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 reflux of blood, the
heart val ve nust be replaced by a substitute valve. As the substitute valve
presently used, nention maybe madeESCR WEdRAhi cal val ve formed of a
artificial material, a xenogenic bioprosthetic valve taken from an ani nal
such as a pig, and an all ogenei c bioprosthetic valve donated from another
human body, etc. These valves have the followi ng problens. Al though the
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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, theheartvalvemust be replaced
byasubstitutevalve. Asthesubstitutevalvepresentlyused,
mentionmaybemadeofan@chanicalvalveform@jofaartificial
material, a xenogenicbioprostheticvalve taken fromananimal
such as a pig, and an allogeneic bioprosthetic valve donated
fromanother 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
recipilent needs not to take an anticocagulant 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. In the context, the follow ng nethod is known which suppresses
t he post-transplant inmmunol ogical rejection and inproves the durability of
a xenogeni ¢ BIOProdEhbinELt 9@l e sufaRen entém daranibsueh aslagpngief or
exanpl e, see Japanese Publication No. 6-261933). In this nethod, a
xenogeni ¢ ot EC v VEET 259 r_et i sart Se PR P BRR@E | - r enovi ng
sol ution such as hile acid or a surfactant, therebx@renuvin cells
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In the context, the following method is known which
suppresses the post~transplant immunclogical 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). In 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 solutiocn
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
toward overcom ng the aforenentioned problems. They devised a method of
supplying the cell -renoving solution for imersing a xenogenic
bi opr ost het i €= Vit secdina olcsw ssat 8hei resial 13nt eencgspomdbagrresthethaman
bl ood flow and/or irradiating the xenogenic, bioprosthetic valve imersed in
the cel | -rembvi ¥y TadéPuta BRAW FR SHIdTGWaE: PagcapesiPt L 1tHey Fd@RacFhat the
nunber of remaining original cell iWgﬁmflcantl y_ decreases by this nethod.
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tissue in a predetermned cell-renoving sol ution,
intensively conducted experimental studies with 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.
Anobject of the inventionis toprovide amethodofefficiently
removing original cells present in the living organism tissue
such as a xenogenic bioprosthetic valve, thereby enhancing
the biccompatibility 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 nmethod, the nunber of remaining original cells in the living
organismtissue can be significantly reduced conpared to conventi onal

nmet hods, thereby enhancing the bioconpatibility of the living organi sm
tissue after transplant. Furthernore, the present invention is directed to a
cel | -renovi ngl Ethots forarePmdy? vy or FoFPELStef | SR b BI predet&iRPned
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conpri si ng i ERRTHY T4 VithG PERGaNCSMITESs G8 LA TaTe8NSr RoVIFAGD/

lution, in which t i Vi i ti I din_th 1 - i
solution. i W ch Lbe Ll YLao-organ. e L ssue placed I U, 601 ¢ eovi no
ttai ned al by t.hi hod. The .(! f bl.
attal ned alspy by AL T o The (At ety eLhad, Tay be pesLetablic

ol uti on 115 ghioned, (0. Law LB.Aod akes0l pubaatid & id atvg apalyiag a

predetermn se to the -renoving solution and the 17 ving organi sm

tissue is placed,d niéf@&g&aitﬂl&é oW s 2By igitdie oft Biisrapppeach, st he

effect of renoving cells can be further enhanced and"the original cells can
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is applied while rotating the living organism tissue relative to a

m crowave ir¢aghad Nt sidge tanthé Ss IBADEL caft Ty Ovayeceancbrpapphi ed to the
living organi smtissue
conventional methods, 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 organism tissue when the living 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 isplaced 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 1s 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 renpoved virtually wuniformy fromal nost the entire
region of the living organism tissue along the rotation circunference
direction. BRI EF DESCRI PTION OF THE DRAWNGS FIG | is a view show ng the
schematic structure of the |living organismtissue processing apparatus to
be applied to this invention; FIG 2 is a schematic |ongitudinal sectional
view of a driving punp; FIG 3 is a schematic front view of a retention
uni t const i tARRRY  Ré CrovieNg GryRei artisdte tipr déEssumy Bpparatiussurl G 4
is an expl oded perspective view of a cover of the retention unit; FIG 5 is
a schematic $ettt UR} EWBEY t RHECT St B PACHERDR C1EFEREBIPECEN expl oded
sectional view of. the right-hand side of t structure in FIG 5, FIG 7
e h Schenmtd Bl et por SHoLErve et 6F 4 S REIL SO b biber of a
flowin port; FILG i.s an_exploded sectional view of the |eft-hand side of
the st rucrurttropTEy e R GORE ot AaR e NSt et et SRERE 0™V ew of
a channel fpo tio o] .| ows , . is aviewof a
part extract%%%%r#%ﬁggﬁr;%c%%?ae{%){‘?gﬁ%%%ﬂ?%%?rﬁg%%l%%éﬁ%l%tenti on nenber;
FIG 10 (B) is the sane structure shown in FIG 10 (A) in the state of
rotating by 180" about a support shaft fromthe state shown in FIG 10 (A

, FIG 11 isgprdpbhescshem ag dherpunbeiyficgemaining original cells per
unit area in Exanple 1, 2 in conparison with Conparative Exanple 1; FIG

12 is a magnifi edphotor Bi £rAARR O nighenki yimay oF gan s dd ssue robhai ned in
Exanple 3; and FIG 13 is a magnified

living organism tissue processing apparatus to be applied to
this invention; FIG. 2 is a schematic longitudinal sectional
view of a driving pump; FIG. 3 1is a schematic front view of
a retention unit constituting the living organism tissue
processing apparatus; FIG. 4 is an exploded perspective view
of acoverof theretentionunit; FIG. 51is a schematic sectional
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 1is 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 livingorganismtissue



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

ti ssue processing apparatus 10 shown in the figure is used in a

cell -renmoving process and a cell-seeding process of a living organi sm

ti ssue of a Ooxeniotethi & bioprost het i endal e: Thelgted |maenbyiag process is
performed before a xenogeni c bioprosthetic valve, which is taken from an
ani mal such RO GEOT2RE s ptahit £HY 09 a* FIRRhSM bba§S USheleat efemBvi ng
process is performed by i mrersing the xenogenic bioprosthetic valve in a
cel | -renovi Mg ttidn such as bile acid, thereby renoving the ani mal 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

per f or med by}%];%%@%%épecgwgﬁ !&JT b'hgﬂr:)lrf%\zn aj:&\]val ve from which the

original cel een Ttenoved inac I hing solution containing

the cells (hereinafter, refierred to #s ‘autaloggus cells') of, &, recipient’s
t valve Is to ]be

human body (to whicH the xenogeni ¢ bioprosthetic

transplant ed)e s £ 8L g0y AUNELF Dde1 08 AU OhOJQUSomEEh ) Bk OathG  sybStrate. The

living organismtissue processing apparatus 10 conprises a circulation

apparatus 10A forrei rquliat iangithe showing the schematic structure of a
living organism tissue 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 bioprosthetic valve inacell-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 10OB attached to the circul ation
apparatus 10A for retaining a xenogenic bioprosthetic valve. Note that, if
not otherwi se specified, the cell-renoving solution and the cell-containing
solution are collectively referred to as "the solution". The circul ation
apparatus | OA conprises a known air suction/supply unit 11, a driving punp
12 formed of ol yuret hane and connected to the air suction/supply unit 11,
and a C|rculatloﬁ¥@héﬁﬂémgl®r@@ﬁéﬁ§b&%ﬁﬁﬂ?tﬂﬁﬁCQ%ﬁ%%QMQHH%ﬁ?t%ﬁ %marged
fromthe driving pu 12 returns, to the drivin
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proposed by the present applicant (Japanese Patent Publication

2002- 167836)yerl@yaxdt @il _;ﬁQﬂ'sQrﬁaQ%Cd fagally, nbhe Wdvi ng ngtenatﬁgr@%@rl ses a
hol I ow upper construct 1 f virtually a conical out er shape having a

flowin portsdd-amced) one ]l 1 pelovlithg fo het | ewvahawaie 6enstryetal8ink
virtually a dom cal outer shape positioned under the upper construct 17,

and a fl exi el whaphragm &0 W chvghy t ¢ fensed heo spacechor setdudion”.

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
supplyingairintothedrivingpump12. Thedetail description
of the structure is omitted herein.

