DESCRI PTI ON  CELL REMOVI NG METHOD TECHNI CAL FI ELD This invention relates to
a cell-renoving nethod, and nore particularly, to a cell-renoving nethod
enhanced in cell renoving effect froma living organismtissue in
transplanting a living organismtissue. BACKGROUND ART When a heart val ve
of a human body does not normally work, causing enbarrassnents as
constriction of the opening of the heart valve and ref |ux of blood, the
heart val ve nust be replaced by DEoO&IRTIENval ve. As the substitute val ve
presently used, nention nmay be made of a mechanical valve fornmed of a
artificial material, a xenogenic bioprosthetic valve taken from an ani nal
such as a pig, and an al |l ogenei c bioprosthetic val ve donated from another
human body, Cété. RENOYENEFaMrdsiOave the foll owing problens. Al though the
mechani cal valve is durable, the recipient nust take an anticoagul ant for
the entire lifetine. On the other hand, in the xenogenic bioprosthetic

val ve, the recipient _needs not to take an anticoagulant for the |ifetineg;
however depggpﬁﬁgﬁAéfF&EP@iun1and the |ike takes place for a long tine,
causing mal function in the valve, with the resu/t that the val ye nust be
exchanged with almel SUBSEFtobel VAT U8 &Y ArfTht e &PV U19 dboutods edrs.
Furthernore, in the cas f the_all.agenei ¢ .bi oprostheti.c valvye, b use the
nunber of mofeQﬁﬁﬁﬁ%uférthﬁfbﬁF%?ﬁ%ﬁ%WQﬁQ%ﬁﬁ?gﬁgaé%ﬂﬁﬂﬁﬁﬁ lgﬁxgﬁﬁogeneic
bi opr ost het Ir%m\é%li\rllsseﬁfeectn?g’o%adsillyiggto Igg%q'sm tissue in transplanting

a living organism tissue.

BACKGROUND ART

When a heart valve of a human body does not normally work,
causing embarrassments as constriction of the opening of the
heart valveandrefluxocfblood, theheart valvemustbereplaced
byasubstitutevalve. Asthesubstitutevalvepresentlyused,
mentiopmaybenwdecﬁfamechanicalvalveformedofeaartificial
material, a xenogenicbioprosthetic valve taken froman animal
such as a pig, and an allogeneic bioprosthetic valve donated
from another human body, etc. These valves have the following
problems. Although the mechanical valve is durable, the
recipient must take an anticoagulant for the entire lifetime.
On the other hand, in the xenogenic bioprosthetic valve, the
recipient needs not to take an anticoagulant for the lifetime;
however deposition of calcium and the like takes place for
a long time, causingmalfunction in the valve, with the result
that the valve must be exchanged with a new substitute valve
at an interval of about 15 years. Furthermore, in the case

of the allogeneic bioprosthetic valve, because the number of



O them the xenogenic bioprosthetic valve is prospective for the reasons
that a sufficient nunber of valves can be provided and patients are not
necessary to take an anticoagulant for their lifetime after transplant.
Therefore, the xenogenic bioprosthetic valve is expected to be nore useful
t han ot her substitute valves only if the drawback of poor durability is
overcone. In the context, the follow ng nethod is known which suppresses
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in the processing t hod mentioned above, since xenogeni ¢ bioprosthetic
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cell -renmovi ng process and 2 | - seedi ng process, the resultant xenogenic

bi oprosthetfgrapility is overcome.

In the context, the following method is known which
suppresses the post-transplant immunological rejection and
improves the durability of a xenogenic bioprosthetic valve
taken from an animal such as a pig (for example, see Japanese
Publication No. 6-261933). 1In this method, a xenogenic
bioprosthetic valve is first immersed in a cell-removing
solution such as bile acid or a surfactant, thereby removing
cells originated from the animal such as endothelial cells
and fibroblast cells (cell-removing process). Then, the
xenogenic bioprosthetic valve from which original cells have
been removed is immersed in a cell-containing solution
containing autologous cells, such as endothelial cells and
fibroblast cells, taken froma 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 problens. They devised a nethod of
suppl yi ng t heléebeedenovrrce®s utihenrespltantrsemedenl xdioyamsthetic

bi oprosthetic valve at a flowrate virtually corresponding to the human

bl ood fl ow #adrertdirlsale aciavg aeheut kenbgehicd dsoBPedsthdtlity vallReihfiter sed in
the cell-renpving solution wth mcrowave. As a result, they found that the

nunber of r8REFAI N§IBFPgPRAP LR §edilgnPirCant] y efscrEFsdS Y thfi s met hod.
DI SCLOSURE OF. THE | NVENTI ON Thi s i nvention was,. conceive ased an such a
Flnding. ARCbbj BRTOUE MEHG vt A L0 CUTRe DS Ger B e hoa I araics ontl y
removing original cells present . int | iving organismtissue such as a
xenogeni ¢ bF%B?ggPﬁgt?%O£5?§5?eFﬁ%r%% V%ﬂﬂ%ﬁé%%? EHSH%PO DS Bi19% y of
the living o%gggisg}giﬁgu§ %fﬁﬁr transplant. To attain the object, the
present i nvent | Pstdirected  to a cell-renmoving nmethod for renoving

or 19 Co1LS {1y BT SHELOGPLERSLI 08 PLOATLATLLL SpUCuEn e | ivi o
organi smti sgugnLi,a1 pr edgherrred pellireGaMi G SAld 1AL the view
toward overcoming the aforementioned problems. They devised
amethod of 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 amethodof efficiently
removing original cells present in the living organism tissue
such as a xenogenic bioprosthetic valve, thereby enhancing
the biocompatibility of the living organism tissue after
transplant.

