DESCRIPTION CELL REMOVING METHOD AND LIVING ORGANISM TISSUE PROCESSING
APPARATUS TECHNICAL FIELD This invention relates to a cell-removing method and a living
organism tissue processing apparatus, and more particularly, to a cell-removing method and a living
organism tissue processing apparatus enhanced in cell removing effect from a living organism tissue in
transplanting a living organism tissue. BACKGROUND ART When a heart valve of a human body
does not normally work, causing embarrassmddESGESRUAFH@NbN of the opening of the heart valve and ref
lux of blood, the heart valve must be replaced by a substitute valve . As the substitute valve presently
used, mention may be made of a mechanical valve formed of a artificial material, a xenogenic
bioprosthetic valvetakeRp#iam\ananEa-HISRRDA M arsFanalicas reisbiepreEbels Kalye donated
from another human body, etc. These valves have the following problems. Although the mechanical valve
is durable, the rechdtéififAIdd take an anticoagulant for the entire lifetime. On the other hand, in the
xenogenicbioprosthetic valve, the recipient needs not to take an anticoagulant for the lifetime; however
deposition of calcium and the like takes place for a longtime, causing malfunction in the valve, with the
result TECHNICAL FIELD

This invention relates to a cell-removing method a nda
living organism tissue processing apparatus, and mo re
particularly,toacell-removingmethodandalivin gorganism
tissueprocessingapparatusenhancedincellremovi ngeffect
from a living organism tissue in transplanting a li ving

organism tissue.

BACKGROUND ART

Whenaheartvalveofahumanbodydoesnotnormal lywork,
causingembarrassmentsasconstrictionoftheopeni ngofthe
heartvalveandrefluxotblood theheartvalvemu stbereplaced
byasubstitutevalve. Ashesubstitutevalvepre sentlyused,
mentionmaybemadeofamechanicalvalveformedof aartificial
material axenogenicbioprostheticvalvetakenfro mananimal
suchasapig,andanallogeneicbioprostheticvalv edonated
fromanotherhumanbody,etc. Thesevalveshaveth efollowing
problems. Although the mechanical valve is durable , the
recipientmusttakeananticoagulantfortheentire lifetime.
Ontheotherhand,inthe xenogenicbioprostheticv alve,the
recipientneedsnottotakeananticoagulantforth elifetime;
however deposition of calcium and the like takes pl ace for
alongtime,causingmalfunctioninthevalve,with theresult



that the valve must be exchanged with a new substitute valve at an interval of about 15 years.
Furthermore, in the case of the allogeneic bioprosthetic valve, because the number of donors is limited, a
sufficiently large number of allogeneic bioprosthetic valves are not easily obtained. Of them, the
xenogenic bioprosthetic valve is prospective for the reasons that a sufficient number of valves can be
provided and patients are not necessary to take an anticoagulant for their lifetime after transplant .
Therefore, the xenbagehey biopnasthietiexchivegisdevezteavigubstinmore useful thanusdtvahsubstitute valves
only if the drawback ofi_%oor dur%%gm IS overcome, In the context, the following method is known

which suppressesX JEERFLAL TSR SSIEAEFEIidM and improves the HUF&BRY of a xenogenic
bioprosthetic valvedakandgemeabrpidahatebaraBihiigsrgkample, see Japangge,Baication No.
6-261933). In this method, a xenogenic bioprosthetic valve is firstimmersed in a cell-removing solution
such as bile acid SloadgIFiINERE, asefbpertvivdgaguceierofiyinated from the anifiglen@it as endothelial
cellls. and f|brobIas[t%((%eglrlossgﬁgplbr(\a/%\(l)élslngr gh%(f%jass)”yTgbe[ﬁmtgg xenogenic l_)loprosthgt!c valve from which
original cells have been removed IS Tmmersed in-a cell-containing solution containing autologous cells,

such as endothelial cellsfieihitherblagiertdisiofatsemémnardesipient human body (fgewdush the xenogenic
bioprosthetic valve is to be transplanted), thereby seeding the autologous cells in the xenogenic
bioprosthetic valvéP{dBf-5223Rg hr G sulicienmRAE Oy #€Processing method hBBned above,
since a xenogenicp%%@%igé(@éﬁ%tg}geHd‘m@g&ggjq@{mt be efficiently treated in the
cell-removing process and cell-seeding process, the resultant xenogenicbioprosthetic valve fails to
acquire sufficient bigcwagatibiligheilifestmenfierdssplaot original cells more or Tésgetarain in the
cell-removing procgss, the biocom atkbél%ﬁg,f the resultant xenogenic bioprosthetic v%}lge decreases due
i

to the presence of*fﬁé%ﬁaﬁ{};\ gpLost UEEEREGH ces, the this inveiOf&h intensively

conducted experinmtatistrdiasswtiite thadewrigweaik eraiasaping the aforementionegdyioblems. They
devised a method of supplying the cell-removing solution for immersing a xenogenic bioprosthetic valve at

a flow rate virtuallf @GRESHERIAE8®e human blood flow and/or irradiating the xenogenic bioprosthetic
valve immersed in the qﬁ_l{- g%%\{%;ﬁd?ﬁé%%th @é%BWﬁﬁg@ﬁn%ﬁﬁu”’ they found thaH the number of

remaining original cells significant creases IS metho
suppresses the post-transplantimmunological reject ion and
improves the durability of a xenogenic bioprostheti cvalve
takenfromananimalsuchasapig(forexample,se eJapanese
Publication No. 6-261933). In this method, a xenog enic
bioprosthetic valve is first immersed in a cell-rem oving
solutionsuchasbileacidorasurfactant, thereby removing
cells originated from the animal such as endothelia [ cells
and fibroblast cells (cell-removing process). Then , the
xenogenichioprostheticvalvefromwhichoriginalc ellshave
been removed is immersed in a cell-containing solut ion
containing autologous cells, such as endothelial ce lls and
fibroblastcells,takenfromarecipienthumanbody (towhich
the xenogenic bioprosthetic valve is to be transpla nted),
thereby seeding the autologous cells in the xenogen ic

bioprosthetic valve (cell-seeding process).



DISCLOSURE OF THE INVENTION This invention was conceived based on such a finding. An object
of the invention is to provide a method and a living organism tissue processing apparatus of efficiently
removing original cells present in the living organism tissue such as a xenogenic bioprosthetic valve,
thereby enhancing the biocompatibility of the living organism tissue after transplant. To attain the
object, the present invention is directed to a cell-removing method for removing original cells from a
predetermined living orglawsietintiep wbessimgirtinodorgatinsedtbsue, is transplantesincemprising
immersing the living organism tissue in a predetermined cell-removing solution,

axenogenic bioprosthetic valve taken from ananima | cannot
be efficiently treated in the cell-removing process and
cell-seedingprocess,theresultantxenogenichbiopr osthetic
valvefailstoacquiresufficientbiocompatibility. Inother
words, since original cells more or less remain in the
cell-removingprocess,thebiocompatibilityofthe resultant
xenogenic bioprosthetic valve decreasesduetothe presence
of the original cells.

In these circumstances, the this inventors have
intensively conducted experimental studies with the view
towardovercomingtheaforementionedproblems. The ydevised
amethodofsupplyingthecell-removingsolutionfo nmmersing
a xenogenic bioprosthetic valve at a flow rate virt ually
correspondingtothe humanbloodflowand/orirradi atingthe
xenogenicbioprostheticvalveimmersedinthe cell- removing
solution with microwave. As a result, they found t hat the
number of remaining original cells significantly de creases
by this method.
DISCLOSURE OF THE INVENTION

This invention was conceived based on such a findi ng.
Anobjectoftheinventionistoprovideamethoda ndaliving
organismtissueprocessingapparatusofefficiently removing
originalcellspresentinthelivingorganismtissu esuchas
a xenogenic bioprosthetic valve, thereby enhancing the

biocompatibility of the living organism tissue afte

transplant.

r



in which the cell-removing solution is allowed to flow in a state of a pulsatile flow, the living organism
tissue is placed in the pulsatile flow, and the living organism tissue is irradiated with microwave to remove
the original cells. By virtue of this method, the number of remaining original cells in the living organism
tissue can be significantly reduced compared to conventional methods, thereby enhancing the
biocompatibility of the living organism tissue after transplant. Microwave is applied while rotating the
living organism tissue ré&laivaiitha ohjer\izver ésadiatientimi@isirthis manner, microwavedan be applied to
the living organism tissue virtually uniformly along the rotation circumference direction, with the result that

cells can be remolfd SAIISIRPYINEINRINAPIRT BMBYE GRRE R gion of the living 5t§8Msm tissue along

the rotation circunygeepes fikRaiomgrgamshiissieptR HRgiPresent invention jggiggirghto a living
organismtissue processing apparatus for using a cell-removing process of a living organism tissue, in
which the living ordgatiens ties\selpréedsemmpapinarinmRetsinthisek a retention membéndor retaining the
living organism tlsspgearl]n %tf%lslhrgm%vrljpgd%%utlon Hﬂcaetlf_srearlrl]%\\//\{ﬁ é(()) flow in a state %ﬁlogylsatlle flow, and a

irradiation means for > e

inwhich the cell-removing solutionis allowed to flow
in a state of a pulsatile flow, the living organism tissue
isplacedinthepulsatileflow,andthelivingorg anismtissue
is irradiated with microwave to remove the original cells.
By virtue of this method, the number of remaining o riginal
cells in the living organism tissue can be signific antly
reduced comparedtoconventionalmethods,therebye nhancing
the biocompatibility of the living organism tissue after
transplant.

Microwaveisappliedwhilerotatingthelivingorg anism
tissue relative to a microwave irradiation site. | n this
manner,microwavecanbeappliedtothelivingorga nismtissue
virtually uniformly along the rotation circumferenc e
direction,withtheresultthatcellscanberemove dvirtually
uniformlyfromalmosttheentireregionofthelivi ngorganism
tissue along the rotation circumference direction.

Furthermore thepresentinventionisdirectedo adiving
organisntissueprocessingapparatusforusingace ll-removing
process of a living organism tissue,

inwhichthelivingorganismtissueprocessingapp aratus
comprisesaretentionmemberforretainingthelivi ngorganism
tissue in a cell-removing solution that is allowed to flow
in a state of a pulsatile flow, and airradiation m eans for



applying microwave to the living organism tissue retained in the retention member. The apparatus is
provided to be able to rotate the retention member relative to the irradiation means. The irradiation means
automatically stops irradiation of microwave when a temperature of the cell-removing solution reaches a
predetermined temperature, whereas the irradiation means automatically starts irradiation of microwave
when a temperature of the cell-removing solution become lower than the predetermined temperature. The
aforementioned objguyicamitzattaned Esoiydigariensstuer. BRIEF DESCRIRH&NOF THE
DRAWINGS FIG. 1 is a view showing the schematic structure of the living organism tissue

processing appardf§d ¢ BLCBRAPES-thi ARRARIRS 1B 0¥ %4 Qehematic longitudRdPRctional view of a
driving pump; FIGio3dsateSRREISHGMORE VisYY Rl st e MRt constituting the liypggrganism tissue
processing apparatus; FIG. 4 is an exploded perspective view of a cover of the retention unit ; FIG. 5 is a
schematic sectionzile@esyIdfeiadisienivaansadunatmBl e igns exploded sectiof@dliaéqn of the right-hand
side of the structure in FIG. 5 FIG. 7 is a schematic exploded perspective view of a channel formation
member of a flow-?(rﬁrgg??;mﬁ\@. ?Sn%% %ﬁﬁfg e %%C?Foéri]grlg\wgv\\/f%f the left-hand %gcpe%&otrﬁe structure in FIG.

5; FIG. 9 is a schemaiie sxpledad parspestiyendtmeaitecbannel formation memberadba flow-out port;
FIG. 10(A) is a view of a part extracted from the structure of FIG. 3 including the retention member; FIG.

10(3) is the same 'SFALRMEISABNFANY ERES IRAPHPRH BlistOWRY6tating by 180 abot'8@pport shaft from
the state shown irté:rh%elja%'r%bﬁl@cé&-ﬁérﬁo@ﬁ@@o‘?@%ﬂgé&%é\ﬂmber of remainirwepﬂiﬁiﬁlal cells per unit

area in Example 1, 2 in comparison with Comparative Example 1; FIG. 12 is a magnified photomicrograph
of the living organtibaptisirierobizitiethje Etaragleedfeed EMBolddis a magnified piesttearicrograph of the

living organism tissue ohtained in Example 4,
gorg be attalneg also by t%ls%onstltutlon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lisaviewshowingthe schematic structure o fthe
livingorganismtissue processingapparatustobea ppliedto
thisinvention;FIG. 2isaschematiclongitudinal sectional
view of a driving pump; FIG. 3 is a schematic front view of
a retention unit constituting the living organism t issue
processingapparatus;FIG.4isanexplodedperspec tiveview
ofacovernoftheretentionunit;F1G Sisaschem aticsectional
viewoftheretentionmember;FIG.6isanexploded sectional
view ofthe right-hand side of the structure in FIG .5;FIG.

