrocyte-supplermented or -nonsupplemented perfusate which
5 one embodiment of the present inventionand rats immedately after sacrifice were solidified with gelatin
conmpreng a fluorescent dye.

Figure 15 shows the schemetic diagram of when heterotopic transplantation & performed ona
recpient rat with the iver of awarm schemia model rats.

Figue 16 & the graph showing the survival rate of recpient rats when heterotopic
transplantation was performed after perfusion or presenvation of the liver of warm ischemia model rats by
various methods.

Figue 17 shows the tesue images of the liver afier trarsplantation when heterotopic
transplantation was performed after perfusion or preservation of the liver of warm ischemia model rats by
various methods.

Figure 18 shows the schermatic diagram of when the liver of a warm schemia model rat 5
heterotopically transplanted to a recipient rat, and then the host liver s partially resected and the portal vein
kading to the host iver i ligated.

Figure 19 & the graph showing the survival rate of recpient rats when the liver of warm
schemia model rats & heterotopically transp lanted, and then the host liver i partially resected and the portal
ven kading to the host Iver s ligated.

Figure 20 s the graphof measuring the change inthe hostand transplant liver weights whenthe
liver of warm ischemia model rats & heterotopically transplanted, and thenthe host liver i partially resected
and the portal ven keading to the host iver s ligated.

Figure 21 shows the tissue images of the host and trarsplart livers after 1 week after the host
Iver & partilly resected and the portal vein leading to the host iver s ligated.



Figure 22 shows the immunostaining images (@bumin, BrdU) of the host and transplant livers
after 1 week after the host liver is partially resected and the portal vein leading to the host liver & ligated, as
well as the graph representing the number of hepatocytes or the number of BrdU positive hepatocytes
withn acertan feld range.

Description of Embodiments
[0015]
<Long-term Mantenance Method of Organ or Tsue>

The first embodiment of the present invertion is a long-term mainterance method of a
mammalianorgan or tissue for transplntation that employs perfusion by a perfusate, characterized inthat it
conprises each of the following steps of: (a) connecting a perfusate instream cannula for streaming said
perfusate into said "organ or tesue," (b) connecting a perfusate outstream cannul for streaming said
perfusate out fromsaid "organor tissue,"and (c) perfusing a perfusate conmprising erythrocytes and a blood
coagulation inhbitor Into said organ or tissue.

[0016]

The "long-term maintenance™ of an organ or tissue herein refers to a long-term mainterance
while maintaining the function of an organ or tissue for transplntation, ie. while maintining a
transplntabe state, and the method therefor is not particularly limited. For example, by perfusinganorgan
or tsste for transplntation with a perfusate comprising erythrocytes and a blood coagulation inhibitor,
organor tssue dsorder after organ sohbtion canbe maintained ina significartly suppressed state for a long
time.

[0017]

Note that the mainterance method of a mammalian organ or tssue for transplntation that
enmploys perfusion by a perfusate herein is a method that restores organ or tissue function by maintaining
organor tissue metabolism, and can be apprehended as organ or tissue culture that employs the perfusate as
the cuture medum
[0018]

The "transplantation™ of an organ or tissue herein refers to moving and inplanting an organ or
tssue from the organ or tissue donor to the recipient, and the type of transplantation is not particularly
limited. The type of ransplantation ncludes, e.g. n terms of ckssification by the rebtionship between the
donor and the recipiert, autologous transplantation, isogereic trarsplntation, allogereic trarsplntation,
heterologous transplantation, and the like, and e.g. interms of clssification by the state of the donor, living
transplntation, brain-death death transplantation, cardiac arrest trarsplntation, and the like.

[0019]

An'organortisste” herein i not particularly limited as longas it sanorganor tisste that canbe

employed for perfusion, examples of which include the heart, the liver, the kidrey, the lung, the pancreas,



the stomach, the small intestine, the large intestire, the testis, the ovary, the eyeball, the tooth and
surounding tissues thereof; the hair and surmounding tissues thereof, and the like.
[0020]

An "organ or tssue"™ herein when the donor & a non-human may be an organ or tssue wherein
perfusate instream and outstream cannulae are connected to an organ or tissue for transplantation and the
organ or tissue & sohted after initiating perfusion. When the donor s a human, it may be an organ or
tssue wherein perfusate instream and outstream cannulae are connected and perfusion is initiated after
solating the organ or tissue for transplantation.

[0021]

For a "perfusate herein, a wellknown cormposition or a conyposition pursuant thereto can be
appropriately sekected by those skilled in the art according to the subject type of mammal or type of organ
or tesue. Exanples may be those comprising nutrients such as sugars or amino acids necessary for cell
survival. A culture medium employed for gereral cell cukure or a presenation solution employed for
organ presenvation and the like can be enployed, the compositions of which are not particularly limited.
The perfusate may ako comprise e.g. sugars (glucose, trehalose, raffinose), thickerers (HES, dextran),
antioxidants (N-acetykysteire, allopurinol, glutathiore), vasodikators (niroglycerin), and cytokines/growth
factors (IGF, FGF, EGF, HGF).

[0022]

The "perfusion™ of an organ or tisste herein refers to linking tubes such as perfusate instream
and outstream cannukae to the blood vessels of an organ or tissue for transplantation, and streaming the
perfusate into and out of the organ or tissue similarly to blood flow. For exanmple, when the organ to be
perfused & the liver, the perfusate can be strearmed in from the portal vein and streamed out from the
suprahepatic inferior vena cava, but a route to stream in the perfusate from the hepatic artery can ako be
emplbyed. Even when an organ other than the liver s employed, those skilled in the art can select
appropriate blood vessels to be employed for perfusate instream and outstream and enploy them for
perfusion.

[0023]

A "mammal” herein s not particularly limited, and the mainterance method according to the
presert invention can be utilized for any and all mammalian organ or tsste. When an organ or tssue
maintained with the method according to the present nvention s enployed for transplntation, the
mammal can be appropriately selected according to the subject (recipient) for transplanting the organ or
tssue, exanples of which can include a human, a pig, a cow, a monkey, a baboon, a dog, a cat, a rat, a
mouse, and the like. When the donor isa human, the organor tissue mainly employed canbe anorganor
tissue of a brain-dead donor, but it i not limited thereto and an organ or tissue ofa cardiac arrest donor may
ako be employed. Further, the long-term mainterance method according to the present invention canako



be employed for exanple when an organ or tissue for transplntation into a human that was cultured in
vivon anon-human mammal such as by genetic recombination technology i ermployed.
[0024]

A "tannula™ herein is not particularly limited as longas i i a tube etc. for inserting into the blood
vessel, and can be appropriately selected according to the type or size of the organ or tissue, the
conposiion of the perfusate, and the like.

[0025]

Inthe firstembodiment of the present invention, it is preferred that a blood coagulation inhibitor
s administered before cardiac arrest ofthe mammalto be the donor. By administeringa blood coagulation
inhbitor before cardiac arrest of the mamimal, blood coagulation inthe blood vessels ofthe organor tssue
after cardiac arrest i suppressed, and circubatory failure that may occur inthe organor tissue after initiation
of perfusion can be prevented. However, circulatory failure preventive effect by the blood coagulation
inhbitor comprised in the perfusate can be sufficiently obtained even without adminstration of a blood
coagulation nhbitor before cardiac arrest.

[0026]

A'blood coagukation inhbitor" herein s not particularly limited as ong as it & a substance that
has the effect of acting on the blood coagulation system to inhibit coagulation, exanples of which include
heparin, warfarin, acenocoumarol, phenindiore, and the like. When a blood coagubtion inhbitor 5
administered before cardiac arrest, the administration method & not particularly limited. For exanpk,
when the blood coagulation nhibitor & heparin, i can be intravenously administered, and when the blood
coagulation inhbitor s warfarin, acenocourmarol, phenindione, and the like, it can be orally adminkstered.
Inravenous and oral administrations of the blood coagulation inhibitor can also be used in combination.
For exanplk, when heparin & intravenously administered before cardiec arrest, & 5 preferably
administered in the range of 20 - 4000 units, and further preferably administered in the range of 40 - 2500
unis.