To attain the object, the present invention is directed
to a cell-removing method for removing original cells from

apredeterminedlivingorganismtissuewhenthelivingorganism



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

pul satile flow by applying a predetermned pulse to the cell-renoving

solution and the living organism tissue is placed in the pulsatile flow. By

virtue of this nethod, the nunber of remaining original cells in the living

organismtissue can be significantly reduced conpared to conventi onal

met hods, thereby enhancing the bioconpatibility of the livin ,organism

tissue afteﬁlﬁﬁﬁﬁsﬁﬁaﬁﬁanﬁﬁﬁﬁﬁéﬁﬁbréxmﬁﬁéfﬁﬁébéﬁmﬁﬁﬁkﬂﬁ|§ﬂ?| 1i%cted to a
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m crowave irradiation site. In this - manner, m crowave can be applied
to the |ivi agneeg@nosathssieds, 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 is applied while rotating the living organism

tissue relative to a microwave irradiation site. 1In this



virtually uniformy along the rotation circunference direction, wth the
result that cells can be renoved virtually wuniformy fromalnost the entire
region of the living organism tissue along the rotation circunference
direction. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a view show ng the
schematic structure of the 1living organismtissue processing apparatus to
be applied to this invention; FIG 2 is a schematic |ongitudinal sectional
vi ew of a dmauhag, punp;oWwd & cadnilse apgdhendta cherlanting ewgehisa rietsm i on
unit constituting the living organismtissue processing apparatus; FIG 4
is an expl ovédtpedtspenniferyilawalonda teeyaoteft ihe adatcamfsrenad t; FIG 5 is
a schematic sectional view of the retention nmenber; FIG 6 is an expl oded
sectional direacoionheyriyhhenzami st d8asfcahes sepde tPBOVRAFIGtWRIH G 7
is a schematic expl oded perspective view of a channel _formation nenber of a
flowin porunifpanly frema lBRptddirienséEei Gital OV PéVE T LEHENPeI I si de of
the structure in FIG 5; FIG 9 is a schematic expl oded perspective view of
a channel FoFPRHEI BACRENBEE &Pt HHOOWSIFHCUFHEEE G IFRA IS a view of a

part extracted fromthe structure of FIG 3 including the retention nenber;
FIG 10 (B) is the sane structure shown in FIG 10(A) in the state of

i b f h h in FIG 10(A);
oL 00, DY pReE bR RUBROE bkl T state shown 10 TS
area in Exanpl eFfG 21i.r% copp, risrg)(p V\ﬁcf;r%h%o aral itv E%%”Blte 1; EI 12 is
a magni fied photom cr oglr aphvo%wt%e TV ng orsgar?l Smti ssue” -'5 Oobtt & ned in

Exanpl e 3; §Qgiﬁbﬁéra§%i§%ﬁ%fggﬂg E&%@essing apparatus to be applied to
this invention; FIG. 2 is a schematic longitudinal sectional
view of a driving pump; FIG. 3 is a schematic front view of
a retention unit constituting the living organism tissue
processing apparatus; FIG. 4 is an exploded perspective view
of acover of theretentionunit; FIG. 5Sisaschematicsectional
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 isamagnifiedphotomicrograph of thelivingorganismtissue



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

cel | -renovi ogt ptnegssnafdampleeBl - seddFAG . pAdcess aofuagnliifdieny or gani sm
tissue of a xenogenic bioprosthetic valve. The cell-renpbving process is
per f or med behoremacxegogehi efbitbpr dsvheni orgahiem wiisshiei ©btedaked firom an
ani mal such as a pig, is transplanted to a human body. The cell-renovi ng
process is §é@m©lﬁeg-by i mrersing the xenogenic bioprosthetic valve in a
cell-removing solution such as bile acid, thereby renoving the aninmal cells
(hereinafter referred to as "original cells") to obtain only a substrate
formed of collagen, etc. On the other hand, the _cell-seeding process is
performed bYEFFNEPRENEORNELARBRGYENPET BHEPIYYENSTOY val ve from which the
original cells have been renpved in_a cell-containin ol uti on.contai ning
the cells (her &l Maf t¥h ?@9%§+%ﬂnfoOgsthﬁuPB?ﬁﬁﬁﬁslﬁggpgi?noVlil g@cipient's
human body (to mh%ca thg xen?genic bkop%gsthetic val.ve %ﬁ ta _be
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living organismtissue processing apparatus according to this
invention. The living organism tissue processing apparatus
10 shown in the figure is used in a cell-removing process and
a cell-seeding process of a living organism tissue of a
xenogenic bioprosthetic valve. The cell-removing process is
performed before a xenogenic bioprosthetic valve, which is
taken from an animal such as a pig, is transplanted to a human
body. The cell-removing process is performed by immersing
the xenogenic bioprostheticvalve 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 10B attached to the circul ation
apparatus 10A for retaining a xenogenic bioprosthetic valve. Note that, if
not otherw se specified, the cell-renoving solution and the cell-containing
solution are collectively referred to as "the solution". The circul ation
appar atus 10A conprises a known air suction/supply unit 11, a driving punp
12 formed of paharkeihange engacosmect esue optbeeasingueppanhAsupplly unit 11
and a circul ation channel 13 arranged such that the solution discharged
fromthe drtompgipespall2iretlirhsonoapherdtivgi A§A Ponp cizculled igia the
suction/supply unit 11 has a known structure capable of suctioning air out
fromthe dreelhgrepuaping andutigppbpinghai ceilareonieiagding B@ lpdeni2. The
detail description of the structure is omtted herein. The drivin unp 12
is a puIsatFhﬁobﬁhpacﬁﬁﬁﬁ?éeémléF@cFPﬁ§U1é'pépgaﬁiF@tﬁméﬂﬂﬁylﬁﬁﬁeﬂgﬁfng a
spiral vortex flowwthin the ungn More specifically, the driving punp 12,
which is shbWACRRAFFE the 8ﬁﬁF§§r§ tRE SPPACALME ﬁﬁét IRds T5dént "% &dy

proposes by, NS, present apel | cant (Japances Pat ot PUOLLCl 00 oL oo
2, 1ol ow UPRL SRTSLIVGL, 47, P AL UBL B Bl eRL 4L shape, o @
it ual 1Y 2 goriesh BuL shate mos!yensdaunder e bl natuct 17

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
supplyingairintothedrivingpump 12. Thedetail description
of the structure is omitted herein.