7 is a schematic exploded perspective view of a cha nnel
formation member of a flow-in port; FIG. 8 is an ex ploded
sectionalviewoftheleft-handsideofthestructu reinFIG.
5;FIG.9isaschematicexplodedperspectiveview ofachannel
formationmember ofaflow-outport; FIG. 10(A)is aview of
a part extracted from the structure of FIG. 3inclu ding the
retention member; FIG. 10(B) is the same structure shownin



BEST MODE FOR CARRYING OUT THE INVENTION Now, an embodiment of the present invention
will be described with reference to the accompanying drawings. FIG. 1 is a view showing the
schematic structure of a living organism ti ssue processing apparatus according to this invention. The
living organism tissue processing apparatus 10 shown in the figure is used in a cell-removing process and
a cell-seeding process of a living organism tissue of a xenogenic bioprosthetic valve. The cell-removing
process is perfornmg hefgeimthesage bia diaprgsthesic valve, which is takentfaaupporanimal such as a
pig, is transplanted to.a human body, The_cell-removinghggrocess is performed by immersing the

xenogenic bioprosthatil YRS HaleEIRYENRTI g LEMtiE S dH as bile acid, theretfy @Mfoving the animal

cells (hereinafter ¢gERiN, tm%ﬁgg%@rﬁgﬂﬁ%@d%p@i&ngéa substrate formedg,qf s@lkpgen, etc. On the
other hand, the cell-seeding process is performed by immersing the xenogenic bioprosthetic valve from
which the original ibEamaNeil Zéree repacseaviteanPeoribatiNgBolution contaiflag ke cells (hereinafter
referred to as "au éo ous cell ﬁrﬁ a recipient' ‘{w an. body (to which the xenogenichioprosthetic valve
is to be transplangg , thae%ﬁf/% d O({a?m'é: ¥ r%% 88@&298&%5 to the substrate?lmsg{%Issue

obtained in Example 3; and FIG. 13 is a magnified

photomicrograph of the living organism tissue obtai ned in
Example 4.
BEST MODE FOR CARRYING OUT THE INVENTION

Now, an embodiment of the present invention will b e
described with reference to the accompanying drawin gs.

FIG. 1is a view showing the schematic structure o fa
livingorganismtissueprocessingapparatusaccordi ngtothis
invention. Thelivingorganismtissue processinga pparatus
10showninthefigureisusedinacell-removingp rocessand
a cell-seeding process of a living organism tissue of a
xenogenicbhioprostheticvalve. Thecell-removingp rocessis
performed before a xenogenic bioprosthetic valve, w hichis
takenfromananimalsuchasapig,istransplanted toahuman
body. The cell-removing process is performed by im mersing
thexenogenicbioprostheticvalveinacell-removin gsolution
such as bile acid, thereby removing the animal cell S
(hereinafterreferredtoas”originalcells")toob tainonly
asubstrate formed of collagen, etc. Onthe other hand, the
cell-seedingprocessisperformedbyimmersingthe Xxenogenic
bioprosthetic valve from which the original cellsh avebeen
removed in a cell-containing solution containing th e cells



The living organism tissue processing apparatus 10 comprises a circulation apparatus 10A for circulating
the cell-removing solution and the cell-containing solution through a predetermined circuit, and a retention
unit 103 attached to the circulation apparatus 10A for retaining a xenogenic bioprosthetic valve. Note that,
if not otherwise specified, the cell-removing solution and the cell-containing solution are collectively
referred to as "the solution". The circulation apparatus 10A comprises a known air suction/supply unit
11, a driving pumht2dioafiedrefepeyucctisanatalod @amoett8dto the air suction/supply unit 11, and a

circulation channel 13 arranged such that the solution discharged from the driving pump 12 returns to the
driving pump 12. "SCHRES %WM%%WW&%W&W\‘% structure capall é%ﬁgé)ctioning air out

from the driving pygieionat SRR tHateRRIENR@RIMP 12 . The detailgeserptign of the structure
is omitted herein. The driving pump 12 is a pulsating pump capable of ejecting a pulsatile flow by
generating a spiratelsrtexiiRauistitethe pump. More specifically, the driving pump 12, which is shown in
FIG. 2, employs the strycture that has been already proposed by the present applicant ( Japanese Patent
Publication No. 2002-13%%@%8@)%8%%1 {r?r?cs)lrjg grr)éé%l% |(§§]R/,g eg(ﬂﬂj/lsn%?pump 12 comprises a hollow
upper construct 1 éshpitseslly @rconitah apisiratirprobasingradiatv-in port 15 and flowg @t port 16, a hollow

lower construct 18 of virtually a domical outer shape positioned under the upper construct 17, and a
flexible diaphragnf b MmeH EhPRIgARGINE LI FRI¥AIBINthEYbnstructs 17 and 1890 two, inner

spaces Si and Sztﬂgﬁdwyﬂﬁﬁgé%nw-ﬁ%iﬁsmg AtdRedight-end side of FIG. 2,4igdormed so as to

thread through the peripheral wall of the upper construct 17, whereas the flow-out port 16 is provided at

the top of the uppettacmatr et/ cissubtionmppanaupped éord-afigie of FIG. 2. ning a
xenogenic bioprostheticvalve. Notethat,ifnoto therwise
specified thecell-removingsolutionandthecell- containing
solution are collectively referred to as "the solut ion".

The circulation apparatus 10A comprises a known ai r
suction/supply unit 11, a driving pump 12 formed of
polyurethaneandconnectedtotheairsuction/suppl yunitl1,
andacirculationchannel 13arranged suchthatthe solution
discharged from the driving pump 12 returns to the driving
pump 12.

The air suction/supply unit 11 has a known structu re
capable of suctioning air out from the driving pump 12 and
supplyingairintathedrivingpumpl2. Thedetail description
of the structure is omitted herein.

Thedrivingpumpl 2isapulsatingpumpcapableof ejecting
a pulsatile flow by generating a spiral vortex flow within
the pump. More specifically, the driving pump 12, whichis
showninFIG. 2,employsthe structurethathasbee nalready
proposedbythepreseniapplicantJapanesePatent Publication
No0.2002-167836). Toexplainmorespecifically,th edriving



The lower construct 18 has a vent hole 22 communicating with the air suction/supply unit 11.
Compression air is alternately supplied into and out from the lower inner space S2 on a predetermined
timing . When compress ion air is supplied in and out from the inner space S2, the diaphragm 2 0 is
displaced, increasing or decreasing the volume of the upper inner space Si. As a result, the solution
supplied from the flow-out port 16 becomes a pulsatile flow. At this time, a spiral vortex flow is generated
in the upper space8nmblcdivatest by hdiimvkeppereansttGetA.71nfthiis state, it is notraasly to find a standstill
region . In the Examples of the present invention, the pressure (positive pressureﬁ of the air supplied to

the inner space S2 fOYEAEURBRRARRAANAG FOWaBd R Whereas the pressuf@%i@Yative pressure) of
the air suctioned feim 1BEARBRSSRAFS Sehisiet B alpMtafPdrirHg to -5 0 rnrn Hg, Rpwyever, they are not
limited to these values. As shown in FIG. 1, the circulation channel 13 is formed of a closed loop in
such a manner th@UtRESSEIRE R IBNE B unHohthe BIFRRLCONS Bt 18 of the driving pudisl 82 and flows in the
flow-in_ port 15 wit 8%%%%’?%5?( Orﬁ% Wht'gﬁ Sgﬁ%%%s "er T?(é %@ggin more specificalrlxl eth%fﬂow cr_\annel 13
comprises a resistance imparting means 23, which imparts tflow resistance to the solution supplied from
the flow-out port lheadrAictanrsioe 18he@deonretgshted®iflow-out port 16, aagargeol tube 25 serving
as an amplitude controlling means and connected to the downstream-side end of the uPstream-side tube
a

24, a connection tliBe8VdBRAEd R IMY ThiS HWHEHEBFAIEEERNd of the control tHRASS!
downstream-side ﬁé@ﬁi@ﬂﬁ@@%@%ﬁ'@éﬁﬂ%ﬁbm ction tube 26 andrf‘qumyed to the flow-in

port 15 of the driving pump 12, and a connection pump 28 provided between the connection tube 26 and
the downstream-sidéhiibpp27 chitstsubiat Thehamabers felwte28oare connected by khbéva connectors 29.
Hereinafter, the portion, of the circulatign channel 13 u sg?am of the resistance imparting means 23 is
referred to as an 'ﬂrr%@relﬂﬂ%t LW%‘H%O[ d@ﬁﬁgﬁ%gﬂlgf( & f&sistance imparting ﬂ%&ﬂ‘s 3 is referred to
as a "downstreamglige ey EHdCan¥eItienses sake. The resistance imparting means 23 is provided
alone in the middle of the connection tube 26 on the assumption of the peripheral resistance of a human
body, and constructed d1'& IgleH-eRHUREH Pap AYeNEhOIRAT ¢ONTAKLRISIng the connecA8R%ube 26. Since
the connection tu% %thg gq'sgggfﬁ?d’lnpé/uggyﬁﬁiﬁlalnc&)ifﬁﬁ%gg?gnnaeans 23, if the dri\('ir?g pump 12 pulses,
c} the upper line LI’ not

the lowermost blood pressure o0 'wou

alternately suppliedintoand outfromthe lowerin nerspace
S2orgpredeterminediming. Whencompressiorair issupplied
inrmndoufromtheinnerspaceS2 thediaphragn? Ogdisplaced,
increasingordecreasingthevolume oftheupperin nerspace
S1. Asaresult,thesolutionsuppliedfromthefl ow-outport
16 becomes a pulsatile flow. Atthistime, aspira | vortex
flow is generated in the upper space S1, as indicat edbya
brokenlineinFIG. 2. Inthisstate,itisnotea sytofind
astandstilregion. IntheExamplesothepresen tinvention,
the pressure (positive pressure) of the air supplie dtothe
innerspace S2is setatabout 140 mmHgto 260 mmHg ,Whereas
the pressure (negative pressure) of the air suction ed from

theinnerspaceS2issetatabout-30mmHgto-50

they are not limited to these values.

mmHg,however,



reach 0 mm Hg. In this manner, the arterial blood flow of a human body is simulated. The average pulse
pressure of the upper line Li can be adjusted at a predetermined value by controlling the degree of
fastening the connection tube 26. In this embodiment, the average pulse pressure is set at about 100
mmHg, which virtually corresponds to the average pulse pressure of a human body. Note that, as the
resistance imparting means 23, any type of member including a variable aperture other than the
pinch-form member mafdshaiseth BEIdntheasirtlasdahetseomel Ediect as mentioned aldjorreed  The
upstream-side tube 24, the connectin% tube 26 and the downstream-side tube 27 are formed of vinyl

chloride, but not pRRCOEFR/FARITR BRI LA HABY, the retention unftP¥BEY provided in the

middle of the upstyeamtdR iLBE: 2HrSIB&f R @RABEHGRIPPIQsihetic valve is placefldhdhe retention unit
10B and a check valve 30 is provided in the downstream-side tube 27, the solution can be circulated

without a backward fhelontineoaiidetivithipidibateaieppasedHadhiein the FIG. 1. Thdsidhtrol tube 25 is
arranged upstream. of_the resistant imparti eans 23 and serves as a controller for the amplitude of the
pulse pressure of the ﬁ%gfﬁgg}lﬂ e L1 %']rﬂeg %@e@ﬁ%ﬁﬂw gﬁc%oentrol tube 25 is fornjlcéT of a soft material

such as segmenteshpplyssetnasistancilinpagingmeaps®Mhridmplitude of the pydsefp@ssure of the

upstream line Li by c_hangin? the tube-wall thickness. Note that the amplitude of the pulse pressure of the

upstream line Li i UBRNgH0 the solution supplied from the flow-o ut port
16, an upstream-side tube 24 connected to the flow- outport
16,acontroltube25servingasanamplitudecontr ollingmeans
andconnectedtothedownstream-sideendoftheups tream-side
tube24,aconnectiontube26connectedtothedown stream-side
endofthecontroltube25,adownstream-sidetube 27arranged
downstream of the connection tube 26 and connected to the
flow-inport15ofthedrivingpump12,andaconne ctionpump
28 provided between the connection tube 26 and the
downstream-sidetube 27. Notethatthe members 24 to28are
connected by known connectors 29. Hereinafter, the portion
of the circulation channel 13 upstream of the resis tance
imparting means 23 is referred to as an "upper line L1"and
that downstream of the resistance imparting means 2 3is
referredtoasa"downstreamlineL2" ,forconvenie nce'ssake.

The resistance imparting means 23 s provided alon ein

themiddle ofthe connectiontube 26 ontheassumpt ionofthe
peripheral resistance of ahuman body, and construc tedofa
pinch-form member (not shown) for fastening the con nection
tube 26. Since the connection tube 26 is fastened by the
resistanceimpartingmeans23,ifthedrivingpump 12pulses,
the lowermost blood pressure of the upper line L1 w ould not



example, 100 mmHg (average pulse pressure) 20 mm Hg to approximate a human body in this
embodiment. The connection pump 28 is a pulsatile-flow formation pump having the same structure
as the driving pump 12. Like reference numerals are used to designate like structural elements
corresponding to those of the driving pump 12 and any further explanation is omitted. Note that the
connection pump 28 is fitted in such an orientation that the solution flows in through the flow-in port 15
and flows out thoughdh® flowbyit [pahid Mahinerydre liodzi@Divithe connection pumfio28as open to the

outside. The diaphragm 20 is displaced depending upon the solution flow. The solution is loaded in the
circulation apparaf S BRRRMSSIMIRIFS WY&??&etﬂlzgﬁeapFﬁﬁ%mum permissieA88ing amount of the

apparatus 10A. Thesisplacemest anaHseidhe digrluaemdelthe connection pyyapg8 is slightly lower
than a maximum physically permissible displacement amount. By virtue of this, the connection pump 28

gives the damper el Mmieesigscaral fpstiening the engeiopasses through the &he#&ction pump, the
diaphragm 20 is dfﬁ%%%ﬁdﬁéﬁﬁ% tﬁee%%ir%%é{%‘&|s?%§9éjs€6?2esé§¥re- Accordingly, é'i‘ﬁte%’é‘u'}e"“c’” pump 28 is
arranged downstream oOf the resistance imparting means 23 and serves as a pulse-pressure attenuation
means for attenuatt@rineH i wicipressusgyoddhesutiotoahdw/ernstream line L2 pulkds embodiment,
the pressure of the solution passed through the connection pump 28 is set at about 10 mm Hg so as to
correspond to the JRSSS(iFeP Pth\éWﬁ%ﬁgYefNQEﬁéhaL ajfBfeiRit! the connection p@RTF 2 8 may be
interposed betW@%PHﬂiﬁ@%@%{&yEg,%ﬁﬁpﬂétﬂﬁﬁ&%@f?mm&a@ﬁ- The reteptienynit 103, in which
the solution flowing through the circulation apparatus 10A is infroduced, retains a xenogenic bioprosthetic
valve immersed irmfrestsctotivertharitis @nubeibinmene nazetingaybrogenic bioprosthediasiaihge to be subjected

to the cell-removing process and cell-seedin i
a%ﬁ has the same effect as gnentloned above.