[0027]

Moreover, the amount of the blood coagulketion inhbitor conyprised n the perfusate employed
for organ or tssue perfusion can be appropriately selected by those skilled in the art according to the type of
mammal or organ. For example, when the blood coagulation agent comprised in the perfusate & heparin,
the amount of heparin comprised inthe perfusate & preferably in the range 02500 - 80000 units per 1 L of
perfusate, and further preferably in the range of 40000- 60000 units per 1 L of perfusate.

[0028]

The method for supplementing an oxygen carrier o the perfusate herein 5 not particularly
limited, and it may be supplemented after preparing the perfusate or suppemented simultaneously withthe
preparation of the perfusate. Moreower, in one embodiment, by keeping the dissolved oxygen
concentration in the perfusate constant, perfusion can be performed whike maintaining the function of the
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suppkemented oxygen carrier for a long time.  The method for keeping the dissolved oxygen in the
perfusate corstant i not particularly limited, and e.g. a sinplified animal cell cukure device (ABLE, Tokyo,
Japan) canbe employed to meinain the dissoled oxygen concentration in the perfusate at6.5- 7.5 mg/L
[0029]

An "oxygen carrier” herein & not particularly limited as long as it has the function to carry
oxyeen by biding thereto. For exanple, enythrocyte, perfiuorocarbon, hemoglobin endoplasmic
reticuum, artificial erythrocyte, and the like can beenmployed.

[0030]

Note that when “erythrocyte™ s enployed as the "oxygencarrier” herein, the "erythrocyte™ s not
particularly limited as long as it can be supplemented to the perfusate, and erythrocytes from various
mammak can be employed. Examples of animak for collecting erythrocytes can include humars, pigs,
cows, morkeys, baboons, dogs, cats, rats, mice, and the like. Whenthe recipient for transplantingan organ
or tesue s a human, the erythrocytes enployed are preferably those collected fromthe recipient iself in
terms of suppressing rejection fromtransplantation. Moreover, even when erythrocytes collected fromthe
recpient iself are not employed, it s preferred to enplby erythrocytes of the same blood type as the
recpient in terms of suppressing rejection from transplantation. The method for preparing erythrocytes s
ako not particularly limited, and for exampke it can be prepared by diluting blood collected from a
mammal with a cukure medium, subjecting to centrifugation, and then washing the blood plbsma
comporent.

[0031]

The concentration ofthe oxygencarrier inthe perfusate herein canbe appropriately set by those
skilled inthe art according to the subject organ or tissue and the type of oxygen carrier used. Forexanpke,
when "erythrocytes™ are enployed as the oxygen carrier, the erythrocyte concentration in the perfusate &
preferably 0.5 x 10 celks - 50.0 x 10 celk per 1 L of perfusate, further preferably 1.0 x 101 celks - 50.0 x
10U celk per 1 L of perfusate, and nost preferably 2.0 x 101 cells - 50.0 x 104 celk per 1 L of perfusate.
Whenthe erythrocyte concentration inthe perfusate & less than 0.5 x 10 celks per 1 L of perfusate, oxygen
supply to the organ will be insufficient and necrosi of cells in the organ will occur, and when t & greater
than 50.0 x 10! celk per 1 L of perfusate, organ disorder due to erythrocyte infarction during perfusion
may OCCU.

[0032]

The perfusion of an organ or tissue herein can be performed while maintaining the tenperature
of the organ or tissue in a state of 4°C - 37°C, preferably performed while the termperature of the organ or
tiste ina state of 15°C - 33°C, and nmost preferably performed while maintaining a state of 20°C - 25°C.
During organ or tisue perfusion, organ dysfunction due to low temperature injury s caused when the
termperature of the organ or tissue & lower than 4°C, and increase in liver disorder value s seenwten it s
greater than 37°C.
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[0033]

The method for maintaining an organ or tissue in perfusion at a constant temperature herein &
not particubrly limited. For example, the organ or tissue can be maintained at a corstant termperature by
performing perfusion while maintaining the temperature of the liquid inwhichthe organor tissue is floated
at a desred tenperature. Preferably, the tenmperature of the organ or tissue can be maintained at a desired
termperature by maintaining the temperature of the perfusate perfused to the organ or tisue at room
termperature (25°C) - 37°C, and maintaining the tenmperature of the liquid inwhich the organ or tisste &
floated at 20°C-25°.

[0034]

The device for maintaining an organ or tisue in perfusion at a constant termperature is not
particularly limited. For example, a heater etc. may be enployed to extermally apply temperature change to
avessel comprising the organor tissue, or a device for managing the termperature of the perfusate itself etc.
may beenployed to directly apply temperature change tothe perfusate.

[0035]

"Circubating the perfusate™ herein mears that the perfusate streamed out from the perfusate
outstream cannula connected to the organ or tissue s not discarded but & streamed into the organ or tssue
agan through the perfusate instream cannulg, and this & repeated.

[0036]

Perfusing the perfusate to an organ or tissue to "Wash™ the organ or tissue herein means that the
perfusate & streamed into/out of the blood vessels of the organ or tissue, and the perfusate streamed out &
removed without circultion. By washing the organ or tissue with the perfusate, reactive oxygen, cell
autolysate, microthrombus, and the like which have accumulated n the organ or tissue in which blood
flow hawve stopped due to cardiac arrest are removed, and this can reduce organ or tissue disorders caused
therefrom
[0037]

In the maintenance method according to the present nvertion, an organ or tssue that was
sokted together with a second organ or tissue that s continuous in vivo to the organ or tissue can be
employed. According to such configuration, because said second organ or tissue can be imnobilized to
suspend the organ or tissue to be perfused when performing perfusion, the perfusate can be delivered to
every part ofthe organ or tissue without damaging the organ or tisse to be perfused.

[0038]

The second organor tissue & preferably anorganor tissue that is continuous in vivo to the organ
or tssue, and more preferably anorgan or tissue that is continuous in vivo to the upper portion ofthe organ
or tssue. The organ or tissue can be perfused in an environment similar to the in vivo configuration by
suspending with such an organ or tisste. An environment similar to the in vivo configuration here means
anenvionment in which the organor tissue can maintain its natural form without being compressed from
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hard materiak suchas the inrer surface ofthe vessel Since convertioral organ or tssue perfusion was
performed by plcing the organor tissue ona vessel such asa dish, blood vessek in the portion contacting
the dish were compressed and the perfusate was not sufficiently delivered. According to the abowe
embodiment, because the organ or tissue & suspended and perfused n an environment simiklar to the in
vivo configuration, the perfusate can be delivered to the entire organ or tissLe.

[0039]

Moreower, when imnobilizing the second organ or tissug, since it & permissible for the second
organ or tesue to be damaged, immobilization can be dore firmly with a method such as inserting a
support tube, pinching with a clip, or stitching with a surgical suture. For exanple, when the organ to be
perfused & the liver, the diaphragm is continuous upperside thereto in vivo and said diaphragm B
conrected to the costal bore, and thus only the diaphragm or both the diaphragm and the costal bore can
be enployed as the second organ or tissue. 1 the diaphragm is solated together when sohting the liver
froma mammal, the liver can be suspended in an environment close to thet in vivo by immobilizing said
diephragm  Ifthe costal bore in addition to the diaphragm & sokted together, a more stable suspension
will be possble because the costal bore can be mmobilized.

[0040]

Other examples of the second organ or tissue include, but are not limited to, the fat tissue
attached to the surface of these organs when perflsing the kidrey or the pancreas; the upstream adjacent
orgars when perfusing the gastrointestinal systemorgans (specifically, the stormach or the duodenumwhen
perfusing the small intestine or the small intestine when cukuring the large intestire); the jaw bore, the
alveolr bore, the tooth root bore, and the gingiva when perfusing the tooth and surrounding tissues
thereof; the epidermis, dermis, and fat tissue when perfusing the har and surrounding tissues thereof, and
the like.

[0041]

It s preferred that the maintenance method according to the present invention is performed with
the organ or tssle immersed in a liquid so that at least a part thereof receives buoyancy in the perfusion
step. By doing so, at keast a part of the organ or tissue will receive buoyancy, thus enabling creation of an
environment further closer to the in vivo configuration conpared to simple suspension, and the perfusate
canbe delivered to every part of the organor tisste. The organ or tisste s preferably ina state that at least
30% thereof exsts in the liquid, more preferably 50%, further preferably 80%, and most preferably ina
state that the entirety exsts In the liguid.