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

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

outer shape positioned under the upper construct 17, and a



the constructs 17 and 18 into two, inner spaces Si and S2. The flowin port
15, which is shown at the right-end side of FIG 2, is fornmed so as to
thread through the peripheral wall of the upper construct 17, whereas the
flowout port 16 is provided at the top of the upper construct 17, as shown
at the upper end-side of FIG 2. The |ower construct 18 has a vent hole 22
conmmuni catin with the air suction/supply unit 11. Conpression air is
alternately & biled digPd rasd 0t vhiehm PRELESWEP S| AR&r SBpatefo5PegnCh

pr edet er m ned tinin%. Wien _co resgion air is sugglied in and out ;ron1the
i nner space B CORS TS ddnePd i€ dPEPI SE8d, 1PI'REr 8BEFRY oF @BEreasi ng the
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of the air supplie i NnNer space I's set at a 260

mHg, where - rLessure egat i u e-air suctjigned,. from
%Srovtl PLESTH t(agb%a k}ﬁ%oﬂm {:g)l_sg%utrcr?n 181 M suchhopedy

t he i nner space IS set at Hg, however, they are

not limted & these wlies.ghs,shemn in FIG 1, the circulation channel 13
is formed of a closed |loop 1n such a nmanner that the solution flows out

fromthe flow outrnhporéwdf ndtvaicl iy REsPRR k2 ndn@¢ Db ovsmmibiRi EBe1hGow-in

port 15 wi thout being exposed to the outside air. To explain nore

speci fical | withherd ewrchami€lonl&up®ly unit 11. Compression air is
alternately supplied into and out from the lower inner space
S2onapredeterminedtiming. Whencompressionairissupplied
inandout fromthe inner space S2, 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. IntheExamplesofthepresent invention,
the pressure (positive pressure) of the air supplied to the
inner space S2 is set at about 140 mmHg to 260 mmHg, whereas
the pressure (negative pressure) of the air suctioned from
the inner space S2 is set at about -30 mmHg to -50 mm Hg, however,
they are not limited to these values.

As shown in FIG. 1, the circulation channel 13 is formed
of a closed loop in such a manner that the solution flows out
from the flow-out port 16 of the driving pump 12 and flows
in the flow-in port 15 without being exposed to the outside

air. To explain more specifically, the flow channel 13



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

downstream side end of the control tube 25, a downstream side tube 27
arranged downstisameofesheteonneigipaort inbre2dsahd, edvivdciedarbstileow f1 owin
port 15 of the driving punp 12, and a connection punp 28 provi ded between

t he connect¥o®isudeco6t andh¢ heo Howhet remp sier fuie e Note QHatPatie
nmenbers 24 to 28 are connected by known connectors 29. Hereinafter, the
portion ofWh@ftiWRﬁHrﬁainb‘rﬁJ(ﬂL%r’FrVée ¥3 GpehPEARFof Ot Hee rlesy ¥t e tithparti ng

means 23 is referred to a "upper line L1" and  that downstream of the
resi st ance }ﬁpér‘fc?rhbr%éi%ge% §§@ rEPéT 88 A LA ude aohE P ARPINSTEISL2", for
conveni ence's sake. The resistance inparting means 23 i s provided alone in
the middl e DS ERETESTRELED dTi G QBHTS6 TBANT RACECRUIFE bAS oFF THRE et dher al
resi stance of. a_.hunan body, .and,_ construct ed of i nch-form nmenmber, (not
o) Tor Plad o o R MRS 0a e o B R e debbe. 26

is fastened b %hgheresisﬁgp e, i ans_23..if .the
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si mul at ed. e average pulse pressure of the upper l'ine Ll  can be adjusted

Connett fon T B 56 N InrE CRDGA nenC PG Serage bl So by ot e
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at about 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 1s referred to as an "upper line L1" and
that downstream of the resistance imparting means 23 is
referred to as a "downstream line L2", for convenience's sake.
The resistance imparting means 23 is provided alone in
the middle of the connection tube 26 on the assumption of the
peripheral resistance of a human body, and constructed of a
pinch-form member (not shown) for fastening the connection
tube 26. Since the connection tube 26 is fastened by the
resistance imparting means 23, if the driving pump 12 pulses,
the lowermost blood pressure of the upper line L1 would not
reach 0 mm Hg. In this manner, the arterial blood flow of
a human body is simulated. The average pulse pressure of the
upper line L1 can be adjusted at a predetermined value by

controlling the degree of fastening the connection tube 26.

In this embodiment, the average pulse pressure is set at about



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

upstream side tube 24, the connecting tube 26 and the downstream side tube
27 are fornmed of vinyl chloride, but not particularly limted thereto. As
descri bed | Bd@rmmide whttlentiomahly d9Bé¢espqravitdedhe averagaldid saf t he
upstream si det ube24. Since a xenogeni c bioprosthetic valve is placed in the
retenti on uniesd0B=apfl a theeR babve Iots tiprovi dedtha rheidoanser eam si de
tube 27, the solution can be circulated without a backward flow in the
direction i HapeaEEHI MSRRhe Br FOW ityPehefmneanber el ¢dhie A Habe2® i s
arranged upstream of the resistant  inparting neans 23 and serves as a
control | er #RPTERES APISE GHED bRe tthe Pun I HFeTesre™ady Rh&sesse? edtid i ne L1.
More specifically, the control tube 25 is forned of a soft material such as
segment ed pd¥ v etREnENSr SAPFi 85A8CTcAR BERELBPSENELO/pl i t ude of the pul se

pressure of the streamline LI b C ging the tube-wall thickness. Note
Phat the ampl iUt G Lheen ste et b o HETUIR T B T4 19 ST et at,

hurman' body §° RSBt HEN CTRE SBANGCET R Bun 3601 B Ef ot e f Fow -
formetion BUIp o PobL0g: Lhey AR SLEELEe 8 e A IR PUR S hike
ghate i ke structura
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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el ements corresponding to those of the driving punp 12 and - 10 any further
explanation is omtted. Note that the connection punp 28 is fitted in such
an orientation that the solution flows in through the flowin port 15 and
flows out though the flowout port 16. The vent hole 22 of the connection
punp 28 is open to the outside. The di aphragm 20 is displaced depending
upon the solution flow. The solution is |loaded in the circul ati on apparatus
10A in an adoy i rshieghekyl doselt ot hanomatmaxi mo petnagst bé edroaditngranount
of the apparatus 10A. The displ acenent anount of the di aphragm 20 of the
connecti on pywurp2 @8L ¢ sf st ightidry dwvkeran hamni esn e arurhhphy sitealdold yieran ssi bl e
di spl acenent anount. By virtue of this, the connection punp 28 gives the
danper ef f eCtowsdvbre tpeciohi tla | §4 owshien ool 18 cnd ifdrewsassést hbwaudghea he
connection punp, the diaphragm 20 is displaced, thereby reducing the bl ood
pressure. W el hgh9rtthe- cdifedctatn hsup 228 dfs trer &vge® doviist@dm  of
the resistance inparting nmeans 23 and serves as a pulse-pressure