Thedrivingpump 12 is apulsatingpump 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
proposed by 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
IS, which is showmn at the right-end side of FIG 2, is forned so as to
thread through the peripheral wall of the upper construct 17, whereas the
flowcut 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
comunicating wth the air suction/supply unit 11. Conpression air is
alternately supplied into and out fromthe | ower inner space S2 on a

predet er m nedekiigilRgdiVheragMPOESEEOR paftisisHpPth€dspdde afsh-mad £ omthe
i nner space S2, the diaphragm 20 is displaced, increasing or decreasing the
vol unme of thaeuppestirones jfgaeed $%. iAsocatwesultnethepsodsitSOresdipit i ed from
the flowoutport 16 becomes a pulsatile flow At this tinme, a spiral vortex
flow i s gen@hat édowninheoxippler, spdck Sk, shewimli caredibhtaenbrokeéa ¢fne in
FIG 2. Inthis state, it is not easy to find a standstill region. In the
Exanpl es of Fillre preseiorigdenfiahto theepdddsinuol posi pEvérpeessural)l of the
air supplied to the inner space S2_is set at about 140 mmHg to 260 ,
wher eas th@pr€§sHP§e€n€@§?EVécﬁré%suWE?r%?Sth@eafiognﬁﬁFoﬁ@Htf¥%n%sthe

i nner spaceS2 is set at %bout -ag: to-50nn+g, however t hey are not
limted to PREYESPS GEsthRstSRoh FREFMRPST CORRLERFEUl At i o SHARNEAT 13 is
formed of %hclosed | oop, i N uc& er that the solution flows out from

the flow cut’FoPPPEE &F e %G i3 i%&%gﬂ 12 and flows in the flowin port
15 wi thout being;exppsed (o, he ot 3h08as henfornBtR! 2 LIRS 280 {4 ol 1,
with the air suction/supply unit 11. Compression air is
alternately supplied into and out from the lower inner space
S2conapredeterminedtiming. Whencompressionairissupplied
inandout fromthe inner space $2, 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 1s 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 -30mmHg 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 flowcut port 16, an upstream 3ide tube 24
connected to the flowcut 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

downstream side end of the control tube 25, a downstream side tube 27
arranged downstream of the connection tube 26 and connected to the flowin

port 15 of tBRp@hik¥sng rpeAR thAceaithar eongecln@n? PURM i 28 RpaYLded het ween
t he connection tube 26 and the down streams ide tube 2~. te that the

menbers 24 tes28tahee eonnest edlbyiknoypsdnaect osis 2% Heywidaf st t he
portion of the circulation channel 13 upstream of the resistance inparting
means 23 i sl1kefenngdstoeas-andé uppsr 44 renbkttandtot hat floowmsdéuegmaf t he
resistance inparting neans 23 is referred to as a "downstreamline L2", for
conveni encel$, sakentThe tugsi 3 arey lingpas enrguieansi28ons rpiovindettaione in
the m ddl e of the connection tube 26 on the assunption of the peripheral
resi stance éﬂddxmm@ﬁﬁ%@@@1ﬂ%h@quﬁ¥¥ﬁ@r§ddﬂe@@<pihbﬁiﬂﬁmeﬁﬂﬁﬁwd%not
shown) for fastening the connection be 26. Since the connection tube 26

i s fastenedtByetdfe aﬁé§F§F§hﬁ§1Fﬁﬁﬁﬁ%qﬁ@nﬁﬁﬁﬁ§d233th?‘i@%ﬁ%ﬁﬁ%ﬁ@nﬁ%ﬂﬁna 12
pul ses, the | owerpost bl ood grezfure of the upper line LI mould not reach
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connecti on %Ebe 1n port 15 of the driving pump 12, and a connection pump
28 provided between 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 1is set at about



In this enbodi nent, the average pul se pressure is set at about 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 nenber
including a variable aperture other than the pinch-form nmenber nmay be used
as long as it has the sane effect as nentioned above. The upstreamside
tube 24, the connecting tube 26 and the downstream side tube 27 are forned
of vinyl chloride, but not particularly limted thereto. As described

| ater, the 1lPetERtfonvhAFh YOBLRalpy oveHeelsPondfet ortdet esfradre pulse
upstream side tube 24. Since a xenogenic: bioprosthetic valve is placed in
the retenti BACAARESI @B &ndURAENECR Yval Netsothet  pRreviBedrPAiEhance

downstream si de tube 27, tgg sol ution can be circulfésd Wi t hout. backwar d
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tube 25 is arranged upstreamof.the resistant inparti neans_23 and serves
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ine L. Mocg spepll Loal Lincl ho cont Lol (Lihe 254 sfpred of a sof ¢

material such as segmente urethane or silicone, can control the

anplitude of th I u f st ' Y, [ t he
tube-wal |l thi ck‘ra]ggésl.éﬁNsot?%g%ﬁa%?? etlg?r%l%f’ud%ﬁég‘éiﬂfgc%rféget%?%%raggjof t he
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20 mMmHg to approxinmate a human body in this enbodi néent. The connection

punp 28 is acpupsatibeibkoy fenmatHoAnRYER. . hawd ng:d e isade stdfctiie as the
driving punp 12. Like
retention unit 10B is provided in the middle of the
upstream-side tube 24. Since a xenogenic bioprostheticvalve
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
impartingmeans 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 connection pump 28 is apulsatile-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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reference nunerals are used to designate like structural elenents
corresponding to those of the driving punp 12 and 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 flow out port 16. The vent hole 22 of the connection punp 28 is open
to the outside. The diaphragm 20 is displaced depending upon the solution
flow The solution is |loaded in the circulation apparatus IOA in an anount
slightly | of@¥ fham e acHRtrRrEm I per h¥ SEILBILE 0alPhg Eiiduhfesfor e WigPar at us
10A. The displ acenent _appunt . of the di aphragm 20 of the connection punp 28
s slight!yPRBRer Ot hanta® RERi Min7 BRYSTEATT Yo Ret e Bie" dis pi Sbtrm

aount._, WELIC, o U o, LOG PORNEELT N, 4Speo 28 Blyes L1 SRl of oot

Mor e specificSWFy} asses 't € conn I'on punp,

the di aphragn,,28,ksdi-ephgcedryd Nareby, s eduss e the Bl Aot Al €55 W

Accordi ngly, the connection punp i S arrange ownstream o

resistance bapast LR MRANS 123 ARG iSRS Vesnasqa, HHE%E‘@@?%%U8§5?H%%@@ati0“
nmeans for attenuating the liquid pressure of ?he Solution of the downstream

line L2. Ingkhksiqi@ bilete dhetRlessube . of TRde 10l ttd PR sPassg84t iy ough
the connection punp 28 is set at about 10 mMmm Hg so as to correspond to the

pressure of thbe- @4 £fi agbbirarulNot @t hatan bReue@HIeCit ©ny pYwR rZ ammybe
i nterposed between the control tube 25 and the connection tube 26. The

retention uai hak@Bumi pevhisbibhe Sohkdthonahbomt ngr tie cugbatdreu€iral ation
apparatus IOA is introduced, retains

The displacement amount of the diaphragm 20 of the connection
pump 28 isslightly lower than amaximumphysicallypermissible
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, theconnectionpump 28maybe 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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a xenogeni ¢ bioprosthetic valve imersed in the solution. In this
enbodi nent, as the xenogenic bioprosthetic valve to be subjected to the
cell -renmovi ng process and cel |l -seeding 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 mddle
of the upstreamside tube 24. Hereinafter, for convenience's sake of
expl anat i onprokespor gi eniofe ehetigpyaieamisi deetubellZ wpstnenon ofinithe
retention unit 10Bis referred to as an inlet-side tube 24A, whereas the
portion dowAStirerArdtienedredt 2atiterriubhe AloBvyla tiemeehanne b lashaning
outlet-side tube 24B. Note that the retention unit 10B may be freely
connected té& Qﬁ?ogl?éoﬁfSFﬁéecFFEE?aFPn@h%ﬁaﬂﬁe¥he1@9%@“aﬁ%§%®ﬁ|%&%N%
sel ecting th %lte of _the ci {atlon channe ﬁ@% e state %sqg
pressure) ?OE dSE -t o'PhAFTeht the HFboU" ??%m?%bt ugh OHEr et I?%ing
organisn1t| . sha n Fl the re t| t_10B rises a
t abul ar bas mléééﬁl %thBePﬁgkﬁﬁg@ealgﬁ ?egéteg%? gﬁ%?ac(mﬁ a
mai n body 3 [ da nd Su nhers 36, 36
%oﬁ%‘fﬁ ﬁ’&% %;%‘g%t 5‘2@%@ N9 ¢ %gpor;

standing at the Ti and he base suppo |ng the main

body 35. Thgﬁ@%'r%agogxd%Steegpéh s B DY~ 1R C%%%n%%ﬂaﬁmg 1 8 hexagonal

shape as seen fromthe fron ent1on menbe i s provided
within the cever 38 tbohsr ghamn@g sX§BOgERL Co bh opfosthet i eyl ye M a frane

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

downstream of the retention unit 10B is referred to 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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retenti on nenber 39 and arranged along the inner wall of the cover 38, an
irradiation unit 42 ~irradiation nmeans) , which is provided behind the
cover 38, for applying mcrowave to xenogenic bioprosthetic valve V
retained in the retention nmenber 39, supporting shafts 44, 44 respectively
extending fromthe right and left sides of the frame nenber 40 toward the
supporting nenbers 36, 36 through the cover 38, and two tubes, nanely, an
introduction tube 46 and di scharge tube 47, connecting to the retention
nmenber 39. ASTBREWA nSTPERrBinghehebberd 88 Hhs SRR 6 hY sortritdirmg
consisting of two portions |longitudinally divided, nore specjfical
conposed of T5°Fr bRE Eb¥RY %@g 105 oh the §F?Eﬁtm%Tﬁ%Paﬁél§PW cover
52 position inthe rear side. T ting portion of the front cover 51
and the rearronuPPSEbRY Faifans ator it posteen o8l 9Pt rthe Sppor
shafts 44, _44. In e, outer . L | f e t i rti | ange
pl anes 54, EHéSFé ?%ﬁ%%gﬁaﬁi%ﬁgg F@géﬁ%ﬁg“gﬁéhgnggdlé g€'§§?¥?§%.4{h t he

flange pl an - u - hai 55 or volts (not shown) are
ge p ‘éénﬁéct?ﬁgng%i”% Q %e&%ﬁﬁ%‘i\%@ heles o2 df ( )

formed. Wen 't e planes are brought in face-to-face contact
with each otherpand, diH t80r I 0 thes vQldes, 38Nes § opb«CcoNeh Sl-and,d he rear