The upstream-side tube 24, the connecting tube 26 and
thedownstream-sidetube27areformedofvinylichl oride,but
not particularly limited thereto. As described lat er, the
retention unit 10B is provided in the middle of the
upstream-sidetube24. Sinceaxenogenichioprosth eticvalve
is placed in the retention unit 10B and a check val ve 30is
providedinthe downstream-sidetube 27, the soluti oncanbe
circulatedwithoutabackwardflowinthedirection indicated
by the arrow in the FIG. 1.

Thecontroltube25isarrangedupstreamofthere sistant
impartingmeans23andservesasacontrollerfort heamplitude
of the pulse pressure of the upstream line L1. Mor e
specifically,thecontroltube25isformedofaso ftmaterial
such as segmented polyurethane or silicone, can con trolthe
amplitude of the pulse pressure of the upstream lin elLlby
changing the tube-wall thickness. Note that the am plitude

ofthe pulse pressure oftheupstreamlineL1is se
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process, a swine aortic valve is used. The retention unit 103 is positioned at a site of the circulation
channel 13 having a blood-flow state close to that of the human aortic valve portion. In brief, the retention
unit 103 is connected to the middle of the upstream-side tube 24. Hereinafter, for convenience's sake of
explanation, the portion of the upstream-side tube 24 upstream of the retention unit 103 is referred to as
an inlet-side tube 24A, whereas the portion downstream of the retention unit 103 is referred to as an
outlet-side tube 243aMpte, thad thenreigatieragaip 168 preysbeefreely connectmitienany site of the circulating
channel 13 by appropriately selecting the site of the circulation channel 13 whose state (such as

B Gk

pressure) is close18 f& BIYBa BN P ELER P ttiving organism tissue.  As shown in FIG.
3, the retention unit 103-gaRapFgesoAtakiies SaRts3RiICARARRRAPEINg placed on agy; rmined surface
F, a main body 35 positioned above the base 33, and support members 36, 36 standing at the right and
left sides of the baviB8 tbe SappoRtivgitHe AraincodiyBEPUMPTIZe main body 35 cokiffffises a box-form
cover 38 having a hexagonal shape as seen from the front, a retention member 39, which is provided
within the cover 3é(:,nefaorrg ﬁgteapnlfrqqgegge%gé%Hﬁ:egi({)op(rjgsstlﬁgﬁce\}gﬁ%g?\%ca frame member 13211(56}}?1aving an

octagonal shape (¥iewedksrosn&spdraimy so psydingtHeadrRiegtmmember 39 and atraaged along the
inner wall of the cover 38, an irradiation unit 42 (irradiation means), which is provided behind the cover

38, for applying mAPIWER S RBRABIRIHROBIEE FoRktEIGe V retained in the EBAGEBPhember 39,
supporting shafts 6f}m%42§e|§9ﬁ‘ét&v|ﬁl¥lﬁ?ﬂ%ﬂ%ﬂgrﬁré’[mﬁlﬂ?afim%t and left sides of the fjapag, member 40

toward the supporting members 36, 36 through the cover 38, and two tubes, namely, an introduction tube

to the pressure of the human left atria.
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46 and discharge tiols hrooghdwtitgranpe rEbantidiowsentber 39. thoughthe
flow-out port 16. The vent hole 22 of the connecti on pump
28 is open to the outside. The diaphragm 20 is dis placed
dependinguponthesolutionflow. Thesolutionis loadedin
thecirculationapparatus10Ainanamountslightly lowerthan
a maximum permissible loading amount of the apparat us 10A.
Thedisplacementamountofthediaphragm20ofthe connection
pump28isslightlyiowerthanamaximumphysically permissible
displacementamount. Byvirtueofthis,theconnec tionpump
28 gives the damper effect. More specifically, whe n the
solution passes through the connection pump, the di aphragm
20 is displaced, thereby reducing the blood pressur e.
Accordingly, the connection pump 28 is arranged dow nstream
of the resistance imparting means 23 and serves as a
pulse-pressure attenuation meansforattenuatingth eliquid
pressure ofthe solution ofthe downstreamline L2. Inthis
embodiment, the pressure of the solution passed thr oughthe
connectionpump28issetataboutl0mmHgsoast ocorrespond



As shown in FIG. 4, the cover 38 has a box-form structure consisting of two portions longitudinally
divided, more specifically composed of a front cover 51 positioned in the front side and a rear cover 52
positioned in the rear side. The butting portion of the front cover 51 and the rear cover 52 is formed at the
position crossing with the support shafts 44, 44. In the outer edge portion of the butting portion, flange
planes 54, 54 are formed, virtually along the outer edge portion. In the flange planes 54, 54, numerous
through-holes 55 for volistetivdtshenonhestofpume SAybarttezftesege planes 54, Sdatedmought in
face-to-face contact with each other and united with the volts, the front cover 51 and the rear cover 52 are

integrated into on&"S\REHIHEILB D &‘%drmwga%gﬂptwg%égrated construct, the front cover 51 can be

separated and detachegfgo@dhgdieaneve rAvhieHISEBERIoR fligrowave irradiation pagt 57 having a
square-shape which is open forward is formed around the center of the inside of the rear cover 52. The
irradiation port 57 Ry foGhEE srcaBiPNaRRANGIEB HIIBBNW e'SRthogenic bioprosthe@taiRsve V retained by
the retention mem~ber 39 frontward (see FIG. 3). With the arrangement, microwave, which is supplied
from the irradiatiof l?r%%%zmr((%i"r) Elor%{,ﬁ Sﬁg\é%?\s/%mgqued q 'Q%F}?gé‘&ion port 57 anéﬂlg)g'plprﬁied to xenogenic
bioprosthetic valven\dwitiiodineereiastionxaerybeic Bidgrostveatdrurthermore, the Jeapteover 51 and the
rear cover 52 have shapes and structures capable of preventing leakage of the microwave to the outside,

when it is applied fEHeEHRIiIPAAR GBI EPOE IR ShE M EHtiSREmember 39 . Notdiflat , a doorplate 59
is provided at the H%E?Q,da%fvm% froptoayes Rl sHee frorRlatg; 59 is formed of a knoymimaterial through
which the state of the retention member 39 can be seen and by which leakage of microwave to the
outside can be pré¥#meakitiongtaissitaeitheciFt@atotbearetention member 39reh3peigieg an acrylic
cylindrical membergll eé< nded in ?[‘jﬁaht and left diﬁe%tions in the figure, a flow-in portiqn 62 positioned at
the right end side BPRECIMNGRIRY FieiRbRt ,OBt Swggﬂﬁrbg?{i%n 63 positioned at thé&"1&tt end side

thereof, and an ingigtRi0MINRGER4 fSex8ORBARICIBAP@HAStIC valve V between Hhegftgw-in portion 62
and the flow-out portion 63. In the retention member 39, the solution flows into the cylindrical member 61

from the flow-in péigdniédepdsre srrkaaghr site e R4tidtespaal 64 and flows out8Foi®r the flow-out
portion 63 to the aqutside. S i%e I : c I'%%&' ember 61 has opgn each ends in the
extending directio%ﬁ{%ﬁlﬁcge%n%n s&t%éﬁ%%—tfﬁ%%ﬁﬁcﬁlé ﬁr%lzrl?he flow-out portioﬁ 3 are set. A thin
aluminium plate 66pstasinersideqbezeniistroate vineuméenintiahisurface of the cylinoBigal member 61
except for the center portion virtually corresponding to the installation space 64. With this structure,

microwave supplié8iFEd IREHPAIMEERYMILRS 4466 1E/e35 thsmits only througPBEESenter
circumferential-wal,ieiaR S Besy iralisRIMemn ek 6d ktHalyigorresponding to thgdngtallation space

64. As a result, the microwave can be converged to the center region; at the same time, an increase in
temperature of thevilesisidepohiaAer tNettidtalhtsatspi@eddt can be prevented. 10B may

be freely connected to any site of the circulating channel
13 by appropriately selecting the site of the circu lation
channel 13 whose state (such as pressure) is close to that
ofthebloodflowingthroughatargetlivingorgani smtissue.
As shown in FIG. 3, the retention unit 10B compris esa
tabular base 33 capable of being placed on a predet ermined
surface F, a main body 35 positioned above the base 33,and
support members 36, 36 standing atthe rightandle ftsides

of the base 33 for supporting the main body 35.
The main body 35 comprises a box-form cover 38 hav ing

ahexagonalshape asseenfromthefront, aretenti onmember
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As shown in FIGS. 5 and 6, the flow-in portion 62 comprises an end member 68 engaged with the outer
circumferential surface of the cylindrical member 61, and a channel formation member 69 positioned
within the end member 68. The end member 68 is formed like a container with the bottom having an
opening at the left side in the FIG. 6. More specifically, the end member 68 has a bottom wall 71
positioned at the right side of the figure and a side wall 72 continuously formed to the circumferential edge
side of the bottom3@allfitraischenstieiedimgtivint thed ¢ reamp@ dmuletdy (toward the left inifilg. 6) to the bottom
wall 71. The bottom wall 71 has a through-hole 73 at about the center. The sidewall 72 has a screw

thread 74 formed F¥BREFRIFY UV AFHRRICRINE & HRTSIRTPEIFE. The screw thrddY'P938 to be engaged

with a screw threggigoiesmadie thRWEtEfGRawa Rsa Rl R sYlindrical membeggl. As shown in

FIGS. 5 to 7, the channel formation member 69 comprises a hollow conical pipe 77 having an analogous
shape to a cone, &8i@RiIPHBEbAr v e peecHhaldnethminngiavaonical pipe 77!110fthehe conical pipe 77
comprises a cylindrical ortion_79 positioned near the installation space 64, a,skirt-form portion 80
which gradually exgé{ﬁr S O#J)E[]v'vré? |§3}z réprlﬁnt'ke t 'ga[?é#fgﬂ 5% the right side of the)lé’ilé'.c and starts, at the
middle, extendingifpeavigdoosatime tghtare 88t direction inftheyfigniey anctéwiarge-form hem portion 81
continuously formed at the right end side of FIG. 6 of the skirt-formportion 80, and inner space 83 formed

within the portionX¢BYLEIC HIRPEIRIMIRY FAANRS BUIBRIESEL the right and efE&IHRMn the FIG . 6.
Note that, in the Sﬁgiﬂge(?)gg?gﬂmmﬁ qupﬁwpég&mgg&pg{ 69 below, if not,gtherwise specified,

the term "leading edge side" refers to the side of the conical pipe 77 close to the top poriion 79 and the
term "back end sidi@hréfiensoiat el siftside tnf herfreatipertiieckbse to the hem poftiow 8kl

the supporting members 36, 36 through the cover 38, and two
tubes,namely,anintroductiontube46anddischarg etube47,
connecting to the retention member 39.
AsshowninFIG.4,thecover38hasabox-formst ructure
consisting of two portions longitudinally divided, more
specifically composed of afront cover 51 positione dinthe
front side and arear cover 52 positioned in the re ar side.
The butting portion ofthe frontcover51andther earcover
52isformedatthepositioncrossingwiththesupp ortshafts
44, 44. In the outer edge portion of the butting p ortion,
flange planes 54, 54 are formed, virtually along th e outer
edge portion. In the flange planes 54, 54, numerou s
through-holes55forvolts (notshown)areformed. Whenthe
flangeplanes54,54arebroughtinface-to-faceco ntactwith
eachotherandunited with the volts, the frontcov er5land
the rear cover 52 are integrated into one. When th e volts
are removed from the integrated construct, the fron t cover
51 can be separated and detached from the rear cove r52.
Furthermore, a microwave irradiation port 57 having a
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On the outer circumferential surface of the top portion 79, a stopper groove 85 is formed along the
circumference. When the end portion of a swine blood-vessel tissue B containing the aortic valve (as a
xenogenic bioprosthetic valve V) is placed over the stopper groove 85 and clamped with a binding
member (not shown), as shown in FIG. 5, removal of the blood-vessel tis sue B from the top portion 79
can be restricted. In the skirt-form portion 80, the outer diameter of the hem portion 81 is set equal to
the inner diametesqb éne-slyéipenbalhmepebérdarsisttrthedaimihem portion 81 caedeaterst fit within the
cylindrical member 61.  The hem portion 81 is formed in a ring form. The outer diameter of the hem

portion 81 is set eQUAF{BTRE FG SRIFRIE! Wt thBLERHANC72 of the end membdHRB Xith this structure,
the hem portion 8% ¢givia@ ktshltwiMDdne @Rt spembey &hdgdhe inner circumferential surface of the
hem portion 81, a screw thread 87 is formed. The inner space 83 has an opening portion at the
right-end side in tféoPICStBetih¢alipdt KiaibeBRYCHIR peiessienyasal space 89 to whi®lRRRE tip portion of the
insertion pipe 78 is ta.be inserted thrgugh the opening portign, a main channel 91 communicating with the
basal space 89 ar%)gg( grr%l SSEEOEV!/%’:? %%Aétté‘gtrﬁ%nﬁ‘%%’%gw é)[f(r)]?lnglréd at the leading 8\38\ée$ide, and four
side channels 92 preiised gsnedic thadnaigiaisongd @éand communicating wislidpadsasal space 89. The

basal space 89 has the inner space whose shape agrees with the top portion of the insertion pipe 78, can
just fit the insertioH'[RHEMBEFRAAEAN BRERTASTSERBARREP ke a taper-hole who¥@PRIRIEF diameter is

reduced inward fr%'iBﬁ%@&i&%ﬂ@%ﬁ%i%é@hﬁmﬁﬂéﬁis- The side changgl 9, isfJormed in the

inclined surface of the skirt-form portion 80, as shown in FIG. 7. More specifically, four side channels 92
are arranged at edrvathiaterva stbéongnticovenfetemceitbrestiaowethe skirt portion 8G&2hsheuld be noted

that the total areasﬂéggs%%nsipr%ctures capable of preventing leakage of the
microwave to the outside, when it is applied from t he
irradiationport Aiowardheretentiormember39. Notethat,
adoorplate59isprovidedatthefrontendofthe frontcover
51. The doorplate 59 is formed of a known material through
which the state of the retention member 39 can be s een and
bywhichleakageofmicrowavetotheoutsidecanbe prevented.