attenuat i ot frebnsopor BPt ERBaPrR§IERe | TR & apre’ddhr €00t St HéSBSRGEON of
the downstream|lipe L2. In_ this_ enbodipent, the pressure of_ th ol ution

passed t hr FIRPCRFENY cfife iCoR°pUAPOREE + QW set! it SRBEGE T Ant PRFED d5 to
correspond _ to the pressure of the n left atrja.. .Note that, the
connect  on UG 38 Eyae T FRETFOLEE A ABER “PHEE GBIt ube 55 AT ¢ he
Chr ough ¢ het ATTEINHP (B Bbar at Gol DA TS TIRYOHICed s R T 45 NdRvgent ¢
biOprOSthet%ﬁé\/fggigcggﬁﬁﬁggmgﬂn%hgf§9ky&£gghr£8mZN]of’the connection
pump 28 is slightly lower than amaximumphysically permissible
displacement amount. By virtue of this, the connection pump
28 gives the damper effect. More specifically, when the
solution passes through the connection pump, the diaphragm
20 is displaced, thereby reducing the blood pressure.
Accordingly, the connection pump 28 is arranged downstream
of the resistance imparting means 23 and serves as a
pulse-pressure attenuation means for attenuating the liquid
pressure of the solution of the downstream line L2. 1In 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.
Note that, the connectionpump 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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this enbodi nent, as the xenogenic bioprosthetic valve to be subjected to
the cell-renoving process and cell-seeding - 11 process, a swine aortic
valve is used. The retention unit 10B is positioned at a site of the
circulation channel 13 having a blood-flow state close to that of the human
aortic valve portion. In brief, the retention unit 10B is connected to the
m ddl e of the upstream side tube 24. Hereinafter, for convenience's sake of
expl anati onprébespprii oniné dbetidpssieant sideed uberd neggsdrrteiaon afnithe
retention unit 10Bis referred to as an inlet-side tube 24A, whereas the
portion dowdBtisgams Df idied aetent tom funh¢ ci@Bulstrieherrath¢ bl8haning

outl et-side tube 248. Note that the retention unit 10B may be freely
connect ed t® lahyodtfeocwefstaeecclestatd nghahanhelhe 181N sypriopr iwlaty
selecting the site of the circulation channel 13 whose state (such as
pressure) igortbse.toln Hatiehi the 18 touet ¥oviinigt tHiBugh eonrmyerd Itiwvi ng
organismtissue. As shown in FIG 3, the retention unit 10B conprises a

t abul ar baseh83uedphd| ef othpeipPt praedidn Bupe edet etifiifdaiffadeF, a
mai n body 35 positioned above the base 33, and support nenbers 36, 36

st andi ng at CPRESPLGAECaAdSPERt OSi 8B 12PRTERE / bASE BRH IS HIpd™S ng the main
body 35. The nmain body 35 conprises a box-form cover 38 havin hexagonal
shape as se®RSFFBATTREIPr bAPS & MRS Bh %ﬁﬁ@rre§9?tmpcﬁn?g jp@i%vni%ed

nibin Lhe cover. 99, Lofrloln o reposemc, b oprostiel 16, value o frame
retention n§g$§£t§ga%ngfaEEgnggge%kgg% hgﬁtiQ%%ri%aye é}§g1 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 living organism tissue.
As shown in FIG. 3, the retention unit 10B comprises a
tabular base 33 capable of being placed on a predetermined
surface F, a main body 35 positioned above the base 33, and
support members 36, 36 standing at the right and left sides
of the base 33 for supporting the main body 35.
The main body 35 comprises a box-form cover 38 having
a hexagonal shape as seen from the front, a retention member
39, which is provided within the cover 38, for retaining
xenogenic bioprosthetic valve V, a frame member 40 having an
octagonal shape (viewed from the front) supporting the
retention member 39 and arranged along the inner wall of the
cover 38, an irradiation unit 42 (irradiation means), which

is provided behind the cover 38, for applying microwave to

xenogenic bioprosthetic valve V retained in the retention
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cover 38, an irradiation unit 42 (irradiation neans) , which 1is provided
behi nd the cover 38, for applying mcrowave to xenogenic bioprosthetic
valve V retained in the retention - 12 nmenber 39, supporting shafts 44, 44
respectively extending fromthe right and left sides of the franme nenber 40
toward the supporting nmenbers 36, 36 through the cover 38, and two tubes,
nanmel y, an introduction tube 46 and di scharge tube 47, connecting to the

retention rneshesr 3%, Asushomindg FHGEt#,44 hel covapa3f ihas ya dxwerfdimy
structure consisting of two portions |longitudinally divided, nore

speci fi cal | Freonposed gift arfd drif tcevers5afpolse t £ vared mamibdre 4G rtramarsi de and
a rear cover 52 positioned in the rear side. The butting portion of the
front covertisd sambathel nearerdomes 362 3ies thopmgt ahet hevpositi anartessi ng
with the support shafts 44, 44. In the outer edge portion of the butting
portion, flange plaasdsy 540 Sat spdudbiaedubg 46 wld ¢giacsagoeneubaitdelr edge
portion. In the flange planes 54, 54, numerous _through-holes 55 for volts
(not shown)caree¢bingdio ke rAtenfliaRgBepPanesd54, 54 are brought in
face-to-face contact wwth each other and united with the volts, the front
cover 51 and tHes sBaNIcHV el G2 arte'§ ed§rat e dhedPorel CMRST e WS ts  are
renmoved fromthe integrated construct, the fraont cover . 51 can be separated
and det achetPR?bitthe Peatveobertsons kapghtRAbPel1Y Ril¢i6Raye MO adi ati on
port 57 havin