cover 52 are integrated into one. Wien the volts are renoved fromthe

i ntegrated %@ﬂ%’f‘lf’slﬂ@hg bire thibopb reavels 19hGandie SaRaratadand watached from
t he rear cover 52. urthernore, a mcrowave irradiation port 57 having a

squar e- shapepwhii€hcks 1gpesmposwar df i s franmedoakeupd pbeiceshes iwftHde

i nside of the rear cover 52. The irradiation port 57
front side and a rear cover 52 positioned in the rear side.
The butting portion of the front cover 51 and the rear cover
52 is formed at the position crossing with the support shafts
44, 44. In the outer edge portion of the butting portion,
flange planes 54, 54 are formed, virtually along the outer
edge portion. In the flange planes 54, 54, numerous
through-holes 55 for 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 xXenogenic
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is formed so as to virtually correspond to xenogenic bioprosthetic valve V
retained by the retention nenber 39 frontward (see FIG 3) . Wth the
arrangenent, mcrowave, which is supplied fromthe irradiation unit 42
rearward, passes through the irradiation port 57 and is applied to
xenogeni ¢ bi oprostheticvalveV within the retention nmenber 39 front ward.
Furthernore, the front cover 51 and the rear cover 52 have shapes and
structures capable of preventing | eakage of the mcrowave to the outside,
when it is @ﬁmgr@@tﬁre@rhquewwdihéﬂfgﬁ pofension prabe ritel Fetenifédn menber
39. Notethat, a doorplate 59 is provided at the front end of the front
cover 51. TheEIGETHIEre B8 it ondr frEISEF 54 RABWAN Fraf BRF aFf oY RiF otigh'@ Wi ch t he

state of the_ retenti on nenber 39 can Ei seen and b¥ mthh | eakage of
i crowave t GUERESoGEST GETEEhUBESpFERERLEICT ABTERGIAINH £PERage Pheti@tenti on

mber 39 i li¢ cylindrical, menber 61 extended in right and
ToTC . di ool GRS 16 ARt R oWTh por (DR ol T Ohed et | Che

right end si.de of. the cylindrical er 61, .a flowout., portiaon 63
boai t oned: At ene A err St 8 denena et rearnt aRh MR T ol Bl e 64 for

xenogeni ¢ bia°858§%g§£iefSnQ’t%%V&é/viQ@&"é{eteEhEh&é%g‘@“ﬁdﬂg?gcgfé' ?Qogl%fﬁ%;x‘?we;:he

fl ow out portion e retention nenber t utio into

the cylindgical rreNBEs-S1afLomythe £d.0md B PAr khoNn6Eat PRSSESLHIbEOMOh the
installation space 64 and flows out fromthe flowcut portion 63 to the

out si de, as.,gdg@sel iched hater orTheccykiBdikeal mBRBBEr 361-hasHopssegaghqends in
the extending direction. At the open ends, the flowin portion
by which leakage of microwave to the outside 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. A thinaluminiumplate
66 1s 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
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62 and the f lowout portion 63 are set. Athin alumniumplate 66 is
adhered to the entire outer circunferential surface of the cylindrical
menber 61 except for the center portion virtually corresponding to the
installation space 64. Wth this structure, mcrowave supplied fromthe
irradiation unit 42 (see FIG 3) transmts only through the center
circunferential-wall region of the cylindrical nmenber 61 virtually
corresponding to the installation space 64. As a result, the m crowave can
he conver gedlirgutie regvitierl weadgiloiegian e Suec wliimdriagn i nesrdese 6h
tenperature of the outside portion of the installation space 64 can he
prevent ed. AdTrSHGMA Y ROEFESPO5daRd 60 Hhe MOt bRt ishP B2 tdonpfFses  an
end nmenber 68 engaged with the outer circunferential surface of fhe
cylindrical If 3 61e B @ 2harfiEl Pror Rt FhACHETDE S 687p6Si TFHHEW wi t hin
t he end nenber ﬁ8. The end nenber 68 is f.orned Iik% a cogkg#ner wth the
bot t om havi AJ &ACopBAFng At tHe 1B CH U hTRETFIFET S6° & O4petifically,
t he endnenber. 68 has tt. l.1; 71 position t the right side of the
figure and oéﬂg eol&wé)lf?tg% clglnrQt/%l‘;%nluloau’:"Isj1O)?1 poarc(r)?egjdzlt ocaal eg]ecié%%ne%ée%ti al edge

side of the bottgm dniﬁgﬁﬁﬁagéhﬁ iEgi@ﬂﬁﬁfq9%b?@i&ﬁ%%ﬂ%#@?iyéétOmard

the left Iin FIG 6) tot m wal l . ottom wal | as a
t hr ough- hol g 173, ahoABRY ¢ bey£88Y %lrith;rﬂ}?e shdewalily (@ Mas i i ScsemeibLead 74

formed in the inner circunferential of the opening side. The screw thread
74 is to he gngageg, M tdr fca Sel@wdhkeadadg £ ehmReaiNrbRRAOULR member

circunferential of the cylindrical nenber
69 positioned within the end member 68.

The end member 68 1s 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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As shown in FIGS. 5 to 7, the channel formation nenber 69 conprises a

hol |'ow coni cal pipe 77 having an anal ogous shape to a cone, and an
insertion pipe 78 to be inserted into the conical pipe 77. The conical pipe
77 conprises a cylindrical top portion 79 positioned near the installation
space 64, a skirt-form portion 80 which gradually expands outwardly from
the top portion -79 to the right side of the FIG 6 and starts, at the

m ddl e, extending linearly fromthe right and left direction in the figure,
and a fl angecterimrhéth portticonighteant muibdsiey Flfer frexh s tehd sni ght tleddsi deof
FIG 6of the skirt-formportion 80, and inner space 83 formed within the
portions 79THEICEE. aﬁaeeaﬁﬁanlhwwfgmrﬂﬁl the oiakt d@atefhed FTRREI@Md | of t
side inthe FIG 6., Note that, in the_section explaining the channel

f ormati on rrérr‘PbEPeG@l%Lélf%wariq anB%a%ﬂﬁefwlgél%‘b@(?rftl@ﬂl 8%h%om’EJeIFLh‘Pu‘T’%5éd| ng
d de" f to. th d f. th to the. t

cdge, 51 0e, elsta o e side o, b, sonlsel  pia TEclose o e Lop
DiPe 77, ¢l 038 Laolie., emLpartl 9 81.,00 Lhen ot f chreunterensial syrface

of the top portion groove f or me

circunfereng ?hecgﬁﬁﬁniggtfﬂgvﬂﬂﬁ§%%% 8ut§1§$‘ tR'OPQ%H€§§ﬁll E%S%§d§

cont ai ni ng aortic va xenogeni ¢ hioprosthetic va

pl aced over ﬁ%@%@@w gfqg%ecr%% amt%agaadlaﬂ LBa5PhRA5NY e @i@ypﬁél(not

shown), as shown In 5, renoval of the blood-vessel fissue B fromthe

top port'OnfEr%@Qé%nb%eh%%&r%@t%@10%“ Ebenékl5Ehé9%ﬂb80§éééﬂf§gd t fiec out er
di aneter 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 1is formed along the circumference.
When the endportionofaswineblood-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 fromthetopportion79canberestricted.

In the skirt-form portion 80, the outer 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 the hemportion 81 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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hem portion 81 is set equal to the inner dianeter of the cylindrical nenber
61 such that the hemportion 81 can be just fit within the cylindrical
menber 61. The hem portion 81 is formed in a ring form The outer dianeter
of the henmportion 8l is set equal to the innerdianmeter of the sidewall ~2
of the end nenber 68. Wth this structure, the hemportion 81 can be just
fit within the end nenber 68. in the inner circunferential surface of the
hem portion 81, a screwthread 87 is forned. The inner space 83 has an
openi ng por tiroihagt 1pReTr ¢ HREVBARBTeBF dali i rCFIE the TKB PAREACBpate 83
conprises a basal space 89 to which the tip portion of the insertion pipe
78 is to bé& iSdEM ddugFugh the ng portion, a main channel 91

i cati i the b I 89 d t endi t i
comun caLing W 1.t he, Be5al  ShRCE. 09, N extendig Loverd. anepening
i ded h I 91 icati ith the b I
prov ded,2r i | e gptacchennel o1 aod c-cQmL RN W 1 Uhe basel, space

portion of dhe Jnsertie ep:tE§> g%mm bystpLi Enggﬁtkeﬁ%gpgwi pg {8 The

mai n channel 91 is forned | taber-hole whose i nner aneter is reduced
i nwar d frO”kkh%n%%&tEQfﬁ%&%ué%;t%%toB%hinb'BbE%QOBQ thihginThgaghde ghannel

92 is formed in the inclined” surface of the skirt-formportion 80, as shown

in FIG 7. MygwrsRedd fdfaliloh theubasiade sphasngbs,;94 axeeaht agoedyatqequal
intervals along circunference direction in the skirt portion "80. It should

be noted t hatn thertielalhbcataarofot Ferepenefgthpol th@nsgobdbessigde ghannel s