As shown in FIG. 5, the retention member 39 compri ses

anacrylic cylindrical member 61 extended in right and left
directionsinthefigure,aflow-inportion 62 posi tionedat
the right end side of the cylindrical member 61, a flow-out
portion 63 positioned at the left end side thereof, and an
installation space 64 for xenogenic bioprosthetic v alve V
between the flow-in portion 62 and the flow-out por tion 63.
In the retention member 39, the solution flows into the
cylindrical member 61 from the flow-in portion 62, passes
through the installation space 64 and flows out fro m the
flow-out portion 63 to the outside, as described la ter.
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portions of the side channels 92 is set equal to that of the main channel 91, in this embodiment. As
shown in FIG. 6, the insertion pipe 78 comprises a spherical portion 94 having a spherical outer shape at
the leading edge side, a cylindrical portion 95 having a smaller outer diameter than that of the spherical
portion 94 and continuously formed to the spherical portion 94 via a step portion, an external cylinder
portion 96 fitting around the outer circumferential surface of the cylindrical portion 95 so as to be mutually
rotatable, a ring-form cdlker pdiridnc@H tanbaublsigdameactahhenbadk tand side of the egternal cylinder
portion 96 and havin% an outer diameter smaller than the inner diameter of the through hole 73 of the end

member 68, and & HAEPSFLESSS 1oHHISPRARIN SRR HRWEDI portion 94 and theYfiffder portion 95. In
the outer circumfesentialHdRcSLG AR RdaraadCYltRfRIPortion 96, a screw thigaghdigikis formed. The
screw thread 101 is engaged with the screw thread 87 formed in the inner portion of the hem portion 81.
With this structureb@fearirrIgibe hpentigeeaiteneiratadeentialthe conical pipe 77. urfaga inner space 99
comprises a basal,channe| 103 through which the. solution flows, a top hole 104 communicating with the
basal channel 10 ha?ncq(')r[])(jlerﬁ%ag A {H%%Eag%iﬁ)écg gfé)rs#ﬁg %?r%keer Bﬁerical portion 94, and four side holes
105 formed arounvirtoalippohelepdidingd cannsuanaingpaddethe basal channel 193wimen the leading
edge side of the insertion pipe 78 is fit in the inner space 83 of the conical pipe 77, the top hole 104
comes to constaan%?é%?EUﬁi@éi@%ﬂ’{%éF?H%\"r‘rqfé?l'@ﬁ?féf@ﬂ!aThe side holes 108%Y¢4rranged virtually at
equal intervals a'Q{Lg(%% g[éggbfgr%ﬁitgi '%méﬂq@g@ﬁ%pf the spherical portion 94. When the
insertion pipe 78 is fit in the conical pipe 77, the sidé holes 105 can rotatably change the positions from a
maximum commueiicatiaie eosalemadtradioh ahthe cyhncsicgdlstetplcommunicate with ell&ide channels 92 to
a shut-off position at wt]ich the corr{l@unic tion \t/g%h‘{all side channels 92 is completely shut off by mutually

rotating the pipes V?'gléa}lnéf PSRN ﬁfﬁg IS RBATBIs a flow amount by't r?ging its position

from the site at whisdy i éofad 0w aeanbé ebilergelitbencitewiag out from all sidesgidannels 92 is equal to
that flowing out from the main channel 91, to the site at which the total flow amount of the solution flowing

out from all of the &ithe SraIEReI2NIGIRASAVIAERIVEFREIHIS 8EIRSe the insertion piPetBBI@cts like a variable
throttle, which CO'BB(?{?oH]Sfft'l?@ir?ﬁh%%ﬂ%@%é%ﬂt&% %%vw& gﬁ{t from the side cha&ﬂels 92.

AsshowninFIG S .5and6 theflow-inportion62 comprises
anendmember68engagedwiththeoutercircumferen tialsurface
ofthecylindricalmember61,andachannelformati onmember

69 positioned within the end member 68.

The end member 68 is formed like a container with the
bottomhavinganopeningattheleftsideintheFl G.6. More
specifically theendmember68hasabottomwall7 1positioned
attherightsideofthefigureandasidewall72 continuously
formed to the circumferential edge side of the bott om wall
71andextendingvirtually perpendicularly (toward theleft
in FIG. 6) to the bottom wall 71. The bottom wall 71lhasa
through-hole 73 at aboutthe center. The sidewall 72hasa
screw thread 74 formed in the inner circumferential of the
opening side. The screw thread 74 is to be engaged with a
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As shown in FIGS. 5, 8 and 9, the flow-out portion 63 partly differs in shape from the flow-in portion 62;
however, has substantially the same structural elements and functions in a virtually similar manner.
Therefore, like reference numerals are used in the flow-out portion 63 to designate the same or equivalent
structural elements of the flow-out portion 63 corresponding to those of the flow-in portion 62 and any
further explanation is omitted or simplified. Only the difference fromthe flow-in portion 62 will be
supplementarily exptamédead 75 foerneed imbenbetre 8iaiuthéeflaviadut portion 63 is foofted like a nut.
Virtually at the center of the end member 68, a screw hole 107 is provided so as to extend in the right and
left direction in th&FISIrEal MepREEBlical pipe 77 of the flow-out portion 63 differs from that of the flow-in
portion 62 in shape of thg fisPRIERES L eontindeusfarmeskinaskirt-form portion Q. Specifically,
the hem portion 81 is formed like a s crew cylinder having an outer diameter smaller than the largest outer
diameter of the ski¥demarisesahelBOVCPRiEdniRe Cihavmearamgal portion of thelpgdvgshhaim 81 is engaged
with the screw hole 107 of the end member. he conical pipe 77 has a guide channel 109 for inserting
a thermo-sensor (tr?o? %%%G\l/vﬁf] ﬂ%}elzri]rsl?rfﬁg 'ﬁdggc Oabnenlgfiégdls formed outside tHé}?r?ﬁgr space 83. The
channel 109 compyishsapdipet guide channel 109A extending from the back end side of the hem portion
81 to the inclined surface the skirt-form portion 80 and a second guide channel 1093 branched in the
middle of the first guide €IS BIBR AP BRIEIRAAGHNFARIM PRain channel 91. N&#8hat two or either

one of the guide C*?@BB&%Q%@A?%QR&AH&M%85@_'@8?; a skiT he insertion pipe 4&gfthe flow-out

portion 63 differs from that of the flow-in portion 62 in its entire shape. In the insertion pipe 78, the
cylindrical portion 5 tisre gt&niieth tonadvelth exeadirgostiyerdidéromplace of the spheheabportion 94. The

top hole 104 is formed leadi ide of the cylindrical portion 95. Four side holes 105
providod virtually BPBLINRARGAIY SR GORRIENER drecton  oattie 0o 00 ¥1¢

middle,extendinglinearlyfromtherightandleft
inthefigure,andaflange-formhemportion81 con

formedattherightendsideofFIG.6oftheskirt

direction
tinuously

-formportion

80, and inner space 83 formed within the portions 7 9to 81
andcommunicatingwiththeoutsideattherightand leftside
intheF1G.6. Notethatjnthesectionexplainin gthechannel
formation member 69 below, if not otherwise specifi ed, the
term "leading edge side" refers to the side of the conical
pipe 77 close to the top portion 79 and the term "b ack end
side"referstothe side of the conical pipe 77 clo setothe
hem portion 81.

Ontheoutercircumferential surface ofthetoppo rtion
79, a stopper groove 85 is formed along the circumf erence.
Whentheendportionofaswineblood-vessetissue Bcontaining
the aortic valve (as a xenogenic bioprosthetic valv eV)is
placedoverthe stoppergroove 85and clampedwith abinding
member (not shown), as shown in FIG. 5, removal of the
blood-vessetissueBfromthetopportion79carb erestricted.
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in the outer circumferential surface of the leading edge side of the cylindrical portion 95.  Note that
blacked out members in FIGS. 5, 6 and 8 are 0 rings for sealing.  As shown in FIG. 3, the frame
member 40 supports the retention member 39 so as to rotate therein. More specifically, the insertion
pipes 78, 78 protruding outward virtually from the center of the end members 68, 68 are connected to
rotation pipes 112, 112 via pipe nuts 111,111. The rotation pipes 112, 112 pass through bearings (not
shown) each attached to therslofttfuenfrpongom@inibendtedidpedtrode out of the frame fttember 40. The
retention member 39 is fit within the frame member 40 such that the rotation pipes 112, 112 can obliquely

extend at an angl@OPAOTHRLRL G ARLE . tRe FetamR" Bember 39 can be Htted (self-rotated)
around on the rota4ARRieaMme Abeld ZslBHiMRmmEREsHAGshef the frame membey Af2pad near a site from
which the rotation pipe 112 at the side of the flow-out portion 63 (the upper right of the FIG. 3) protrudes,
a self-rotation drivitbgithene Cyingsigignemies6and gear , etc., is provided. The retention member 3 9 is
rotated within the fram mber 40 by actuating the self-rotation driving means 114. Furthermore, the
rotation pipes 112, 112%%?&%%88&%88y %gll 't#él ﬁrﬁ}ggé&%ﬁ%‘ﬁ {?Jrk% j!(% Gnd discharge tube’d ,rrespectively, via

rotation points 1159 itxestdé@thensifpeitiicn@lased qeaothe frame-member 4thrdsthmeasation point 115, a
known point is used which connects two types ofﬁpipe-form members (rotation pipes 112, 112 and tubes

46, 47) while alloviiftieesitens'rotaiibremtineReiPEoMiHiRIEation. By virtue offHEYBfL, even if the
rotation pipes 112th11,-]r%ﬁrﬁorr9@§:dn @h%@jﬁ@fﬁ@v%i%é@“&fmaﬁon driving meang k4 gif1e rotation force
47.

does not transmit to each of tubes 46 an
Inthe inner circumferential surface of the hem por tion 81,

a screw thread 87 is formed.

Theinnerspace83hasanopeningportionatther ight-end
sideintheFIG.6. Theinnerspace83comprisesa basalspace
89 to which the tip portion of the insertion pipe 7 8isto
be inserted through the opening portion, a main cha nnel 91
communicating with the basal space 89 and extending toward
an opening portion 90 formed at the leading edge si de, and
foursidechannels92providedaroundthemainchan nel91land
communicating with the basal space 89. The basal s pace 89
has the inner space whose shape agrees with the top portion
oftheinsertionpipe 78, canjustfittheinsertio npipe78.
The main channel 91 is formed like a taper-hole who seinner
diameter is reduced inward from the top portion 79, but not
limitedtothis. Thesidechannel92isformedin theinclined
surfaceoftheskirt-formportion80,asshowninF IG.7. More
specifically, four side channels 92 are arranged at equal
intervalsalongcircumferencedirectionintheskir tportion
80. It should be noted that the total area of the opening
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The irradiation unit 42 is a known unit using a magnetron (not shown) as a source of microwave. Detailed
explanation of the unit is omitted herein. The support shaft 44 is a hollow pipe and houses the end
portions of the introduction tube 46 and the discharge tube 47 therein. To explain more specifically, a slot
hole 117 is formed at a position of the outer circumferential surface of each of the support shafts 44, 44
within and in the vicinity of the support members 36, 36. Into the slot holes 117, the tubes 46 and 47
extending from theodtatioof fipegit tAdhh2lad? issettglal to thhe support membenB8 hemprises a first
support portion 120 arranged at the inner side for rotatably supporting the support shafts 44, 44, and a
joint support portioRPILSEARGEY BLERIETROAEE lipport portion 120 for supporting a rotation joint 121
having the same structwe # a0t ibed alrlipRdpiohblsemenipngisabove. The rotatiogjoint 121
supported by the support member 36 (at the left side in FIG. 3) connects the discharge tube 47 inserted in
the support shaft sphsrier! Refitisid@4having asHbesageautss Semutually rotatablyatOhethe other hand,
the rotation joint 121 rted by the s t mem 6. (at the right side in FIG, 3) connects the
introduction tube f%a%?ﬁgﬁg elrs]ut%\éas(:ggrﬁléﬁg gﬁ%ﬁt 24 %%h%a”éght side and the inle?-ssrpdagl Ebe 24A, mutually
rotatably. Furtherpupse dairtlaecsugmothaiemberspbdatahpoigbt side in FIG. 3), a rewphripn driving means