[0042]

The liquid for immersing the organ or tesue, similarly to the perfusate, can be appropriately
selected by those skilled in the art according to the type of mammeland organetc., and may have the same
or difierent composition as the perfusate.

[0043]
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In the maintenance method according to the present invention, i & preferred that perfusion 5
performed with the organ or tissue in an immobilized state in a perfusion vessel for organ immobilization.
For the organ or tisste to be immobilized to the perfusion vessel for organ immobilization, an organ or
tsue that was sokated together with a second organ or tissue that i continuous in vivo to the organ or
tisue for transplantation canbe employed. The perfusion vessel for organ immobilization & provided with
a suspersory mearns with which the organ for transplantation & suspendablke with said second organ or
teste. The irside of the perfusion vessel for organ imnobilization can be filled with a liquid, and &
configured so that the organ or tissue can be immersed to give buoyarcy to at least a part thereof. The
perfusion vessel for organ imnobilization may be of any material, and can be fabricated with e.g. gless or
acrylic. In the perfusion vessel for organ immobilization, an organ or tissue for trarsplantation &
immobilized by suspension by said second organ or tisste, and the organ or tissue for trarsplantation s ina
state immersed in a liquid during perfusion, thereby allowing the perfusate to be delivered to every part of
the organ or tissue without damaging the organ or tissue to be perfused.

[0044]

In other words, the present invention in ore embodiment can be referred to as a maintenance
device for anorganor tissue comprisinga perfusate comprisingan oxygen carrier and a blood coagulation
inhbitor, a perfusate instream camula for streaming the perfusate nto said organ or tssue, and a perfusate
outstream cannul for streaming the perfusate out of said organ or tisste.

[0045]

Moreower, said mainterance device in one embodiment may comprise a suspensory mears for
suspending sad organ or tisue. Further, said maintenance device may further comprise a vessel that
enables immersionofat leasta part ofsaid organ or tisste in the organ or tesue immersion liquid with said
organ or tssue i a suspended state.

[0046]

The method for measuring the degree of damage of an organ or tisue herein i not particularly
limited, and can be appropriately selected by those skilled in the art according to the subject organ or tissue.
For example, when the subject organ or tissue & the liver, the degree of hepatic damage can be measured
by liver disorder enzyme (ALT) activity, hstological analysis, measurenment of bile production amourt,
measurenent of abumin synthesis amount, measurenent of urea synthess by amnonia lbading test,
analyss of the intrahepatic capillry plexus, and the like.

[0047]
<Method for Resecting Organ or Tissue>

The second embodiment ofthe present invention sa method for isolatingan organ or tissue for
maintaining a mammalian organ or tsue for a g time for transplntation, characterized in that it
conprises the follbwing steps of: (f) sokting said “organ or tssue™ from said mammal, and (g)



14

administering a blood coagulation inhibitor to said mammal before said step (f), whereinsaid mammal sa
non-human or a human (but limited to a human who & a brain-dead patient). The terms used in the first
embodiment of the present invention will be enployed synonymously in the second embodiment, and
descriptiors therefor will be omitted.

[0048]

In the second enmbodiment of the present invention, by adminstering a blood coagulation
inhbitor before cardiac arrest of the donor, blood coaguktion inthe blood vessek of the organ or tissue
after cardiac arrest & suppressed, and circulatory failure that may occur inthe organor tissue after initiation
of perfusion can be prevented.

[0049]

In the second embodiment of the present invention, the adminktration method of the blood
coagulation inhibitor 5 not particubrly limited. For example, when the blood coagulation inhbitor &
heparin, it can be intravenously adminstered, and when the blood coagultion inhbior & warfarin,
acenocoumarol, phenindiore, and the like, it can be orally administered. Intravenous and oral
administrations of the blood coagultion inhibitor can ako be used in combiration. The dosage of the
blood coagultion inhbitor is ako not particularly limited, and can be appropriately prepared by those
skilled n the art according to the type, the age in weeks, and the weight efc. of the mammal to be
adminstered the blood coaguiation inhbitor.

[0050]

The timing for sokting an organ or tissue for transplntation from the donor herein s not
partcularly limited. For exanple, when the donor i a non-human, perfusate instream and outstream
canrulae may be conrected to an organ or tissue for trarsplantation, and the organ or tissue are sokted
after initiating perfusion. When the donor i a human, perfusate instream and outstream cannulee may be
conrected after solating an organ or tissue for trarnsplantation, and perfusion & initiated  thereatter.

[0051]
<Mammalian Organ or Teste for Transplntation>

The third embodiment of the present imertion 5 a mammalian organ or tssue for
transplntation, characterized inthat said "organor tissue™ s sokted froma mammal, and the blood insaid
"organ or teswe” & substituted by a perfusate conprising an oxygen carrier and a blood coagulation
inhbitor. The terms wsed in the first embodiment of the present invention will be employed
syronymowsly I the third embodiment, and descriptions therefor will be omitted.
[0052]

In the third embodiment of the present invention, the method for substituting the blood in the
organ or tssue with a perfusate comprising an oxygen carrier and a blood coaguktion inhbitor & not
particulerly limited, and substitution can be e.g. by perfusing the perfusate into the organ or tisste.
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[0053]

Note that the terms used herein are to be employed to describe particular embodiments, and do
not intend to limit’ the invention.
[0054]

Moreower, the term "tomprising™ as used herein, unless the content clearly indicates to be
understood otherwise, intends the presence of the described itens (such as conporents, steps, eements,
and numbers), and does not exclude the presence of other iems (suchas components, steps, eements, and
numbers).

[0055]

Unkess otherwise defired, all terms used herein (including technical and scientific terns) have
the same meanings as those broadly recognized by those skilled in the art of the technology to which the
presert invention belongs. The terms used herein, unless explicitly defired otherwise, are to be construed
as having meanings corsistent with the meanings herein and in related technical fields, and shall not be
corstrued ashaving idealized or excesshely formal meanings.

[0056]

Terms such as first and second may be enmployed to express various eements, and it should be
recognized that these elements are not to be limited by these terms. These terns are employed sokly for
the purpose of discriminating ore elerment from another, and it is for example possblke to describe a first
ekerment as a second ekement, and similarly, to describe a second elerrent as a first element without
departing from the scope of the present invention.

[0057]

The present invention will now be more specifically described by Exanples. However, the
present invention canbe enbodied by various embodiments, and shall not be construed as being limited to
the Exanples described herein.

Bxampkes
[0058]
(2) Preparation of Perfusate
<Preparation of Erythrocytes>

In this Exanmple, a test example enploying enythrocytes as oxygen carrier s shown as ore
embodiment of the present invention. Concentrated human erythrocyte solution was received from the
Japanese Red Cross Blood Center upon request for grant ofblood that cannot be used for blood transfusion
etc. To 50 ml of said concentrated human erythrocyte solution was added 200 ml of L-15 medium
(SIGMA), and this was centrifuged at 2000 rpm for 5 minutes. After centrifugation, the supematant other
than the precipitated erythrocyte component was removed, and L-15 medium (SIGMA) was added to a
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total amount of 250 ml. This operation was repeated twice to prepare the human erythrocytes enployed
for organ or tisste perfusion.

[0059]
<Preparation of Perfusate>

The perfusate enployed for perfusion was prepared by supplementing L-15 medium (SIGMA)
with 10% fetal bovire serum (FBS; Gibco, New York, US), 100 U/mlpentcillin, 100 pg/ml streptomycin,
0.25 ug/ml amphotericin B (necaki tesque, Kyoto, Japan), 50 ugiml gentamicin sulfate (Wako, Osaka,
Japan), 2 mM L-alanyl/L-glutamine, 50 units/ml heparin (Wako, Osaka, Japan), and 3 pg/ml cyclosporin
A
[0060]

The perfusate prepared as above b referred to in this Exampk as an “erythrocyte-
norsupplemented perfusate.” Moreower, a perfusate which i the erythrocyte-nonsupplemented perfusate
suppkemented with human erythrocytes at 5.0 x 101 celb/L is referred to in this Exanpk as an

"enythrocyte-suppemented perfusate.”