92 is set equal to that of the
four side channels 92 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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mai n channel 91, in this enbodinent. As shown in FIG 6, the insertion pipe
78 conprises a spherical portion 94 having a spherical outer shape at the

| eadi ng edge side, a cylindrical portion 95 having a smaller outer dianeter
than that of the spherical portion 94 and continuously forned to the
spherical portion 94 via a step portion, an external cylinder portion 96
fitting around the outer circunferential surface of the cylindrical portion
95 so as to be nutually rotatable, a ring-formcollar portion 97

conti nuous! ¥f 6enmE@ P68 MHEUBAEK ERHAERBECof 2t hengxterRafColEyTipeetiporti on
96 and having an outer diameter smaller than the inner dianmeter of the

t hrough hol € - P8R4 NURE Sdd L RERBEr tO682e dirtf arf ichiRdes BAcEN 9L F bR Fed wi t hi n
th heri cal i 4 th | i nd tion 95. In th t

it cunt o enCiA DS PREE R T ha B L Ha ey PRrab oI h 8L 18T s ey ¢ hr ead
101 is f . Th > h i d-w th t 87
formed i n (RS AAEETpaEEToREer OFne herh SOPRr S Bh 7% W kP enet b PBs8E o ¢ e

i nsertion pi : t i cal,ni . The_i space
sertion pie 8can hecal Laghechs ta-be gom ealunl BeCL:cTne Lanes, spac
hol e 104 compupigatidg,M hRerther basalyschanpely 103 +and. ppenge. Al ¢ hey | eadi ng

edge side of the sphefical portion 94, and four side holes 105 forned

around the &0 hQl @ rlohcangd: spNAUNE R M M Wt e dpsal sehapneh r403.  When
the | eadi ng edge side of the insertion pipe 78 is fit 1in the inner space 83

of the coni qall ps @ rived .t hehkopc ol e hrkl4 comes tageenstanit ¥ heosyuay cat e
with the nmain channel 91.
thread 87 formed in the inner portion of the hem portion 81.
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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The side holes 105 are arranged virtually at equal intervals along the
circunference direction in the surface of the spherical portion 94. Wen
the insertion pipe 78 is fit in the conical pipe ~V, the side holes 105 can
rotatably change the positions froma nmaxi mum conmuni cati on position at
which they can conpletely communicate wwth all side channels 92 to a
shut-off position at which the comunication with all side channels 92 is
conpl etely shut off by nutually rotating the pipes 78 and ~7. The insertion
pi pe 78 t hus"eswitr Siys cézaﬂ%wgaﬁfﬁﬁnpowtéﬁ&nérﬁ@ Eb@ PSPt rbNVRt oM EHe site

at which the t flow ampunt of the solutiaqn flow n ut fr aII si de
channel s 92?@§a§q§épwt6mPH§F ?%o%@?mfo%ﬂﬁquc§ QWﬁPQan% %ﬁ&ﬁn% 949€t o the

t t which the_t . f | ut t f |1 f
the side chamrerelso 7d s PRERLITY raros L OTHTE L Elnmet Y RaTrretatth oi pe.

78 acts Iikg @ yarjable, Lhu ohtl g, whieh conorol s the I 'mfgvcvlh%%&tlgnthe

solution floW ng o he "si de channe

9, the flomﬁﬁg&kggfé'Q%rQﬁlaEEQﬁﬂyhglnxﬁ gnﬁ@l§@@pfsnirQ £e£QMF'n

portion 62 has substanti all e sanme structural nments and

functions i qpMid taldy siyd 'ﬁfs%!ﬂﬁ{ éael'slizihé;rﬁa‘ U&s 1146 r;f\%g\g@l@urreral S

are used inthe flowout portion 63 to nate the sanme or equival ent

structural elgenlis ofyHike, fdow Qlts pard OB Il espeondidgsot e those of
the f lowin portlon 62 and any further explanation is omtted or

sinplified falwdheud ffmence fsidmdhedelowin portion 62 wll be
suppl enentarily expl ai ned.

As shown in FIGS. 5, 8 and 9, the flow-out portion 63
partly differs in shape from the flow-in portion 62; however,
has substantially the same structural elements and functions
in a virtually similar manner.

Therefore, like reference numerals are used in the
flow—-out portion 63 to designate the same or eguivalent
structural elements of the flow-out portion 63 corresponding
to those of the flow-in portion 62 and any further explanation
isomittedor simplified. 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, thehemportion81 is formedlikeascrewcylinder

having an outer diameter smaller than the largest outer

diameter of the skirt-form portion 80. The outer
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The end nenber 68 of the flow cut portion 63 is formed |I|ike 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
pi pe 77 of the flow out portion 63 differs fromthat of the flowinportion
62 in shape of the henportion 81 continuously formed to the skirt-form
portion 80. Specifically, the henportion8l is forned |ike a screw cylinder
havi ng an outer dianmeter smaller than the |argest outer diameter of the
ski rt - f or m FéMauaY 8GN T BAEEE OB Tic G TR PICATE 196y B oS 6ngeAeheht Porti on
81 is engaged with the scr ey hgle 107 of the en% menber 68.. The conica
pi pe 77 hasl® §Gir6¥ ER4fnel /166 £BF PREePEMRGTa Pher hot seMRbrat MotPe shown)
therein. The_gui de channel. 109 | or.med, out si de th i nner _space, 83. The
channel 100 0oiBF 1 B A5 FPAR it CHAMHATSE 0GR eb8RAPRG =T Ea (Pe" back
end side of the he ortjon to the.inclin sur face t Ki.rt-form
portion 80 gh'wgnsghgﬁalnguig%e Lﬁﬁ%@%hfgéﬁlbﬁg%c e fﬁﬁfaguﬁfagket%? t he

e e 2008 B0 lent 0o, Ly e P gl

that_tmo or el ther one of the channel and e omtted.
The insertigmopl R&+£84Qhgt Rk e%ﬁyaﬁcpoelrﬁd y £3 W hher Senf poM EhAtg pf the

flowin portion 62 in its entire shape. In the insertion pipe 18, the
cylindrical Rorhtam8aricy extendedthd apard-thenl adi Nth 8dsn §iadsetongl ace of

the spherical portion 94. The top hole 104 is forned at the | eadi ng edge
side of theguyld BHEhEaL POSBiEhedaur tBedei @l € f1@Dcare rproyh ded
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. In
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
virtuallyat equal 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 soastorotate therein. Morespecifically,
the insertion pipes 78, 78 protruding ocutward virtually from
the center of the end members 68, 68 are connected to rotation

pipes 112, 112 via pipe nuts 111,111. The rotationpipes 112,

112 pass through bearings (not shown) each attached to part
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virtually at equal intervals along the circunference direction in the outer
circunferential surface of the |eading edge side of the cylindrical portion
95. Note that blacked out nmenbers in FIGS. 5, 6 and 8 are O rings for
sealing. As shown in FIG 3, the frame nenber 40 supports the retention
menber 39 so as to rotate therein. Mire specifically, the insertion pipes
78, 78 protruding outward virtually from the center of the end nenbers 68,
68 are connected to rotation pipes 112, 112 via pipe nuts 111, 111. The
rotation pppeshdl@ramd Iemgass 4threodgbriganidageutnof shownareadtemdtaached to
part of the frame menber 40 and protrude out of the frame nenber 40. The
retention fABrbefhaxsteriiomingiiet O frafbtnerblin Yoo sctne mamase
rotation piBes 112, 112 can obljquely extend at an ang!e of 45', as shown
in the FI GIUudthéhadt BReilsH 2 et @l B9 Schh? berlot apedop sefifet Biatéd)? ar ound
on the rotation pipes 112, 112. In the outer surface of the frame menber 40
and near aasi BB PRBAPWALCASThed ot AW on i pee 1HIC at 3 t hdhs detestt itdie

fl owout portjon 63 (the upper right. of the F]G 3 protrudes, .a

el T - rot ar PBHPAF I Figh eahaed tACHAA G 56 S =g thergtattap

provi ded. The re ti menber, 39 is rotated w.thin the fra me r 40 by
actuating ?ﬁgegeifgfoqg%ioﬁg' P?v?%%eﬁéﬁﬁgﬁffﬁfﬁiﬁbﬁh%F m?éTgﬁﬂ%rro ation

pi pes 112, ?ﬁézneé‘{ea “s%%e%:z%ﬁx &:Bi&ﬂetlj;%t Q%:{)C(iteéf%&tpt bglﬁ%@%éﬁssiccf%arge t ube

47, respectively, viarotation jornts structure pl aced

near the frame,geppgl_40¢ @r%b@nr@ﬁaﬁ{tﬁé‘ up 9 Aty Adi%y G kw4 @i ndy i's used

whi ch connects two types o
protrudes, a self-rotation driving means 114 having a motor

andgear, etc., isprovided. Theretentionmember 39isrotated
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

- 271 -



pi pe-form nmenbers (rotation pipes 112, 112 and tubes 46, 47) while allow ng
mutual rotation and nutual communication. By virtue of the joint, even if
the rotation pipes 112, 112 are rotated by operation of the self-rotation
driving neans 114, the rotation force does not transmt to each of tubes 46
and 47. The irradiation unit 42 is a known unit using a nmagnetron (not
shown) as a source of mcrowave. Detailed explanation of the unit is
omtted herein. The support shaft 44 is a hollow pi pe and houses the end
portions of itshéoirnedoduct positilve 46 Hml e rdrschangereobealagurhecein. To
explain nore specifically, a slot hole 117 is fornmed at a position of the
outer circuriffererbiod] tharFurrriofhadén ot A supporndshaftths MACIBATY) t hin
and in the vicinity of the sugport menbers 36, 36. Into the slot holes 117,

the tubes 4 &N 27PBRTerFNYS FF ot he -r of BF Pon i Hlest 1925113 /arehe

[ ted. T t 36 i fi . ort ti 120
R e R S T L W
44, and a jointlgggport portion 122 arranged outside the first support

portion 12 0 Or Supporting a rotation joint 121 having the same structure

as that of the rgk@tg9§$okggﬁ%g%gggqu%ﬁgESQFQQQ%gxgghgﬁggﬁgki§§r£gggt 121

supported by thé support ne eft si connects

t he di schar inser j : r 4 | ef i de and
Lhe outh ot arfe dPephls Rat  LES b d Nt SPRRL! SRRtk rdd BhobBEL S the

rotation joidfprkdk supPestked by, the a joint support portion 122 arranged
outside the first support portionl20 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 simultaneously
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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support nenber 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, nmutually rotatably. Furthernore, at the support nenber
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 neans 124. As nentioned above,
when the support shafts 44, 44 rotate, the frame nenber 40 and the
retention neYIETaBOPBIrARILaReARSIFD 2ot are Arevisloged© ap semk oht kheushppor t
shafts 44, 44. The introduction tube 46 and the di scharge tube 47 inserted
in the suppdlit SER&R PREVeERchNEr BA88sT g fdte 3 RGREr Fédd twi‘th  £Re base