124 having a motor and a gear, etc., is provided. The support shafts 44, 44 can be rotated by operating
the revolution driviRyHHEQHEM AMEE i diisRRer'SBRVATIRMER Yife support shafts 44 $#&Rotate, the frame
member 40 and t%rﬁéﬂf@ﬁ@)@%‘?ﬁ%ﬁ)&ﬂiﬁge?iﬁb‘ﬂim@@ﬂﬁ,%dgate (revolve) around gnthe support shafts 44,
44. The introduction tube 46 and the discharge tube 47 inserted in the support shaft 44, each are
designed not to inteti@enaithftherbassuBachoftitpitydimdolition. More specificallyrtihephave an
appropriate length and ar arran}%(ﬁd SQ as t@ pas st roug&lthe space between the base 33 and the
support shaft 44. RLZREWIFIAE .YLfftWﬁB tAd"S8; %Pt &ft 44 is revolved by 1§8ng'& rotation) from
the state shown inpF Kan#RiBlisiiefrasiad ek 4Adsitiateske As a result, up/dewieaigl right/ left of the
retention member 39 are inverted, as shown in F IG . 10 (3) . More specifically, the retention member 39
can be not only sl ot pnAeauIhaytagaRAMRIAGRRIBHEM 14 but also revalRdBy the revolution
driving means 12 : [ r ,the up/down and righg/| lood-vessel
tissue 3 are inver#é] : ﬂﬁ%&%&'ﬁ%ﬁ%ﬁﬁ%@%ﬁﬁﬁé ?l)ﬁgl%et@ indicates a switgé;| o%ﬂtﬁ'u@eéfevolution
driving means 1248\otedhiahecpategIfeansimeyrmrgyevidied for cooling the gipaploery of the

introduction tube 46 to ?grevent the temperature of the solution from increasing. Next, procedure for
setting up xenogeRteBRFGEIRERERRIAN QPN RERS ALEREETH unit 103 constructed5580E3nd function
surface of the external cylinder portion 96, ascre wthread
101lisformed. Thescrewthread10lisengagedwit hthescrew
thread 87 formedinthe inner portion ofthe hem po rtion81.
With this structure, the insertion pipe 78 can be a ttached

to the conical pipe 77.

Theinnerspace99comprisesabasalchannel 103t hrough
which the solution flows, atop hole 104 communicat ing with
the basalchannel 103 and openedatthe leading edg eside of
thesphericalportion94,andfoursideholes105f ormedaround
thetophole104andcommunicatingwiththebasalc hannell103.
When the leading edge side of the insertion pipe 78 is fit
in the inner space 83 of the conical pipe 77, the t op hole
104comestoconstantlycommunicatewiththemainc hannel91.
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of the retention unit 10B during the set-up time will be described below. First, from the state shown in
FIG. 3, the rotation pipe 112 is released from the rotation joint 115. Then the pipe nut 111 is loosen by
turning it and removed from the retention member 39, thereby removing the retention member 39 from the
rotation pipes 112, 112. Thereafter, the end members 68, 68 are removed, and then the flow-in portion 62
and flow-out portion 63 are removed from the cylindrical member 61. Subsequently, while keeping the
state where the topheaitiehdi8s T@6ai ¢zeriogedvprriyatiaald the top potion 79reétveslow-out portion 63
are allowed to face as shown in FIG. 5, both ends. of swine_blood-vessel tissue B containing aortic valve V

are inserted to theBR9BRIGHEFYRNGR JHEECHORI ARG FIEIRE HhpedbybindingmeniB®rs (not shown) on

the stopper groovesReicBPpsRiNESHY AR PRANeRREH RstiesB is set in such an qrfgation that the
solution is allowed to flow through aortic valve V (uni-direction valve) from the right side to the left side in

FIG. 5. Thereafterithgeomisalmnsortichesidghelgrsl AbgabiRtattion 63 connected BiEhRIBBT blood-vessel
tissue B are returnﬁd %%%in in.the c{\ﬁindrical member. 6]tr and the end members %%NQS are attached to the

cylindrical membetr 89 anar}afrrt%rgra &'rétention mem %ro\‘-gbof)ssﬁlto{(]) the rotation plpeslﬂz 112 as shown

in FIG. 3. In this magyein terpréunyebilanthicasseittissideiBossemmpleted. In éhsoeedl-removing proces
s, the cell-removing solution is supplied from the introduction tube 46 to the insertion pipe 78 of the
flow-in portion 62 BSHEYHRARRBEMEICHIHE COTINURIBFOMEN the insertion piped!t#8I€78 of the flow-in
portion 62 and flowsgHHLPRESR QM%%QGWQU%W%? the side holes 1@3 Aid the side channels
92 of conical pipe 77 are completely communicable, as shown in FIG. 5. With this arrangement, the
cell-removing solutipassifpiie doTtheifisevtionpiptdis BRIseweroblood-vessel tisslgalfidy ways of the top

hole 104 and the main channel 91 of the flow-in portion 62 gas]sqes through aortic v%lve V, and goes to
the main channel @Mount by changing its position from the sité at w ich the

total flow amount of the solution flowing out from all side
channels92isequaltothatflowingoutfromthem ainchannel
91,tothesiteatwhichthetotalflowamountoft hesolution
flowingoutfromallofthesidechannels92isvir tuallyzero.

In this sense, the insertion pipe 78 acts like a va riable
throttle, which controls the flow amount of the sol ution

flowing out from the side channels 92.

As shown in FIGS. 5, 8 and 9, the flow-out portion 63
partlydiffersinshapefromtheflow-inportion62 ;however,
hassubstantiallythesamestructuralelementsand functions

in a virtually similar manner.

Therefore, like reference numerals are used in the

flow-out portion 63 to designate the same or equiva lent
structuralelementsoftheflow-outportion63corr esponding
tothoseoftheflow-inportion62andanyfurther explanation
isomittedorsimplified. Onlythedifferencefrom theflow-in

portion 62 will be supplementarily explained.
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91 of the flow-out portion 6 3 . Simultaneously, the same amount of the solution flows through the s ide
holes 105 and sub channels 92 of the flow-in portion 62, passes through the inner space of the cylindrical
member 61 and goes into the side channel 92 of the flow-out portion 63, so as to detour blood-vessel
tissue B. The cell-removing solution passed through the main channel 91 and the side channels 92 of the
flow-out portion 63 flows out from the insertion pipe 78 of the flow-out portion 63 and is discharged to the
discharge tube 47 throlgte grelmottbargipef e flas-shoportinorlF&is3o Therefore, the mamedhannel 91 and
the top hole 104 provided in each of the flow-in portion 62 and flow-out portion 63 constitute a first

channel mutually S8R RiFicLivg A3 IR ?ﬁ@tﬁﬂﬁ’g@relﬁﬁﬁd%anism tissue (blood RELE| tissue B),
whereas the side ghanpiehy R 6N Hhe,/ide leotRREgNiARd in each of the flgyhinpgrtion 62 and the
flow-out portion 63 constitute a second flow channel mutually communicating through the detour root
formed outside of igfedigatiodrijaiiern!sdie (blood-vessel tissue B).  In performed the cell-removing
process mentioned abayg, the .irradiati it 42 and the self-ratation driving means 114 are operated.
The retention member@lg(?scggll?-ar?ﬂg)teeg?/v i’éeaffg)wy?ﬁépnqﬁc'?gv%vggto blood-vessel tisstSéSB retained in the
retention memberfashmiBytiiia sievabiooities 2l iiaputing operation can be apphgditioiormly in the entire
circumference direction of blood-vessel tissue B. The cell removing operation is preferably performed

while checking thS1etApErRIHENbfaReshiRiom FKIZHArBUPHTIBIbER-vessel tissue B by using
thermo-sensors (%Wﬂ}iﬁé@é%ﬁ&%ﬂgﬁﬂ@&@&gwd guide channel%p&%ﬁ,q&gB (see FIG. 5). In

this case, the cell-removing solution is allowed to flow virtually at the same flow rate ins ide and outs ide
the blood-vessel tsauagBsmthet tmreisrmm@iapthanure diffgeehce between them. (the temperature

difference between.them ca]p (ge clge(éked by use egh: thermo sensors (not shown) inserted in the first
and second guide ARHEIS 108 R I °I6b@¥.rf\'f)d1 At wiithe temperatures of the inside and outside

reach human bodyitetnmeratiifde-fondfthe htisjbiadiansdmit 42 automatically siemvitradiation of
microwave, whereas it automatically starts irradiation of microwave when the temperatures become lower

than the body temipersgife. e 104 @EI6re0HineMBETHIS . cBs@Rient can apply adhéB6wave having a
frequency of 2.45 %55% APQWER &E?%?‘é# %é?t‘?&%.%%hg\elmn%%t; that the tempe&%&ﬁ&nsor may be

Introduced into the first channel from a orme e of the discharge tube 47.
shown)therein. Theguide channel109isformedou tsidethe
innerspace83.Thechannell09comprisesafirstg uidechannel
109A extending from the back end side of the hem po rtion 81
totheinclinedsurfacetheskirt-formportion80a ndasecond
guide channel 109B branchedinthe middle of the fi rstguide
channel109Aandextendingtowardthe mainchannel 91. Note
that two or either one of the guide channels 109A a nd 109B

may be omitted.

Theinsertionpipe 78oftheflow-outportion63d iffers
fromthatofthe flow-in portion62inits entire s hape. In
theinsertionpipe78,thecylindricalportion95i sextended
towardtheleadingedgesideinplaceofthespheri calportion
94. The top hole 104 is formed at the leading edge side of
thecylindricalportion95. Foursideholes105ar eprovided
virtuallyatequalntervalsalongthecircumferenc edirection
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On the other hand, in performing the cell-seeding proces s, application of microwave by the irradiation
unit 42 and the self-rotation of the retention member 39 are stopped. The insertion pipes 78, 78 within the
retention member 39 are changed in position by turning and loosening the collar portion 97 and rotating
the cylindrical form portion 95, from the state shown in FIG. 5 to the state where the communication
between the side holes 105 (see FIG. 5, etc.) and the side channels 92 is completely shut off. Thereafter,
the cell-containingrebbdigarsrsupyidieshtalthef atsaftiozigapged8 of the flow-in poredgeés2dd he cell-containing
solution then passes through the top hole 104 of the flow-in portion 62 and the main channel 91, reaches
blood-vessel tissu® g]ep%gﬂ'%l&%“ogc%c valve V, flows into the main channel 91 of the flow-out
portion 63, and is then figichrse R M soerRsaFEpiRIPRS &3 9fdhmdew-out portion 63.Juring this
operation, the insertion pipes 78, 78 are placed in the position at which communication between the side
channels are shut@fingpépefsi@intie cell-containing solution would not flow outside blood-vessel tissue B,
unlike the case of cell-removing pr ntioned above. In performing the cell-segding process,
the revolution driving m%%r%ol 'gﬁ%@rﬁmﬁ?épﬁnlg %c%t@g%ddf%%gp&ﬁﬁon member 39ﬁrgtates together
with the frame mereteertidtharobe avdberstipgnarsinafisotd, 44, with the ressiiedifiéding retention member
39 is rotated upside down in the direction indicated in FIG. 10. Since the retention member 39 revolves,

the autologous celREHTSPEICRNRSHSiA Py YoHAtRPOCANISE A #Ached uniformly to BId®essel tissue B

without gravitationgbefieeh oftheendmembers68,68areconnected torotation
pipes112,112viapipenuts111,111. Therotation pipesli2,
112 passthrough bearings (not shown) each attached topart
of the frame member 40 and protrude out of the fram e member
40. The retention member 39 is fit within the fram e member
40suchthattherotationpipes112,112canobliqu elyextend
at an angle of 45 °, as shown in the FIG. 3. The retention
member39canberotated(self-rotated)aroundont herotation
pipes112,112. Inthe outersurface ofthe frame member 40
and near a site fromwhich the rotation pipe 112 at theside
of the flow-out portion 63 (the upper right of the FIG. 3)
protrudes, a self-rotation driving means 114 having amotor
andgearetc.jgrovided. Theretentiormember 39gotated
within the frame member 40 by actuating the self-ro tation
drivingmeans114. Furthermore,therotationpipes 112,112
areconnectedtotheintroductiontube 46 anddisch argetube
47, respectively, via rotation joints 115 fixed to the
structure placed near the frame-member 40. Asthe rotation
joint115, aknownjointis used which connectstwo types of
pipe-formmembers (rotationpipes112,112andtube S46,47)
whileallowingmutualrotationandmutualcommunica tion. By
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Next, methods of removing and seeding cells by use of the living organism tissue processing apparatus
10 will be described with reference to FIG. 1, etc. First, blood-vessel tissue B including aortic valve V
is taken from an animal such as a pig. Blood-vessel tissue B is set in the retention unit 10B in the manner
as mentioned above. The cell-removing solution is injected into the living organism tissue processing
apparatus 10, and then circulated. As the cell-removing solution, a surfactant such as deoxycholic acid
(bile acid) , sodiumitiodedhejdiste(@LBheootatitorpiesdd dvere used. At this timeli2eucell-removing
solution is circulated in the livin _orl%?nism tissue processing apparatus 10 while ke%gri]rn the state of the

solution close to th&PH1RY R HE08 $RW R YRBIHYRAGH mentioned below. €@ &N a switch (not

shown) is pressednte eHesysapbs HpitrdhshRWR RHdfud: is actuated. Then hgsgpliremoving
solution is circulated through the circulation channel 13 by pulsation of the driving pump 12. More

specifically, the ceétiéremoving solution ejected from the driving pump 12 flows through the upstream line Li
at the pressure virtually.corresponding. neral agrtic pressure of a human bo asses through the
retention unit 10B arranng;]ee i Hggomnllfﬁd{gﬁﬁﬁgoﬂv& P@g%ffﬂ?gn 1, and reaches to h%gpeﬁsistance
imparting means Zgdi@hisapnaigsihe cesistanenaoeenpendingd the peripheral resigiemce of a human
body. The cell-removing solution coming out of the resistance imparting means 23 passes through the

connection pump 28R HbRSMEHB&IRTIng pump

Thesupportshaft44isahollowpipeandhouses theend
portions of the introduction tube 46 and the discha rge tube
47 therein. To explain more specifically, a slot h ole 117
isformedatapositionofthe outercircumferentia Isurface
ofeachofthesupportshafts44,44withinandin thevicinity
ofthe supportmembers 36, 36. Intothe slotholes 117,the
tubes46and47extendingfromtherotationpipesl 12,112are
inserted.