[0061]
(2) Production of Warm Ischemia. Model Rats

Eight-week-old Wistar rats (Japan SLC, Inc.) were placed ina desiccator filled with diethyl ether
(Wako) to perform aspration anestnesia. One hundred microliters of heparin sodium (Wako) solution
prepared to have a final concentration 0f 25000 U/ml was injected to the penile vein of the rats subjected to
asprration anesthesia with a 25 G injection needle (Terumo, Tokyo, Japan) and a 1 ml syringe (Terumo).
The injected rats were kft for 5 minutes to allow the heparinsodium solution to be systemically delivered,
and then sacrificed by cervical dslocation. In this Exarmple, the time point of sacrifice by cervical
dislocation was set as the initiation time point of cardiac arrest. The sacrificed rats were Eft ina cell culture
incubator (SANYO, Tokyo, Japan) for 1 houwr at room tenperature (25°C) - 37°C. The rats after
Incubation were setin this Exanple as warm ischemia model rats.
[0062]

Note that management and operation of rats were performed according to the Guidelines for
BExperimental Animak of Natioral Irstitute of Heakh. Moreover, all experiments were carried out withthe
permission of BExperirental Animek Management Committee at Tokyo University of Science.

[0063]
(3) Corstruction of Perfusion Circuit

The schematic diagram of perfusion circuit 1 enployed inths Exanple s shown in Figure 1.
In Figure 1, the termperature of the perfusate and the amount of oxygen dissoved in the perfusate of the
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perfusate plced ina first vessel 30 and a second vessel 31 were maintained constant by a sinplified animal
cell cukure device 20 (ABLE, Tokyo, Japan). The perfusate placed in the first vessel 30 was streamed
into/out from the organ or tissue subject to perfusion placed ina perfusion vessel for organ immobilization
10 with a perstaltic pump 40 (IWAKI/AGC TECHNO GLASS, Chba, Japan). The perfusate that
streamed out was set Up to be retrieved in the second vessel 31. The perfusate retrieved in the second
vessel 31 was set up to be returred again to the first vessel 30 with a peristakic purmp 41. A perfusate
retrieval port 50 was set Up on a part of the tube connecting the organor tissue and the second vessel 31 in
order to collect the perfusate that streamed out from the organ or tissue over time. The abowe circuit was
setas the perfusion circut employed n ths Bxanpke.

[0064]
(@) Investigation of Optimel Enthrocyte Concentration n Perfusate

Eight-week-old Whstar rats (Japan SLC, Inc.) were placed ina desiccator filled with diethyl ether
(Wako) to perform aspration anesthesia. One hundred microliters of heparin sodium (Wako) solution
prepared to have a firal concentration 025000 U/mlwas injected to the inferior vera cava ofsaid rats with
a 25 G njection needke (Terumo, Tokyo, Japan) and a 1 ml syringe (Terunmo). The injected rats were kft
for 5 minutes to allow the heparin sodium solution to be systemically delivered, and then sacrificed by
cervical dslocation.  Immediately after sacrifice, the liver was solted with the method of (6) described
bebw, and comected to the perfusion circuit to perform perfusion.  In other words, the liver of rats
immeditely after sacrifice 5 employed instead of the liver of warm ischemia model rats in this
nvestigation of conditiors.

[0065]

The erythrocyte-nonsupplermented perfusate prepared in the method of (1), as well as perfusates
having the erythrocyte-norsupp emented perfusate suppemented with the human erythrocytes prepared in
the method of (1) at 0.5 x 101 celly/L, 2.0 x 10 celly/L, and 5.0 x 10 celly/L, respectively, were prepared
and enployed as perfusates. During perfusion, a simplified animal cell cukure device was enployed to
maintain the termperature of the perfusate at 37°C, and the dissolved oxygen in the perfusate was all
maintained at 6.77 mg/L. During perfusion, the liver temperature was maintained at 22°C by maintaining
the L-15 medium inside the perfusion vessel for organ immobilization at 22°C. During perfusion, the flow
rate of each perfusate was set at 11 ml/min with a perstakic pump. During perfusion in the perfusion
crcuit, the perfusate that streamed out from the liver was sampled every 4 hours from the perfusate
refrieval port. The perfusate sampled from the perfusate refrieval port was centrifuged at 1800 rpm for 3
minutes, and the supernatant was retrieved. The ALT activity in the supernatant was measured with
Trarsaminese  ClI-test\Wako (Wako) according to the provided directions for use.

[0066]
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Moreower, the liver afier 48 hourss after initiation of perfusion was immediately fixed by
perfusing with 4% paraformaldehyde-phosphate buffer for 15 minutes. The liver subjected to fixing by
perfusion was cut into tissue pieces, and then immersed n 4% paraformaldehyde-phosphate buffer for 24
hours for further fixing. Said tissue pieces subjected to fixing by immersion were dehydrated by etharol
solution, peretrated by xylene, and then substituted with paraffin and embedded. The embedded samples
were thinly sliced to a thickness of 5 pum, and HE staining was carried out according to conventional mears.
The stained sarmples were microscopically examined with Axio Imager Al (Carl Zeks) installed with
AxioCamMRc5 (Carl Zeks, Jene, Germany), and images were obtained with Axio Vsion Rel 4.7 (Car
Zek).

[0067]

Comparison of ALT activity obtained n each erythrocyte concentration condition & shown in
Figure 2. As shown in Figure 2, it was surprisingly found thet the increase in ALT activity 5 human
erythrocyte concentration-dependently suppressed. Inthis Exanple, it was found that the increase in ALT
activity is most suppressed in the group stbjected to perfusion with the perfusate supplemented with
humen enythrocytes at 5.0x 10 cel/L.

[0068]

Moreower, liver tissue images after perfusion under each erythrocyte concentration conditionare
shown inFigure 3. Asshown inFigure 3, sinusoidalentrgement and diffuse liver parenchymal cell death
were partially seen in the group subjected to perfusion with the perfusate supplemented with human
enythrocytes at 0.5 x 101 cels/L, slight sinusoidal enbrgement and partial liver parenchymal cell death
were seen inthe group subjected to perfusion with the perfusate supplemented with human erythrocytes at
2.0 x 10" cels/L, and retention of sinusoidal structure almost equivalent to that of the liver immediately
after sacrifice and liver parenchymal cell survival were seen in the group subjected to perfusion with the
perfusate suppkemented with human erythrocytes at 5.0 x 101 cel/L.  In other words, erythrocyte
concentration-dependent suppression of liver tissue disorder was seen, and it was found in ths Exanple
that the group subjected to perfusion with the perfusate supplemented with human enythrocytes at 5.0 x
10 cel/L was the most suppressed i tissue disorder.

[0069]

In other words, it was found that by performing perfusion of an organ or tssue for
trarsplntation with the perfusate supplemented with human erythrocytes at 5.0 x 10% celk/L, organ or
tssue disorder after sohtion can be most significantly suppressed, thereby enabling a long-term
presenvation whie mantaining the organ or tissue function.

[0070]
(5) Investigation of Optimal Termperature Condition During Perfusion
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Eight-week-old Wistar rats (Japan SLC, Inc.) were placed ina desiccator filled with diethyl ether
(Wako) to perform aspration anestnesie. One hundred microliters of heparin sodium (Wako) solution
prepared to have a firal concentration 025000 U/mlwas injected to the inferior vera cava ofsaid rats with
a 25 G njection needk (Terumo, Tokyo, Japan) and a 1 ml syringe (Terumo). The injected rats were kft
for 5 minutes to allow the heparin sodium solution to be systemically delivered, and then sacrificed by
cervical dsbcation.  Immediately after sacrifice, the liver was solted with the method of (6) described
bebw, and comected to the perfusion circuit to perform perfusion.  In other words, the liver of rats
immeditely after sacrifice & enployed irstead of the liver of warm ischemia model rats in this
nvestigation of conditiors.

