DESCRI PTI ON CELL REMOVI NG METHOD TECHNI CAL FI ELD This invention relates to
a cell-renoving nethod, and nore particularly, to a cell-renoving nethod
enhanced in cell renoving effect froma living organismtissue in
transplanting a living organismtissue. BACKGROUND ART When a heart val ve
of a human body does not normally work, causing enbarrassnents as
constriction of the opening of the heart valve and ref |ux of blood, the
heart val venust be replaced by PEabiETLENal ve. As the substitute val ve
presently used, nention maybe nade of a nechanical valve forned of a
artificial material, a xenogenic bioprosthetic valve taken from an ani nal

such as a pi I | c bioprosthetic val ve donated from another
human body%%g@b?ﬁgﬁgggﬁigﬁgggﬁ%ave the following problens. Although the
mechani cal valve is durable, the recipient nust take an anticoagul ant for
the entire lifetine. On the other hand, in the xenogenic bioprosthetic

val ve, theTE%%ﬁﬁ@ﬂ%“F qgs not to take an anticoagulant for the lifetine;
however depcosition of "calciumand the |like takes place for a long tine,

causi ng mal funck,on @LHv%H%i}Sﬁ' ¥81a}é’ieght5h§ égfi"—Eem&Pi‘ﬁgtzﬁ%t?(é&vea%m be

exchanged with a new substitute valve at an interval o out "15 years.

Fur t her mor G ldpb e £aser1 0f dd1g allngenele bl AREAsLeRh nyal ue: chegause the
nunber of -1 onors is fimted, a sufficiently |arge number of allogeneic
bi opr ost het/g Malnkess 8L &t Fbneask LY ngi@djdiedm tissue in transplanting

a living organism tissue.

BACKGROUND ART

When a heart valve of a human body does not normally work,
causing embarrassments as constriction of the opening of the
heart valveandrefluxofblood, theheart valvemust bereplaced
by asubstitutevalve. Asthesubstitutevalvepresentlyused,
mentionmay be made of amechanical valve formedof aartificial
material, a xenogenicbioprostheticvalve taken froman animal
such as a pig, and an allogeneic bioprosthetic valve donated
from another human body, etc. These valves have the following
problems. Although the mechanical valve is durable, the
recipient must take an anticoagulant for the entire lifetime.
On the other hand, in the xenogenic bioprosthetic valve, the
recipient needs not to take an anticoagulant for the lifetime;
however deposition of calcium and the like takes place for
a long time, causingmalfunction in the valve, with the result
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



O them the xenogenic bioprosthetic valve is prospective for the reasons
that a sufficient nunber of valves can be provided and patients are not
necessary to take an anticoagulant for their lifetime after transplant.
Therefore, the xenogenic bioprosthetic valve is expected to be nore useful
t han ot her substitute valves only if the drawback of poor durability is

overcone. I,n the cont.ext, he fo# oW N feﬁhod IS kgomn iqp suppr esses
t he post-ppgﬁgﬁﬁah? i m_ ﬁb’oai%%. %%}%C%I BT nf%p?év%s %%MQQﬁﬂgﬁﬁl ity of
a XenogenlBiQEQBEQEEQﬁEEESFQE%ear%aﬁge %%%g}gg§%&bggk¥ﬁuch as a pig (for

exanpl e, see Japanese ication is nethod, a

xenogeni ¢ bi op ti LSsEidiSt, r ' el | - i 4
sol ution such 5EPEP?§’g%F%§%¥8%é§ﬁ%#ﬁ%&ﬁ%ﬁggfﬁggé §l€%%% fﬁé <xﬁ{f?

ori gi nat ed shronpkheaaipal t3deh sas erdetiRelt alunkRld ©r and fJddrapl asd cells
(cell-renmoving process) . Then, the xenogenic bioprosthetic valve from

whi ch ori gbrakigekl §nﬁa¥>€1ti@%Q% LYEDVRE IngddBmRSedd i Lald - containing
solution containing autol ogous cells, such as endothelial cells and

fibroblast sgellksaghaker fd0rmaif ecirpicefle datEmn: Podyp (&8t Whitherd Aer&enogenic
bi oprosthetic valve is to be transplanted), thereby seeding the autol ogous

cell's in theaexenagenic bbbppbsshbet taralaleves eapklteaeth bg mprecessjul However,
in the processing nethod nentioned above, since a xenogenic bioprosthetic
val ve t akemnhbnhomtae rasiuial: icanrotva llve sefdnilci drft lhhd reaatwethalkn dfhepoor

cell -renmoving process and - 2 cell-seeding process, the resultant xenogenic
bi opr ost hetdugability is overcome.

In the context, the following method is known which
suppresses the post-transplant immunological rejection and
improves the durability of a xenogenic bioprosthetic valve
taken from an animal such as a pig (for example, see Japanese
Publication No. 6-261933). 1In this method, a xenogenic
bioprosthetic valve is first immersed in a cell-removing
solution such as bile acid or a surfactant, thereby removing
cells originated from the animal such as endothelial cells
and fibroblast cells (cell-removing process). Then, the
xenogenic bioprosthetic valve from which original cells have
been removed is immersed in a cell-containing solution
containing autologous cells, such as endothelial cells and
fibroblast cells, taken from a recipient human body (to which
the xenogenic bioprosthetic valve is to be transplanted),
thereby seeding the autologous cells in the xenogenic
bioprosthetic valve (cell-seeding process).

However, in the processing method mentioned above, since

a xenogenic bioprosthetic valve taken from an animal cannot

be efficiently treated in the cell-removing process and



valve fails to acquire sufficient bioconpatibility. In other words, since
original cells nore or less remain in the cell-renoving process, the

bi oconpatibility of the resultant xenogenic bioprosthetic val ve decreases
due to the presence of the original cells. In these circunstances, the this
inventors have intensively conducted experinmental studies with the view

t d i t f ti d I . Th devi sed hod of
over o 0vereqT 08 116 AL oTSTEI, | oned oW eley Thgu- 98y ped o RELbES ©

bi t het | (e ] i t

b oPLoet et g pel e 8 cnlon L sLeciiiLigl e saponti st Lofcpuan
the cell-remyng si%@e”tdﬁgai"ﬂcatj]h JBOTOWE NS BedESUllaif hﬁ%y&?ﬁnd that the

nunber of remaiding origin ell's significantly decreases i s nethod.

D Sa@umc@il“i‘%rdd%%h%@@%? HY %EEEBRp‘é@%bﬁge@‘Eg yedrhased, opagHch a

finding. An object of e invention Is to provi met hod of efficiently

removi ng ondGialn icebl$pRbesert iidnvheel b Pga SEgaANIS MY LB2USreS§HRRAS a
xenogeni ¢ bi oprosthetic val ve, thereby enhancing the bioconpatibility of

the |iving grgapl Ypitdisee aftiey, transplant. To attain the object, the
present invention is directed to a cell-renoving nethod for renoving

original cells frofhedepladei@isiianeesl,i Hhrg toriganirs/arit e aen the |iving

organism - 3 tissue is transplanted, conprising inmersing the living

or gani sm t iissien divel ypregdehertd d ek et imdretmlV i studdesitw dh the view
toward overcoming the aforementioned problems. They devised
amethodof supplying the cell-removing solution for immersing
a xenogenic bioprosthetic valve at a flow rate virtually
corresponding to the human blood flow and/or irradiating the
xenogenic bioprosthetic valve immersed in the cell-removing
solution with microwave. As a result, they found that the

number of remaining original cells significantly decreases

by this method.

DISCLOSURE OF THE INVENTION

This invention was conceived based on such a finding.
An object of theinventionistoprovide amethodofefficiently
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

apredeterminedlivingorganismtissuewhenthelivingorganism



in which the cell-renoving solution is allowed to flow in a state of a

pul satile flow by applying a predetermined pulse to the cell-renoving
solution and the living organism tissue is placed in the pulsatile flow By
virtue of this nethod, the nunber of remaining original cells in the living
organismtissue can be significantly reduced conpared to conventi onal

met hods, therebg enhancin th%ijo%Q> at.i hiljt, of .the living organi sm

ti ssue aftéﬁsFP néﬁlaﬁﬁn t%¥%¢rﬁore3& %?%ﬁ §Eneﬁ%ﬁﬂﬁn%Qﬁl%% i ected to a
cel I - rem’"'o’%%a?{%ﬁp@ifs%er?W%Lﬁ?e&é’c&hﬂ%eﬁ%éflif&%éing@gf&@{ ned

l'iving organi'smtissue when t rving organism tissue I's transp aht ed,
conpri si ng '”“Eiﬁ'ﬂﬂﬁéﬂetﬂé\eéﬁl—fEﬁBUHﬁﬂnéar%%gﬁgtggaa§§bhéBGHBYfPSW

solution, in which't | 1ving organi smtissue In the cell-renoving

solution igpradiaked rwat BulkGEQYaYE1okNE 9ﬁ§1§ﬂ§@t' ecuobg £ringan be
attained also by this nethod. The (latter) nethod nmay be preferably

performed $iuTuld aBeeHs! ye W 1 Fehdei ARt brivineh thilel eeh hgr &A®yh N8n
solution is allowed to flowin a state of pulsatile flow by applying a

predet erm nadspid S& o aldeel el kheepovisagisel yiban BHdviheudiyfnghosgani sm
tissue is placed in the pulsatile flow By virtue of this approach, the
effect of memdd)gtael hsmis@n obecharithhiery enbahced @l ¢ hen ehiegl aingel I s can
be alnost conpletely elimnated fromthe |iving organismtissue. M crowave
i s appli ed ondjarng smottatdsng tdeen hevimigyrarfgardrsmy tressdused et@tpanced ot @
m crowave irradiation site. Inthis - 4 nmnner, mcrowave can be applied
to the |ivicogverdgdmirsm neskoaes, thereby enhancing the biocompatibility

of the living organism tissue after transplant.

Furthermore, the present invention is directed to a
cell-removing method for removing original cells from a
predetermined living organismtissue when the 1living organism
tissue is transplanted, comprising immersing the living
organism tissue in a cell-removing solution,

in which the living organism tissue placed in the
cell-removing solution is irradiated with microwave. The
aforementioned object can be attained also by this method.

The (latter) method may be preferably performed
simultaneously with the method in which the cell-removing
solution is allowed to flow in a state of pulsatile flow by
applying a predetermined pulse to the cell-removing solution
and the living organismtissue is placed in the pulsatile flow.

By virtue of this approach, the effect of removing cells can
be further enhanced and the original cells can be almost
completely eliminated from the living organism tissue.

Microwave is applied while rotating the living organism

tissue relative to a microwave irradiation site. In this



virtually uniformy along the rotation circunference direction, wth the
result that cells can be renoved virtually wuniformy fromalnost the entire
region of the living organism tissue along the rotation circunference
direction. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a view show ng the
schematic structure of the 1living organismtissue processi ng apparatus to
be applied tao_this. |nvent|o |tud| nal s%ctlonal

WMy ParpOEr &C%’n b3 af eedng ?Ccr]heﬁ‘mt i Ol[\rggaonfls L 5F&fERti on

view of a dMiViTy Pump; ront

uni t CO”St'%lg}dﬂ perlts}g%ﬁif’éﬂgl P&é&”@.k‘iéS§é‘€a¥£’6ﬁ08§§&ﬂﬂfé£’8§5@? us; FIG 4

is an explo ective vi a cover e retentiron unit; FIG 5 is

a schemat i ¢y SeCH onal w1¥h%é’?e‘éﬂ§trﬁ{£@hb9'ﬂsrﬁ‘%ﬁp% ré:HllC%eC@VI_l%tﬁalieL§pl oded

sectional view of the right-hand side of the structure in FIG

is a jschemﬂﬁ@ﬁm%@%@m@m&@@wé%ﬂﬁﬁ% et g3 cehannek 1lf\9lrr@blrgenr1%mber of a
flowin port; FIG is an exploded sectional view of th eft-hand si de of

the struct wesdue Rleng Sthél f»tHrisnacsebemptienexphodedtpehspective view of
a channel formation nenber of a flowout port; FIG 10 (A) is a viewof a

part extracted fromthe structure of FIG 3 including the retention nenber;
FIG 10(B) is the same structure showmn in FIG 10(A) in the state of
rotati ng byBHBOF abmstRBPBLOPOOF TBhabRARINGSt he state shown in FIG 10(A);
FIG 11 is a Table show ng the nunber of renmaining original cells per unit
area in Exanpl €I5. 2 is xonpa ishowinigt hh€osplacmas t ve Hxanpterd ofFtBe 12 is
a magni fi edphot om crograph of the living organismtissue - 5 obtained in
Exanpl e 3; brditg GrgkRiism aigagripredessing apparatus to be applied to

this invention; FIG. 2 is a schematic longitudinal sectional

view of a driving pump; FIG. 3 is a schematic front view of

a retention unit constituting the living organism tissue

processing apparatus; FIG. 4 is an exploded perspective view

of acover of theretentionunit; FIG. 5isaschematicsectional

view of the retention member; FIG. 6 is an exploded sectional

view 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-in port; FIG. 8 is an exploded

sectional view of the left-hand side of the structure in FIG.