a_.squar e-shape ich is open for dis. formed around the
ont e of THECT ST AbL 1o TP Tearo bV r o83, CTHEL| S F RSt O Boreh S7E 1 5
formed so as to viflyally £oLLesRaNd 18, X8009EEey in the rear side.
The butting portion of the front cover 51 and the rear cover
52 is formed at the position crossing with the support shafts
44, 44, 1In the outer edge portion of the butting portion,
flange planes 54, 54 are formed, virtually along the outer
edge portion. 1In 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,

whichis supplied fromthe irradiationunit 42 rearward, passes

through the irradiation port 57 and is applied to xenogenic
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bi oprosthetic valve V retained by the retention nmenber 39 frontward (see
FIG 3) . Wth the arrangenent, m crowave, which is supplied fromthe
irradiation unit 42 rearward, passes through the irradiation port 57 and is
applied to xenogenic - 13 bioprosthetic valve V within the retention nenber
39 frontward. Furthernore, the front cover 51 and the rear cover 52 have
shapes and structures capable of preventing | eakage of the mcrowave to the

out si de, n%bxaols%h@e@k'veaqvfer@mm@n t'hrerlaégé{ﬂquhlﬂgﬁﬂ%e§7j o oved, 4 e,
retention ne . te that a doorplate 59 is provided at the front end

of the frong,epN8Emo2d, The €pehbl ab8ecb951sah@rikd péaa koowh fAtELial
t hrough which the state of the retention nenmber 39 can be seen and by

whi ch | eakaggapksnhgaoyayect Orkbecuisi deo £afr et engnt edkads shawe in FIG
5, the retention nmenber 39 conprises an acrylic cylindrical nmenber 61

ext ended i nuitgblagsdtbethe dutedtiegnsihien tifte ifsi Gua,ieal fiixaw itheportion 62
positioned at the right end side of the cylindrical nenber 61, a fl ow out
portion 63 ppsatiiapednaiortthe? ek renthesteaecti heseabmband an Notstted@t i on
space 64 for xenogenic bioprosthetic valve V between the flowin portion 62
and the fl oavandrpoate 69 68.prdwnidde atetleatfiiromtrentesf 3%e fhensataxteon fl ows
into the cylindrical nenber 61 fromthe flowin portion 62, passes through
the installati orltspate Bl are 9 dws foutneldr om & hienowh ove et 1 pbrithi:omd@8 to the
outside, as described later. The cylindrical nenber 61 has open each ends in
the extendivhgcli Feet foatesptt e opehcrnisn memOEr oW i @apdre i T#en 621&Nnd t he

flowout portion 63 are set. Athin alumniumplate
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 1is adhered to the entire outer circumferential surface of
the cylindrical member 61 except for the center portion
virtually corresponding to the installation space 64. With
this structure, microwave supplied from the irradiation unit

42 (see FIG. 3) transmits only through the center
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66 is adhered to the entire outer circunferential surface of the
cylindrical nenber 61 except for the center portion virtually correspondi ng
to the installation space 64. Wth this structure, m crowave supplied from
the irradiation unit 42 (see FIG 3) transmts only through the center - 14
circunferential-wall region of the cylindrical nenber 61 virtually
corresponding to the installation space 64. As a result, the m crowave can

be converged;touhheregnt 81 -LBANORgiah biFe tane ik idya 1l AERSE 41N
tenperature of the outside portion of the installation space 64 can be
prevented. AsrsheMyidofFt&Spobdand o dHwe ifnls@atlilmtper isph @2 6eonpas ses  an
end nenber 68 engaged with the outer circunferential surface of the
cylindri cal reeabe; e mand cavclwmonel bé arorategedrenbehe 6Onpesitaqied Wi t hin
the end nenber 68. The end nenber 68 is forned |like a container with the

bot t om havi ag @me opeme noinat, tdme inefreasiedeni hemper&t Gre6of Mone owsyreicid i cal |y,
the end nenber 68 has a bottomwall 71 positioned at the right side of the
figure and mostdenwal| thig comtieddetsoy spaceedit canhéeciprmvedresht i al edge
side of the bottomwall 71 and extending virtually perpendicularly (toward
the left in Fl@&se6howe IThEIGEH toanddl | tird £ 1PWe 1bare 0 aabl commaiss &5

t hrough-hol e 73 at about the center. The sidewall 72 has a screw thread 74
formed in t#eenaiesmRe ¥ eGrAgadfd wi tbfthehaut epearagnsegentihe serfafe hr ead
74 is to be engaged with a screw thread 75 forned in the outer

ci rcunf er en?f RO YHHSAIAAF nALTOSE Aenbatd @1ChABRSAOIRTTAL FPESeP]Y 7, the

channel forpmati on menber , )
69 positioned within the end member 68.

The end member 68 is formed like a container with the
bottom having an opening at the left side in the FIG. 6. More
specifically, the 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 hollowconical pipe 77 having an analogous shape
to a cone, and an insertion pipe 78 to be inserted into the
conical pipe 77.

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

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

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

in the fi g%@mﬁ&d o flange- f o5 hemp eyt Lap Bl cantipusdskys, fof mad at the
right end side of FIG 6 of the skirt-formportion 80, and inner space 83

formed withhnaghe, portdronsndQ ine 81y apgncomnnigat bng W th diheauisi de at
the right and left side inthe FIG 6. Note that, in the section explaining

t he channel infateatiiganayeahara G9 daejeovodrt heat potbeom e spadirfiead 1y he
term "l eadi ng edge side" refers to the side of the conical pipe 77 close to
the top porfoomed® tanide trhghttesml shadekoeAAGC . 6 dé"threef ki st t borheitdieorof t he
conical pipe 77 close to the hemportion 81. On the outer circunferenti al
surface of 8he dop porerosprad9,8a Srwopperwigtlvbve 85 perfiormed alondt he
circunference. Wen the end portion of a swi ne bl ood-vessel tissue B

cont ai ni ng an@eccamuriicataine Wigd ahgenvyeiie alyi bpe ostdiet kadvaeie sideg s

pl aced over the stopper groove 85 and clanped with a bindin menber (not
shown), as théwe §i-FPGa Wote ehatalirothe Bectblosmkriexsseing tasudraiglom t he
top portion 79 can be restricted. In the skirt-formportion 80, the outer
di anet er of fHEAt he POFPEBHN6 8106 so0Wetl bdialt atdamel s ke brd erths t he

term "leading edge side" refers to the side of the conical
pipe 77 close to the top portion 79 and the term "back end
side" refers to the side of the conical pipe 77 close to the
hem portion 81.