[0071]

The perfusate employed was the erythrocyte-supplermented perfusate prepared in the method
described in (1). During perfusion, a sinplified animal cell cukure device was employed to maintain the
temperature of the perfusate at 37°C, and the dissolved oxygen in the perfusate was all maintained at 6.77
mg/L. During perfusion, the liver temperature was meintained at each tenmperature by maintaining the L-
15 medium inside the perfusion vessel for organ immobilizationat 37°C, 33°C, or 22°C. During perfusion,
the flow rate of the erythrocyte-supplenented perfusate was set at 11 m¥min with a perstaltic puny.
During perfusion in the perfusion circuit, the erythrocyte-supplemented perfusate that streamed out from
the liver was sanpled every 4 hours from the perfusate retrieval port. The perfusate sampled from the
perfusate retrieval portwas centrifuged at 1800 mpm for 3 minutes, and the supernatant was retrieved. The
ALT activity in the perfusate supernatant was measured with Transaminase Cll-test Wako (Wako)
according to the provided directiors for use.

[0072]

Fixing was performed after 20 hours from initiation of perfusion for the liver perfused at 37°C,
after 32 hours from initiation of perfusion for the liver perflsed at 33°C, and after 48 hours from initiation
of perfusion for the liver perfused at 22°C. Fixing was performed by perfusing the liver with 4%
paraformeldehyde-phosphate buffer for 15 minutes. The liver subjected to fixing by perfusion was cut into
tissue pieces, and then immersed in 4% paraformalde hyde-phosphate buffer for 24 hours for further fixing.
Sad tssue pieces subjected to fixing by immersion were dehydrated by ethanol solution, peretrated by
xykne, and then substituted with paraffin and embedded. The embedded sanmples were thinly sliced to a
thickness of5 um, and HE staining was carried out according to conventional means. The stained samples
were microscopically examined with Axio Imager Al (Carl Zess) installed with AxioCamMRc5 (Carl
Zess, Jere, Germany), and images were obtained with Axio Vision Rel 4.7 (Carl Zeks).

[0073]

Cormparison of ALT activity obtained in each termperature condition & shown in Figure 4. As
shown in Figure 4, it was surprisingly found that the increase in ALT activity is most suppressed in the
group n which perfusion was performed whie maintaining the iver at 22°C.
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[0074]

Moreower, liver tissue images after perfusion under each tenperature condition are shown in
Figure 5. As shown in Figure 5, when perfusion was performed at 37°C, liver parenchymal cell necross
and disruption of sinusoidal structure were observed at a time point 20 hours after initiation of perfusion.
Moreower, when perfusion was performed at 33°C, even though tisste structure maintenance effect was
obsened for a longer term, liver parenchymal cell necrosis and disruption of sinusoidal structure were
obsenved at a time point 32 hours after initiation of perfusion. However, when perfusionwas performed at
22°C, itwas found that sinusoidal structure almost equivalent to that of the liver immedately after sacrifice
were observed, and the intrahepatic vascular plexus structure was ako highly presenved even at a time
point 48 hours after intiation of perfusion.
[0075]

In other words, it was found that by performing perfusion while maintaining an organ or tissue
for transplantation at 22°C, organ or tissue dsorder can be most significantly suppress, thereby enabling a
long-term presenvation whie maintaining the organ or tisste function.

[0076]
(6) Liver Perfusion with Erythrocyte-supplermented  Perfusate
<Washng of Warm Ischemia. Model Rat Liver and Liver Isoltion>

Warm schemia model rats produced by the method described i (2) were enmployed for the
experiment. The abdomen ofwarm ischemia model rat was incised, the subhepatic inferior vera cava was
stripped to the lett reral \ein bifurcation, and the right renal vein, the left renal vein, and the lumbar vein
were each ligated with silk surgical suture No. 7 (Naturme).  Sik surgical suture No. 4 (Nature) was
passed through the subhepatic inferior vena cava caudal to the ket renal wein bifurcation to meke ore
ligation loop. The portal vein was stripped from the conrective tissue, and silk surgical suture No. 7
(Natume) was passed through inthe order ofthe hepatic artery proper, the pyloric vein, and the splenic vein
and ligated. Two sik surgical sutures No. 4 (Natume) was passed through the portal vein with an interval
to meke two ligation loops. The termperature of the erythrocyte-supplemented perfusate was maintaired at
37°C and the dissoled oxygen in the erythrocyte-suppemented perfusate was maintained at 6.77 mg/L
by a simplified animal cell cukure device. The erythrocyte-supplenmented perfusate was streamed through
the perfusate instream cannula at 11 ml/min with a perstaltic punp, and then the portal vein was halved
and said perfusate instreamcannulawas inserted. Next, the subhepatic inferior vera cava was immediately
transected below the ligation loop, and the erythrocyte-supplemented perfusate was allowed to stream out
from the trarmsected site. The two ligation loops of the portal veinwere ligated to immobilize the perfusate
instream cannul to the portal vein, and the insertion sie of the perfusate instream cannul was
immobilized with anappropriate amount of Aron Alpha A (Daichi Sankyo, Tokyo, Japan).
[0077]
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The costal bore was incised, and sik surgical suture No. 4 (Natume) was passed through the
suprahepatic inferior vena cava to meke two ligation loops. After the right atrium was halved, the loop set
up on the subhepatic inferior vera cava was ligated. The perfusate outstream cannula was inserted into the
halved right atrium portion, the two ligation loops of the suprahepatic inferior vera cava were ligated to
immobilize the perfusate outstream cannula, and the ligation sie and the insertion site of the perfusate
outstream cannula were immobilized with Aron Alpbha A (Daiichi Sankyo). The common bile duct was
halved, a bile outstream cannula was inserted, and imnobilized with Aron Alpha A (Daiichi Sankyo).
The diaphragm was exposed, and the et and right phrenic artery/\veins were ligated with silk surgical
suture No. 7 (Nature). After the organs and connective tissue surrounding the liver were resected, the
liver was detached from the dorsal with the costal bone and the disphragm till linked to the liver, and
sokted.

[0078]

The sohted liver was carried to the perfusion vessel for organ immobilization, the entire liver
was suspended by immobilizing the costal bore to a fixture attached to the perfusion vessel for organ
immobilization, and L-15 medium was filled inside the perfusion vessel for organ immobilization. The
liver was ina suspended state with the costal bone and the diaphragmand floated in L-15 medium. The
termperature of the floating liver was maintaired at 22°C by maintaining the L-15 medium inside the
perfusion vessel for organ innobilization at 22°C.

[0079]

The inside of liver blood vessek were washed for 100 minutes from when the erythrocyte-
suppkemented perfusate was streamed into the liver. The schematic diagram of a device for washing the
liver inthis Example s shown in Figure 6. In Figure 6, the sokated liver was immobilized to a perfusion
vessel for organ immobilization 11. The enythrocyte-supplemented perfusate placed in a first vessel 32
was streamed into the liver via the perfusate instream cannula, and streamed out ofthe suprahepatic inferior
vera cava via the perfusate outstream camule.  The erythrocyte-supplemented perfusate streamed out of
the suprahepatic inferior vena cava was removed without circukating to the first vessel 32, and all retrieved
in a second vessel 33. During said 100-mnute washing, the erythrocyte-supplemented perfusate that
streamed out from the liver was sampled every 10 minutes from a perfusate retrieval port 51 that was set
Up ona part of the tube connected to the perfusate outstream cannula.

[0080]
<Perfusion in Perfusion Circuit>

After said 100-minute liver washing, the liver was connected to the perfusion circuit described in
(3). The termperature ofthe erythrocyte-suppemented perfusate was maintained at 37°C and the dissoived
oxyeen in the erythrocyte-supplemented perfusate was maintained at 6.77 mg/L by a sinplified animal
cell culture device. During perfusion, the tenperature of the floating liver was maintained at 22°C by
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maintaining the L-15 medium inside the perfusion vessel for organ immobilization at 22°C. Sad
erythrocyte-supplemented perfusate was strearmed into the liver connected to the perfusion circuit at 11
ml/min with a perstaltic punp (IWAKI/AGC TECHNO GLASS, Chiba, Japan). During perfusion in
the perfusion circutt, the erythrocyte-supplemented perfusate that streamed out fromthe liver was sampled
every 4hours from the perfusate retrieval port.

[0081]
(7) Liver Perfusion with Enythrocyte-nonsupplemented Perfusate
Steps simibr to those in (6) were performed with an erythrocyte-norsuppemented  perfusate.