5; FIG. 9 is a schematic exploded perspective view of a channel

formation member of a 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(B) is the same structure shown in

FIG. 10(A) in the state of rotating by 180° about a support

shaft from the state shown in FIG. 10(A); FIG. 11 is a Table

showing the number of remaining original cells per unit area

in Example 1, 2 in comparison with Comparative Example 1; FIG.

12 isamagnifiedphotomicrographof the living organismtissue



phot om crograph of the living organismtissue obtained in Exanple 4. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON Now, an enbodi nent of the present
invention will be described with reference to the acconpanyi ng draw ngs.
FIG 1 is a view showing the schematic structure of a living organismtissue
processi ng apparatus according to this invention. The living organi sm

tissue processln% appar.at us 1g_sh§§2 i_n tgs figure is used in a

cel | -removPRE2pFPGEesd &Ha™P4Cceli| 288editffy procésd SRR Y43A%g or gani sm

ti ssue of a,_ xenogeni c _bioprostheti.c.val ve. The cel.l -renmovi ng process is

perforned BBPSPESS RERGEENEE BrGordSiict PE ORI, VIR I [ THREh 11 om an

ani mal sucE as @ pi,g, is transplanted to a human body. The cell-renoving
. xample 4 . ! . . . .

process is pertformed by i mrersing the xenogenic bioprosthetic valve in a

cell-removing solution such as bile acid, thereby renoving the aninmal cells
(hereinafter referred to as "original cells") to obtain only a substrate

formed of %%gbag%@E.%bﬁ.C@@RQQ%kaﬁﬁrT@%quV%?ﬁuxﬁplI-seeding process is

performed by i mrersing the xenogenic bioprosthetic valve fromwhich the

original cells faye bgean,bgMRYEH LR @neeblecentaipiRg 3Q/utj;an ¢ntai ni ng
the cells (hereinafter referred to as "autologous cells") of a recipient's

human body gelse rabiceh wtike XFRaeMe BHPRMRStRUaMal e dSad thde.
transpl anted), thereby adhering the autol ogous <cells to the substrate. 6

The living orgapism 1i $sUE P OFESISONDN @PPaE ad ttserdd: i €0sPFhSESrd 6frgul ation
apparatus | OA for circulating the

living organismtissue 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
performed before a xenogenic bioprosthetic valve, which is
taken from an animal such as a pig, is transplanted to a human
body. The cell-removing process is performed by immersing
the xenogenic bioprostheticvalve ina cell-removing solution
such as bile acid, thereby removing the animal cells
(hereinafter referred to as "original cells™) to obtain only
a substrate formed of collagen, etc. On the other hand, the
cell-seeding process is performed by immersing the xenogenic
bioprosthetic valve from which the original cells have been
removed in a cell-containing solution containing the cells
(hereinafter referred to as "autologous cells") of a
recipient's human body (to which the xenogenic bioprosthetic
valve is to be transplanted), thereby adhering the autologous

cells to the substrate.



cell-removing solution and the cell-containing solution through a
predetermned circuit, and a retention unit 10B attached to the circul ation
apparatus | OA for retaining a xenogenic bioprosthetic valve. Note that, if
not otherw se specified, the cell-renoving solution and the cell-containing
solution are collectively referred to as "the solution". The circul ation
apparatus | OA conprjises a known air ,suction/sug ly unit 11, a driving punp
12 forned of ﬁBﬁ%u}éYh%%eoﬁﬁﬂnﬁﬁﬂnEﬁf%HetBr?ﬁ% §F¥gsﬁEPFSﬁF§3pgpy unit 11,

d [ | ati h | 1 . d h t t.h | uti . di sch d
from the dFPOPRGBANS Lo FELEPAS T SCPRESGAAVIG ot LEo I S e O
suct i on/ supply gkt 1hhas, ck0AWLSE Euet e, eapablie, of, sustianing air out
fromthe drirving punp #2548 supppylng airinto the dTFLlng punp 12. The

det ai | deseﬁkehgggﬁ ggfeﬁ%;ﬁg§%n]flﬂ%hurc§_rjc%i‘3m thed sherRidht e i ving punp 12

is a pulsating apa ejecting a pulsatile flow by generating a

spiral vorgex thew wWot hihg othe pumm oVl asReds 1eal I8hr the frd Mg punp 12,
which is shown in FIG 2, enploys the structure that has been alTeady

pr oposed bXehB%eBﬁ%SBD&p@QQ{:Bé@EE tdepanesg Ratent  Publ hsatdieriNose
2002-167836). To explain nore specifically, the driving punp 12 conprises a

hol | ow uppepeedistHyGihelde 0f -¥Embuahb kol G £2d tauteyl shape-dmyving a
flowin port 15 and flowout port 16, a hollow | ower construct 18 of

virtual ly aodomioal areuten lskapedgsirdfenreddinderas e Hepperl ongi'ruct 17,
and a - 7 flexible diaphragm 20 which partitions the space forned of

The circulation apparatus 10A comprises a known air
suction/supply unit 11, a driving pump 12 formed of
polyurethane and connected to 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.

The air suction/supply unit 11 has a known structure
capable of suctioning air out from the driving pump 12 and
supplyingairintothedrivingpumpl2. Thedetail description
of the structure is omitted herein.

Thedrivingpump 12 isapulsating pump capable of ejecting
a pulsatile flow by generating a spiral vortex flow within
the pump. More specifically, the driving pump 12, which is
shown in FIG. 2, employs the structure that has been already
proposedby thepresent applicant (Japanese Patent Publication
No. 2002-167836). To explain more specifically, the driving
pump 12 comprises a hollow upper construct 17 of virtually
a conical outer shape having a flow-in port 15 and flow-out

port 16, a hollow lower construct 18 of virtually a domical

outer shape positioned under the upper construct 17, and a



the constructs 17 and 18 into two, inner spaces Si and S2. The flowin port
15, which is shown at the right-end side of FIG 2, is fornmed so as to
thread through the peripheral wall of the upper construct 17, whereas the
flowout port 16 is provided at the top of the upper construct 17, as shown
at the upper end-side of FIG 2. The |ower construct 18 has a vent hole 22

ol Tor nat ol b Cuhp e e et BT L R YOk e o Bt ol &

alternatel y sup nd out ower I nner space

predeterm ped tLgLpgy-VY0en; conpr £5Si 00 aifio | Si Suppldeted s Andouts S ront he
i nner space S2, the diaphragm 20 is displaced, increasing or decreasing the

vol ume of the HPRErih Pt SPACHNhiSh. i ASsHoweSW thet hegBeluhboni gepptied from
the fl owout port 16 becones a pulsatile flow. At this time, a spiral

vortex flpwsi 2 gereratrddiso hetopperesPpatetigh asel péi cahedabywapl 1 br oken
line in FIG 2. In this state, it is not easy to find a standstill region.
I n the Exaspl eseofippbe poesentict nventwioareas heherebsureuf pestt | V& g essure)
of the air supplied to the inner space S2 is set at about 140 mrHg to 260
nHg, wherpasvitiba pteskareopnefatheeupressase)t ofict he7 aias ssicdwored from
the inner space S2 is set at about -30 mMHg to -50 mm Hg, however, they are
not |imtetheoupheseendlgesie A $§A6GwNn2i.n FIG 1, the circul ati on channel 13
is formed of a closed loop in such a manner that the solution flows out
fromthe flow olite porwerl @onfs tirhietdd Bvirag purptiRodad2? laswsnunicathiend | ow-i n
port 15 wi thout being exposed to the outside air. To explain nore

speci fi cal Wytht hBef Péw eHafAen/s3pply unit 11. Compression air is

alternately supplied into and out from the lower inner space
S2onapredeterminedtiming. Whencompressionairissupplied
inandout fromthe inner spaceS2, thediaphragm20isdisplaced,
increasing or decreasing the volume of the upper inner space
S1. As aresult, 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 space S1, as indicated by a
broken line in FIG. 2. 1In this state, it is not easy to find
astandstill region. IntheExamplesof thepresent invention,
the pressure (positive pressure) of the air supplied to the
inner space S2 is set at about 140 mmHg to 260 mmHg, whereas
the pressure (negative pressure) of the air suctioned from
the inner space S2 is set at about =30 mmHg to -50 mm Hg, however,
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 that the solution flows out
from the flow-out port 16 of the driving pump 12 and flows
in the flow-in port 15 without being exposed to the outside

air. To explain more specifically, the flow channel 13



conprises a resistance inparting nmeans 23, which inparts flow resistance to
the solution supplied fromthe flowout port 16, an upstreamside tube 24
connected to the flowout port 16, a control tube 25 serving as an
anplitude controlling nmeans and connected to the downstream si de end of the
upstream side tube 24, a connection tube 26 connected to the

downst r eam.si.de, end. of e gontyol. tube, 25 downatyaansLoe tups, 27

arranged downstream o € connection ant conne flowin
port 15 of LMYLNG AP lg]aﬁ i I g&gij et ween
t he connec%%ggsgébébzgoaﬁgpt%%l%ggggféea P%? epgﬂ ggg%.gﬁ%fé?¥% t tﬁe
members 241(0 28 @5 & rSARNecied e bnowsneerRest ehstRe. rHepebnafier, the

portion of fhe circulation channel 13 upstream of the resistance inparting

nmeans 23 is¢l &f ebhiedol @ ude 2P selRfely 44 B8 drdp] ANe EBat rdowasiyreedn ©f the
resistance inparting. nmeans 23 is referred to as a "downstream|line L2",

for convenhgac®in&aked tbheh«& esiwsisanean-{iald £ng Jeans Akt Seqifi-oyiged al one
in the mddle of the connection tube 26 on the assunption of the

peri pher al tuesizst,ancsrofes fvranbbaty coandceenstid vateibwis aregm-reidd or m
menber (not shown) for fastening the connection tube 26. Since the
connect i onehdbef 26ei sortast enethebys | kedowest stamesidaparide A aeensg23, if the
driving punp 12 pul ses, the |owernost bl ood pressure of the upper line L1
woul d not dpgash réamrolfg thken cohine creiomert,ukiche Gararat i@nrid ot flovwied a
human body is sinulated. The average pul se pressure of the wupper line L1
can be adj fisvediatprarpriddetet e medi walweupy ldomndld cagnehéidagrerp of
fastening the connection tube 26. In this enbodiment, the average pul se
pressure i $8serogidgopetween the connection tube 26 and the

downstream-side tube 27. Note that the members 24 to 28 are

connected by known connectors 29. Hereinafter, the portion

of the circulation channel 13 upstream of the resistance

imparting means 23 is referred to as an "upper line L1" and

that downstream of the resistance imparting means 23 is

referred to as a "downstream line L2", for convenience's 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 of a

pinch-form member (not shown) for fastening the connection

tube 26. Since the connection tube 26 is fastened by the

resistance imparting means 23, if the driving pump 12 pulses,

the lowermost blood pressure of the upper line L1 would not

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 L1 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