Thesupportmember36 comprisesafirstsupportpo rtion
120 arranged atthe inner side for rotatably suppor ting the
supportshafts44,44 andajointsupportportion 122arranged
outsidethefirstsupportportion120forsupportin garotation
joint 121 having the same structure as that of the rotation
jointl15mentionedabove. Therotationjoint121 supported
bythesupportmember36(attheleftsideinFIG. 3)connects
thedischargetube47insertedinthe supportshaft 44 atthe
left side and the outlet-side tube 24B, mutually ro tatably.
On the other hand, the rotation joint 121 supported by the
supportmember 36 (attherightsidein FIG. 3) con nectsthe
introductiontube 46insertedinthe supportshaft 44 atthe
right side and the inlet-side tube 24A, mutually ro tatably.
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12 at a pressure of about 10 mm Hg virtually corresponding to left atrial pressure. At this time, in the
retention unit 103, the cell-removing solution flows through both inside and outside of blood-vessel tissue
3 retained in the retention member 39 at the flow state corresponding to the blood flow flowing through
the aorta of a human body; at the same time, microwave is applied to blood-vessel tissue 3 which is being
rotated by self-rotation of the retention member 39 as mentioned above. In this manner, various types of
original cells (endétirghiincetts dilhieklagiaelembeo@h (attseligbells) are removeddidmmnblood-vessel
tissue 3 taken from an animal. As a result, a substrate formed of collagen alone remains. In this

embodiment, the MiGro/EOLEOORLYIRY MRS HetlRVRY P45 GHz, and a pBWAPDF about 100 W to

500 W, but not limitgehiodheserandii@nenEiQppsaisiargower of the microwaveigagfigchanged within a
predetermined range as long as the microwave does not produce any denaturation (harmful a human
body) of blood-vesetteddycopeiptinghpreveldtion gratrasnerned cell-removing eff@ét. Asternatively,
electromagnetic wavye. different in frequepcy and acqustic wa ay be applied. Furthermore, the flow of
the cell-removing @cﬁﬂﬁ%rr]]er%%?/ov\/&l\’\f\g ﬁr}sﬂ] no%ugﬁglrggss}(])%%ist%\%hzg{)%od flow. In othe?ltl\?\lgpgs, a pulsatile flow

may be accepted.frameAfiemiie selhmanmeviag swutinenbhdigdergetafrom the livingesgaipism tissue
processing apparatus 10, normal saline solution is injected into the living organism tissue processing

apparatus 10. AftéPHHE HEpaLaeand ablifett BRUH DA the normal saline s@utiBA, the normal
saline solution is gischaraed, g &%Hﬁi%%gm&ﬂﬁggp{ﬁg@ssing apparatus £y gubsequently, a
binder such as fibronectin is directly injected into the first channel of the retention member 39 to block the
open ends of the flesuppotibale2 madibefloasignedpottmnté3. In this manner, ridooulithessel tissue B from
which cells have been remgved and retained in the retention member 39 is immersed in the binder for a
predetermined tin{E?EéﬁE%%fiﬂ'?ﬁgﬁiﬁ%’&ﬁfE%s %r@%%eﬁjé]ﬁ?'the retention mem thfgand the
cell-containing solysigsa iappiopiestdrisythentaientiangag@aier 39. The cell-ceptaiamgugpiution is prepared
by taking autologous cells (endothelial cells, fibroblast cells and/or smooth muscle cells) of a recipient,
culturing for a pretieSRARRREIMIENARE RAfEiRg 80 PrPRPFANEH culture solutior®AL¥he culture solution,
any culture solutio . S| for the cell-seeding pr Examples of
such a culture soltﬁ%ﬁlﬁﬁ #I@%%&%%ﬂﬁé&ﬁ%ﬁ%ﬁ:ﬁéﬁd by the compaﬁgg@%y Technologies). In

the same manner ggpif{iaR reesoaf fltenhidaatdswvessebtisoys) B from which cells hage been removed
is immersed in the ceII-containingg solution for a predetermined time, and then, the circulation apparatus

10A is actuated td'GREMAE AL ITIRARHANTHG LIRS e living organisMtig8H¥Brocessing apparatus
10 at the flow statgm&gm@gap@%ﬁgwa%ﬁom}man body. In thisnm@WB)blood-vessel tissue

B from which cells have been removed is placed in the cell-containing solution flowing at the flow state

corresponding to tMerelepecifmalhribeghteamsion member 39 can be n otonly
self-rotatedbytheself-rotationdrivingmeans114 butalso
revolved by the revolution driving means 124. When the
retention member 39 revolves, the up/down and right /left of
blood-vessel tissue B are inverted. Note that refe rence
numeral 125in FIG. 3indicates a switch for the re volution
drivingmeans124. Notethatacoolingmeansmayb eprovided
forcoolingtheperipheryotheintroductiontube 46toprevent

the temperature of the solution from increasing.
Next, procedure for setting up xenogenic bioprosth etic

valveVintheretentionunitLOBconstructedabove andfunction
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human aorta, autologous cells are seeded in the blood vessel tissue B. The revolution driving means 124
(see FIG. 3) is actuated before the pulsatile flow is generated by the circulation apparatus 10A. In this
way, blood-vessel tissue B immersed in the cell-containing solution is rotated upside down, thereby
uniformly attaching the cell-containing solution to virtually entire region of blood-vessel tissue B without
gravitational effect. Note that such a revolution operation may be continuously performed during the time
when pulsatile flowfdh¢heteelioontdiniof dotuipthessgenprateelwi  According to suditban embodiment
the cell-removing effect and the cell-seeding effect can be significantly enhanced; at the same time, the
cell-removing pro&esS i &' 2iI-seeding process can be performed in a sequence of operations while
retaining blood-vessel tisgyeBriHba 4RISRHRN MBI EIRItERE Processing of a xengggaic bioprosthetic
valve involved in transplant can be simply performed in a short time. In addition, since such a sequence of
operations can belg@rvieiRasas fmtie it iohiAasl, TheXenogenic bioprostHégd®iRglve can be kept
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the cellremoving DHEAT sel s i S B ERREL  nton. (1) BRI of ool removing

effect [Example 1jnember39,therebyremovingtheretentionmember39 fromthe
rotationpipes112,112. Thereafter,theendmembe rs68,68
are removed, and then the flow-in portion 62 and fl ow-out
portion 63 are removed from the cylindrical member 61.
Subsequently, while keeping the state where the top portion
79,79 oftheflow-in portion 62 andthetop potion 79o0fthe
flow-out portion 63 are allowed to face as shownin FIG.5,
both ends of swine blood-vessel tissue B containing aortic
valveVareinsertedtothetopportions79,79,re spectively
andthen clampedbybindingmembers(notshown)on thestopper
grooves 85, 85, respectively. Blood-vesseltissue Bisset
in such an orientation that the solution is allowed to flow
through aortic valve V (uni-direction valve) fromt he right
side to the left side in FIG. 5. Thereafter, the f low-in
portion 62 and the flow-out portion 63 connected by way of
blood-vesseltissue B are returned again inthe cyl indrical
member 61, and the end members 68, 68 are attached to the
cylindrical member 61, and further the retention me mber 39
isfittotherotationpipes112,112asshowninF IG.3. In
thismanner,thesetupofblood-vesseltissueBis completed.

Inthecell-removingprocess,thecell-removingso lution

is supplied from the introduction tube 46 to the in sertion
pipe 78 ofthe flow-inportion62 by way oftherot ationpipe



In Example 1, bile acid of 37C was used as a cell-removing solution. The bile acid was injected into the
circulation apparatus 10A and allowed to flow so as to correspond to the human blood (pulsatile flow) in
the aorta. A swine blood-vessel tissue containing the aortic valve was allowed to leave alone in the flow
for 24 hours. At this time, the circulation apparatus 10A was operated under conditions: an average flow
rate: 5 L/minute, a pulsating rate (beating rate) of the driving pump 12: 70 times/minute, an average liquid
pressure of the bilel2cidt thtstint herinsdgioviepediis, #8&ofimum and minimum phedleures of the liquid were
allowed to correspond to the maximum and minimurer%éjulseé)ressures of a typical person, respectively.

After treatment, tHE’BI8BE&2/BREEPHEQERREOR B SRF LAY B microscope and tie HPAGnified view was
taken by a camerg,{_riginalerR ko(esfethelinhealianri diieRlgstcells) remaining g theyplood-vessel tissue

were counted to obtain an average number of original cells per unit area (1 =2) . As a result, about

850 original cells péralfrrgreaaatelyreiazusieabie psshewnnHExample 2]  G.5. With
thisarrangement,thecell-removingsolutionsuppli edtothe
flow-in portion 62 enters blood-vessel tissue B by ways of
thetophole104andthemainchannel91oftheflo w-inportion
62,passesthroughaorticvalveV,andgoestothe mainchannel
9lotheflow-outportion63. Simultaneously the sameamount
othesolutionflowsthroughthesideholesl05an Gsubchannels
92 ofthe flow-inportion 62, passesthroughthein nerspace
of the cylindrical member 61 and goes into the side channel
92 of the flow-out portion 63, so as to detour bloo d-vessel
tissueB. Thecell-removingsolutionpassedthroug hthemain
channel 91 and the side channels 92 of the flow-out portion
63flowsoutfromtheinsertionpipe78oftheflow -outportion
63 and is discharged to the discharge tube 47 throu gh the
rotation pipe 112, as shown in FIG. 3. Therefore, the main
channel91andthetopholel104providedineachof theflow-in
portion62andflow-outportion63constituteafir stchannel
mutually communicating through the tubular living o rganism
tissue (blood-vesseltissueB),whereasthesidech annels92
andthesideholes105providedineachoftheflow -inportion
62andtheflow-outportion63constituteasecond flowchannel
mutuallycommunicatingthroughthedetourrootform edoutside
of the living organism tissue (blood-vessel tissue B).

Inperformedthecell-removingprocessmentioneda bove,

theirradiation unit42 and the self-rotation drivi ng means
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In Example 2, a predetermined microwave was applied to a blood-vessel tissue while rotating by the
retention unit 103 in addition to the conditions of Example 1. The microwave having a frequency of 2.45
GHz was used herein and applied under the following three different conditions by varying power and
irradiation time: a power of 100 W for 8 hours, a power of 500W for 12 hours, and a power of 500 W for
24 hours. In all cases, the blood-vessel tissue was rotated 4 times per minute in a self-rotation manner.
Original cells remaiMrayeinpgbmatddotihassehtissneewbier 80ussetf-in the same manrwatas in Example 1
and an average cell number H&r unit area (1 mm2) was obtained. As a result, about 380 original cells

remained per unit'4P48 SRR

[BIEIRARY D 'GBPNEPSE I BRIGE 'of 100 W for 8 hotlAdl

the other hand,

in the cases wherg, HgrRNaR MATABRIED ab A RRVSHIPARAD Wefor 12 hours and 24gjpurs, no original
cells were observed to remain. In addition, the protein contained in the original tissue was virtually

removed. In all cak¥BO¥HIhgReI Alih SRR e wepbatotviiauallyiaffeeted. [Comparativ€®i&@mple 1]  An
experiment was pgrform{ad as a CO'HB%?BY(%E—%@%'& gguEe@mples land 2. A bLﬂQgé\éﬁssel tissue as

used in Example

ircumrerencedirec

removingoperationispreferablyperformedwhilech
temperatureofthesolutioninandoutofblood-ves
B by using thermo-sensors (not shown) inserted int
and second guide channels 109A, 109B (see FIG. 5).
case,thecell-removingsolutionisallowedtoflow
athesameflowrateinsideandoutsidetheblood-
B so that there is no temperature difference betwee
Thetemperaturedifferencebetweenthemcanbechec
of the thermo sensors (not shown) inserted in the f
second guide channels 109A and 109B. Note that whe
temperatures of the inside and outside reach human
temperature (e.g., 37 °C), the irradiation unit 42
automatically stops irradiation of microwave, where
automatically starts irradiation of microwave when
temperatures become lower than the body temperature
irradiationunit42 ofthisembodimentcanapplya
havingafrequencyof2.45GHzandapowerofabout
W. Note that the temperature sensor may be introdu
the first channel from a hole formed in the middle
discharge tube 47.

Ontheothethand jnperformingthecell-seeding
application of microwave by the irradiation unit42

self-rotation of the retention member 39 are stoppe
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1 was immersed in bile acid standing still in a container for 2 4 hours . Original cells remaining in the
blood-vessel tissue were counted to obtain an average number of original cells per unit area (1 mmz2) in

the same manner as in Example 1.
shown in FIG. 11.