[0082]
(8) Analyss of Liver Tissue Disorder
<Aralyss of Liver Diorder Enzyme  (ALT) Activity>

Inthe experiments of (6) and (7), the perfusates sampled from the perfusate retrieval port during
washing inside blood vessek and perfusion in the perfusion circuit were centrifuged at 1800 rpm for 3
minutes, and the supernatants were retrieved. The ALT activity in the perfusate supematant was measured
with Transaminese ClI-test Wako (Wako) according to the provided directions for use.

[0083]

For results up to 48 hours after inkiation of perfusion, conparison of the results obtained from
the group enploying an erythrocyte-supplemented perfusate and the group employing an erythrocyte-
norsupplemented perfusate s shown in Figure 7. A magnified view of the measurement graph of the
ALT activity in the perfusate during liver washing before initiation of perfusion by the perfusion circuit
(before O minutes) within Figure 7 i shown in Figure 8. As shown in Figure 7, the ALT activity when
perfusion was performed with an erythrocyte-nonsupplemented perfusate reached 57 units/Liver at 48
hours after initiation of perfusion by the perfusion circuit. On the other hand, the ALT activity when
perfusion was performed with an erythrocyte-supplemented perfusate remeined at 32 units/Liver at 48
hours after initiation of perfusion by the perfusion circuit. Moreower, as shown in Figure 8, inregards to the
ALT activity of the perfusates that streamed out fromthe liver sampled during the 100-minute washing of
inside blood \essek, the gouwp enploying an erythrocyte-nomsupplenented perfusate reached 17
units/Liver, whereas the group ermploying an erythrocyte-supplemented perfsate remained at 12
units/Liver.

[0084]

From the abowe results, it was found that a clear liver tissue disorder suppression effect & seen
withthe group that was performed perfusionwithan erythrocyte-supplemented perfusate cormpared to the
group that was performed perfusion with an erythrocyte-nonsupplenented  perfusate.



23

[0085]
<Histological Analysis>

Inthe experiments of (6) and (7), the liver after 48 hours of perfusionwas immediately fixed by
perfusing with 4% paraformaldehyde-phosphate buffer for 15 minutes. The liver subjected to fixing by
perfusion was cut into tissue pieces, and then immersed n 4% paraformaldehyde-phosphate buffer for 24
hours for further fixing. Said tissue pieces subjected to fixing by immersion were dehydrated by ethanol
solution, peretrated by xylene, and then substituted with paraffin and embedded. The embedded samples
were thinly sliced to a thickness of 5 pum, and HE staining was carried out according to conventional mears.
The stained samples were microscopically examined with Axio Imager Al (Carl Zeks) installed with
AxioCamMRc5 (Carl Zeks, Jene, Germany), and images were obtained with Axio Vsion Rel 4.7 (Car
Zek).

[0086]

HE staining images ofthe liver perfused with an erythrocyte-supplemented perfusate are shown
in Figure 9, and HE staining images of the liver perfused with an erythrocyte-norsupplemented perfusate
5 shown inFigure 10. Figures 9 and 10 each show magnified images of different portions ofore image of
ore Iver section at 1xto 40x magnificatiors.

In Figures 9 and 10, tissue images from 10x to 40x magnificatiors are magnified views of the
portion surounded by a box in the tissue image at 1x magnification. Tissue images at 40x megnification
in Figures 9 and 10 each show the magnified view of the portal area, the hepatic parenchyma, and the
central vein.  As shown in Figure 9, when perfusion was performed with an erythrocyte-supplemented
perfusate, even though a certain extert of sinusoidal enlrgement & seen, many liver parenchymal cell
survival is seen in the liver tissue at 48 hours after initiation of perfusion by the perfusion circuit. Onthe
other hand, as shown in Figure 10, when perfusion was performed with an erythrocyte-nonsupplemented
perfusate, normal staining image & only seen around the portal area, and diffuse necrosk image and
enbrgement of the sinusoidal region were obsened in the liver tissue at 48 hours after intiation of
perfusion by the perfusion circutt.

[0087]

From the abowe results, it was found that reduction in diffuse necross region of the liver and
sinusoidal enlargement suppression effect were seen when perfusion was performed with an erythrocyte-
suppkenmented perfusate compared to when perfusion was performed with an erythrocyte-
norsupplemented perfusate.

[0088]
<Measurement of Abumin Synthess Amout 1>

In the experiments of (6) and (7), the perfusates collected over time from the perfusate retrieval
portwere centrifuged at 1800 rpm for 3 minutes to retrieve the supernatants. The measurement ofabumin



24

concentration in the perfusate supematant was measured by ELISA with Rat Abumin ELISA KIT
(shibayagi, Gunme, Japan) according to the provided directions for use.
[0089]

The transition of albumin concentration in the perfusate up to 48 hours from intiation of
perfusion inthe perfusioncircuit s shown inFigure 11. Asshown inFigure 11, it was shown thatabumin
synthess ability of the liver 5 maintained significantly high when perfusion was performed with an
erythrocyte-supplemented perfusate conpared to when perfusion was performed with an erythrocyte-
norsupplemented perfusate.

[0090]
<Measurement of Abumin Synthess Armourt 2>

In the experiments of (6) and (7), the perfusates collected over time fromthe perfusate retrieval
portwere centrifuged at 1800 rpm for 3 minutes to retrieve the supernatants. The measurement ofabumin
concentration in the perfusate supematant was measured by ELISA with rat abumin quantitation Kit
(Bethyl, Montgomery, USA). Tre primary antbody Sheep anti-Rat Abumin Antbody Affinity Purified
(1200) was solid-phased on a 96-well multiplate, blocked with 1% BSA, and then samples were added.
Afier antbody reaction with Sheep antiRat Abumin Antbody HRP Conjugated (1:30000) as the
secondary antbody, color was developed by TMB (Bethyl) and absorbance was detected with VersaMax
(Mokecular Devices) to quartiatively measure abumin: concentration.

[0091]

The transition of albumin concentration in the perfusate up to 48 hours from intiation of
perfusion in the perfusion circuit is shown in Figure 12. As shown in Figure 12, the amount of abumin
synthesized during the 48-hour perfusion reached 10.3 £ 1.3 pg/mL when perfusion was performed with
an enythrocyte-suppemented perfusate, whereas the amount of albumin synthesized during the 48-hour
perfusion remaired at 35 + 1.0 pgmL when perfusion was performed with an erythrocyte-
norsupplemented perfusate. In other words, it was shown that abumin syrnthesis ability of the liver &
maintained significantly high when perfusion was performed with an erythrocyte-supplenmented perfusate
compared to when perfusion was performed with an erythrocyte-nonsupplemented  perfusate.

[0092]
<Measurement of Urea Syrthess Ability by Ammonia Loading Test>

In the experiments of (6) and (7), Krebs-Hensekeit Buffer was perfused to the liver after the 48-
hour perfusion fromthe portal veinata speed of 11 mli/min for 2 hours to wash the blood and the perfusate
inside the organ. Next, Krebs-Hersekit Buffer supplemented with 1 miM ornithine hydrochloride and 1
mM ammonium chloride was perfused at 11 ml/min for 30 minutes to perform an ammoni lading test,
and the Krebs-Hersekeit Buffer streaming out from the suprahepatic inferior vena cava was collected over
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time. The liver which was sokted immediately after sacrifice with the method described in (6) and then
conrected to the perfusion circuit was ako subjected to the ammoni loading test similarly to above, and
the Krebs-Hersekit Buffer streaming out from the suprahepatic inferior vena cava was successively
collected. At the end of the 30-minute ammonia loading test, Krebs-Hersekeit Buffer was delivered again
to wash the solution inside the organ, and Krebs-Hersekit Buffer was collected over time.  The collected
Krebs-Hersekit Buffer was centrifuged at 1800 rpm for 3 minutes to retrieve the supematant, and the
amount of urea was measured with F-kit urea/ammonia (JK Intemational, Tokyo, Japan) according to the
provided specification.

[0093]

The termporal change inthe amount of urea comyprised inthe collected Krebs-Henseleit Buffer i
shown in Figure 13. As shown in Figure 13, it was shown that the amount of urea synthesized by
amnonia lading s maintaired significartly high when perfusion was performed with an erythrocyte-
suppkermented perfusate compared to when perfusion was performed with an erythrocyte-
norsupplemented perfusate, and about 60% of the amount of urea synthesized & maintained even when
conpared to the Iver immeditely after sacrifice.