- 9 100 mmHg, which virtually corresponds to the average pul se pressure of
a human body. Note that, as the resistance inparting neans 23, any type of
menber including a variable aperture other than the pinch-form nenber may
be used as long as it has the same effect as nentioned above. The

upstream side tube 24, the connecting tube 26 and the downstream side tube

27 are Toripd ghuyl yh 16l 08 Edea) byt copot parbicpbarly Lisited Lheceto. As

described l'ater, the retention un provid e of the

upstream sideskube 24 SleR A pRNLIeRLEPLAREOSHRethe YalMetdrkpl aced in
the retention unit 10B and a check valve 30 is provided in the

downst r eam gi-de thiwemddnst e, sohwtd @it eANmBRbLeG fadh atied gWat hoHi a1 dackward
flowin the direction indicated " by the arrowin the FIG 1. The control

tube 25 is a?rerr%ﬁhg%dotl]ﬁ)ét: readn ehet hencest stamemddpakti by veanss280agd serves
as a controller for the anplitude of the pul se pressure of the upstream
l'ine LI. Marseigpeeisf ite@l Ispmd Ref fe@t raol ntamel dted s¥oraed of a soft material
such as segnent ed pol yuret hane or silicone, can control the anplitude of
t he pul se presstihe opstheampsteatubene4l| thy ccohaagt hggt hebtubé- aadl
t hi ckness. Note that the anplitude of the pul se pressure of the upstream
line LI istdhetdatnstoeamexadpltejbe @0 amdg oraneer afer jpuy s ehproessigr,ebut 20 nm Hg
to approximate a human body in this enbodi ment. The connection punp 28 is a
pul sati | e- hdtowafrriertliaed yodipitieavithgrete .safe desocibed dstehe dheving
punmp 12. Like reference nunerals are used to designate |ike structural
retention unit 10B is provided in the middle of the
upstream-side tube 24. Since a xenogenicbioprostheticvalve
is placed in the retention unit 10B and a check valve 30 is
provided in the downstream-side tube 27, the solution can be
circulated without a backward flow in the direction indicated
by the arrow in the FIG. 1.
The control tube 25 is arranged upstream of the resistant
imparting means 23 and serves as a controller for the amplitude
of the pulse pressure of the upstream line L1. More
specifically, the control tube 25 is formed of a soft material
such as segmented polyurethane or silicone, can control the
amplitude of the pulse pressure of the upstream line L1 by
changing the tube-wall thickness. Note that the amplitude
of the pulse pressure of the upstream line L1 is set at, for
example, 100 mmHg (average pulse pressure) = 20 mm Hg to
approximate a human body in this embodiment.
The connectionpump 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
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el ements corresponding to those of the driving punp 12 and - 10 any further
explanation is omtted. Note that the connection punp 28 is fitted in such
an orientation that the solution flows in through the flowin port 15 and
flows out though the flowout port 16. The vent hole 22 of the connection
punp 28 is open to the outside. The di aphragm 20 is displaced depending
upon the solution flow. The solution iis |ocaded in_the circul ation apparatus
10A in an ARBUMT S GREPY AN B Pt HaR™ & P REixi Mint périAts R B NBEd iy amount
of the apparatus.10A. .. The displ acenent anount_.of the diaphragm.20 of the
connect i on°"Bh 82%Si%lET?%h¥?ys?%kwﬁnt?ﬁﬁ?%iﬁﬁ%ﬁqnl Thy %mﬁé%?&ﬁﬁqﬁssible
di spl acene anount, . i e this he.co tion 2 i,ves the
danper effgé?WsNH}éhégé%¥¥?%§|F@gwmHEﬁKFﬁé?55%?2??6%“%8§§g§h9%$%3% " t he

connect i onfgggpoa%gg?gi,catygﬁr agm o 2\perir§ i spl %dﬁ gk{gercqun%&gigﬁqgﬁr@;e bl ood

pressure. ccofr y e connection punp 28 i s arrange m of

the resistagcei HBQFJ B9 AEARE 23 qand fﬁévﬁgaﬁﬁré‘gmpﬂbs?' pBE%fb‘ifa%ed

attenuation neans for attenuating the [1qui pressure of the solution of

the downst REAmLHLAG dfon thd B ucabodh gEN DG eSS ¢0obfiegsol ut! on

passed thro connection punp 28 1s set at about 10 mm so as to

COffeSpondthé%ﬂ%B%H§6¥Sﬁ%EPQEaEﬂ%ihHU@Heh?&ﬁoéh@é%idﬁ%f&ﬁ@@%rEﬂﬁh

connection punp 28 maybe interposed between the conttol tube 25 and the
connect i onat PR RBm J8EmI 85 EPLEONCHAL hg AR uh D i €hk tdeo$Pd 1t s orpA | owi ng

t hrough the circul ation apparatus 10A is introduced, retains a xenogenic
bi opr ost hethe viadpyeaddamedsechduntt be 3 UibPRrabm 20 of the connection
pump 28 is slightly lower than amaximumphysically permissible
displacement amount. By virtue of this, the connection pump
28 gives the damper effect. More specifically, when the
solution passes through the connection pump, the diaphragm
20 is displaced, thereby reducing the blood pressure.
Accordingly, the connection pump 28 is arranged downstream
of the resistance imparting means 23 and serves as a
pulse-pressure attenuation means for attenuating the liquid
pressure of the solution of the downstream line L2. In this
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 pressure of the human left atria.
Notethat, theconnectionpump28maybe interposedbetween
the control tube 25 and the connection tube 26.
The retention unit 10B, in which the solution flowing
through the circulation apparatus 10A is introduced, retains
a xenogenic bioprosthetic valve immersed in the solution. 1In

this embodiment, as the xenogenic bioprosthetic valve to be

subjected to the cell-removing process and cell-seeding
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this enbodi nent, as the xenogenic bioprosthetic valve to be subjected to
the cell-renoving process and cell-seeding - 11 process, a swine aortic
valve is used. The retention unit 10B 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 10B is connected to the
m ddl e of the upstream side tube 24. Fbreinaftgr,ﬁggr conveni ence; s sake of
expl anat i oRFOFRESpoft PBANGF 2PhETCuBeLt Y Ean? sPaRYt ube 24" Upst 3 Uittt he
retention Lt. 10B is. referred.to n i.nl et.-si.de tube 24A. whereas the
por t1on  dAUASTRART bf OPRE At SAECGIE G £ LF68 18 For 677 BoCt 6 S 10

out | et -side 24B, h he_re i it y
connect ed ?ogg§§ds??8w2$£§ﬁ% g??%ﬁ|5§i%§Q%h§§h§$é qé&%9mg%%?£§r§%f§ y

sel ecting Fg?t bhe ofnt F%éff,rC%ﬁ;igﬁ%ngfgﬁ@'\%ié%woﬁ ééﬁﬁ&céé&'ctlhoas

pressure) s close to that of 0 ow ng through a target Ii1ving

or gani Sm“tﬁ%ggidé‘iesp?"‘@?iegggé&e n-508er €LEALHON U Lo OB COPPrESES a

t abul ar base capable o ng placed on a predetermned surface F, a

mmin body 33.paslikhoned ahgre dnepashaAlonnd nSupAomRabans, 36, 30

standing at the right and left sides of the base 33 for supporting the main

body 35. ThestBeRnhedWe3bubMPl i $65t FeBRXsf @HA ¢avenht3@rhaningd108 hexagonal
shape as seen fromthe front, a retention nmenber 39, which is provided

wi thin theregweredBiof B ARt @8hDENYsiXENOGBAI 240] OPrOsLhSttEe iBb¥Eidn a frame

menber 40 having an octagonal shape (viewed fromthe front) supporting the

retention gewberr3qmand aheangedraliong drhe iIverisvaddfofrddieto as an
outlet-side tube 24B. Note that the retention unit 10B may
be freely connected to any site of the circulating channel
13 by appropriately selecting the site of the circulation
channel 13 whose state (such as pressure) is close to that
of the blood flowing through a target 1living organism tissue.

As shown in FIG. 3, the retention unit 10B comprises a
tabular base 33 capable of being placed on a predetermined
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 base 33 for supporting the main body 35.
The main body 35 comprises a box-form cover 38 having

a hexagonal shape as seen from the front, a retention member
39, which is provided within the cover 38, for retaining
xenogenic bioprosthetic valve V, a frame member 40 having an
octagonal shape (viewed from the front) supporting the
retention member 39 and arranged along the inner wall of the
cover 38, an irradiation unit 42 (irradiation means), which
is provided behind the cover 38, for applying microwave to

xenogenic bioprosthetic valve V retained in the retention
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cover 38, an irradiation unit 42 (irradiation neans) , which 1is provided
behi nd the cover 38, for applying mcrowave to xenogenic bioprosthetic
valve V retained in the retention - 12 nmenber 39, supporting shafts 44, 44
respectively extending fromthe right and left sides of the franme nenber 40
toward the supporting nmenbers 36, 36 through the cover 38, and two tubes,

nanel an introduction tube. 46 and_dis t ube 47, onnectin to t he
reten%/l on HERBEF gg i‘épgﬂﬁ%ngnaﬁgs éff [gfcro%/ge?e%%“ﬁ%:g Y £ o

structure .cons t|n of t tlon dinal Ly divide
speC|f|caIF @oh%%s% %? el r b SovES % 5%%|%f3ﬁ8 mb?ﬁegof?%m rS|de and

a rear covey 5&%8{[%&%9&&&}?%69?’6 $rd% hTQ%ethVngi%gorghgntﬁg the

front cover ear cover d at oSIfion crossi ng

with the Sggeegt $ 1 , a$4inééodhe t by tgmeemegg &L@({Hé%gé)ftubléeﬂ?u”' ng

portion, ange pla 54, 54 are orne virtually a the outer edge

portion. 'thﬂ%c% ﬁ@ggopk@@e§e§@mt§%m MHeFBJQuUs ¢ hrough-hol es 55 for volts
(not shown) are fornme When the flange planes 54, 54 are brought in

face-to-face cogtagio th reach othercand upifsed Whbh thevel Lo the front
cover 51 and the rear cover 52 are integrated into one. Wien the volts are

removed freghkhetinbedraied ¢RRSHIAG! 1 dne thiddMa 1oy &livde £2MbeEe Separ at ed
and detached fromthe rear cover 52. Furthernore, 'a mcrowave irradi ati on

port 57 hagbBgidicequgr eompapedwbt cd firorapeid e war goss thionaediarenad the
center of the inside of the rear cover 52. The irradiation port 57 1is
fornmed so &soh@ ¥idtuahlya csdespord 50 yersdgevned 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. 1In 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 volts (not shown) are formed. When the
flange planes 54, 54 are brought 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 one. When the volts
are removed from the integrated construct, the front cover
51 can be separated and detached from the rear cover 52.
Furthermore, a microwave irradiation port 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
is formed so as to virtually correspond to xenogenic
bioprosthetic valve V retained by the retention member 39
frontward (see FIG. 3). With the arrangement, microwave,

which is supplied fromthe irradiationunit 42 rearward, passes

through the irradiation port 57 and is applied to xenogenic
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bi oprosthetic valve V retained by the retention nmenber 39 frontward (see
FIG 3) . Wth the arrangenent, mcrowave, which is suppliedfrom

theirradi ation unit42rearward, passes through the irradiation port 57 and is
applied to xenogenic - 13 bioprosthetic valve Vwithin the retention

menber 39frontward. Furthernore, the front cover 51 and the rear cover 52

h h d f t | eak f th '

ot he. out BLAE - RERTAE 14 SoOrr Gl FTgH (TEC! 1 RBPACE o bor e 57 T0uard the
tenti 9. _No t nat 59, ] ' t t d

of the f1oRELEBTEICTET. “Hic (dbBFprar eos | & R o Red o7 L Kighn Reterral

through whicheLhe, st ate,of the Lehent LoBMERDEL, 39, gan.heaseegsapde by

whi ch | eakage of m crowave to the outside e prevente shown in FIG

5, the retgntionARTREe 32 COMUIRES wih 8% Wd Gyl iddricgh eaber 61
extended in right and left directions in the figure, a flowin portion 62

posi tioned jat-5qtiRe ildngY r €89 tSuwde i hd bet eyt BhickR)e rregbenfl tRat ] oW out
portion 63 positioned at the |eft end side thereof, and an installation

space 64 fardxerpyent s diigps HSH @bl Grvah¥er \onbenwesn dife rirbew tdveertion 62
and the flowout portion 63. 1In the retention nmenber 39, the solution flows

into the oylindhecaborprbee $d f4 awdnhel drow kAoparhao8r621 passesh t hrough
the installation space 64 and flows out fromthe flowout portion 63 to the
out si de, ashdescrihkedthatenf The eykendibaahemesbeBo6dahasecopeaneact ends in
the extending direction. At the open ends, the flowin portion 62 and the
fl ow out pontwionhclh3d earkeaczedf mA diiwead ol thaipuplatie can be prevented.
As shown in FIG. 5, the retention member 39 comprises

an acrylic cylindrical member 61 extended in right and left

directions in the figure, a flow-in portion 62 positioned at

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 valve V

between the flow-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 portion 62, passes

through the installation space 64 and flows out from the

flow-out portion 63 to the outside, as described later.