33 duri th |_utj_on. ifically, th h iate | th
and ar o arr G 98 49000 Toas e e Stigh S PRELpALE bol keon LRECHASH 38 and.
th t f . _As h in FI.G 10, when th ft 44
ovol ved by TR0haAaFPeRLLAT ORFOT 1o L SERRE TS Rdwh P EPES 10°(R) - the
f mb ' - It [

retonti on manser B8 E%0 B Pl A RR PR & W FL R Bl et

specifical iy the rre%te%@tiio%r}nm%393agrecf‘1@v@§tg té—agrgb%oﬁ%fpf@.t ahed) by the

self-rotation driving neans 114 t also revolV e revol ution driving

means 124. \Wen the - iretention yrmhen 39 ey alkwesr bhe up/ dewnoandn 1y
right/left of blood-vessel tissue B are inverted. Note that reference

nuneral 123 4 F=1iGtrad ddehcat s sWdeht fol dirheihevabihkom 4 ghitvhngomeans
124. Note that a cooling neans may be provided for cooling the periphery of
the introductdw@lvdberAGHo @yRMion driving means 124. When the
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 the introductiontube 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-1in 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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the tenperature of the solution fromincreasing. Next, procedure for setting
up xenogeni c bioprosthetic valveV in the retention unit 10B constructed
above and function of the retention unit 10B during the set-up tinme will be
described below. First, fromthe state showmn in FIG 3, the rotation pipe

112 is released fromthe rotation joint 115. Then the pipe
| oosen by turning it and renoved fromthe retention nenber

nut 111 i
39, there

renoving the retention nenber 39 fromthe rotation pipes 112, 112.

Thereafter, fihe-end nrenbeprs 68,368 ahr@wedrivvédceand shennt he FIGw-3n

portion 62 and flow cut portion 63 are renoved fromthe cylindrical

61. Subseqbeftl §RAghPFeSkeRPI AECPREVSTAEL Whet e the o Porty GPT 79 of

the flowin portion 62 and thg toprpotion 79 of t@é fkgm#out ortion
G Wi hé bl Gt

al l owed to Fac&<as HowhSPATEAG O 51 bBPH Erid< bt

YesEetY

B i ni ' | B0 h ' - 79, 7
espoct vel 8 CartE T mERe K E POt By B A S ey STCHBT ShowR)S TPEHe

st opper graqove 545:85;c T ectiVv .., Bi -vessei_ tissue B LS. set
e TRR B ne’ Lol S ST owdd e T EoRet Pyt Bott S

an ori ent at ’on i'on"is 4 to flow

cCVv

(uni - di rection valve) {romthe; i ght. . Side to,the l oLt 5ide in Fl Goo

Thereafter, OWin ~portion 62 an i'ow- ouf ~por

61, and the en

1on 63 conne

way of bl ood- e ' e &et:ur I Nl e [ [
S D L L il g

s
by

nmenber

63 are
ti ssue
9,

in such
alve V
éted by
menber

r 61,

and further sthe E%t%P%iQ@f%E@Q@k 3% Fs.fist, tonkheaketati @Repicpegy-112, 112
. n

as shown in FIG

portion 62 and the flow-out 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.

Inthe cell-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 themain channel

91l of the flow-outportion 63. Simultaneously, the same amount

of thesolutionflowsthroughthesideholes 105 andsubchannels

92 of the flow-in portion 62, passes through the inner space
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this manner, the setup of bl ood-vessel tissue Bis conpleted. In the
ceil-renoving process, the cell-renoving solution is supplied fromthe

i ntroduction tube 46 to the insertion pipe ~8 of the flowin portion 62 by
way of the rotation pipe 112. At this time, the insertion pipes ~8, 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 etely caomuni cabl e, as sho in FIG 5. Wth this arrangenent,_ the
cel | -renovi R§ EBFu?Y%h“%bﬁ?fe‘&efF =t FIDRHOES poFPi bReeD enterannel

bi ood- vessel,ti ssue B ways of . the top hole 104 and t mai n_channel 91
of the f | owsi ﬁ%pg??i%ﬁgwﬁ(ﬁ,tﬁ)a%rste O h6$3du5ﬁ) 48r ?cd%%?%%ﬁo%%aveg%%%fto t he
mai n channel_. t f i0 3. Simul a
anount  of tkﬁesgilgﬁ%ti rgﬁlef C%%%?%{g}?ggéh Stq[}euqsﬁocfleb%gﬁggr@%%a%%téggngcﬂgﬁnel S

92 of the f%ﬁgﬁbg%pg%tgg @ge:£ﬁ§§gﬁmﬁﬂkgﬂg@2tgg %H?efb§@g§§%ﬁ%3# fon

cylindrical and goes into the side channe W- out

portion 63, ¢30rBS,d Qudet i thkogdsyessel igiesﬁél%febhér@j@o%ebbtrﬁé%/i&g
sol ution passed through the main channeF 1 and the side channels 92 of the

fl ow out pokti and 63 Hiewhadlled reMite dinserdren RiRe 48 frdhg the
flowoutportion 63 and is discharged to the discharge tube 47 through the

rotation pi petit2onapipbowmn2i nafldhowh ithenef.one, Thersabhae, chiaaneli®1l and
the top hole 104 provided in each of the flowin portion 62 and fl ow out
portion 63 chashitlu?® aad thsttoghanhellldnptoal Hgdcdomrunheat thg fIwwugh t he
tubular living organism tissue (bl ood-vessel tissue B) , whereas the side
channel s 92poamnd onhe? sirdef hovesul Qo priowi dedcdmseatht efa thestloweimeporti on

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 1living 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). In this

case, the cell-removing solution is allowed to flow virtually

at the same flowrate insideandoutside theblood-vessel tissue
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62 and the flow out portion 63 constitutea second flow channel nutually
communi cating through the detour root forned outside of the |iving organism
ti ssue (bl ood-vessei tissue B). In perforned the cell-renoving process
mentioned above, the irradiation unit 42 and the self-rotation driving
means 114 are operated. The retention nmenber 39 is self-rotated while

appl ying mcrowave to bl ood-vessel tissue B retained in the retention

menber 39. By this operation, the cell renoving operation can be applied
uniformy i shetd8ati therei teunpereneerdiveetdohfofehbtoodevessel theémsue B.
The cell renoving operation is preferably performed while checking the

t enper at ur e 16 EHEPSBR LETF Bl If SN Gub s eBNoblEN esebe tGhiatied BYbyS@si ng

t her no-sensors (not shown) inserted in the first and second guide channels
109A, 109B Cfe&lElI BCE)C| FERAPES ok, SHHE )camsSrdmsyitRgtes! Gt Fah #2%al | owed
to flowvirtually at the sanme fl rate jnside and outside the bl ood-vesse
ti ssue B sosﬁﬁgpdtﬁgﬁéki§*ﬁ%”¥@ﬁb3ﬁ%¥hFﬁmgﬂﬁkg?en QtﬁeF%€ nwkﬁ@nlheThe
tenperature di fference bet n t.hem can be checked b ) of the,therno
Conmor o (o R RS e T T RE T ot S gD P e & 109
and 109B. te that when the t ratures of the.inside. a out si de reach
human_body HEOREAATR e iy -, SRy e R e e e

aut orat i cal Ly, 3RS dnadi AN of Jichiavay e Wieheasid, At ical |y

starts irra(%atlon of nm'crowave when t t enperatures ’_ecorre ower than the
body tenper%h%@%afﬂ%%lﬂﬁ*é%@ﬁ%é<¥}ﬂHHﬂaﬁ%%dﬁoﬁfMﬁ%fﬁW%%HfWﬁBnCQMaapp|y a

m crowave having a frequency of 2.45 GHz and a power of about O to 1200
temperatures become lower than the body temperature. 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.