On the outer circumferential surface of the top portion
79, a stopper groove 85 is formed along the circumference.
Whentheendportionof aswineblood-vessel tissueBcontaining
the aortic valve (as a xenogenic bioprosthetic valve V) 1is
placed over the stopper groove 85 and clamped with a binding
member (not shown), as shown in FIG. 5, removal of the
blood-vessel tissueB fromthe topportion 79 canbe restricted.

In the skirt-form portion 80, the 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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cylindrical nenber 61 such that the hemportion 81 can be just fit within
the cylindrical nmenber 61. The hemportion 81 is fornmed in a ring form The
outer dianeter of the hemportion 81 is set equal to the inner dianeter of
the sidewall 72 of the end nmenber 68. Wth this structure, the hem portion
81 can be just fit within the end nenber 68. - 16 |In the inner
circunferential surface of the hemportion 81, a screw thread 87 is forned.
The inner spacen83ihasr ¥l rePeidiEmordl eurstaddefr tgbthendbost denigi the FI G
6. The inner space 83 conprises a basal space 89 to which the tip portion
of the insesatksonepi peré8di 87t as Wermeserted through the opening portion, a
mai n channel 91 communicating with the basal space 89 and extending toward
an openi ng port iTme 90nkorsmaat 3thwes kearharyiregigersiide,atande figyhrt sime
channel s 92 provi ded around the main channel 91 and conmunicating with the
basal spaces89e iThehbdSl. §pacEh@gnnisassphesidinepmppaseswhbseasispecagr ees
with the top portion of the insertion pipe 78, can just fit the insertion
pi pe 78. THe haiwhipanhes Yipigorbierdof e alm%@’éi?l%@l@lmo—é% i

diameter is reduced inward fromthe top portion 79, but not limted to
this. The sbPdelehanhed glzr%gho?%downm@ PRt ipd @ St Facdiainghedl
skirt-formportion 80, as shown in FIG More specifically, four side

channel s 9zcam@uaﬂﬁaﬁgea H%tgqﬁ%? b?ﬁ?ér%%?%ea@%hﬁm%J%%ﬁﬁﬁQ#Qﬁuﬁp%ﬁ$%ct|on
in the skirt portion d be note e total area of the
openi ng po??|89§nb?gtB%rEF8@ gﬁ #ﬂ%?%dgﬁ %g%e% § T99% matdor qWé& mai n
channel 91, fégrtggé% cg%nne S 52 provided around the main channel 91 and
communicating with the basal space 89. The basal space 89
has the inner space whose shape agrees with the top portion
of the insertion pipe 78, can just fit the insertion pipe 78.
The main channel 91 is formed like a taper-hole whose inner
diameter is reduced inward from the top portion 79, but not
limited to this. The side channel 92 is formed in the inclined
surface of the skirt-formportion 80, as shown in FIG. 7. More
specifically, four side channels 92 are arranged at equal
intervals along circumference direction in the skirt portion
80. It should be noted that the total area of the opening
portions of the side channels 92 is set equal to that of the
main channel 91, in this embodiment.

As shown in FIG. 6, the insertion pipe 78 comprises a
spherical portion 94 having a spherical outer shape at the
leading edge side, a cylindrical portion 95 having a smaller
outer diameter than that of the spherical portion 94 and
continuously formed to the spherical portion 94 via a step

portion, an external cylinder portion 96 fitting around the

outer circumferential surface of the cylindrical portion 95
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As shown in FIG 6, the insertion pipe 78 conprises a spherical portion 94
havi ng a spherical outer shape at the |eading edge side, a cylindrical
portion 95 having a smaller outer dianeter than that of the spherical
portion 94 and continuously formed to the spherical portion 94 via a step
portion, an external cylinder portion 96 fitting around the outer
circunferential surface of the cylindrical portion 95 - 17 so as to be
mutual |y rogatables e mutg:d 0ryn el d @b oy td afin 7 centddiueis Ips forgred to
the back end side of the external cylinder portion 96 and having an outer
di aneter snaf l&nthamoushe foresd dianeiebaek tha shdeugh #iod extFofal he end
menber 68, and an inner space 99 forned within the spherical portion 94
and the cyléyndendeonddn @b 96land hevauiceancutcumtiererttieal smaut éadehaf the
external cylinder portion 96, a screw thread 101 is forned. The screw
thread 101 tlse engagyedmndi ¢heo s dhewt hirioughd h87ef 6Bned e tdred imemdremporti on
of the hemportion 81. Wth this structure, the insertion pipe 78 can be
attached t©@3t Rerconi tahepigpacer d9Thernederl tdpacsheosrlompt tebpar thasal
channel 103 through which the solution flows, a top hole 104 conmunicating
with the ba$andchhfrnell o aperépemcdoat théhkeaudt o cddgerndiederdfial he
spherical portion 94, and four side holes 105 formed around the top hole
104 and con®ihf2@®i g tie BXUee N9ds &Y LldRgeFePor3on Mhen? t¥er e ddinfpddge
side of the insertion pipe 78 is fit. in the inner space 83 of the conical
pi pe 77, th&otdp hereedi 04Tk e ot BoRaE At 95%%%&1&%19?1 IHE i n

channel 91. @ The side hol es 105 are arranged, virtuall at equal intervals
thread é7 formed in the fnner pé&tion of tkeyhem péktionrél.