The cylindrical member 61 has open each ends in the

extending direction. At the open ends, the flow-in portion

62 and the flow-out portion 63 are set. Athin aluminiumplate

66 1is adhered to the entire outer circumferential surface of

the cylindrical member 61 except for the center portion

virtually corresponding to the installation space 64. With

this structure, microwave supplied from the irradiation unit

42 (see FIG. 3) transmits only through the center

- 14 -



66 i s adhe

red to the entire outer circunferential surface of the

cylindrical nenber 61 except for the center portion virtually correspondi ng
tallation space 64. Wth this structure, mcrowave supplied from
ation unit 42 (see FIG 3) transmts only through the center - 14

to the ins
the irradi
circunfere
correspondi
be converg
t enper at ur
prevent ed.

endnmenber

cylindrica
the end ne
bott om hav

ntial -wal | region of the cylindrical nmenmber 61 virtuaIIy
L0g to the allgglon space 64. As

| t
86 Bmgﬁ£68 5ﬁglO§tOghghgaﬁﬁﬂffﬁgsuéﬂ’| ed%ejln

e}é%u% \%Xoé’é?ln_?%%or?g%h @%O&}e:]g%rslt%ﬁtlag 2 %‘@g%%a%% 4pgan be

COITDI’ I Ses

| 'OW-i nport

Fé Sggégﬁgel‘?dlté} 'éta%r gl é%%@@%&kh@“&%ﬁ‘&&r

anne formati on nenber

th owave can

an

ide;
9 posit ‘oned wi t hin

nber 88 adde snd m?xrcr@%s'esﬁloﬁgﬁ?e!fhg@r@ Sent @k Nt Mgd the

Ing an opening at the left side in

More specifically,

the endmenpgr68nhas eheoah@%\é{qlﬂatl%np%lardeormd cat wepﬂémtéd de of the

figure and

a side wall 72 continuously forned to the circunferential

edge

side of the botigwnwahlin Ficand extieding rrbht-ual dyrpespendismaidys (t owar d

the left

in FIG 6) to the bottomwall 71. The bottomwall 71 has a

t hr ough- hohg ehd rAémiBdOUR dritea g€t h tHeeo st devaklkbun has ta a 1sciemaddread 74
the inner circunferential of the opening side. The screw thread

formed in
74 istob
circunfere
channel fo

efenigaged Wdhi cal semdart bl eathd % tanmeedli Aothet duheafiember

ntial of the «cylindrical nenber 61. As shown in FIGS. 5 to 7, the

bAapbentienbdr 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 endmember 68 has a bottomwall 71 positioned
at the right side of the figure and a side wall 72 continuously
formed to the circumferential edge side of the bottom wall
71 and extending virtually perpendicularly (toward the left
in FIG. 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 in the inner circumferential of the
opening side. The screw thread 74 is to be engaged with a
screw thread 75 formed in the outer circumferential of the
cylindrical member 61.

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, and an insertion pipe 78 to be inserted into the
conical pipe 77.

The conical pipe 77 comprises a cylindrical top portion
79 positioned near the installation space 64, a skirt-form

portion 80 which gradually expands outwardly from the top
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69 conprises a hollow conical pipe 77 having an anal ogous shape to a cone,
and an insertion pipe 78 to be inserted into the conical pipe 77. The

coni cal pipe 77 conprises a cylindrical top portion 79 positioned near the
installation space 64, a skirt-form portion 80 which gradually expands
outwardly fromthe top - 15 portion 79 to the right side of the FIG 6 and

starts, atolbes ol sl cextendina linear Ly feam the of dbt aad Lefu,dlirect | on

in the fi and a flange- em portion continuous orned at the

right end rﬁi&'&l%f &t%ncﬁrﬁj ltlfa%a%frEréﬂrm@czfltglh%nanéole@mj i nar; gpace 83

formed within the portions 79 to and communi cating wth the outside at

the right andHefdt gsirde ahh 5*1%%49% & rf\Neled %)B%Elohr%i%rﬁt%%d&flsl%xm ai ni ng

t he channel formation nenber 69 below, if not otherw se specified, the

term"| eadipgnedge shae’ighefers stiaetderscdes of tHesgopt cabrmpidye ilh cl ose to
the top portion 79 and the term "back end side" refers to the side of the

coni cal pige, 7dn&! DSt Osphice BN Patidd oni t8lin Qhd s Ot &fis €19 cimfeEr ent i al
surface of the top portion 79, a stopper groove 85 is fornmed al ong the

ci rcunf er eage.comfhen ddtei renaipodr therowis iades witnehbl nioghtvessel ef t sside B
containing the aortic valve (as a xenogenic bioprosthetic valve V) is
pl aced ovelinthe Bi®@pper Npootrea8s iandhelsaapadnve il @il mgithg chreeroetr  ( not
shown), as shown in FIG 5, renoval of the blood-vessel tissue B fromthe
top porti ofho¥@atannbeemestrébtiedlown thewskicthdorspapeont B8], tthee out er
di aneter of the hemportion 81 is set equal to the inner dianeter of the
term "leading edge side" refers to the side of the conical
pipe 77 close to the top portion 79 and the term "back end
side" refers to the side of the conical pipe 77 close to the
hem portion 81.
On the outer circumferential surface of the top portion
79, a stopper groove 85 is formed along the circumference.
When theendportionof aswineblood-vessel tissueBcontaining
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 tissueB fromthe topportion 79 canbe restricted.
In the skirt-form portion 80, the ocuter diameter of the
hem portion 81 is set equal to the inner diameter of the
cylindrical member 61 such that the hem portion 81 can be just
fit within the cylindrical member 61.
The hem portion 81 is formed in a ring form. The outer
diameter of thehemportion 81l is set equal tothe inner diameter

of the sidewall 72 of the end member 68. With this structure,

the hem portion 81 can be just fit within the end member 68.
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cylindrical nenber 61 such that the hemportion 81 can be just fit within

the cylindrical nmenber 61. The hemportion 81 is fornmed in a ring form The
outer dianeter of the hemportion 81 is set equal to the inner dianeter of
the sidewall 72 of the end nmenber 68. Wth this structure, the hem portion

81 can be just fit within the end nenber 68. - 16 |In the inner
circunfere the rt r t 7o4 s forned.
The i nner g%dgé 8§5£as%§%&6penﬂggﬂ%o f%%% %%%ﬁgaF§8h§$%HQ£PS?%§ ?% the FIG

6. The |nngrsépggetﬁgeggngﬁlggsf@rg%@al space 89 to which the tip portion
of the insertion pipe 78 is to be inserted through the opening portion, a

mai n channel 9lrnganpdn §3dL0Q I b abhp hasad psRPaEBN8S: aRd exdrendifng toward
an opening portion 90 forned at the | eadi ng edge side, and four side

channel s 92;jpeovi ded rourd thee Mz chpabels Pdonapdi segmbaieatimgeav th the
basal space 89. The basal space 89 has the inner space whose shape agrees

with the tep perwhosh dhethepipsetibfnopipiee Snseanipnspipét7hesitsertion
pi pe 78. The main channel 91 is forned |i ke a taper-hol e whose inner

di amet er i ber éfdgeedednvardufhoththepénpnpopdirohod, a bt imothahheited to
this. The side channel 92 is fornmed in the inclined surface of the
skirt-for ncpomtindra8@nogagishowhei habb G sPacdb @ arsppectfercdl hy, tdwardsi de
channel s 92 are arranged at equal intervals along circunference direction
in the skipn ppetiiog p8@tibth SAotbdmbe abtelethetdihe ¢dyal shdea afidt he
opening portions of the side channels 92 is set equal to that of the nain
channel 91foun $hile ddrdrgdileAL. provided around the main channel 91 and

communicating with the basal 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 insertion pipe 78.
The main channel 91 is formed like a taper-hole whose inner
diameter is reduced inward from the top portion 79, but not
limited to this. The side channel 92 is formed in the inclined
surface of the skirt-formportion 80, as shown in FIG. 7. More
specifically, four side channels 92 are arranged at equal
intervals along circumference direction in the skirt portion
80. It should be noted that the total area of the opening
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
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As shown in FIG 6, the insertion pipe 78 conprises a spherical portion 94
havi ng a spherical outer shape at the |eading edge side, a cylindrical
portion 95 having a smaller outer dianeter 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

circunfereptial ?%fﬁi%aja%%‘f f’&é%t{%i&,ala ROTHd-9 9P co1ilr ngc%@isoﬁ o be

nmut ual |y rotfatable, ring- m co portion ~ 97 contl nuou formed to

the back epd side; Qhot ey ertarddle o @Hd Rdek BAKL 50Re 96t ark hamidyhan out er
di anmeter smaller than the inner dianeter of the through hole 73 of the end

nenber  68cyanddan ddwneros pacendhForpdnhide h dihecspiesheal epartdion 94
and the cylinder portion 95. In the outer circunferential surface of the

external cyhéngefiepodidme: 96,0 t30F e rdduggatol2013i 6£f ohaBshd Hantser ew
thread 101 is engaged with the screw thread 87 formed in the inner portion
of the hentpordridbdan8inneWddruddio® b rmedl wiehirhehienseghtt boabigert/Brcan be
attached to the conical pipe 77. The inner space 99 conprises a basal
channel 1084tdnwdugk cwhicdet peordalart Bon flowhe autep dicte@indreconimini cat i ng
with the basal channel 103 and opened at the | eading edge side of the
spherical porfaoa 984, tmd{tommal dylholdes PO tiiommed, asosmdew ttttereap hol e
104 and communicating with the basal channel 103. Wen the | eadi ng edge
side of théOlnsefriroadpi peh&Sdred threpd The lisngreygagpdcd 88tbe sdrewoni cal
pipe 77, the top hole 104 cones to constantly communicate with the nain
channel 91thrgpd &7 deotitgt@simGbeatBnaf raegetoniat Gdle pertreyuabnitht erval s

With this structure, the insertion pipe 78 can be attached
to the conical pipe 77.

The inner space 99 comprises a basal channel 103 through
which the solution flows, a top hole 104 communicating with
the basal channel 103 and opened at the leading edge side of
the spherical portion 94, and four side holes 105 formed around
the top hole 104 and communicating with the basal channel 103.
When 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 constantly communicate with the main channel 91.
The side holes 105 are arranged virtually at equal intervals
along the circumference direction in the surface of the
spherical portion 94. When the insertion pipe 78 is fit in
the conical pipe 77, the side holes 105 can rotatably change
the positions from a maximum communication position at which
they can completely communicate with all side channels 92 to
a shut-off position at which the communication with all side
channels 92 is completely shut off by mutually rotating the

pipes 78 and 77. The insertion pipe 78 thus controls a flow
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along the circunference direction in the surface of the spherical portion
94. when the insertion pipe 78 is fit in the conical pipe 77, the side

hol es 105 can rotatably change the positions froma maxi mrum conmuni cati on
position at which they can conpletely communicate with all side channels 92
to a shut-off position at which the communication with all side channels

0% L2 gL S UL O B 01 1S 58 Dyt e

i nsertion pipe anount anging its

position fgomihe §itedtiniChniheo1tetialh £how:agoynt sfohher s5alidd on

flowng out fromall side channels 92 is equal t0 that flow ng out fromthe

mai n channghanfdiste EBee%iéP_t%ttH@i:Cﬂldﬂ%gt gLl £ fdpwrampunh AHarlhe sol ution
flowing out fromall of the side channels 92 is virtually zero. 1In this

sense, theoinsey thenspiPet/Shachscid ketalvalbakiroudthodt the,sathitwcliorcontrol s
the fl ow anbunt of the solution flowing out fromthe side channels 92. As

shown i n FEGSwihg hitandof,altlhef fdhews bdé airinedrs 63 i patkkyadilffaisoi n shape
fromthe flowin portion 62; however, has substantially the sane structural
el ements abd fhistsense,i hha vhestualiby pipel 88 rmmuzerlikEher efaarimblld ke
reference nunerals are used in the flowout portion 63 to designate the
sane or equhvatehé, wshiobt opakrellenthes fabwt keofundwodutt hgorstalort i85
corresponding to those of the flowin portion 62 and any further

expl anat i ohlowgngnputedrom shapbifieegha@niey st 9 .di fference fromthe flowin
portion 62 will be supplenentarily expl ained. The end nenber 68 of the

fl owout porti obs 63¢wn figp lgsS. 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
isomittedorsimplified. Onlythedifference fromthe flow-in
portion 62 will be supplementarily explained.

The end member 68 of the flow-out portion 63 is formed
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 the FIG. 8.