Ontheother hand, inperformingthe cell-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
changed inpositionby turningand 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 1s supplied to the insertion pipe 78 of the flow-in
portion 62. Thecell-containingsolution thenpasses through
the top hole 104 of the flow-in portion 62 and the main channel

91, reaches blood-vessel tissue B, passes throughaorticvalve

V, flows into the main channel 91 of the flow-out portion 63,
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W Note that the tenperature sensor may be introduced into the first

charninel froma hole forned in the mddle of the discharge tube 47. On the
ot her hand, in perform ng the cell-seeding process, application of

m crowave by the irradiation unit 42 and the self-rotation of the retention
menber 39 are stopped. The insertion pipes 78, 78 within the retention
menber 39 are changed in position by turning and | oosening the collar
portion 97 and rotating the cylindrical formportion 95 fromthe state
shown in FI @nd5 g ehehdischnsorbdimen Hee sormuAiearine HeoRede fite-aitde hol es
105 (see FIG 5, etc.) and the side channels 92 is conpletely shut off.
Thereaf t er, ppﬁéléélﬁ3cod?é?h@%dj”§bpﬁﬁﬁﬁ¥%Q§'sﬁﬁﬁlF@ﬁef 1PReP+PZ2rtfon pipe
78 of the f|OMFIn portian 6% The ceII-con% ing solution then passes
through t hé 5t ®pcHtF A4 oF F%O?Jr‘b’v\?‘? r?tpH g % ARYCE heCRER i hnel

91, reaches | ood-\v

h | Vv, fl
into the mai- cﬁégﬁeFiﬁfn%P%f%gefF ES%b &ﬁSg gaortlghyg Yﬁen dlscggfged
fromthe i n%%et' %@n@'a@%ﬂ%l &Elﬁ%oﬂ v)%ﬁ"c‘fﬁgﬁ £1RQf Eh?@ggé bl%g | e a%fwhl

operati on, i nsertion |"aced

conmmuni cati QR g Q%"‘ﬁe%nﬂﬁé‘e %:h% c&hannelg ar ‘%eg\%‘%ln%f {éroé,r@gé %&{&or‘i&?

ceII-contalnlng sol Ut1on wou not fl ow outsi vessel tissue
unli ke the gasecof cell-renoving process nentioned above. In perfornlng t he
cel |l -seedi ng process, the revolution driving nmeans 124 shown in FIG 3 is

act uaéI ed. The retgnid Ofo rfEMPanm321at-atesiitheustBeesw, t hht hesfdame senmber 40
aroun

driving 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, withtheresult 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-removingsolutionisinjectedintotheliving
organism tissue processing apparatus 10, and then circulated.
Asthecell-removingsolution, asurfactant suchasdeoxycholic
acid (bile acid), sodiumdodecyl sulfate (SDS), ocr Triton X-100
were used. At this time, the cell-removing solution is

circulatedin the living organismtissue processing apparatus
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on the support shafts 44, 44, with the result that the retention nenber 39
is rotated upside down in the direction indicated in FIG 10. Since the
retention menber 39 revolves, the autologous cells of the cell-containing
solution can be attached uniformy to bl ood-vessel tissue B without
gravitational effect. Next, methods of renoving and seeding cells by use of
the living organismtissue processing apparatus 10 will be described with
reference to FIG 1, etc. First, blood-vessel tissue B including aortic
val ve V islPakehlé rliorsrimarilmlstsiieh odstheppgluBlondevesseto tilssu®t B is
set in the retention unit 10B in the manner as nentioned above. The
cel | -renovi h§esBrBENoR1PSdi Afekt edni hh6 TREDELYIEH T IOPGENILSHOM-ssue
processi ng apparatus 10, and then circulated. As the ceII-re V|n%a7
ndodecyl

sol ution, a surfVeEh én?wéﬁ‘é]ﬁ @ dEBRYEhot Ereserg (bt SaGdPn
sulfate (SD

TritonX- d t t Il -
sol ution is" %&?rﬁtl &%n}%%%ﬁ% ﬁe§$ﬁ§ %F& n&b?gsJg%%Fﬁggsggﬁﬁﬂégggyg?gs

10 while keeping, Lhe state. of the, soluLhon, £1ase ho that of, Lhe, hupn bl ood
flow, in t hd nner nentlone ena sw't Einot S I's pressed

the suct [ onjsypplycnunit 11 a@ggpa?egﬁhﬁilb | syactuated; Then; yLhene

cel |l -renovi olutionis circ ough t ation Channel 13 by

pul sation oée&h@ergﬁwmﬁ S 12, eP{QE%eapﬁcanﬁ ikeRl hyivihg puff@ iorammd ng
solution ejected fromthe driving punp 1 l ows through the upstreamline

LI at the prgssuge VhétHéEkYeaﬁoﬂﬁﬁ%p@@dbﬂgth% praeneral aektisg Ry essure of

a human body,
corresponding to a general aortic pressure of a human body,
passes through the retention unit 10B arranged in the middle
of theupstreamlinell, andreachestotheresistance imparting
means 23 for imparting the resistance corresponding to the
peripheral resistance of a human body. The cell-removing
solution comingout of theresistance 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, thecell-removing
solution flows throughboth inside and cutside cf blood-vessel
tissue B retained in the retention member 39 at the flow state
corresponding to the blood flow flowing through the acrta of
a human body; at the same time, microwave 1s applied to
blood-vessel tissue Bwhich is being rotated by self-rotation
of the retentionmember 39 asmentioned above. Inthismanner,
various typesoforiginal cells (endothelialcells, fibroblast
cells, smooth muscle cells) are removed from blood-vessel

tissue B taken fromananimal. Asaresult, a substrate formed

of collagen alone remains. 1Inthis embodiment, the microwave
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passes through the retention unit 10B arranged in the mddle of the
upstreamline LI, and reaches to the resistance inparting neans 23 for
inparting the resistance corresponding to the peripheral resistance of a
human body. The cell-renoving solution com ng out of the resistance
inparting nmeans 23 passes through the connection punp 2 8 and flows into
the driving punp 12 at a pressure of about 10 nmHg virtually correspondi ng
to left atrial pressure. At this tinme, in the retention unit 10B, the

cel i -renpvi hg SRIFUEIVH HO Pews Bhibeghenoy T rsidde Clid 80fst dwir of

bi d- i ti B t aj di th tenti 39 at the fl t at
Cor r espondi AECED 1A BIGod 1] oy Hdwi g LHBUGE e 5Ea COPc ik 1Riifan. body:
at_the sanme tingé niggowqye isjggggied to blpodﬁvess i ti%§ue Mhich i's
bei ng rot at 8" BY5el F1¢ HMTorf t B&CrEraNti 6A" enbet? Y 45" i%oned

b o i i f i_Oi [ ijal I'ls,
Ao 1 DLSQIPOOR el s o e f L LI 8 LB opdo e ol cel I

Lissue B takep Lo ou,an @ fRLrnAS 8 16RH boad) SUbSTSBLE, LoLIRA 1 L, ool | agen
ment , |1 e

al one remains. In this enbodi the mcrowave i s speci to have a

frequency of gn&5c§ttpr@8gc@ QopﬁédegerﬁQQFH %@lekg%o§qggméfg%%t00t limted

to these conditions. However, e power of the mcrowave can be changed

within a pAEﬁ'@%ﬁéHlO@ﬂ?/[aé]g@cﬁﬁoﬁl@@ﬁe@§ctd]’l@véﬁdlirpﬁf@ﬁ/&lﬂpi%ffi@qéjér ce
anydenat uration (harnful a human body) of bl ood-vessel tissue and can

produce a paedeiesnsned weld n=8npel agpefitact . FruAthermatéyetye flow of

el ectromagnetic wave different in frequency and acoustic wave may be

appl i ed. Furhbecabrerembeifiowwbdfition may well if it is not analogous
to the blood flow. In 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 is washed 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
isinjectedintothe 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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the cell-renoving solution may well if it is not analogous to the blood
flow In other words, a pulsatile flow may be accepted. After the
cell-renmoving solution is discharged fromthe |iving organismtissue
processi ng apparatus 10, normal saline solution is injected into the living
organi smtissue processing apparatus 10. After the apparatus 10 is washed
by circulating the normal saline solution, the normal saline solution is

di scharged fromthe |iving organi smtissue processing apparatus 10.
Subsequent | yeCAP b Rlercskich: 13T fichy aretedet s 8nink ¢ édfey pRfexd@HNd M t he

first channel of the retention nenber 39 to block the open ends of the
flowin por?|RﬁPQﬁFe%W&P?¢N§WHQHﬁQM%Plﬁ&ﬂf?bn £3. L% Fhit rRasRdit Lon,

bl ood- | B f which cells_hay d and ret d
the retenti G neﬁiﬁﬁr%gséﬁ%mf%ﬁ%sw% RAGT G d ¢ BrBOSEr e L e

Thereafter,fghetg %El'%egdﬁﬁhar ? ?gép%géf%gné%louggnbe u%ggand t he

ceII-contalnlng sol ttion A~ Mebe

Thecel | - CO”%B‘&E"CF?n 1%@ ‘&td Oy 6§ ( Plre%%?nefbd?ymg%kﬂgtﬂ%i%' PHe C]%?r{pla