Examples 1 and 2 is significant|

effect is demonstrS8aIRARRPGH

pulsatile flow

As a result, about 970 of original cells per unit area remained as

About 1880 original cells per unit area ( 1 mm2 ) were present in the blood-vessel
tissue used in Examples 1 and 2 and Comparative Example 1 in the initial conditions before subjecting to
a cell-removing priosegsn piperond tii8 vaguitshd retele@rtinagtiteenumber of original 8@llseemoved in

R

97androtatingthecylindricalformportion95,fr
showninFIG.5tothe state wherethe communicatio
the side holes 105 (see FIG. 5, etc.) and the side
92iscompletely shutoff. Thereafter,the cell-co
solutionissuppliedtotheinsertion pipe 78 ofth
portion62. Thecell-containingsolutionthenpass
thetopholel104oftheflow-inportion62andthe

91 reachesblood-vesselissueB,passesthrougha
V,flowsintothemainchannel91oftheflow-outp
andghendischargedronthensertionpipe78o
portion 63. During this operation, the insertion p
78areplacedinthe positionatwhichcommunicatio
the side channels are shut off. Therefore, the
cell-containingsolutionwouldnotflowoutsideblo
tissue B, unlikethecaseofcell-removingprocess
above.

Inperforming the cell-seeding process, the revolu
drivingmeans124showninFIG.3isactuated. The
member 39 rotates together with the frame member 40
onthesupportshafts44 44 withtheresulthat
member 39 is rotated upside down inthe directioni
in FIG. 10. Since the retention member 39 revolves
autologous cells of the cell-containing solution ca
attached uniformly to blood-vessel tissue B without

gravitational effect.
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of bile acid (Example 1) is compared to the case where irradiation of microwave is further performed
besides the immerse treatment, the cell-removing effect is higher in the latter case. When a frequency of
microwave is increased from 100 W to 500 W, original cells cannot remain. Note that although detailed
description was omitted herein, microwave as mentioned above can be applied to the blood-vessel tissue
immersed in bile acid allowed to stand still. The cell-removing effect of this case is higher than that of
Comparative Example Ne(@) Erperis entdomovelhseetsegdiigce[Exympte 3] In Examgpile 3, after the
cell-removing process, the blood-vessel tissue was washed with normal saline solution for about one hour

and immersed in ABFON BR8P RIRRG P IRSEIRMARRE Wfotdgous cells (endotiiliBFcells) were taken

from a recipient's fuifgiBegie beréransplantsd ta pigpare a cell-containing solution. The cell-containing
solution used herein was prepared by culturing the autologous cells thus taken in a culture plate
containing M1 9 9 for 5iiessbieatiogpsetiie e s dudire AOIEGIMMEd from the culture plété with trypsin,
and adding to M199. The.cells were cultured_in M:LQS% upplemented with FBS (Fetal Bovine Serum
IWK-500, manufal f5a Wy AN TRTEISUES (HediciIe B temycin mixed soldiorand FGF-2

(manufactured by e pedidi@end=htitth upit 10B ihkies aafterethe blood-vessel tissuaawtisnednersed in the
cell-containing solution for about 4 hours while rotating the blood-vessel tissue up and down. After the

cell-seeding above. Thecell-removingsolutionisinjectedinto theliving
organismtissueprocessingapparatus10,andthenc irculated.
Aghecell-removingsolution gsurfactansuchas deoxycholic
acid(bileacid) sodiumdodecylsulfate(SDS),or TritonX-100
were used. At this time, the cell-removing solutio nis
circulatedinthelivingorganismtissueprocessing apparatus
10 while keeping the state of the solution close to that of
the human blood flow, in the manner mentioned below

Whenaswitch(notshown)ispressed,thesuction/ supply

unitl1showninFIG.lisactuated. Then,thecel I-removing
solutioniscirculatedthroughthecirculationchan nel13by
pulsation of the driving pump 12. More specificall y, the
cell-removingsolutionejectedfromthedrivingpum pl2flows
through the upstream line L1 at the pressure virtua Iy
corresponding to ageneral aortic pressure ofahum an body,
passesthroughtheretentionunitl0Barrangedint hemiddle

otheupstreaminelL 1 andreachegtatheresista

nceimparting

means 23 for imparting the resistance corresponding to the
peripheral resistance of a human body. The cell-re moving
solutioncomingoutottheresistanceimpartingmea ns23passes
throughtheconnectionpump28andflowsintothed rivingpump
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process, the blood-vessel tissue was observed under a microscope and a magnified view of the
blood-vessel tissue was taken by a camera. The state of the autologous cells (endothelial cells) seeded in
the blood-vessel tissue was observed. As a result, it was found that the autologous cells were seeded
in virtually the entire blood-vessel tissue, as shown in FIG. 12. Actually, about 850 autologous cells in
average were attachedper unit area (1 mm2) of the blood-vessel tissue. The ratio (density) of the area
occupied by autoleégeaus petissper oinbared §IrmmhR)\ofttladybtoods/essel tissue waspahdingl8% in average.
[Example 4] In Example 4, after the blood-vessel tissue was treated in the same steps as in Example
3, the cell-containfRdSLbRHBIHPIFES WiFculated in the circulation apparatus 10A under the same flow

conditions as in Exampjgdisiime [iRrRXQ&HR SAARR1DRAGIESAILY . after the blood-vesseliis s was immersed
in the cell-containing solution maintained to stand still for about 48 hours, it was rotated up and down for
about 4 hours. Theplutisftenstyatohitihisideendestsigiteied to flow so as tdeestreepsiid to the blood flow
in the human aort?.sTheBbGI}?od-v.s%el t|§es e was | %@83&'3 the flow for one tﬂg\Lljvrs.tgt%ereafter, the state

IssueBretain ereten ) )
of the autologous ce?s seeé ecﬁn%e kﬁoo -vessel tissue was observed in the same manner as in

Example 3.  Asarfespidhdingastobbsrivétbinadiheganiolegans cells were seedegbuadormly in virtually

the entire area of the

a human body; at the same time, microwave is applie dto
blood-vesseltissueBwhichisbeingrotatedbysel f-rotation
oftheretentionmember39asmentionedabove. In thismanner,
varioustypesoforiginakells(endotheliakells, fibroblast
cells, smooth muscle cells) are removed from blood- vessel
tissueBtakenfromananimal. Asaresult,asubs trateformed
ofcollagenaloneremains. Inthisembodiment,the microwave
is specifiedto have afrequency of2.45 GHz,anda power of
about 100 W to 500 W, but not limited to these cond itions.
However, the power of the microwave can be changed withina
predeterminedrangeaslongasthemicrowavedoesn otproduce
anydenaturation(harmfulahumanbody)ofblood-ve sseltissue

B and can produce a predetermined cell-removing eff ect.
Alternatively, electromagnetic wave differentin fr equency
and acoustic wave may be applied. Furthermore, the flow of
the cell-removing solution may well if it is not an alogous
to the blood flow. In other words, a pulsatile flo w may be
accepted.

Afterthecell-removingsolutionisdischargedfro mthe
livingorganismtissueprocessingapparatus10,nor malsaline
solutionignjectedntahdivingorganisntissu eprocessing
apparatusl0. AftertheapparatuslOiswashedby circulating
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blood-vessel tissue and that the autologous cells are aligned in the direction of the flow of the
cell-containing solution, as shown in FIG. 13. In addition, compared to Example 3, the density of cells
increased since the autologous cells proliferated. Inthis Example, the number ofautologous cells attached
to the blood-vessel tissue per unit area (1 mmz2) was about 2170 in average . The ratio (density) of the
area occupied by the autologous cells per unit area ( 1 mmz2 ) of the blood-ves sel tissue was about 63%
in average. [Exantpkerijrmal Eximael Gtioadipeiomedatinbessiame manner as in Examgple 4 except that a
step of maintaining.the blood-vessel tissue to stand still in the cell-containing solution and a step of

rotating the blood YSERBIARETM NGt HAHAROTE JeHerREF FT3everse order. To BYplain more

specifically, in this;Example1 thepireduaasehbiasus d0ngsseebin the cell-contaipiggiglution was rotated
up and down for about 4 hours and then, the blood-vessel tissue was immersed in the cell-containing

solution in a standdtigcthateiecteggmiotie. fraeehaneeteiibentetining solution was allo@éPro flow so as to
correspond to the human ? d flow in the aorta and the blood-vessel tissue was lgft algne in the flow for
one hour. The oth@rg(%%%i |or?8 9\'/%(;% l[ﬁ]%o Ame %ds%irqq x%];f?ﬁl)Yequrhereafter, the staﬁ'%no he autologous
cells seeded in thaddapnd esselitissteness phgesveshinetnelsate manner as in Exasapis 4.

tissue B from which cells have been removed and ret ainedin
the retention member 39 is immersed in the binder f or a
predetermined time. Thereafter, the binder is disc harged
fromtheretentionmember39andthecell-containin gsolution
isinjectedintatheretentionmember39. Thecell -containing
solutionispreparedbytakingautologouscells(en dothelial
cells, fibroblast cells and/or smooth muscle cells) of a
recipient, culturingforapredeterminedtime,and addingto
apredetermined culture solution. Asthecultures olution,
any culture solution may be used as long as it can be used
for the cell-seeding process. Examples of such a c ulture
solutionincludeM199(Medium199 manufacturedby thecompany
LifeTechnologies). Inthesamemannerasinthec aseofthe
binder, blood-vessel tissue B from which cells have been
removed is immersed in the cell-containing solution fora
predeterminedtime, andthen, the circulation appar atus 10A
isactuatedtocirculatethecell-containingsoluti oninthe
living organism tissue processing apparatus 10 at t he flow
state corresponding to the blood flow of a human bo dy. In
thismanner,blood-vesseltissueBfromwhichcells havebeen
removedisplacedinthecell-containingsolutionf lowingat
the flow state corresponding to the blood flow thro ugh the
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As a result, the autologous cells are proliferated and increased in density in the same as in Example 4.
Other than this, the autologous cells are seeded more uniformly in the entire area than in Example 4.
[Example 6] Example 6 was performed in the same manner as in Example 5 except that the time for
leaving a blood-vessel tissue in the flow of the cell-containing solution prepared in the same conditions as
in Example 5 was set at 48 hours.

humanaorta, autologouscellsare seededintheblo odvessel
tissue B. The revolution driving means 124 (see FI G.3)is
actuated before the pulsatile flow is generated by the
circulationapparatus10A. Inthisway,blood-vess eltissue
Bimmersedinthecell-containingsolutionisrotat edupside
down, thereby uniformly attaching the cell-containi ng
solution to virtually entire region of blood-vessel tissue
Bwithoutgravitationaleffect. Notethatsuchar evolution
operationmaybecontinuouslyperformedduringthe timewhen
pulsatileflowofthecell-containingsolutionisg enerated.
Accordingtosuchanembodiment thecell-removing effect
and the cell-seeding effect can be significantly en hanced;

at the same time, the cell-removing process and the
cell-seeding process can be performed in a sequence of
operations while retaining blood-vessel tissue B in the

retention member 39. The processing of a xenogenic

bioprosthetic valve involved in transplant can be s imply
performedinashorttime. Inaddition,sincesuch asequence
ofoperationscanbe performedinasingleairtight channel,
the xenogenic bioprosthetic valve can be kept clean while

preventing pollution.

Next, the presentinventors performed experiments for
demonstrating the cell-removing effect and cell-see ding
effect based on this invention.

(1) Experiment of cell-removing effect

[Example 1]
InExamplel,bileacidof37 °Cwasusedasacell-removing
solution. The bile acid was injected into the circ ulation
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As a result, the seeded cells proliferated and covered over virtually the entire surface of the blood-vessel
tissue. [Example 7] Example 7 was performed in the same manner as in Example 6 except that the flow
conditions of the cell-containing solution were changed. To explain more specifically, the average flow
rate of the cell-containing solution was set at 2 L per minute and the average liquid pressure of the
cell-containing solution was set at about 20 mmHg. As a result, virtually the same effect as in
Example 6 was olzprzeatullOthendawialse if tthtoeedb sstaloog espthod of the present toviestion was applied,
even if the flow conditions of a cell-containing solution are changed in view of the state of blood flow and

the heart-valve pdSitiBANGT992 ERsSATE IR S B AW ), the autologous cells seeded in the

blood-vessel tissug gyglifesata RRdcaYRhRAIMPHAS iR sWHace thereof. Thus, gesigsally, bioprosthetic
valves can be prepared to meet the conditions for heart valves from those of adults to those of children

who differ in amodiptesvsissneircinafioy iemtblyowisd Ad¥e twho differ in blood préReuie [Comparative

Example 2]

circulation apparatus 10Awas operated under condit ions:an
averageflowrate:5L/minute,apulsatingrate(be atingrate)
of the driving pump 12: 70 times/minute, an average liquid
pressure of the bile acid: about 90 mmHg where the maximum
andminimumpressuresoftheliquidwereallowedto correspond
tothemaximumandminimumpulsepressuresofatyp icalperson,
respectively. Aftertreatment,theblood-vesselti ssuewas
observedunderamicroscope andthe magnifiedview wastaken
byacamera. Originalcells(endothelialcelland fibroblast
cells) remainingin the blood-vessel tissue were co untedto
obtain an average number of original cells per unit area (1
mr).

As a result, about 850 original cells per unit are a
remained as shown in FIG. 11.