The conical pipe 77 of the flow-out portion 63 differs
from that of the flow-in portion 62 in shape of the hem portion
81 continuously formed to the skirt-form portion 80.
Specifically, thehemportion8lis formedlikea screwcylinder
having an outer diameter smaller than the largest outer

diameter of the skirt-form portion 80. The outer



like a nut. Virtually at the center of the end nenber 68, a screw hole 107
is provided so as to extend in the right and |left direction in the FIG 8.
The conical pipe 77 of the flowout portion 63 differs fromthat of the
flowin portion 62 in shape of the hemportion 81 continuously formed to
the skirt-formportion 80. Specifically, the henmportion 8l is forned like a
screw cyl i nder avi ng.an outer di er_ smal | er. than .the | argest. outer

i anet or - of ERETEREFELF b6 L7 Bor e T BRESror 06 | LEPEaRPe bhil al
portion of e partio 1 ks g i e 07. t he end
menber 68.t%EeS§§%¥CQPESi28§ 9% ﬁgg gggg?géggﬁaﬁaélSﬁggméggi?%%eg%ﬁég a

ther mo- senger, L ool g shguHadder giod cThe gui de; ehannel A09ska sbor eg out si de

the inner space 8 channel 109 conprises a first guide channe 109A

extendi ng thomh henbagknendriad de iQfe ERgnhem pos ti OF Bhed ButhBegknehined
surface the skirt-formportion 80 and a second guide channel 109B branched

in the m ddheecefsdde BRI sthuhdene Charnebmd P9Le ardf exsengdiite: tpyandlt he main
channel 91. Note that two or either one of the guide channels 109A and 109B

may be om tped. cXhenbnsgr tren PhPo ISk &ind ke dd oW euk pemt pentb3ndsifers
fromthat of the flowin portion 62 in its entire shape. In the insertion

pi pe 78, the €ydiindliiead porfioes tI= s5iext eadadoAtovat @0t hned laeadtagdedge
side in place of the spherical portion 94. The top hole 104 is forned at
t he | eadi nguedgecsadredfl10dheaddiradt icathpaniddne I theurissdeghbies 105
are provided virtually at equal intervals along the circunference direction
channel 109A and extending toward the main channel 91. Note
that two or either one of the guide channels 109A and 109B
may be omitted.
The insertion pipe 78 of the flow-out portion 63 differs
from that of the flow-in portion 62 in its entire shape. 1In
the insertion pipe 78, the cylindrical portion 95 is extended
toward the leading edge side in place of the spherical portion
94. The top hole 104 is formed at the leading edge side of
the cylindrical portion 95. Four side holes 105 are provided
virtuallyatequal intervalsalongthecircumferencedirection
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
O rings for sealing.
As shown in FIG. 3, the frame member 40 supports the
retentionmember 39 soastorotatetherein. Morespecifically,
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 part
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in the outer circunferential surface of the | eading edge side of the
cylindrical portion 95. Note that blacked out nenbers in FIGS. 5, 6 and 8
are 0 rings for sealing. As shown in FIG 3, the frame nenber 40 supports
the retention nenber 39 so as to rotate therein. Mre specifically, the
insertion pipes 78, 78 protruding outward virtually from the center of the

d b 6 6 ted t tati I 12,112 vi i t
111, 111, Fhethortiabn Tpee £i220% p3osLude; aRGUGh ba&r e (M Shown)
each attac d Zﬂ%tlé)%rqetter{ i2o0 .moefmbtehre 3f9r ggﬁg@ﬁﬁﬁﬁ?% fw{]é;rﬁé "%rgeqnboe% of the

frame nenmb e retenti on nmenber ranme nenber 40
h t hat i j - bl I t I f
26 s ehosd St RhETERL BB fon pEcSal1 op 1 B ICY Sl ERe1 Biotiegrol © ©
| f-rot d i i 1 112. t f
OF Cthe 11 ABnna 00T ket G B e R T R S e

the side Qfnbbe Fd eunilt rgeLELAN L3 {1:he HRRer abbaht N chBerH G i A

protrudes, a self-rotation driving nmeans 114 having a notor and gear, etc.

, 1s provigdegesTheosetenti am eBBbEGt S d$rftated thw ERbRet MembeanEy member
40 by actuating the self-rotation driving nmeans 114. Furthernore, the

rotation php@sndd2.a klize &@renconnest €t i idiel dtgigauativontt the $eiand
di scharge tube 47, respectively, via rotation joints 115 fixed to the
structure pkaced ptaw-bhe poatronesBeltBd. ufsetheigiot abf othejoimt )15, a
known joint is used which connects two types of pipe-formmenbers (rotation
pi pes 112, ptdPraddst ubeseUb;rdfation driving means 114 having a motor
andgear, etc., isprovided. Theretentionmember39isrotated
within the frame member 40 by actuating the self-rotation
driving means 114. Furthermore, the rotation pipes 112, 112
are connected to the introduction tube 46 and discharge tube
47, respectively, via rotation joints 115 fixed to the
structure placed near the frame-member 40. As the rotation
joint 115, a known joint is used which connects two types of
pipe-form members (rotation pipes 112, 112 and tubes 46, 47)
while allowing mutual rotation and mutual communication. By
virtue of the joint, even if the rotation pipes 112, 112 are
rotated by operation of the self-rotation driving means 114,
the rotation force does not transmit to each of tubes 46 and
47 .
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
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while allowi ng nmutual rotation and nutual comrunication. By virtue of the
joint, even if the rotation pipes 112, 112 are rotated by operation of the
self-rotation driving nmeans 114, the rotation force does not transmt to
each of tubes 46 and 47. The irradiation unit 42 is a known unit using a
magnetron (not shown) as a source of m crowave. Detail ed explanation of

h it ' in..Th ft 44 i hol | [ dh
Lhe end  port] OHLOF | RGP PALF oG] Gt BRECAe aha- The ol shRar D L. 47

therein. Tgfte(%aoc'ha% L Eu@%‘é&fé@%g 4 48 5?11 ok 1Al eaAd A n 'Fh%]xziéfn{Pr med at a

position o e outer cir erentl surface of each of the suppo¥t shafts
44, 44 wi tpi Jdbd A€ enfIdlid e OBt ey d Bb3 361136 chto the
sl ot hol esgﬂsl‘?gﬁgb t]{}f;éns n?é%ryané 47 extenratl%ﬁgcq*'rosmt e rot at}oh pkl!1 pes

112,112 ar e,pibaseE el 4 The. SURPOLY fPRIPEhe 36 CONDEL $8D A hpSt15upport
portion 120 arranged at the inner side for rotatably supporting the

support shaftsr444.44, and a joint support portion 122 arranged outside the
first support portion 120 for supporting a rotation joint 121 having the

same structure @getNAHpHit eeeat 36 OFmp Ds&E a1 3 reentihppedt abomei o he
rotation joint 121 supported by the support nenber 36 (at the left side in

FIG 3) conneciésrahfeddiscires gardibe i4ié ifpserbedthbli/heuspppoihgstiadt 44 at
the left side and the outlet-side tube 24B, nutually rotatably. On the

ot her handsupbertaoitatfiton4peid, 424 asyppot s poy t hert soppart a menthesd 36 ( at
the right side in FIG 3) connects the
outside the first support portion 120 for supportinga rotation
joint 121 having the same structure as that of the rotation
joint 115 mentioned above. The rotation joint 121 supported
by the support member 36 (at the left side in FIG. 3) connects
the discharge tube 47 inserted in the support shaft 44 at the
left side and the outlet-side tube 24B, mutually rotatably.
On the other hand, the rotation joint 121 supported by the
support member 36 (at the right side in FIG. 3) connects the
introduction tube 46 inserted in the support shaft 44 at the
right side and the inlet-side tube 24A, mutually rotatably.
Furthermore, at the support member 36 (at the right side in
FIG. 3), a revolution driving means 124 having a motor and
a gear, etc., is provided. The support shafts 44, 44 can be
rotated by operating the revolution driving means 124. As
mentioned above, when the support shafts 44, 44 rotate, the
frame member 40 and the retention member 39 simultaneocusly
rotate (revolve) around on the support shafts 44, 44. The
introduction tube 46 and the discharge tube 47 inserted in
the support shaft 44, each are designed not to interfere with

the base 33 during the revolution. More specifically, they
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i ntroduction tube 46 inserted in the support shaft 44 at the right side and
the inlet-side tube 24A, nutually rotatably. Furthernore, at the support
menber 36 (at the right side in FIG 3), a revolution driving neans 124
having a notor and a gear, etc., is provided. The support shafts 44, 44 can
be rotated by operating the revolution driving nmeans 124. As nentioned

cbove,  shenethe SuBRorL Shel 15,48, 40 10181 pop L8 o1 20E JTenber, 40, pnd Lhe

retention ne S eou aro € support

shaf ts 44, 4d. .The. ol fOghcti o Jube 46,and:Ehe dischacas Lupg 47, nsert od

in the support t 44, each are designed not to interfere wwth the base

33 during thgyheyRl pEEoni o Mpg-sPec Féeabdys diheyr 4422 hayseiadgappropriate
| ength and are arranged so as to pass through the space between the base 33

and the su b f : showy I S t ft 44 is
revol ved bgggl %%{ﬂglgfo%%ﬁ)on) frorﬁe?ﬁgagﬁat%gogwg\%g ?ggFl %@P%),( A?kl,i@t he

f ramemenber r4feinereirdd ®ds rA% s SRS URE o tEH doWNupndowh@ind + 85t /D £ ¢ he
retention menber 39 are inverted, as shown in FIG 10 (B) . More

speci fi cal b¥,tHheet eh€hdh aenibe?d 239 icare e=d0bsGiown SeIFT-G.ot@t®ed. by t he
self-rotation driving neans 114 but also revolved by the revolution driving
nmeans 124. Mdkenspheifienénti, onheenbeen89onevmehies, 3Dheanpbdonmt amdl y
right/left of blood-vessel tissue B are inverted. Note that reference
nuneral 125eilfi-EbGatédilnditdet esld-switbchohodrihéngevednut ildd bdeialsgy neans
124. Note that a cooling neans may be provided for cooling the periphery of
t he introduevbdnetuby 46et geyodwgnion tdhe vtiegparcang el of. t Waesoltdtsi on from
i ncreasi ng.

retention member 39 revolves, the up/down and right/left of

blood-vessel tissue B are inverted. Note that reference

numeral 125 in FIG. 3 indicates a switch for the revolution

driving means 124. Note that a cooling means may be provided

forcoolingtheperipheryof theintroductiontube 46 toprevent

the temperature of the solution from increasing.

Next, procedure for setting up xenogenic bioprosthetic

valveVintheretentionunit 10Bconstructedabove and function

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 top portion

79, 79 of the flow-in portion 62 and the top potion 79 of the
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Next, procedure for setting up xenogenic bioprosthetic valve Vin the
retention unit 10B constructed above and function of the retention unit 10B
during the set-up time will be described below First, fromthe state shown
in FIG 3, the rotation pipe 112 is released fromthe rotation joint 115.
Then t he pi pe nut 111 is loosen by turning it and renoved fromthe

retention §{1538 %P&Ei_e@/ damving dne J eheat égnsﬁgﬁﬁein%é romn the

rotation plpes hereafter, the end nembers 68, 68 are renoved,

and then tHeef! oMk o POSH1 A0 15230 d 4 Q¥ QUts < ROTH Idah&&ﬁrﬁg resmyed from
the cylindrical nmenber 61. Subsequently, while keeping the state where the

top pOft'Oﬂalgg\/ZQeOInééﬁté£QMbtﬁep@éﬁgﬁﬂﬁﬁinﬁﬂd9th$9tQﬂa dtonye/®y of the -
23 flowout portion 63 are allowed to face as shown in FI 5, both ends

of swi ne bhpadheessel athpssvs B €OM @RRG rao(id€ shvahyeorVtaeasddigasted to
the top portions 79, 79, respectively and then, clanped by binding nenbers
(not showngroavehes st cfperrespeaavies 185, 85podeme(stellvell$sual Boils vasisel
tissue Bis set in such an orientation that the solution is allowed to flow
t hrough aothi sushlare of i(amtiatdiaredthiadn thal ge)lutiom fheatlghed sodEldw t he
left side in FIG S. Thereafter, the flowin portion 62 and the fl ow out
portion 63tbonngbtadrbycweyl o V Huodddiessélion ssheeB aremreharmeghtagain in
the cylindrical nenber 61, and the end nenbers 68, 68 are attached to the
cylindricabigenber tbe, laAd Budehen tHE&.r ét-enThencatnber 8de ifdomitinto the
rotation pipes 112, 112 as shown in FIG 3. In this manner, the setup of
bl 0od- vessBPTELS8UB2BaNd Bbepf bpedout portion 63 connected by way of

blood-vessel tissue B are returned again in the cylindrical
member 61, and the end members 68, 68 are attached to the
cylindrical member 61, and further the retention member 39
is fit to the rotation pipes 112, 112 as shown in FIG. 3. 1In
this manner, the setup of blood-vessel tissue B is completed.

Inthecell-removing process, thecell-removing solution
is supplied from the introduction tube 46 to the insertion
pipe 78 of the flow-in portion 62 by way of the rotation pipe
112. At this time, the insertion pipes 78, 78 of the flow-in
portion 62 and flow-out portion 63 are set at the positions
where the side holes 105 and the side channels 92 of conical
pipe 77 are completely communicable, as shown in FIG. 5. With
this arrangement, the cell-removing solution supplied to the
flow-in portion 62 enters blood-vessel tissue B by ways of
the top hole 104 and the main channel 91 of the flow-in portion
62, passes through aortic valve V, and goes to the main channel
9l of the flow-out portion 63. Simultaneously, the same amount
of thesolutionflows throughthesideholes 105 and subchannels

92 of the flow-in portion 62, passes through the inner space
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In the cell-renoving process, the cell-renpving solution is supplied from
the introduction tube 46 to the insertion pipe 78 of the flowin portion 62
by way of the rotation pipe 112. At this tinme, the insertion pipes 78, 78
of the flowin portion 62 and flow out portion 63 are set at the positions
where the side holes 105 and the side channels 92 of conical pipe 77 are

conpl et el yoféomyr&fﬁﬂh@n@él SQARE H b FlaGd SoeW thtol PhE S 4angemd) the
cell-renmoving solution supplied to the flowin portion 62 enters

bl ood-vessgb &fssae B Ly-nay pdft idhe 3t 0pchaket d (e Bhgr tdiendmive £hannel 91
of the flowin portion 62, passes through aortic valve V, and goes to the

mai n channekss83 of trhe del DVWrodbvPAGIIAMtEDn ShEYEH RIS thehes Sane
anount of the solution flows through the side holes 105 and sub channel s

92 of the thawned PpOrdnodnit?,siphs sesirinkleugl vhethantrowpaace pert2donof the
cylindrical nmenber 61 and goes into the side channel 92 of the flow out
portion 63p3stlas botdetauthblicotkvessepbipei B5ué tBie Theweellt-panovemg

sol ution passed through the main channel 91 and the side channels 92 of the
fl ow out p6Bt hod 163dfikoherged ftoomhcha listdemdaeornt yriepel 77 & rofoudte fhew out
portion 63 and is discharged to the discharge tube 47 through the rotation
pi pe 112, astshoan PhrFl G 23.aghEreforiey Hlike dmi nThehahfnee, otharkimhe top
hol e 104 provided in each of the flowin portion 62 and fl|ow out portion 63
const i t ut echanpestdcRradnere tem val ¢y Fophoni éadiifyeaBhofgkhenlel @wbin ar
living organism tissue gblood-vessel_tissue B) , whereas the side channels
92 and t hBostdenhed 511050 8vE Rt PR &ShcoRSEhEUFR WS i aShorRdeLl 62 and

the flowout portion 63 constitute a second fl ow channel _
mutually communicating through the tubular living organism

tissue (blood-vessel tissue B), whereas the side channels 92
and the side holes 105 provided in each of the flow-in portion
62 and the flow-out portion 63 constitute a second flow channel
mutually communicating through the detour root formed outside
of the living organism tissue (blood-vessel tissue B).