(endot hel i a Sbl ast cell's and/of  smooth miscle ce

reci pi ent, EH\E&Uﬂ‘é&%JPcE??e@)r edategALned,d ifie,n Andsadding EQseaof the

predeternined culture solution. As the culture solution, any culture

sol ution naMlgéeyseglagdLeegsai kisean berusedunfen tae cehlyseeding
process. Exanples of such a culture solution include M99 (Medium 199,

manuf act ur edelyvehei sonpaBysckli e faehaehegicestainifgt Re 1@ HMERRER as in
the case of the binder, blood-vessel tissue B fromwhich cells have been
predetermined time, and then, the circulation apparatus 10A
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. 1In
this manner, blood-vessel tissue B from which cells have been
removed 1s 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 revolution
operation may be continuously performed during the time when
pulsatile flow of the cell-containing solution is generated.
According to suchanembodiment, 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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renoved is imersed in the cell-containing solution for a predeterm ned
tinme, and then, the circulation apparatus 10A is actuated to circulate the
cell-containing solution in the living organismtissue processing apparatus
10 at the flow state corresponding to the blood flow of a human body. In
this manner, bl ood-vessel tissue B fromwhich cells have been renoved is
pl aced in the ceil-containing solution flowng at the flow state
corresponding to the blood flow through the hunman aorta, autoiogous cells
are seeded falihecpiiobd vessers tpsshe Berfhemedvéhubi 6rddengengimeans 124
(see FIG 3) is actuated before the pulsatile flowis generated by the

ci rcul ati onCRpparadhd 1bAle| ReFALRIREYPlBPEoHSTESSel 16F8§UE 1B ithfersed in
t he ceII-contain{ng sol ution 53 gﬁ%gted upsi de down, thereb¥ uni formy
attachi ng thetQRFF CROAEEPRI ng” - sof Ut i BTPTO VA PY Ut 15 EREPPR F €gi on of

bl ood- vesse] tisgughegggﬁ%aggg gragﬁtggigga%reffegt Not e %@at.su h a

revol ution b%% Farion nmay he con??nugusly perFSFﬁeanguF?ﬁg th& e when

pul satile flowe ol Lhe celdecant a0 ng; salution i s, generated. Acgarding to

such an enbodi nent, the cell-renoving o ect 'a e celi- ing effect

can be Sign%fgg%%%h¥uﬁﬂyéﬂﬁﬁgé pé%fé@ﬁé?@ﬂ?aiéf?glérﬁ&f%ﬂéﬁﬁ*ﬁﬂ@ﬁd@i Process

and t he cel ng process can be perforned in"a sequente 0 oper'ati ons

whil e retaiph8gxbhogdnyessebptbssterBoi Batlhe chat eat kaprmenler 3911 The
processi ng of a xenogenic bioprosthetic valve involved in transplant can be

sinply perfppeteatingapshontibhme. In addition, since such a sequence of
operations can be perfornmed in a single airtight channel,

Next, the present inventors performed experiments for
demonstrating the cell-removing effect and cell-seeding
effect based on this invention.

(1) Experiment of cell-removing effect

[Example 1]

In Example 1, bileacidof 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 contalning 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, apulsating 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 liquidwere allowed to correspond
to themaximum and minimum pul se 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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t he xenogeni c bioprosthetic valve can be kept clean while preventing

pol 'ution. Next, the present inventors perforned experinents for
denonstrating the cell-renoving effect and cell-seeding effect based on
this invention. (1) Experinment of cell-renoving effect [Exanple 1] In
Example 1, bile acid of 37'C was used as a cell-renoving solution. The bile
acid was injected into the circulation apparatus 10A and allowed to fl ow so
as to correspond to the human bl ood (pulsatile flow) in the aorta. A sw ne
bl ood- vessetetiBs remEontidihilRgtPReP hoPE T ECFat b e iz alise doud SdehPe al one
inthe flow for, 24 hours. At this tinme, the circulation apparatus 10A was
oper at ed urfferaPorifdi BVEFSIAIRGEr 8Ge”FLOW Fat €21 55 IHFH Mt X SFulfsat i ng
rate (beat%&g rate) of the driving punp 12: 70 tinmes/mnute, an average
liquid pr dre of the bile acid: about 90 mrHg where the maxi num and

i i mum pressures, of Lhe, L auld, yere @l l.aved, 1o goryespong,, Lo ghe, maxi mum
and m ni num pul $€ pressures of a typica rson,~C respect i vely. er

treatnment, fhe blood; qﬁﬁgﬁntiﬁsyfcma§l.observed under a m croscope and the
y

magni fi ed view was taken a canera. Original cells (endothelial cell and
fibroblast cell s)grgmRining in the blood-vessel tissue were counted to
obtain an average nunber of original cells per unit area (Il M2 ) . As a

; isult, about 830, ekigicnal 2¢ek |l Sroest dhindd edicreBidhed Aspphawy ks FI G

- a blood~vessel tissue while rotating by the retention unit
10B in addition to the conditions of Example 1. Themicrowave
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. 1In
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 when microwave 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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[ Exanpl e 21 In Exanple 2, a predeterm ned m crowave was applied to a
bl ood-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 under the following three different conditions
by varying power and irradiation tine: a power of 100 Wfor 6 hours, a
power of 300Wfor 12 hours, and a power of 500 Wfor 24 hours. In al
cases, the bl ood-vessel tissue was rotated 4 tines per mnute in a
sel f-rotati anvaRndEierq ginal leatdsd eérpicinggstLhltHe ehrepdavessefo¥i ssue
were counted in the sane manner s in Exanple | and an average cell nunber
per unit argélﬁV“ﬁhl2QFH&%?%L&%&ﬂ%ﬁ?mﬂénén9é§hT?eb&ﬁ@&(?@§§er?iﬁ?ﬁﬁ cells
remai ned per unit areg_g@egﬁg%ﬁromave was apglied at _apower Wfor 8
nd,” I

t v g O% ;0
hours. on t'fé&“otREF f 8 2HsRYChABT & WIRY buale” s AppI Tot S at a

pover of 500 far 12 hours apd) 24.hors. no goiginal o cel Le wgne gbserved
to remain. Efadi ition, the proeeln contai ned i'n thé orlginapptiSSUe was

irtuall I [ ' |
virtual |y removed, In. %ﬁpaﬁs‘?ﬁ apid %Qegrﬁgrgﬁt?alaééhgg‘r’ﬁé? et vifiyally

affected. [Conparative An experi was ormed as a

Conpar ati ve .Exanplg .o <Exanplies dr@and 2. A hlood-vessel tissue as used in
g i .

Exanple 1 was immersed in bile acid standing still in a container for

24hours. Ori gi nahpegth$ soeim®i ing 811 5@k 00d- yessel nlid’s e o YEL S couNt ed
to obtain an average nunber of original cells per unit area (1 nm2) in the
same manner ias tihe EXawl-ereksel tissue used in Examples 1 and 2 and
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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As a result, about 970 of original cells per unit area remnmained as shown in
FIG 11. About 1880 original cells per unit area (Inm2) 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-renoving process. From
the results, it is clear that the nunber of original cells renoved in
Exanples 1 and 2 is significantly larger than that of Conparative Exanple
1. Thus, high cell-renovin effect is denonstrated. In particular, when the
case where the 1 @G@H\E@s%gﬂr td fssife G siapl yrameer e dRTceSpul Satil e flow
of bile acid (Exanple 1) is conpared to the case where _irradiatigon of

ni crowave iRLFUTHeTS prior T s iFed §h& L Hinmerdé Lt Peatmene OLlike on

cel |l -renovi effect is higher_ in ,the |atter_case. \Wen frequency of

i ot ovave. |0 RS ST AERE 108 WHETE08 W1 ik i - el 1% datASE Y eni n.
Not e t hat | £ hou talled descriptiaon mi_t.t erein 1 Crowave as
ment i oned abd 8rgggeggtoa%%f?égut (5)lt S Pl %éggf%/gsegéjl(j%?liessl&e Céflr#%)r d66%in bile

idall till...The  cell.-. ' f [ [
i gher than THat Or T Gomsir TG Eeanl € D3] b 1 FenC e ) [ seedi ng
effect  [Examplerdl, | b Fxagph e Bni gt oo bheosel Iy LMY NG P OLEsS o t he

bIood-ves;eI tissug was mashed.MAth nornal saline solution or about one
hour and i naersedoh tiskidronecth iva grefahodns, cul fupangldigl atieotiBysus

aut ol ogous cells (endotheliai cells) were
cells thus taken in a culture plate containingM199 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 (manufacturedby Pepro TechEcLtd. ).

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 (1 mm?) 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.



taken froma recipient's living body to be transplanted to prepare a

cel I'-contai ning 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 autologous cells cultured fromthe
culture plate wth trypsin, and adding to ML99. The cells were cultured in
ML99 suppl enented with FBS (Fetal Bovine Serum | WK-500,

manuf act ur edbyl waki ) antibiotics (penicillin/streptomycin m xed sol ution)
and FGF-2 (nanufH%%%WHﬂffb9 Pepro Tech Ec Ltd.) . Thereafter, the

bl ood-vessel tis was _i din.th l'i-con alnln sol ution for about
2 hours il e r ovhEFIRg Hif 'b‘T‘ %%rM&EHOPﬁgaf&éS&B Bhaodowies AFtarhe

cell -seedin rocess, .the b ves §§ue ﬁgs observed unggr
e

ni cr oscope gﬂ& §:ﬁ§$%FFF8§EV?éﬁ/ § Vos5er P 25U  Iws takdh by a
Calrer a. Theyg%ﬁﬁﬁxgﬁjﬁﬂﬁi?§394OQ?PégéE%iéne%ﬁﬂﬂ%ﬁ?ﬁJi@%tﬁﬁ! % Qﬁg in the

bl ood- vesse i sSsue was foun

aut ol ogous d ly the entire bl ood- vessel tissue,
f@{%& &S‘ﬁ‘gﬂléﬁ@ Eké?n %E Y.

as shown in Act ua out ~ 850 autol ogous cells in average were

attached per Un'@oEﬁiﬁﬂéﬂﬂrﬁ@%eOépébffP&QPﬂyye§§€érttﬁéuﬁlooah€e5§5&0
(density) of the area occupied by autoiogous cells per unit area (1 MW) of

t he bl ood- vesselheiassugnavase @bt e 804 dbraveragey sbExanphedndan fleanpl e 4,
after the bl ood-vessel tissue was treated in the sane steps as in Exanple
3, the cell temiaidistg 190FukiMout 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 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. 1In 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 mn@) was
about 2170 inaverage. Theratio (density) of theareaoccupied
bytheautologouscellsperunitarea(1Hm3)oftheblood—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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was circulated in the circul ati on apparatus 10A under the sane flow
conditions as in Exanple 1. To explain nore specifically, after the

bl ood-vessel tissuewas inmrersed 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 |left alone in the flow for one hour. Thereafter, the state of the

aut oi ogous t@eFFénéé@Hleﬂﬁlﬁﬁ@ BEHOUCIREI N1 NP sTUEI WeR cliskAvelePret he
same nmanner as in Exang e 3. As aresult, it was observed that the

aut ol ogous CEIFPE Lngek B R (RiT T MLy Siug VP rAth oy Ty NBS ERtF ¢ e e of t he
bl ood-vessel, tissue and that the autﬁlo ous cells are aligned t he

direction oﬂntﬁ§VFF§® SFdFﬁé c P|e§8 fa nWﬁ§GSSP8F93ﬁcalé sﬁBwﬁ%ﬁﬁ FIG 13.