[0094]

In other words, from the results of measurerment of abumin synthesis amount and of urea
synthess ability by amnmoni loading test, it was found that liver metabolism function 5 maintained
significantly high when perfusion was performed with an erythrocyte-supplemented perfusate compared
to when perfusion was performed with an erythrocyte-norsupplemented perfusate.

[0095]
<Aralyss of Intrahepatic Vascular Plexus>

Inthe experiments of (6) and (7), the liver after the 48-hour perfusion was immediately perfused
with saline to wash the erythrocytes or the perfusate inthe organ. After washing, this was perfused with 25
ml of gektin bbeled with FITC, then placed under freezing tenmperature to solidify the gelatin in the
vascubr pkexus in the organ.  After the gehtin is soldified, the organ was immersed n 05%
paraformeldehyde-phosphate buffer and fixed. This was then freeze-embedded with OCT compound.
The frozen blocks produced were cut into sectiors at a thickness of 100 pum, treated with sodium
deoxychokate, and then fixed with 4% paraformaldehyde-phosphate buffer comprising Hoechst. The liver
which was isobted immedately after sacrifice with the method described in (6) was ako subjected to a
treatment similar to the above. After mounting with a mounting agent, images were obtained by Z-stack
with acofocal lser microscope LSM780 (Carl Zeks).
[0096]

Fluorescence images for each liver section are shown in Figure 14. As shown in Figure 14, it
was found that there & only a lite kakage of the fluorescent dye outside the blood vessel and the blood
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vessel structure B highly maintained when perfusion was performed with an erythrocyte-supplemented
perfusate compared to when perfusion was performed with an erythrocyte-nomsupplenmented  perfusate.
[0097]

In other words, fromthe analysis of the intrahepatic vascular plexus, it was found that the liver
blood vessel structure & restored to a state close to that of the liver immediately after sacrifice when
perfusion was performed with an erythrocyte-supplermented perfusate compared to when perfusion was
performed with an erythrocyte-nonsupplenented perfusate.

[0098]
(9) Engraftment Evaluation of Ischemic Organ by Heterotopic Liver Trarsplantation
<Heterotopic Liver Transplantation>

Warm ischemia model rats produced with a method similar to the method described in (2)
except that they were Eft at room termperature with a cell culture incubator for 90 minutes after cardiac
arrest were employed as donors of heterotopic liver transplantation.  Said warm schemia model rats were
employed for sohtion and perfusion of the liver with the method described in (6). After perfusion, the
portal vein cannula was removed, a new tube for perfusion was connected, and perfusion was performed
with 500 ml of a perfusate comprising erythrocytes (5.0 x 10 cell/L) that was not supplemented with
heparin. During perfusion, the recipient 13 week-old Wistar rats (SLC) were trarsferred to a desiccator
filled with diethyl ether (Wako) to perform aspiration anesthesia. The anesthetic environment was set at
4% soflurare concentration, and abdominal incsion of rats was performed. The right renal artery was
exposed, stripped from the right renal \ein, the blood flow of these were cut off with a clip, and then
transected. A cuffwas installed at the transected site. The subhepatic inferior vera cava was half-clanmped,
the right renal vein was transected, and the right kidney was solted. The donor liver was set up at the
surgery site without ceasing perfusion, and end-to-side anastonosis of the subhepatic inferior verna cava
thereof to the right renal vein the recipient was performed. Next, anastormosis of the hepatic artery of the
doror liver to the right renal artery of the recipient was performed by cuffing. After anastomos,
reperfusion of the hepatic artery and the subhepatic inferior vera cava was performed, the cannul
connected to the portal vein was removed, and then end-to-side anastonosis of the portal vein of the donor
liver to the portal vein of the recipient was performed, and reperfusion of the portal vein after anastonosis
was performed. Two milliliters of transfusion was injected fromthe penile vein. A bile duct stert was
inserted nito the jejunum, immobilized by anestomosis, and the peritoneum and the skin were sutured t
close the abdomen. The schermatic diagramof heterotopic liver transplantation in this Example s shown in

Figure 15.

[0099]
<Engrafiment Evaluation of Ischemic Organ by Heterotopic Liver Transplntation>
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Inorder to chrify that anorganor tissue perfused by the method of the present invention canbe
employed for transplntation, engrattment evaluation of organs by heterotopic liver transplantation was
performed with the following Groups 1 - 3.

Group 1: Heterotopic liver transplantation was performed with livers perfused with the method
of the present invertion wsing the method described above (ako referred to herein as the erythrocyte-
supplerented group).

Group 2: Heterotopic liver transplantation was performed with liver of rats after a 90-minute
warm schemic state (ie., liver of rats with 90 minutes of incubation by a cell cukture incubator inthe warm
schemia model rat production method descrbed in (2)) after peretration preservation under cool
termperature emplboying UW solution (Viaspan, Astellas Parma Inc., Japan) as the organ preservation
solution for 100 minutes (ako referred to herein as the UW preservation group). Penetration preservation
under cool termperature enploying UW solution as the preservation solution is a preservation method of
organ for transplantation that s conmonly performed n current transplantation medical care.

Group 3: Heterotopic liver transplntation was performed similarly to Group 1, except that livers
were perfused with an erythrocyte-nonsupplemented perfusate (ako referred to herein as the erythrocyte-
norsupplemented group).

Rat suvival rate up to transplantation Day 7 for each group 5 shown in Figure 16.

[0100]

As shown n Figure 16, rat survival rate at 7 days after transplantation was 40% for the UW
presenvation group, and rat survival rate at 7 days after transplantation was 60% for the erythrocyte-
nonsuppemented group. On the other hand, surprisingly, rat survival rate at 7 days after transplantation
was 100% for the erythrocyte-supplemented group. Itwas ako shown fromthe appearance observation of
the transplant organ that the transplanted organ was maintained by the host blood flow in the erythrocyte-
suppemented group and was engrafted to the iving bodly.

[0101]

Further, tissue analysis by HE staining was performed for individuak that have died during
follow-up obsenvation. As a result, disappearance of liver parenchymal cells and forosing of tissue, as well
as lymphocyte invasion were confirmed with the UW preservation group, and retention of erythrocytes or
portors without nuckuws staining were confrmed with the erythrocyte-nonsupplemented group,
suggesting the posshility that tissue necrosis have occured. On the other hand, in the erythrocyte-
suppkemented group, akhough enbargenent of Glisson's capsule in the portal area was partially seen in the
transplnt organ from the resulis of tissue analyss at 7 days after transplntation, survival cels and
sinusoidal structure similar to that ofa living liver were observed inthe tissue image, showingengraftment
of the transplant Iver. The resuls ofthese tissue analyses are shown n Figure 17.

[0102]
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Inother words, according to the method ofthe present invention, it was shown that an organ that
has once come to be in a warm schemic state can be maintained at and/or restored to a safely
transplntabke state. Since it was conventionally thought thet it s extrenely difficult to employ an organ
that has once comre to be ina warm schemic state for transplantation, the resulis of this Exarmple can be
sad to be surprsing.

[0103]
(10) Analysis of Physiologic Liver Function of Transplant Organ by Hepatic Resectior/Hepatic Portal
Ven Ligation
<Hepatic ResectioryHepatic Portal Ven Ligation of Rat Subjected to Heterotopic Liver Trarsplntation>
Heterotopic liver transplntation was performed with the method descrbed n (9), and
individuak after 7 days after transplantation were transterred to a desiccator filled with diethylether (Wako)
to perform aspiration anesthesia. The anesthetic environment was set at 4% soflurane concentration, and
abdomiral incsion of rats was performed. The kft lobe, the kft middle lobe, and right mddEe lobe of the
host liver were ligated to the respective lbbulationsite withsik surgical suture No. 4, and resected after the
blood flow was ceased. The portal vein leading to the host liver was then ligated with sik surgical suture
No. 4, and the peritoneumand the skin were sutured to close the abdomen. The schematic diagram of
hepatic portal ven ligation in this Exarmpke s shown in Figure 18.