In performed the cell-removing process mentioned above,
the irradiation unit 42 and the self-rotation driving means
114 are operated. The retention member 39 is self-rotated
while applying microwave to blood-vessel tissue B retained
in the retention member 39. By this operation, the cell
removing operation can be applied uniformly in the entire
circumference direction of blood-vessel tissue B. The cell
removing operation is preferably performed while checking the
temperature of the solution in and out of blood-vessel tissue
B by using thermo-sensors (not shown) inserted in the first
and second guide channels 109A, 109B (see FIG. 5). 1In this
case, the cell-removing solution is allowed to flow virtually

at thesame flowrateinsideandoutsidetheblood-vessel tissue
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mut ual I'y conmuni cating through the detour root formed outside of the living
organi smtissue (bl ood-vessel tissue B). In perforned the cell-renoving
process nentioned above, the irradiation unit 42 and the self-rotation
driving neans 114 are operated. The retention nmenber 39 is self-rotated
whi | e appl ying m crowave to bl ood-vessel tissue B retained in the retention

menber 39 5BYo! Bh3e OPELAL! O1 nd NEERLL o LRIV A OREIALLON, SAR DfAPP! T ed

uniformy rn the entire circunfer rection o ood-vessel tissue B.

The cel | "rﬁeveférﬁgge AL QN e RIS BEBDL ¥n P dR IR  WRIH & 1ENE Bl ge t he
tenperature of the solution in and out of bl ood-vessel tissue by using

t her mo- senger £ Note SROWBNdNSET LRt ishdwke fihkst-tand nseqengd; gyt dgnghannel s
109A, 109B (see FIG 5). In this case, the cell-renoving solution is

al | oned tostkewdvighitidal khanaklkhe osamanld awamt enbRsi deaanehewt sihde the
bl ood-vessel tissue - 25 B so that there is no tenperature difference

bet ween t heempeFheutregperattee idisfiber amce etsiern ddtn camdre waegked by use
of the therno sensors (not shown) inserted in the first and second guide

channel s 108Apardt1@8B.(eNat.6 Bhat) wheRet heratieapenvat uhes ab the inside and
out si de reach human body tenperature (e.g., 37C), the irradiation unit 42
aut omat i cabhyostopsaillyaditapison rafadmiatriom e, milereasve t whaatematital |y
starts irradiation of mcrowave when the tenperatures becone | ower than the
body t enperpatometiThed lyi staditat ilowaghiatt 4 off thi srerdsoeliviesnt e apply a

m crowave having a frequency of 2.45 GHz and a power of about 0 to 1200 W
Not e t hat thapegapergsubdecomesdowedy than ritheodiessd tiengerature. The

irradiation unit 42 of this embodiment can apply a microwave
having a frequency of 2.45 GHz and a power of about 0 to 1200
W. Note that the temperature sensor may be introduced into
the first channel from a hole formed in the middle of the
discharge tube 47.

Ontheotherhand, inperformingthecell-seedingprocess,
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
changedinpositionbyturning and loosening the collar portion
97 and rotating the cylindrical formportion 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-containing
solution is supplied to the insertion pipe 78 of the flow-in
portion 62. Thecell-containingsolution then passes through
the top hole 104 of the flow-in portion 62 and the main channel
91, reaches blood-vessel tissue B, passes through aorticvalve

V, flows into the main channel 91 of the flow-out portion 63,
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the first channel froma hole fornmed in the mddle of the discharge tube
47. On the other hand, in performng the cell-seeding process, application
of mcrowave by the irradiation unit 42 and the self-rotation of the
retention nmenber 39 are stopped. The insertion pipes 78, 78 within the
retention nmenber 39 are changed in position by turning and | oosening the

collar portion 97 and rotating the cylindrical for ortion 95, fromthe
state ShoRRGiHs FHeE 05SERaF HE ST WhePECEheORSHRR LAE It DEURRHE t he

i de hol 105 . FlI 5, tc.. dth id h ls. 92 i | et el
Shur ort C pReTeh b2 (LS I DA A Lot hE SHopEianaptaasy Pt re.

i ti i 78 of t f i : ti 2..Th | ] - nt ai ni | uti
Lo honed8bRrd Sicdddnt bRE el 65 o pRich Sorfin LS EReR Bel%edl! he. i n
h | 9 h bl - | ti B, th h ti | V,

TroaneCl nt o Hife SagRepilndd s GRS Ui B RBRRES L A A0 e e

then di schagged Lromithed psertion fiAe 78: 9f) 4,15, Loweout o pordion 63

During thi s operation, 't insertion pipes are placed I

position at ;whichgCopmini i.0 t t i C of f.
Therefore,%ﬁﬁgb%eFf-conp%$§%ﬁ99§%§6$$§%l&ogggghgﬁgfPg§?§5§§?éet%$%% -vessel
tissue B, uplike the case of cell-renmoving process nentioned above. In

perform ng the cell-seeding process, the revolution driving means 124 shown

in FIG 3 is ac ian - Jeer te o} r+ Whth the
frame menber 40&§ﬁ%ﬁﬁﬁaagﬁn?ﬁg§23%%gfF sha?ﬁ%éﬁiggkﬁf gf%hg$%€§?%2%$t t hat

the retenti@@Aving means 124 shown in FIG. 3 is actuated. The retention
member 39 rotates together with the frame member 40 around
on the support shafts 44, 44, with the result that the retention
member 39 is rotated upside down in the direction indicated
in FIG. 10. Since the retention member 39 revolves, the
autologous cells of the cell-containing solution can be
attached uniformly to blood-vessel tissue B without
gravitational effect.

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. Thecell-removingsolutionisinjectedintothe living
organismtissue processing apparatus 10, and then circulated.
Asthecell-removingsolution, asurfactant suchasdeoxycholic
acid (bile acid), sodiumdodecyl sulfate (SDS), or TritonX-100
were used. At this time, the cell-removing solution is

circulated in the living organismtissue processing apparatus
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menber 39 is rotated upside down in the direction indicated in FIG 10.
Since the retention nenber 39 revol ves, the autologous cells of the

cell -containing solution can be attached uniformy to bl ood-vessel tissue B
wi t hout gravitational effect. Next, methods of renoving and seeding cells by
use of the living organismtissue processing apparatus 10 wll| be

described with reference to FIG 1, etc. First, bl ood-vessel tlssue B

i ncl udi ng aBrYheledisePirgiths K% dmtas SALHEL CBuEhOss Bopiipt of
Bl d- t th tent t. 10B th
ment oned CABOYETShBTEER THeHovi %Fa%?lalhongf’%%le&e@d'woﬁ he 1 ving

t 0 d the th
celt -t amovi ng. <8k %%’%3%3'lﬁggﬁfr@wéﬁwiu%%%s&é hbF P TH9 L aci ) |
sodlurrdodeCﬁ tﬁ; . m rTrlat nX 10Cg were u ed. A th'n?omes t he
cel | -renovi'hg lf’tl B'ﬁ] Ic uf 2% e I\ g BF gani s ¥ 2%t

br ocessi ng .gpRAt ALUS, &2 agﬁoem’%'r%ug °piog. 11, 51 Ty %fhattg,bﬁ ssghutjon cl ose

to that of e manner i oned

sw tch (”Oéuigﬁ‘é%n' %fprt‘?ﬁés%%vfﬁ 35%%1'0(1@’ SUHBE& P@'ctlf%agﬁ&m thfd FIG 1

is actuate the cell -removin I"ution’i's circulate ough the

circul ati OEe@L’ﬂaE@ﬁbvl gP¥o1RY SR Sj%t%fd EDEn ngVEH uip, 150F Fows

specifically, I-renovi ng solution ejecte romthe dr| ving punp 12
flows threughybhe tHRSLe’MJE ilHe al abce LWL M t\HLa_lﬂd/alP@r respondi ng

to a general aortic preSsure of a human body, “passes through the retention
unit 10B appargedonlihBetBl ddiéneral aortic pressure of a human body,
passes through the retention unit 10B arranged in the middle
of theupstreamlinell, andreaches totheresistance imparting
means 23 for imparting the resistance corresponding to the
peripheral resistance of a human body. The cell-removing
solution coming out of the resistance impartingmeans 23 passes
through the connection pump 28 and flows into the driving pump
12 at a pressure of about 10 mm Hg virtually corresponding
to left atrial pressure.

At thistime, intheretentionunit 10B, the cell~-removing
solution flows throughboth inside and outside of blood-vessel
tissue B 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 B which is being rotated by self-rotation
of the retentionmember 39 asmentioned above. Inthismanner,
varioustypesoforiginal cells (endothelial cells, fibroblast
cells, smooth muscle cells) are removed from blood-vessel

tissue B taken froman animal. As aresult, a substrate formed

of collagen alone remains. In this embodiment, the microwave
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of the upstreamline L1, and reaches to the resistance inparting nmeans 23
for inparting the resistance corresponding to the peripheral resistance of
a human body. The cell-renpbving solution com ng out of the resistance

i nparting nmeans 23 passes through the connection punp 28 and flows into the
driving punp 12 at a pressure of about 10 mmHg virtually corresponding to

left atri ahsgggggfffed@% HAR L ??eahéggpeofe}?@i ‘Bt Wbk 0wl Per

cell -renovin ution flows throu h™Tnsi de and outside o

bl ood-vesse}, . ti $558B-& e @) ned i ths: retentd on Jremhere 39,.a8; dhend | ow state

corresponding to the blood flow flowm ng through the aorta of a human body;

at the sangol,LyEr, M EL VRYEL i Sf MY hed lvavl ead- ¥essghnbbaswecBiwhich is
being rotated by self-rotation of the retention nenber 39 as nentioned

above. In LhbgcRBPAChed MREEOUS wﬁ?%s)fth@rmg&f@ba@@ldo%s( gpdohehhad cells,
fibroblast «cells, snooth nuscle cells) are renoved from bl ood-vesse

tissue B takenid-amradtiaH MhhrmAS1 & Kesah body ) Ssebsl batie veesrd: i ®fu€ol | agen
alone remains. In this enbodinment, the mcrowave - 28 is specified to have

a frequency ahd2c4h Groduandaappever caiinabouie 110G eNdwi riP e Medtit not
limted to these conditions. However, the power of the m crowave can be
changed w thitpraatpredet eeirenedomangetas Wang asffaeent ciovwbwegaeresy not
produce any denaturation (harnful a human body) of bl ood-vessel tissue B
and can preddcecauptedetavearimmed beelappldmoli n§uethectmoreN teenfloved
el ectromagnetic wave different in frequency and acoustic wave may be
appl i ed. Fohtheembregmphenfyl emloftionhhmagewelteimbvihgisohot i mme hegowel | if it
i s not anal ogous
to the blood flow. 1In other words, a pulsatile flow may be
accepted.