In addltlon are qi den5|t eII i hcreased since
t he autologous gH1V % pro ratgéelr ﬁ]lﬁ&awpers% enu 15?of aut oi ogous

cel 15 ,ttasned-to the Bl g,%ﬁ%%ﬁﬁ WERPUSCRREANDL oAl CBokn e MFalodED

about 2170 in average ratio (densit the area occupi ed

aut ol ogous f&eﬂu$§r9%fnd1'ﬂhtenar€ﬁe (blidw\q&)végsélh%nggedwgga%@AerstéﬁHetw@s about

63% i n average. |[Exanple 51 Exanple 5 was performed in the same manner as in
Exanpl e 4 exgepiohiatindngt 6910f1BBI i ai BtAgathe1bl vod-vesselgtissue to

stand still in the cell-containing solution and a step of rotating the
bl ood- vesseirhiing StHBe Ufe BNc stovdi n Wed & aerd imeds allowed to flow so as

to correspond to the human blood flow in the aorta and the
blood-vessel tissue was left alone in the flow for one hour.
Theotherconditionswere thesameas inkxampled4. 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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in reverse order. To explain nore specifically, in this Exanple, 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 inmersed
in the cell-containing solution in a standstill state for 48 hours. Then,
the ceil-containing solution was allowed to flow so as to correspond to the
human bl ood flow in the aorta and the blood-vessel tissue was left alone in
the flow for one hour. The other conditions were the sane as in Exanple 4.
Ther eaf t er , 2VER@ISt k@ T2 e ol ®i SYokrs TEl 3191 Seeded Utt theab| ¥vE-afessel

tissue was observed in the same manner as in Exanple 4. As a result, the
aut ol ogous eFIEeér@lBPﬁﬁlFBQaFQS éﬁﬁraﬁﬁcﬂéﬁgééngﬁe§§H§Ft9f|ﬁhﬁhe same as

Ex le 4, her th th t ded
i formy' 1 RELRE-CBREF Fanir 88 PRAH | ASExSpl 654 PEYangl & e-ExaﬂB{E 6 was

performed in the}@admare ner &%tu@lﬁ@agﬁ ? xggg% tggt r% r

| eavi ng a bi ood-'vessel ti'ssue in 2¢on alnlﬁb so ution

prepared in,t emﬁfm‘%‘r{ L@ %raéokﬁ'sE? RS 5 Ssééalﬁ%;t & @&[ As a

result, the seede s proliferated covered ~over Vi e entire

surface of {he ﬂ%tvgﬁ§@htabﬁ% apbEX8API& ol 1 EXANPE €0 MRS iREIF med in

the same manner as in Exanple 6 except that the flow conditions of the
cel | -contai pkngcesolubhenineng sdmngesh afe exphadd im0y eespRacthibcaldos the

average flow rate of the cell-containing solution was set at
of blood flow and the heart-valve position 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-vessel tissuewasleftalonewithout
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, thenumberof autologous
cells attached tothe tissue inExamples 3to 7 issignificantly
larger than in Comparative Example 2. That is, a high

cell-seeding effect was obtained. In particular, when the



2 L per mnute and the average liquid pressure of the cell-containing

sol ution was set at about 20 mmHg. As a result, virtually the sane effect as
in Exanple 6 was obtained. In other words, if the cell-seeding nethod of
tthe 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-valve position of a recipient (a patient to be transplanted) ,

t he autol ogous cells seeded in the blood-vessel tissue proliferate andcover
al nost the eheprevesaefatéseher é6f imMkrysedgéneralbly sasildgr ddtmetdfc aval ves

can be prepared to neet the conditions for heart valves fromthose of
adults to thRBse 6PNERLTURERF MG 1A e PRIGRBARE OB oS L&Aty in

body, and those o differ i | ood pressure Co ative Ex le 21 An
experi ment ?%%gﬁﬁsc%ﬁfﬁt%/%l@%%ﬁg %}qg Ilé)éé?g'ri]”.pel%?e

bl ood-vessel _tissue s left alone without . rotating u nd do i.n, order
to make conbﬁrf%%ﬁovm?h ‘ﬁ%(é}?rp %e %?S%in%tf - <t aJ’taer ?qréﬁim eorgo sdceéﬁss seeded
in the bIoogé¥e§geg o Lgsue was observed in the same manner as in Exanple 3.
As a result, the aut o ogous cells were seeded but rion-uniformy in the

bl ood- vessel tis§ﬁga f¥§éH6“ﬂ%¥é%¢jt eiSn?€p§589£l%u{ghpggggfﬁgkkigﬁgfded in

the hl ood-vessel tissue was significant educed conpare es 3 to

7. Fronthe pesults FoEheforagajng othennurber abuaut 9hegaus 66! s 18t t ached
to the tissue in Exanples 3 to 7 is significantly larger than in

Conpar ati vecExagpt ew2th Thahet Sthan hitgh p1cRld ~weeding ief fircte % i0BtLR| ned. In
particul ar, when the

the aorticvalve asexplainedinthe embodiment. Furthermore,
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 in immersinga 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 ina 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.
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bl ood-vessel tissue is imersed in a pulsatile flow of a 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
IFarger nunber of cells can be seeded. The present invention is applicable
to a cell-renmoving process for other living organismtissues which blood is
in contact with other than the bl ood-vessel tissue containing the aortic
val ve as explained in the enbodi nent. Furthernore, the present invention is
applicable to alrocessdor lawerdl loygers ddiwgrdstherieceas vegother than a
xenogeni ¢ bioprosthetic valve. In the cell-renoving nmethod according to the
present i MEMTONCNEHEC | T34 ¥Ry Totedhi fsiAm iads @@ 1p1edc é8silvgl iagpar Abmen 10

expl ained in the enbodi nent_is not essentially used. Various apparatuses
and neans ne&y deStRER %%P?%%% ak ?%é@gcéﬁan?ﬁﬁﬁﬂéeéeFPs? PAM8RhEPINor ds, any
apparatuses can be used as long as it can provide a predeterm ned pul satile
flow of a solution for use in inmmersing a living organismtissue during

the cell-renoving process and/or it can apply mcrowave to the living
organismtissue. As explained in the foregoing, according to the present
invention, original cells present in a living organismtissue such as a
xenogeni ¢ bi oprosthetic val ve can be renoved and the bioconpatibility of
the living organismtissue after transplant can be enhanced. | NDUSTRI AL
APPLI CABI LI TY
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The present invention can be used in processing a bioprosthetic valve taken
froman aninmal including a hunan to a state capabl e of being transpl anted
in a human body. CLAIMS | . A cell-renoving nmethod for renoving original
eells from a living organismtissue when the living organismtissue is
transpl anted, conprising imrersing the living organismtissue in a
cell-renoving solution, wherein the cell-renpoving solution is allowed to
flow in a state of a pulsatile flow and the living organismtissue is
placed in the pulsatile flow 2. A celA¥M¥poving nethod for renoving
original cells from a living organismtissue when the |iving organism
tissue is transplanted, conprising immersing the living organismtissue in
a cell-removing solution, wherein the living organismtissue placed in the
cel | -renmovi hg sdt GEiLdA TEEVEPZ e BEIW T h TRV OWEVRT 181 nFhes et § fr&fovi ng
met hod accor 'ng.to claim2, wherein the ceil-rennvin solution is allowed
to flowin @ Stae FIapiut $4599€ FP&W ARG e TS Yarki ST sSue i s
pl aced in tPgﬂg@isaﬁé&e ro&g 4. The ggli-rggoﬁng1nethod accggding}to
claim2 or %, af _tﬁ@“ﬁi&#&ﬁ%&%mFs %ﬁ%?lea Wb|I53?593??ﬁ@ e vi ng
or gani sm tigsgecéfig%&ﬁgvgggasghﬁggg@ye irradiation site.
wherein the cell-removing solution is allowed to flow

in a state of a pulsatile flow and the living organism tissue

is placed in the pulsatile flow.

2. A cell-removing method for removing original cells from

a living organism tissue when the living organism tissue is

transplanted, comprising immersing the livingorganismtissue

in a cell-removing solution,

wherein the living organism tissue placed in the

cell-removing solution is irradiated with microwave.

3. The cell-removing method according to claim 2, wherein

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

a pulsatile flow and the living organism tissue is placed in

the pulsatile flow.

4. Thecell-removingmethodaccordingtoclaim2or 3, wherein

the microwave is applied while rotating the living organism

tissue relative to a microwave irradiation site.
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