[Example 2]

In Example 2, a predetermined microwave was applie dto
a blood-vessel tissue while rotating by the retenti on unit
10BinadditiontotheconditionsofExamplel. Th emicrowave
having a frequency of 2.45 GHz was used herein and applied
undethefollowinghreadifferentonditionsbyw aryingpower
and irradiation time: a power of 100 W for 8 hours, apower
of 500W for 12 hours, and a power of 500 W for 24 h ours. In
all cases, the blood-vessel tissue was rotated 4 i mes per
minute inaself-rotation manner. Originalcellsr emaining
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An experiment was performed as Comparative Example to Examples 3 to 7. The blood-ves sel tissue was
left alone without rotating up and down, in order to make comparison with Example 3, and the state of
autologous cells seeded in the blood-vessel tissue was observed in the same manner as in Example 3.
As a result, the autologous cells were seeded but non-uniformly in the blood-vessel tissue. Accordingly,
the number of autologous cells seeded in the blood-vessel tissue was significantly reduced compared to
Examples 3 to 7. in therbiootheaesel s sndlveferegoitey] iththasarber of autologous celésmattached to the
tissue in Examples 3 to 7 is significantly larger than in Comparative Example 2. That is, a high
cell-seeding eﬁec?%%ﬁfamgé.qrﬁdﬁ{%'ﬁ A0S HRURHPBINSI WG sel tissue is imMEREY in a pulsatile
flow of a cell-contgipgng,g8lii@dhe orientation of cells is improved. In addition, the cells are activated
and the function of cells is improved, with the result that a larger number of cells can be seeded. The
present invention is appgiRasieud abesl3RPedNg| ordseemsdrastner living organism tisgdiés which blood is
in contact with other than the blood-vessel tissye, containi aortic valve asexplained in the
embodiment. |:urtﬁE?%‘%V%r%?@g%%%’gmﬁﬁ%ﬁ%ﬁ t%p 8\[’)\/&%{&]&%@ 0 a process f(@rgﬁogﬁso'geneic bioprosthetic
valve other than aoetiegshir hiplrosthetiasedvehere niiciba@allwasoving methodagesiesding to the
present invention, the living or%anism tissue processing apparatus 10 explained in the embodiment is not

essentially used. at a power of 500 W for 12 hours and 24 hours, no o riginal
cells were observed to remain. In addition, the pr otein
contained inthe original tissue was virtually remo ved. In
allcases, collagenandelastinwerenotvirtually affected.

[Comparative Example 1]

Anexperimentwas performedasaComparative Examp leto
Examples1and 2. Ablood-vesseltissue as usedin Example
lwasimmersedinbileacidstandingstillinacon tainerfor
24hours. Originalcellsremainingintheblood-ve ssetissue
were counted to obtain an average number of origina | cells
per unit area (1 mm %) in the same manner as in Example 1.

As aresult, about 970 of original cells per unit area

remained as shown in FIG. 11.

Aboutl880originakellgpemuniarea(Imm “Wwerepresent
in the blood-vessel tissue used in Examples 1 and 2 and
Comparative Example 1 in the initial conditions bef ore

subjecting to a cell-removing process.

Fromtheresults, itisclearthatthenumberofo riginal
cellsremovedinExamplesland2issignificantly largerthan
that of Comparative Example 1. Thus, high cell-rem oving
effectisdemonstrated. Inparticular, whentheca sewhere
theblood-vesseltissueissimplyimmersedinapul satileflow
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Various apparatuses and means may be used as long as they can remove cells. In other words, any
apparatuses can be used as long as it can provide a predetermined pulsatile flow of a solution for use in
immersing a living organism tissue during the cell-removing process and/or it can apply microwave to the
living organism tissue. As explained in the foregoing, according to the present invention, original cells
present in a living organism tissue such as a xenogenic bioprosthetic valve can be removed and the
biocompatibility ofaihalé\ang (Examgie fiy&ieoafigartdns phentasawide enhanced. INDEISTRIAL
APPLICABILITY . T_heﬁ)re ent invention can be used in processing a bioprosthetic valve taken from an

animal including d"FRAIPIC L BICRNAYS5IH BPBERTYTFIREHRFREY in a human bodyFS the

immersetreatment,thecell-removingeffectishigh erinthe
lattercase. Whenafrequencyofmicrowaveisincr easedfrom
100 W to 500 W, original cells cannot remain. Note that
althoughdetailed descriptionwas omitted herein,m icrowave
asmentionedabove canbeappliedtotheblood-vess eltissue
immersed in bile acid allowed to stand still. The
cell-removing effect of this case is higher than th at of
Comparative Example 1.
(2) Experiment for cell-seeding effect

[Example 3]

In Example 3, after the cell-removing process, the
blood-vessel tissue was washed with normal saline s olution
for about one hour and immersed in fibronectin for 4 hours.
Inparalleltothis,autologouscells(endothelial cells)were
taken from a recipient's living body to be transpla nted to
prepare a cell-containing solution. The cell-conta ining
solutionusedhereinwaspreparedbyculturingthe autologous
cellsthustakeninacultureplatecontainingM199 for5days,
removingtheautologouscellsculturedfromthecul tureplate
with trypsin, and adding to M199. The cells were ¢ ultured
in M199 supplemented with FBS (Fetal Bovine Serum | WK-500,
manufacturedoylwaki) antibioticg penicillin/str eptomycin
mixedsolution)andFGF-2(manufacturedbyPeproTe chEcLtd.).

Thereafter,theblood-vesseltissuewasimmersedi nthe
cell-containingsolutionforabout4hourswhilero tatingthe
blood-vessel tissue up and down. After the cell-se eding
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CLAIMS 1. A cell-removing method for removing original cells from a living organism tissue when the
living organism tissue is transplanted, comprising immersing the living organism tis sue in a cell-removing
solution, wherein the cell-removing solution is allowed to flow in a state of a pulsatile flow, the living
organism tissue is placed in the pulsatile flow, and the living organism tissue is irradiated with microwave
to remove the original cells. 2. The cell-removing method according to claim 1, wherein the microwave is
applied while rotapnoctss liviadplonghvessetisssigerelasivbsoracthicndesave irradiation sde. 3. A living

organism tissue processing apparatus for using a cell-removing process of a living organism tissue,
wherein the living @*@rgﬁ@?ﬁqiggﬂé‘ m@%@@gﬁfﬁ'%‘ﬁﬁ&gﬁg%ﬁgﬁ a retention mePr?B%?for retaining the
living organism tisgdg {Ak@ 8N EerapvdRg. Soletipadhatisallavieddadlow in a state of gjpulsatile flow; and

(endothelial cells) seeded in the blood-vessel tiss ue was
observed.

Asaresult,itwasfoundthattheautologouscell swere
seededinvirtuallytheentireblood-vesseltissue, asshown
inFIG.12. Actually,about850autologouscellsi naverage
wereattachedperunitarea(lmm Yoftheblood-vesseltissue.

Theratio (density) oftheareaoccupied by autolog ouscells
per unit area (1 mm %) of the blood-vessel tissue was about

18% in average.

[Example 4]

InExample4,aftertheblood-vesseltissuewastr eated
inthesamestepsasinExample3 thecell-contain ingsolution
wascirculatedinthecirculationapparatus10Aund erthesame

flow conditions as in Example 1.

To explain more specifically, after the blood-vess el
tissuewasmmersednthecell-containingsolution maintained
tostandstillforabout48hours, itwasrotatedu panddown
for about 4 hours. Then, the cell-containing solut ion was
allowedto flowso asto correspondto the blood fl owinthe
human aorta. The blood-vesseltissue was left alon einthe
flowfor one hour. Thereafter, the state of the au tologous
cells seededinthe blood-vessel tissue was observe dinthe

same manner as in Example 3.
As aresult, itwas observed that the autologous ¢ ells

were seeded uniformly in virtually the entire area of the
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a irradiation means for applying microwave to the living organism tissue retained in the retention member.
4. A living organism tissue processing apparatus according to claim 3, wherein the apparatus is provided
to be able to rotate the retention member relative to the irradiation means. 5. A living organism tissue
processing apparatus according to claim 3 or 4, wherein said irradiation means automatically stops
irradiation of microwave when a temperature of the cell-removing solution reaches a predetermined
temperature, whereas thesgeddisiean dieattiseautologaicsdbiissarts irradiation of maaligneve when a

e o Sl REE e o the predetermined eipperature.
asshowninFIG.13. Inaddition,comparedtoExam ple3,the
density of cells increased since the autologous cel Is
proliferated. InthisExample thenumberofautol ogouscells
attachedtotheblood-vesseltissueperunitarea( 1mn?)was

abou17Graverage. Theratiodensitythe
bytheautologouscellspemunitarealmm

tissue was about 63% in average.

areaoccupied

2Yotheblood-vessel

[Example 5]

Example5wasperformedinthesamemannerasinE xample
4 exceptthata step of maintaining the blood-vesse Itissue
tostandstillinthe cell-containing solutionand astepof
rotatingtheblood-vesseltissueupanddown,were performed
in reverse order. To explain more specifically, in this
Example, the blood-vessel tissue immersed in the
cell-containing solution was rotated up and down fo r about
4hoursandthen,theblood-vesseltissuewasimmer sedinthe
cell-containingsolutioninastandstillstatefor 48hours.
Then, the cell-containing solutionwasallowedtof lowsoas
to correspond to the human blood flow in the aorta and the
blood-vesseltissuewasleftaloneinthe flowfor onehour.
TheotherconditionswerethesameasnExamples. Thereatfter,
the state oftheautologouscellsseededintheblo od-vessel
tissue was observed in the same manner as in Exampl e 4.

As aresult, the autologous cells are proliferated and
increasedindensityinthesameasinExample4. Otherthan
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this, the autologous cells are seeded more uniforml|
entire area than in Example 4.

[Example 6]

Example6wasperformedinthesamemannerasinE
5 exceptthat the time for leaving a blood-vessel t
theflowofthecell-containingsolutionpreparedi
conditions as in Example 5 was set at 48 hours.

As aresult, the seeded cells proliferated and cov
overvirtuallytheentiresurfaceoftheblood-vess

[Example 7]

Example7wasperformedinthesamemannerasinE
6 except that the flow conditions of the cell-conta
solution were changed. To explain more specificall
averageflowrate ofthe cell-containing solutionw
2 L per minute and the average liquid pressure of t
cell-containing solution was set at about 20 mmHg.

As aresult, virtually the same effect as in Examp
wasobtained. Inotherwords,ifthe cell-seeding
thepresentinventionwasapplied,eveniftheflow
ofacell-containingsolutionarechangedinviewo
ofblood flowandthe heart-valve position ofarec
patientto be transplanted), the autologouscells s
theblood-vessetissueproliferateandcoveralmos
surfacethereof. Thus,generally, bioprostheticva
bepreparedtomeettheconditionsforheartvalves
ofadultstothose of children who differinamount
circulatinginbody, andthose whodifferinblood

[Comparative Example 2]
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An experiment was performed as Comparative Example to

Examplesto/. Theblood-vesselissuewadeft
rotatingupanddown,inordertomakecomparisonw
3,andthestateofautologouscellsseededinthe

tissue was observed in the same manner as in Exampl

As a result, the autologous cells were seeded but
non-uniformlyinthe blood-vesseltissue. Accordin
numberofautologouscellsseededintheblood-vess
was significantly reduced compared to Examples 3 to

Fromtheresultsrtheforegoing thenumberofa
cellsattachedtothetissueinExamples3to7is
larger than in Comparative Example 2. Thatis, a h
cell-seeding effect was obtained. In particular, w
blood-vessel tissue is immersed in a pulsatile flow
cell-containingsolution theorientationofcells
Inaddition,thecellsareactivatedandthefuncti
is improved, with the result that a larger number o
can be seeded.

The presentinventionis applicable to acell-remo
process for other living organism tissues which blo
contact with other than the blood-vessel tissue con
theaorticvalveasexplainedintheembodiment. F
the present invention is applicable to a process fo
allogeneic bioprosthetic valve other than a xenogen
bioprosthetic valve.

In the cell-removing method according to the prese
invention, the living organism tissue processing ap

10 explained in the embodiment is not essentially u
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Variousapparatusesandmeansmaybeusedaslonga

remove cells. In other words, any apparatuses can

aslong as it can provide a predetermined pulsatile

asolutionforuseinimmersingalivingorganismt

the cell-removing process and/or it can apply micro

the living organism tissue.
Asexplainedintheforegoing,accordingtothe pr

invention,originalcellspresentinalivingorgan

such as a xenogenic bioprosthetic valve can be remo

the biocompatibility of the living organism tissue

transplant can be enhanced.

INDUSTRIAL APPLICABILITY

The present invention can be used in processing a

bioprosthetic valve taken from an animal including

to a state capable of being transplanted in a human
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CLAIMS

1. Acell-removingmethodforremovingoriginalcel
aliving organism tissue when the living organism t
transplanted,comprisingimmersingthelivingorgan
in a cell-removing solution,
wherein the cell-removing solution is allowed to f
in a state of a pulsatile flow, the living organism
isplacedinthepulsatileflow,andthelivingorg
is irradiated with microwave to remove the original
2. Thecell-removing method accordingtoclaim 1, w
the microwave is applied while rotating the living
tissue relative to a microwave irradiation site.
3. Alivingorganismtissueprocessingapparatusfo
a cell-removing process of a living organism tissue
whereinthelivingorganismtissueprocessingappa
comprisesaretentionmemberforretainingthelivi
tissue in a cell-removing solution that is allowed
in a state of a pulsatile flow; and
airradiationmeansforapplyingmicrowavetothe
organism tissue retained in the retention member.
4. Alivingorganismtissueprocessingapparatusac
to claim 3, wherein the apparatus is provided to be
rotatetheretentionmemberrelativetotheirradia
5. Alivingorganismtissueprocessingapparatusac
toclaim3or4,whereinsaidirradiationmeansaut
stops irradiation of microwave when a temperature o

cell-removingsolutionreachesapredeterminedtemp
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whereas the irradiation means automatically starts
irradiation of microwave when a temperature of the
cell-removing solution become lower than the predet ermined

temperature.
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