After the cell-removing solution is discharged from the
living organism tissue processing apparatus 10, normal saline
solutionisinjectedintothelivingorganismtissueprocessing
apparatus 10. After the apparatus 10 iswashed by circulating
the normal saline solution, the normal saline solution is
discharged from the living organism tissue processing
apparatus 10. Subsequently, a binder such as fibronectin is
directly injected into the first channel of the retention
member 39 to block the open ends of the flow-in portion 62
and the flow-out portion 63. In this manner, blood-vessel
tissue B from which cells have been removed and retained in
the retention member 39 is immersed in the binder for a
predetermined time. Thereafter, the binder is discharged
from the retention member 39 and the cell-containing solution
isinjected into the retentionmember 39. Thecell-containing

solution is prepared by taking autologous cells (endothelial

cells, fibroblast cells and/or smooth muscle cells) of a
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to the blood flow. In other words, a pulsatile flow nmay be accepted. After
the cell-renpoving solution is discharged fromthe 1|iving organismtissue
processi ng apparatus 10, norrmal saline solution is injected intothe |iving
organismt issue processing apparatus 10. After the apparatus 10 is washed
by circulating the normal saline solution, the normal saline solutionis

di scharged from.the 1ivi i smtj i tus 10,
Subsequent F§C 8 B S5 UEhL B8 Fi'bPoRBeRt ne | &L NaR ettt y 1y Batelditio the
first channel of the retenti 39 to,bl ok th ds. of th

[l ow i n poPPERCBLEINEoE et P 8hF Ut (ot on 83 oF v b S ey 160

bl 0od- |t B_f.r om. whi | b d i ped |
Che retent AN Feabareagor 8o bReFduaBh, TR B nichot 8T R E SRRt e 1 e

ThereafterfOEh%h%i%@gﬁ—%%egﬁ%%hiﬁQﬁ%gsirnggﬂglégt%@tE%Qh”%”Qﬁﬁiégxgnd the

cell-containing solution 1s i'njected into t retention nmenber The

ceII-contagghﬂgio(&ﬂ%i&g@h§9gwﬂggfﬁhngﬁ%&5&&&3&&%&&9?%H§%+§%an

(endothelial <cells, fibroblast cells and/or snooth nmuscie ce of a- 29

recipi ent, (Gybt HEERGo108iasPr edal @E BEdethdBhe ARG ARG de BF the
predeterm ned culture solution. As the culture solution, any culture

sol ution maynBe rised R -verGeas dilskrn e isednfa ddie celdvseassing
process. Exanples of such a culture solution include M99 (Medium 199,

manuf act ur edmByeldhe scampatsediifre thRc iRl 1I0G@®)a in iy tdel saden mMeenes as in
t he case of the binder, Dblood-vessel tissue B fromwhich cells have been
renoved i s pir@dersethined hemeel dngoe nivkg: sekelilamiber apparatus 10
is actuated to circulate the cell-containing solution in the
living organism tissue processing apparatus 10 at the flow
state corresponding to the blood flow of a human body. In
this manner, blood-vessel tissue B from which cells have been
removed is placed in the cell~-containing solution flowing at
the flow state corresponding to the blood flow through the
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 revoclution
operation may be continuously performed during the time when
pulsatile flow of the cell-containing solution is generated.
According to such an embodiment, thecell-removingeffect
and the cell-seeding effect can be significantly enhanced;

at the same time, the cell-removing process and the
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predeterm ned tine, and then, the circul ation apparatus 10A is actuated to
circulate the cell-containing solution in the |living organismtissue
processi ng apparatus 10 at the flow state corresponding to the blood fl ow
of a human body. In this manner, bl ood-vessel tissue B fromwhich cells
have been renoved is placed in the cell-containing solution flowmng at the
flow state corresponding to the blood flow through the human aorta,

aut ol ogousCELT §CEFENGeBIRFEST CRE BFobE NF&ITEA SuE B CHe evol ution
driving neans 124 (see FLG 3) i,s. actuated before the pulsatile flowis
gener at ed BYSEA loé?r@&ﬂ&?i&ﬁtgﬁﬁépgt% Oﬂ&&Y%ﬁ?%%n%&%&ﬁ% I'gbd=Ressel
tissue B ingeh?ed int e c%bl-cgﬂtaiggngsggkutggn i§ E%t%tﬁ% upsi de down,
t her eby uni For §OQtP§C |ﬁg thie ceflPeon alnlﬁg sol GEred o virtual ly

entire regk?@g?% ?%QQQbV%%i%% Hh%%ﬁ%edgfﬁté%&ﬁﬁﬁgﬁﬁ%féﬁA‘%5“s§ﬁé£§}- Not e

that such a‘revolution opération nmay be contin per for ne ng the

time when oguksatibe;{ Lo ofe thaeCe! bnoontalningssakutd o bssgenehat ed

Accordi ng Po such an enbodi nent, the c removi ng effect and

cel | -seedi pg gh&egti6A8 b YOpLLicapEhyi gnhancede a2ttt h8cSaBntdi®, the
cell -removing process and the - 30 cell-seeding process can be perfornmed in

a sequencetgf x@ﬂ%g%"nii‘én%i\MﬁJﬂo%t&l%tt%icniv%gv@ QQgr wessglpt | ssdih Bym d he
retention menber 39. The processing of a xenogenic bioprosthetic valve

invol ved i prtkansRhanboaamthersi nply perforned in a short time. In
addition, since such a sequence of operations can be perfornmed in a single
airtight channeliext} heh¥eppgesht bheprostdebdefyahye €apebenkeps e£bean while

demonstrating the cell-removing effect and cell-seeding

effect based on this invention.

(1) Experiment of cell-removing effect

[Example 1]

In Example 1, bile acid of 37°C 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 bile acid: about 90 mmHg where the maximum
and minimum pressures of the liquid were allowed to correspond
to the maximum and minimum pulse pressures of a typical person,
respectively. After treatment, the blood-vessel tissue was
observed under a microscope and the magnified view was taken

by a camera. Original cells (endothelial cell and fibroblast
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preventing pollution. Next, the present inventors perforned experinments for
denonstrating the cell-renoving effect and cell-seeding effect based on
this invention. (1) Experinent of cell-renoving effect [Exanple 1] In
Exanple 1, bile acid of 37C was used as a cell-renoving solution. The bile
acid was injected into the circul ation apparatus 10A and allomed to flow so
ul satl fl ow |n the aprta. A swi ne

he. h
‘B‘foéﬁ-32225?9??&%%@%%ﬁﬁ&%% aortie i B sl rBredt et &t alone
in the flom for, 24, oy 5. A LS, 1%, N6 - CLESYLaLLon APpag LS 10A v

oper at ed ufl er Cofdi T ons2" an average f1%w T ats: a pu sating
rate (beathﬂg)rate) of the driving punp 12: 70 tines/mnute, an average
l'i quid pressure of the bile acid: about 90 mmHg where the maxi num and

m ni mum pressurgs of \Lheili qH u‘é’eé‘éoabk9§§Haﬁoc%‘irlrse§%‘%”%nltt0 alfle maxi mum

and mi ni mum pul se pressures of a typica rson respectively. After

treatment, (Lhgihkaodsvesseh tihssue was A observed under a mcroscope and the
magni fi ed view was taken by a canera. Oiginal cells (endothelial cell and

fibroblast - B@Exgﬁﬁié)%%enalnlng in the bl ood-vessel tissue were counted
to obtain an average nunber of original cells per unit area (1 mm2) . As

a result, about1850«&fip ok N8l Leldesieperminicdd aneaowae@ivaedapsl s8@Woin FI G

11. [Exanple 2]
a blood-vessel tissue while rotating by the retention unit
10B in addition to the conditions of Example 1. The microwave
having a frequency of 2.45 GHz was used herein and applied
under the followingthreedifferent conditionsbyvaryingpower
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 remaining
in the blood-vessel tissue were counted in the same manner
as in Example 1 and an average cell number per unit area (1
mm?) was obtained.

As a result, about 380 original cells remained per unit
area whenmicrowave was applied at a power of 100 W for 8 hours.
On the other hand, in the cases where microwave was applied
at a power of 500 W for 12 hours and 24 hours, no original
cells were observed to remain. In addition, the protein
contained in the original tissue was virtually removed. 1In
all cases, collagen and elastin were not virtually affected.

[Comparative Example 1]

An experiment was performed as a Comparative Example to

Examples 1 and 2. A blood-vessel tissue as used in Example
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In Example 2, a predeterm ned m crowave was applied to a blood-vessel
tissue while rotating by the retention unit 10B in addition to the
conditions of Exanple 1. The m crowave having a frequency of 2.45 GHz was
used herein and applied wunder the following three different conditions by
varyi ng power and irradiation time: a power of 100 Wfor 8 hours a pomer

of 500W for 12 hours uer .0 00 W f or hours t he
bIood-vesséI ??&gme%%% rot f %fﬁrnegndlng %Fhu% 3922 rot $§

manner . Obe'h%"ﬂrsce' b§lg§‘r‘}§%'1”é&%s Ei‘ﬁlﬁé%dtr‘(é‘%%%' dt LS3Ue ey gsgounted in

t he same nmanner an average cell “Runber per unit area (1

me) was O%%”‘égun@‘édat{aeéﬁl:' aQH“évé”:?Q é’h?&h@é‘k (9?'&%?1(5%(}%1 r‘c‘?@'lP§r Eg't

area when m crowave was at a powe 100 W rs.

ot her hand ek”ukﬂ% Q@eBsS Whﬁﬁ@ M Gr OMBVEaMBSmaRAkieds ah @RewAk QT 500 W
for 12 hours and 24 hours no orrgrnal cells were observed tOo remain. In

addi tion, the pagtgirescont aiiad 970t Be erighinal tkssvepwasuMittapLly
removed. In all cases, coIIagen and elastin were not virtually affected.

[ Conpar at i vemExaegl @sllshé,mme&plemﬂ@ntuwas perfornmed as a Conparative Exanple
to Exanples 1 and 2. A bl ood-vessel tissue as used in Exanmple - 32 1 was

i mersed in bil Bbaatdssandidichst t&l1spea wont arogr 1iee®) wad etk Sen€x i gi nal

cells remaining in the blood-vessel tissue were counted to obtain an

aver age nurberhef baviogi-rals sedl It ssper usid iar exandples 2) and thears@ne nanner

as in Exanple 1. As a result, about 970 of original cells per unit area
Comparative Example 1 in the initial conditions before
subjecting to a cell-removing process.

From the results, it is clear that the number of original
cells removed in Examples 1 and 2 is significantly larger than
that of Comparative Example 1. Thus, high cell-removing
effect is demonstrated. 1In particular, when the case where
the blood-vessel tissue is simply immersed in a pulsatile flow
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 1.

(2) Experiment for cell-seeding effect

[Example 3]
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remai ned as shown in FIG 11. About |880original cells perunit area (1mmR)
werepresent in the bl ood-vessel tissue used in Exanples 1 and 2 and
Conparative Exanple 1 in the initial conditions before subjecting to a
cell-renmoving process. Fromthe results, it is clear that the nunber of
original cells renoved in Exanples 1 and 2 is significantly larger than

that of Comparatjve, Exanpl ¢, 1.cThus, pbi b ¢elLrpeumi 0o, Llect ics

denonstrated. In par en t he case ere od-vessel tissue is

simply | MRE 38d-LBsaeRuL saLLbeyLL o s Rha bl 8 Ak fhd EXAITPL £ 101 3 £aared to

t he case ere irradiation of mcrowave IS r perfornmed besides the

i mrerse tregtmepby s thge Ry rEPvRG idLsh Fspbbgberihnsbhes hakier case.
When a frequency of mcrowave is increased from 100 Wto 500 W ori gi nal

celI's cannet Jganmie1 Mot ithatut @l tHeughedetsald fgbEesTI & Plbean sWase p&i tt ed
herein, mcrowave as nentioned above can be applied to the bl ood-vessel

tissue imaksadfrirBmbil ecacpdentt enedvingshand sbiéd .t despTehtedet®Vvi ng
effect of this case is higher than that of Conparative Exanple 1. (2)
Experi ment pkepacel k- seaedi-agnekfieding [sXanilo .3] The33elllrchxandingnd, after
the cell-renoving process, the blood-vessel tissue was washed w th nornal
sal i ne sol gbilan iohous &b bietr edmew oo yrr egrad- dcdhrgresedt Ui rfg bhersect o hodous 4 hour s.
In parallel to this, autol ogous cells (endothelial cells) were taken froma
reci pi ent' sellilgi tfgudbddkenoime cuknsp: aibée ¢cantaining M199 for 5 days,

removing the autologous cells cultured from the culture plate

with trypsin, and adding to M199. The cells were cultured

in M199 supplemented with FBS (Fetal Bovine Serum IWK-500,

manufacturedby Iwaki), antibiotics (penicillin/streptomycin

mixed solution) and FGF-2 (manufactured by Pepro Tech EcLtd.) .

Thereafter, the blood-vessel tissue was immersed in the

cell-containing solution for about 4 hours while rotating the

blood-vessel tissue up and down. After the cell-seeding

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 attached per unit area Cme% of the blood-vessel tissue.