[0104]
<Aralyss of Physiologic Liver Function n Trarsplnt Organ>

In order to chrify that the transplant organ has normal liver function, the liver function was
reduced by partial hepatic resection of the host liver and ligation of the portal vein kading to the host liver,
and it was evaluated whether surrogation of function by the transplant organ was possbke.  In the UW
presenvation group that was performed trarsplantation with conventioral organ preservation technology
and the erythrocyte-nonsupplemented group that was performed perfusion of the transplant organ without
suppementing erythrocytes, death was confirmed in all cases after the host liver function was reduced
(Figure 19). In contrast, in the erythrocyte-supplemented group that was performed perfusion of the
transplant organ with the method of the present invention, 5 survival cases out of 5 cases were obsened
(Figure 19). From the abowe results, it becarre clear that the organ that was performed perfusion with the
method of the presentinvertion meinains the organ function necessary for survival of ndividuals.

[0105]

Moreower, inorder to evaluate the in vivo function of the transplant liver, hepatic regereration
capacity was analyzed in the erythrocyte-supplemented group. The mean value of the host liver weight at
7 days after transplntation (before partial hepatic resection) was 9.27 g, and the mean value of the
transplant liver was 3.386 g. The mean value of the host liver weight decreased to 3.26 g by 70% partial
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hepatic resection. After the follow-up observation of 7 days after partial hepatic resection of the host liver,
the host organand the transplant organ were both isolted and weighed. As aresul, the mean value ofthe
host liver weight was not changed much at 3.28 g, whereas the mean \alue of the trarsplart liver hed
increased 0 8.24g (Figure 20).

[0106]

From the abowe results, it was shown that the method of the present invertion is a technology
that not only enables an organ that has once come to be in a warm schemic state to be utilized in
transplntation, but a technology that may ako resuscitate it to an organ that has physiological functions
necessary for survival
[0107]

Further, in order to determine whether the increase in the hepatic weight of the trarsplant liver
had gore through normal hepatic regeneration process, tissue analysis by HE staining as well as abumin
and Brd-U expression analyss by immunostaining were performed on the liver after 1 week after partial
hepatic resection ofthe host liver and portal vein ligation. As shown in Figures 21 and 22, in the trarsplant
liver before partial resection of the host liver, akhough tissue structure equivakert to that of normal liver
tisste b seen, expression of abumin was almost undetected. However, structural change in the hepatic
cord of the transplant liver and the enlargement of the sinusoidal structure were confrmed with the
reduction of liver function of the host liver. It was ako confirmed that abumin production amount was
clearly increased in the transplant liver at day 7 after partial resection of the host liver. Further, liver
regereration by cell proliferation was shown due to the fact that Brd-U posttive cells (ie. cells undergoing
cell division) accounted for 47.7% of total number of celk in the tramsplrt liver at day 7 after partial
resection of the host ver.

[0108]

From the above results, it was found that when the liver perfused by the method of the present
invention s employed for trarsplantation, the transplanted liver shows restoration of normal liver function
and increase n weight n correspondence with reduction of iver function of the host iver.

[0109]

For the experiment data, Pearson's product-moment correlation coefficient was analyzed with
IBM SPSS Statstics Base (SPSS Inc., Tokyo, Japan). The statistical significant difference of each
experiment data was analyzed with unpaired student’s-t test  Analysis was performed with Comnon
Gateway Interface Program (twk, Saint John’s University, Mimesota, USA).

[0110]
(11) Conclusion

Fromthe abo\e results, it was surprisingly found that extremely high tissue disorder suppression
effect i seen when an organ for transplntationwas perfused with an erythrocyte-supplemented perfusate.
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In other words, it was found that by perfusing an organ or tissue for transplantation with an erythrocyte-
suppkemented perfusate, organ or tissue disorder after soktion can be significantly suppressed, thereby
enabling along-term mantenance whik mainaining the organ or tissue function.

[0111]

It was ako found that by perfusing a liver that has corme to be ina warm schemic state due to
cardiac arrest with an erythrocyte-suppemented perfusate, development of liver disorder can be
suppressed, and liver parenchymal cells and sinusoidal structure can be restored to a state close to the liver
mmeditely after cardiac arrest.

[0112]

Further, when the liver perfused with an enythrocyte-supplermented perfusate was employed for
transplantation, extremely high engraftment rate in the host was shown conpared to the liver that was
preserved with conventional organ preservation technology or whenthe liver perfused withan erythrocyte-
norsupplemented perfusate was enployed for transplantation. It was ako shown that when the liver
perfused with an erythrocyte-supplemented perfusate was enployed for tramsplntation, & may act as a
Iver heving normal function and structure.

[0113]

From these results, it was shown that the present invention s extrerely useful as a technology
for maintaining and/or restoration an organ or tisste froma cardiac arrest patient at/to a kevel conpatble for
transplntation. It goes without saying that the present invention may be employed usefully not only for an
organ or tissue froma cardiac arrest patient but also for organ or tssues in various states such as e.g. an
organ from abrain-dead patient.

Description of Symbok

[0114]

1 Perfusion circu;

10,11: Perfusion vessek for organ imnobilization;
20: Sinplified animal cell cuure device;
30,31, 32,33: Vessek;

40,41. Perstalic pumps; and

50,51: Perfusate retrieval ports
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CLAIMS

1. A bbng-term mainterance method of a mammalian organ or tissue for trarsplntation that
employs perfusion bya perfusate, comprising each of the following steps of:

(@) conrecting a perfusate instream camula for streaming said perfusate into said "organ or

(b) comecting a perfusate outstream cannula for streaming said perfusate out fromsaid "organ
ortsue,” and

(c) perfusing a perfusate conprising an oxygen carrier and a blood coagulation inhibitor into
said organ or tissue.

2. The longterm mainterance method of a mammalian organ or tissue for transplntation
according to clim 1, wheren said oxygen carrer in sad step (C) s enythrocyte.

3. The long-term mainterance method of a mammalian organ or tssue for transplntation
according to chim 1 or2, characterized n that the perfusate in said step (C) & circulated.

4. The long-term maintenance method of a mammalian organ or tissue for transplntation
according to chim 3, characterized n that it further comprises a further subsequent step of:

(d) before said step (C), perfusing said "organ or tissue" with a perfusate comprising an oxygen
carrier and a blood coagulation inhbitor to wash said "organ or tissue,™ and then removing the perfusate
employed for said washing.

5. The bbng-term maintenance method of a mammalian organ or tesue for transplntation
according to any ore of chirs 1to 4, characterized in that

in said step (C), said "organ or tssue™ & isobted together with a second "organ or tisste” thet
continuows  in vivotosad "organ or tisse,” and

perfusion & performed with said "organ or tissue™ in a suspended state by immobilizing said
second "organ or tisste.”

6. The long-term maintenance method of a mammalian organ or tissue for transplntation
according to clim 5, characterized in that in said step (C), said "organ or tisste™ s immersed ina liquid so
that at least apart thereof receives buoyancy.
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7. The long-term maintenance method of a mammalian organ or tssue for transplntation
according to any ore of chins 1 to 6, characterized in that in said step (), said "organ or tisse™ is placed
under a temperature state maintained at4°C-37°C.

8. The long-term maintenance method of a mammalian organ or tissue for transplntation
according to any ore of chirs 1to 7, characterized in that said blood coaguiation inhbitor & heparin.

0. The bbng-term maintenance method of a mammalian organ or tisue for transplntation
according to any one of clims 1 to 8, wherein said "organ or tissue™ & selected fromthe group corsisting
of the Iver, the kidrey, the pancreas, the heart, the lung, the stomach, the testss, the ovary, and the eyeball.

10. A method for sokting said “organ or tssue" for a long-term mainterance of a mammalian
organ or tissue for transplantation, conyrsing the following steps of.

(f) solating said "organ ortssue” from sad mammal, and

(g) adminstering ablood coagulation inhibitor o said mammal before sad step (f),
wheren said manmal s anon-human ora huran (but imited to a humen who i abran-dead patient).

11. Amammalian organ ortissle for transplantation, characterized i that

sad "organ or tisste” s solated from a mammel, and

the blood insaid *organor tissue™ is substituted by a perfusate comprising an oxygen carrier and
ablood coagultion nhiitor.