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

- 18 -



along the circunference direction in the surface of the spherical portion
94. Wien the insertion pipe 78 is fit in the conical pipe 77, the side

hol es 105 can rotatably change the positions froma maxi mum conmuni cati on
position at which they can conpletely communicate with all side channels 92
to a shut-off position at which the communication with all side channels
92 is conpletely shut off by nutually rotating the pipes 78 and 77. The

i nsertion pppeunr8 prushevairel sta ppéwtlonléroanbnﬁtSbgec%n@mh@hitt%e
position fromthe site at which the total flow anount of the solution

f1owi ng out tPEBM B PWsiBRUNEHahdIS S92 Ytd yddrviaot REE £FEW Aglothd%rom t he
mai n channel 91, to the site_at ich the total flow anmount of the solution
f1 owi ng out CPRBRFAFI ofL St RUGT d&® ERahnkt YV o0 PE BT FPRdNg M2erochariet hi s
sense, the insertion pipe 78 acts |ike a variable throt , Whjch controls
Tho 11 ow amdancof Anat BITh FBH Tt T o i ME PP TROHEE S b BT 500D | As
shown in FIGS. 5 8 and 9, the flow out, partion 6 artly di.ffers in shape
Fromthe floRPFRREGTS SROBAThoRehs SLoR G ok e B My S HE LA 5 T uct o a
el ements and_f i Qn in vi.rtuall.y sim]|ar nner ., .therefore, .lj ke
reference ngrr}erggﬁt% %Fésﬁéect{%ien R S(Laé%t O&wp?&e &%%ns éBl 0 ade@?%%%?%gt he

same or eq“ic}{%%{!ﬁe,S%‘i%?u“rc%'ntﬁjlo%e!%th% %o&h%nfedéﬂi‘a"%g}%an% L%c%ﬁ?}bé%?on

corresponding to those of the OW-in portion
expl anationg) hg; QR bhed robpsicil isfiied.-raplwhhe i fference fromthe flowin

portion 62 w Il bé supplenentarily explained. The end mermber 68 of the

flowout portion§3sh&whO{ABAIGS. 5, 8 and 9, the flow-out portion 63
partly differs in shape from the flow-in portion 62; however,
has substantially the same structural elements and functions
in a virtually similar manner.

Therefore, like reference numerals are used in the
flow-out portion 63 to designate the same or equivalent
structural elements of the flow-out portion 63 corresponding
to those of the flow-in portion 62 and any further explanation
isomittedor simplified. Onlythedifferencefromthe flow-in
portion 62 will be supplementarily explained.

The end member 68 of the flow-out portion 63 is formed
like a nut. Virtually at the center of the end member 68,
a screw hole 107 is provided so as to extend in the right and
left direction in the FIG. 8.

The conical pipe 77 of the flow-out portion 63 differs
from that of the flow-in portion 62 in shape of the hem portion
81 continuously formed to the skirt-form portion 80.
Specifically, thehemportion8lis formedlikeascrewcylinder

having an outer diameter smaller than the largest outer

diameter of the skirt-form portion 80. The outer

- 19 -



like a nut. Virtually at the center of the end nenber 68, a screw hole 107
is provided so as to extend in the right and |left direction in the FIG 8.
The conical pipe 77 of the flowout portion 63 differs fromthat of the
flowin portion 62 in shape of the hemportion 81 continuously formed to
the skirt-formportion 80. Specifically, the hemportion 81 is forned |ike a
screw cylinder having an outer dianeter smaller than the | argest outer

di anet er of ct heuskerentaam portion A0thdhenopbertionl®l id eagafedenttilal
portion of the hemportion 81 is engaged with the screw hole 107 of the end
menber 68. The sonewahopepél773fhabeaegdi dembhanhel 10% fornicskerpipy a

t her no- sensor (not shown) therein. The guide channel 109 is fornmed outside
the inner 3pdoes 83gultie Trammel 10P9feonprisesing i tRergardenshanfiedt 109A
extending fromthe back end side of the hemportion 81 to the inclined
surface thesbkivpl -floehe por t iT8re 80 igiedchasredntl9 gufi derekanpersidoB-iw anched
in the mddle of the first guide channel 109A and extending toward the nain
channel 91. 1NBE& sRafa 88wd NGt Clephet 19FeCHTP Y heegai er thanAcleschoueand 1098
may be omtted. The insertion pipe 78 of the flowout portion 63 differs
fromthat of OPReSkI8RiATIpoF PO BPITK id eritder 8fshapelePrPOo¥heCR iskrti on

pi pe 78, the cylindrical portion 95 is extepnded taoward the |eadin dge
side in plat® etlﬁﬁlléﬁﬁgr?‘é% 2GBHIOR< T 84T T THR R 13t 86150%& iassef%cgrh‘gd at

(e Lead: o sdde side,el 1dde U 0L col RO 25 Fa colde foler 105,
channel 109A and extending toward the main channel 91. Note
that two or either one of the guide channels 109A and 109B
may be omitted.

The insertion pipe 78 of the flow-out portion 63 differs
from that of the flow-in portion 62 in its entire shape. 1In
the insertion pipe 78, the cylindrical portion 95 is extended
toward the leading edge side in place of the spherical portion
94. The top hole 104 is formed at the leading edge side of
the cylindrical portion 95. Four side holes 105 are provided
virtuallyatequal intervalsalongthecircumferencedirection
in the outer circumferential surface of the leading edge side
of the cylindrical portion 95.

Note that blacked out members in FIGS. 5, 6 and 8 are
O rings for sealing.

As shown in FIG. 3, the frame member 40 supports the
retentionmember 39 soastorotatetherein. Morespecifically,
the insertion pipes 78, 78 protruding outward virtually from
the center of the end members 68, 68 are connected to rotation
pipes 112, 112 via pipenuts 111,111. The rotation pipes 112,