The ratio (density) of the area occupied by autologous cells

per unit area (1 mm?) of the blood-vessel tissue was about

18% in average.
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prepare a cell-containing solution. The cell-containing solution used
herein was prepared by culturing the autologous cells thus taken in a
culture plate containing M99 for 5 days, renoving the autol ogous cells
cultured fromthe culture plate wth trypsin, and adding to ML99. The cells
were cultured in M99 supplemented with FBS (Fetal Bovine Serum | VK-500,
nanufacturedbylgg% gng biotics (penicillin/streptonycin m xedsol ution)
andFGF- 2 (nmanuf 8% by Pepro Tech Ec Ltd.). Thereafter, the bl ood-vessel

ti ssue was i mme ﬁgag(a fha, cellrcontalmidg aalali 0 Jak ghoul & hours while

rotating the ssel ‘tIssue up an ter the ce | - seedi ng
process, the %St%]‘i! 5SSUey 1Q@S%k\/@@e%d%fon%aﬁ'ﬁ@%&?@&&@d a
magni fi ed V|em10 the 00 vesse issue was taken by a canera. The state

of the aut ghagouscerit &y 1heOhelhalataeh I@@@@@'@Q lioA EAge bheRds ygssel
tissue was observed. As a result, it was found that the autol ogous cells

were seeded oiyn cvingt walonyg @@elgnmggﬁﬂyéxuivessel tissue, as shown in FIG
12. Actually, about 850 autol ogous cells in average were attached per unit

area (1 mm 2) ofot bgpbhoadmyessebetiiFseallyThe firald @ Nedensdavedfsdihe area
occupi ed by autol ogous cells per unit area (1 nm 2) of the bl ood-vessel

ti ssue was tabeut wad¥mnaragernagene eeBd-cphhxatpl eg4lollut ibranpl et4inafit er the
bl ood-vessel tissue was treated in the sane steps as in Exanple 3, the
cel | - cont aitoi sagasdl et i bh fomabourtcd dteed-d ,n ittheasi retd add aip appadavns 10A
under the sane

for about 4 hours. Then, the cell-containing solution was

allowed to flow so as to correspond to the blood flow in the

human aorta. The blood-vessel tissue was left alone in the

flow for one hour. Thereafter, the state of the autologous

cells seeded in the blood-vessel tissue was observed in the

same manner as in Example 3.

As a result, it was observed that the autologous cells
were seeded uniformly in virtually the entire area of the
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. InthisExample, the number of autologouscells
attached to the blood-vessel tissue per unit area (1 mﬂF) was
about 2170 inaverage. Theratio (density) of theareaoccupied
by the autologous cellsper unit area (1mm?) of the blood-vessel
tissue was about 63% in average.

[Example 5]

Example 5 was performed in the same manner as in Example

4 except that a step of maintaining the blood-vessel tissue
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flow conditions as in Exanple 1. To explain nore specifically, after the

bl ood-vessel tissue was imersed in the cell-containing solution maintained
to stand still for about 48 hours, it was rotated up and down for about 4
hours. Then, the cell-containing solution was allowed to flow so as to
correspond to the blood flowin the human aorta. The bl ood-vessel tissue
was | eft alone |n t he, Iom/ 0 hou Ther eaf t at

aut ol ogous FOc®F#-d §§€d€dlpn ﬁec%?ﬁoﬁogéiéﬁfngl%% et %%%Eﬁﬁi gﬁpl% t he
sanme manner s i N As a f sult, observed that_the

aut ol ogous™& lalt%n \Ilz\é?% Oeodjed7 Ui For ey UF uE}l rr% éjlol vt HETERTTECETER of the

bl 'ood-vessg| %#‘Igoagq Lhat %B%QgiQ%RQ%%CEEF%%%%aﬁ'l gneq i J he

direction of gﬁe the cel ainrn ion é shownin FIG 13.

I n addItIOE quarggetglgé?ng%% 1 %ﬂ%sd¥3 %gd(§ﬁJ5héncreased si nce

t he autologous cells "proliferate I'nthis e nunber of
aut ol ogous o %?llLéon‘Erarlﬂ(ilﬂ%dsEQuEH%nbLJQQd5¥€§§@B EbS§H8 BSinupbE @p&ac (1 me)

was about 2170 in average. The ratio ensity) of the area occupied by the

aut ol ogous scieh i 85 REIY ¥Rk, aﬁﬁ@kﬁ%daﬁégséglEE@SQEQQQSW%%%ﬁseéh§§9§e“ﬁs
about 63% i n average. [Exanp e 5] Exanple 5 was perforned in the same nmanner

as in Exanmpke1-4cexeeptinighablatrsbapiwh sahAtatniNgsthee HNRodgviesses . ti ssue
- 35 to stand still in the cell-containing solution and a step of rotating

t he bl ood- veesel thé Ssdlel vfomtgl gom, s svere qekvker Aedowkd te&VEISesoergder. To
explain nore specifically, in this

to correspond to the human blood flow in the aorta and the
blood-vessel tissue was left alone in the flow for one hour.
TheotherconditionswerethesameasinExampled4. Thereafter,
the state of the autologous cells seeded in the blood-vessel
tissue was observed in the same manner as in Example 4.

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.

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
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Exanpl e, the bl ood-vessel tissue imersed in the cell-containing solution
was rotated up and down for about 4 hours and then, the bl ood-vessel tissue
was imersed in the cell-containing solution in a standstill state for 48
hours. Then, the cell-containing solution was allowed to flow so as to
correspond to the human bl ood flowin the aorta and the bl ood-vessel tissue
was |eft alogne_in {e] ch(\é foc%r ﬁ mcﬁg Jhen{)r'g her c%r*idc;r;[ i Qns _wer e t he sane
as in Exar’r%ivgrigeT reart Hhe &t Bt the %toq ogous ceI S seeded in

the bl ood- § £q L §5YE ‘é’ﬁ %R%e%‘(f%‘}a tﬂ%ﬁgﬂg%‘%%e{e éfxa”p' e 4. As

aresult, ogous ce | s ‘are prol Ot er |ncrease n density in
the sane aén{h'i‘-géﬁ Lgifk Qoﬁ%ftl%a%ast Rics, a‘lth%b%‘ﬂ;tto'zqﬁ el | S are seeded
nore uni for ﬁtlre area than in Exanple [Exa e 6] Exanple 6

was performed ixg were%amec mqecruaqsly Qh'\:exé%leeef§e@écggt1ﬁh@£ar¥1ﬂ9ﬁet6m3 for
| eavi ng a bl ood-vessel tissue in the flow of the cell-containing solution

prepared i fakhersaBedcONd LitPRS ASrHB, EXaMNLce11age8et ndt md8hbaws. As a
result, the seeded cells proliferated and covered over vi rtually the entire

surface of thBg i 00tk Vagsak ibhsede appll Examd e/ rExanpl ewlcovesi peshormed in
the sane manner as in Exanple 6 except that the flow conditions of the

cel | - cont abfii a1ge136kvhitan nweges shanged .a rkockxphadn mot ewspeehki cedty, the -
36 average flowrate of the cell-containing solution was set at 2 L per
m nut e andotthiel averlgey languicbdephesstureadietgesition of a recipient (a
patient to be transplanted), the autologous cells seeded in
theblood-vessel tissueproliferateandcoveralmost theentire
surface thereof. Thus, generally, bioprosthetic valves can
be prepared to meet the conditions for heart valves from those
of adults to those of children who differ in amount of blood
circulating in body, and those who differ in blood pressure.
[Comparative Example 2]
An experiment was performed as Comparative Example to
Examples3to7. Theblood-vesseltissuewasleftalonewithout
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.
Fromtheresultsinthe foregoing, thenumber of autologous
cells attachedtothetissue inExamples 3to7issignificantly
larger than in Comparative Example 2. That is, a high

cell-seeding effect was obtained. 1In particular, when the
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cell-containing solution was set at about 20 nmHg. As a result, virtually
the sane effect as in Exanple 6 was obtained. In other words, if the

cell -seeding nethod of the present invention 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-val ve position of a recipient (a patient to be
transplanteq t he a tol.ogous .cel.ls seeded in od- essel tissue
proliferat B18RE" 38\?5? Itrjr[? S HE S eSS gy zfcéjut te]g]f T]hcti’é oheheral ly,
bloprosthetlg vaIv S .can ‘Fg%$ gget%ln%_t Hﬁglg %E|%Q§l$0£ovegrt

val ves frofm- %oggn Sﬁnéggf?) - S TERHAE &R

I anount of

bl ood ci r%H'%&ﬂ%’J{&? body.e fnd tx%oé WthafaI id thg Bﬂ&%{o’l&rﬁ BEUcfs

[ Conpar ati ve n-exp erlnen or me arative

to Exanple T I u f e

rotating up a§3bgozed |R§5?dgggt%8%ggg Eg§§a§|£%%gé?t% @égg ?Fﬂé§9yand t he
state of autgl pgousceld s seeded in the bIood vessel tlssue was observed in
the sane manner as in Exanple 3. As a result, the autol ogous cells were

seeded but nonTygi fELOL Y i Ih&éﬁ%f%ﬁ“%%'&%%i%bd@l%S%% aAecor diaghyinghe
nunber of autol ogous cells seeded in the Dl ood-vessel tissue was

signi fi canphrpceaduesd soRPAredviRg Bxedat Bsm 3 it ks WhaMe1besulissihn the
foregoi ng, the nunber of autologous <cells attached to the tissue in

Exanpl es 3 cbatéadtswsit@nbtheanthyn tﬁégﬁlgédﬂaﬁesge@ﬂpgé@él&@n@ﬁﬁphﬁ 2. That
is, a high cell-seeding effect was obtained. In particular, when the
bl ood- vessehetd sstitec ive 1ivaney sepl 4 hnad pul t9ed ehbolii aenef arurthermore,

the present invention is applicable to a process for an
allogeneic bioprosthetic valve other than a xenogenic
bioprosthetic valve.

In the cell-removing method according to the present
invention, the living organism tissue processing apparatus
10 explained in the embodiment is not essentially used.
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 foruse inimmersinga living organismtissue 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 of the living organism tissue after

transplant can be enhanced.

INDUSTRIAL APPLICABILITY
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cell-containing solution, the orientation of cells is inproved. In
addition, the cells are activated and the function of cells is inproved,
with the result that a | arger nunber of cells can be seeded. The present
invention is applicable to a cell-renoving process for other |iving
organismtissues which blood is in contact wth other than the bl ood-vessel
ti ssue containin the aortic valve as explained in the enbodi nent.

Furthernore, tHESPPESEFYE WERTGRT SHpAS HIF® ¥ REProTes’Ifdr an

al | ogenei c .bi oprosthetic val ve other than a xengg.n' bi aprost heti c val ve.

'n the cel ISR T et it 5o daTithd 150" P oy @t "SLRBAG 8nAOFRE | 1 vi ng

organi smtissue pracessin paratus 10 explained.in_the enbodiment is not
essenti al | ytousae S Narg uagogegp%fra TE2d Ahd! n%gﬁgg%%ylgeauggﬁagsblggﬁg as they

can renove cells. In other words, any apparatuses can be used as |long as
it can provide a predeterm ned pulsatile flow of a solution for use in
imrersing a living organismtissue during the cell-renoving process and/or
it can apply mcrowave to the living organismtissue. As explained in the
foregoi ng, according to the present invention, original cells present in a
living organismtissue such as a xenogenic bioprosthetic valve can be
renmoved and the bioconpatibility of the living organismtissue after
transpl ant can be enhanced. | NDUSTRI AL APPLI CABILITY - 38 The present

i nvention can be used in processing a
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bi oprost hetic valve taken froman animal including a human to a state
capabl e of being transplanted in a human body. - 39 CLAIMS 1. Aliving
organi smtissue processing apparatus for using a cell-renoving process of a
living organismtissue, wherein the living organismtissue processing
apparatus conprises a retention nenber for retaining the Iiving organi sm
tissue in a cell-renoving sol ution tQﬁ@ i llowed to flow in a state of a
pul satile flow, and a irradiation nea Ahﬁgﬁapplying m crowave to the living
organismtissue retained in the retention nmenber. 2. A living organism
ti ssue processing apparatus according to claiml1l, wherein the apparatus is
provi ded to, be ﬁgle to rotate th%.retention nenber _rel ative to t

: r

he,
i rradiati ont hearfs.? 8 A FRHE b GET S PSETE PIHERESLR Bhiara fing
ation . _ Fgam SnTeISSUE” proces fus *
sccording.§ CELTLIAGR sraln 871 coadation frans, aulogti ol |y
sol uti on r eaches, ge Pegrlet 6 W iethd BHBRFA € WaheaseLle iy aghatiga means

automatically starts irradiation of mcrowave when a tenper
cel | -renovidgmsel dkisof rReeera Jdronehpt har ot hetBR edeler e nad i fLBPgLAL Whe: -
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tissue in a cell-removing solution that is allowed to flow
in a state of a pulsatile flow; and

a irradiation means for applying microwave to the living
organism tissue retained in the retention member.
2. A living organism tissue processing apparatus according
to claim 1, wherein the apparatus is provided to be able to
rotate the retentionmember relative tothe irradiationmeans.
3. A living organism tissue processing apparatus according
to claim 1 or 2, wherein said 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.
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