112 pass through bearings (not shown) each attached to part
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in the outer circunferential surface of the | eading edge side of the
cylindrical portion 95. Note that blacked out nenbers in FIGS. 5, 6 and 8
are 0 rings for sealing. As shown in FIG 3, the frame nenber 40 supports
the retention nenber 39 so as to rotate therein. Mre specifically, the
insertion pipes 78, 78 protruding outward virtually from the center of the
end nenbers 68, 68 are connected to rotation pipes 112, 112 via pipe nuts
111, 111. The tloé attone pigese A1) anblprpassdehbaugbf belas i Agsnd madmisdrown)
each attached to part - 20 of the frame nmenber 40 and protrude out of the
frame nmenbe40. 40rhdhe treatteinin orenieO e 38 £$tf wi td b hilne t fuearie amembenber 40
such that the rotation pipes 112, 112 can obliquely extend at an angle of
45, as showhOisudthéhBtG h8.roftw rat erpiesnl 1 dpnblet c3@ clahigeet pteattezhd
(self-rotated) around on the rotation pipes 112, 112. In the outer surface
of the franetnenbengd® oandShears asisowe fmomhehith. t he rbtaticarempijpesn 112 at
the side of the flowout portion 63 (the upper right of the FIG 3)

protrudes, BeBREF-FToEAR NI dEf A SRldiTsr otps arhvRrRguUadst he afRigedt, etc.
, 1's provided. The retention nepber 39 is rotated wthin the franme nenber
40 by actuaPiRgSthe?sel¥arotl@t LBR CWreTi iy Memoithe FuprbReramrer the
rotation pipes 112, 112 are connected to the jintraoduction tube 46 and
di scharge t@Be DTt & SPEcEiPBl YR1ghat otz G GHiPHES ii@ F‘F?(%}_élet%‘-Q%e
inown | of ntOF S- 08 cR WRTBR" COARGLTE. bao £ JhedSRTE 1 BBt (5F i Menbbrs 1F ot at i on
pipes 112, %%gt%ﬂgeggbgssé¥%—ég?ation 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
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while allowi ng nmutual 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 means 114, the rotation force does not transmt to
each of tubes 46 and 47. The irradiation unit 42 is a known unit using a
magnetron (not shown) as a source of m crowave. Detail ed explanation of
the unit is omtted herein. The support shaft 44 is a hollow pi pe and houses
the end pofsifngned atthe pod1odhetd OrRhktubet46 @nttiee thschar gardfidie 47
therein. To explain nore specifically, a slot hole 117 - 21 is forned at a
posi tion ofof kacdubd érthed sappbetesiia ft s 4dr, f o€ @1 tdfi neawcd iof thberisuippiory shafts
44, 44 wthin and in the vicinity of the support nenbers 36, 36. Into the
sl ot hol es di7%hda Beppatieset®earsd347 ekt enditng threomlthehpodeat 1 bh, gilpes 112,
112 are inserted. The support nenber 36 conprises a first support portion
120 arrangedulags t4feanané? ssitdeadiorg fovat blve yodpont pageshel2supparae shaft s
44, 44, and a joint support portion 122 arranged outside the first support
portion 1201%®er&@Pporting a rotation joint 121 having the sanme structure
as that of the rotation joint 115 nentioned above. The rotation joint 121
supported by t 'S EHEHR BRFEFT3S (MR NSt 578k WP PP icidHhect s
the discharge tube 47 inserted in the support shaft 44 at the left side and
the outl et -5¥ 3R TiARISABE rﬁﬂ%éPWrr 6%§?a§?§/.r0@1t@13eyo?‘%ﬁ’o%%h%l‘? e

{:?taat g?ncgg%gé@éggﬁi]%%%rﬁffi 4%{ atI? a jsouiprptogBpgg%egorBtGio(naaZEhaerlrallngghéd side in

outside the first support portion 120 for supportinga rotation
joint 121 having the same structure as that of the rotation
joint 115 mentioned above. The rotation joint 121 supported
by the support member 36 (at the left side in FIG. 3) connects
the discharge tube 47 inserted in the support shaft 44 at the
left side and the outlet-side tube 24B, mutually rotatably.
On the other hand, the rotation joint 121 supported by the
support member 36 (at the right side in FIG. 3) connects the
introduction tube 46 inserted in the support shaft 44 at the
right side and the inlet-side tube 24A, mutually rotatably.
Furthermore, at the support member 36 (at the right side in
FIG. 3), a revolution driving means 124 having a motor and
a gear, etc., is provided. The support shafts 44, 44 can be
rotated by operating the revolution driving means 124. As
mentioned above, when the support shafts 44, 44 rotate, the
frame member 40 and the retention member 39 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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i ntroduction tube 46 inserted in the support shaft 44 at the right side and
the inlet-side tube 24A, nutually rotatably. Furthernore, at the support
menber 36 (at the right side in FIG 3), a revolution driving neans 124
having a notor and a gear, etc., is provided. The support shafts 44, 44 can
be rotated by operating the revolution driving nmeans 124. As nentioned
above, when the support shafts 44, 44 rotate, the frame nenber 40 and the
retenti on meaberandhrsiontianedasbyh anotateatreugbiap a8 oomd santiheugupport
shafts 44, 44. The introduction tube 46 and the discharge tube 47 inserted
in the suppbetsshattbddyeeactharmsesiyred noe soppptér Ebrétwiéh A$e base
33 during the revolution. Mre specifically, they - 22 have an appropriate
| engt h and ahewariangéd. sb0aswhen pblke suwpegh shakt shhces berwekred Hey base 33
and the support shaft 44. As shown in FIG 10, when the support shaft 44 is
revol ved byl8Qa8hghalfotrast iarn orfrdmr dinet ke ageasbowhown FAGFI® (AD, (R)e, the
frame nenber 40 is rotated. Asa result, up/down and right/left of the
retention nERBBEMSILSEE (G AvePtedecas BRGWE S tH @/ doyRpnd rigite/ left
specifically, the retention nmenber 39 can be not only self-rotated by the
sel f-rot at i Bh S X3 o1 Fre@REETPE il 2ARSE VSThAS vl SBPWhER FdFol 1R i B dri vi ng
means 124. \Wen the . ret egﬁi on genber 39.revol ves, 1Iﬁ\ge ulg)/ down and
right/left BPrepPBoal vesaerlYri 586 BEGFEIPRVEFTREY ROt e T hat 1F étehte

120 Noto tRSLTa" BB P Yodite Shaj BE CAroVTdbE 158 TRl g% RBL A Tbhery  of
the i ntrodugtign,Lybg, 46,L0 BLEYERY ort 2 LETRPLALYLE 1y ! NngQ! yhion from
I NnCreasi ng.
retention member 39 revolves, the up/down and right/left of
blood-vessel tissue B are inverted. Note that reference
numeral 125 in FIG. 3 indicates a switch for the revolution
driving means 124. Note that a cooling means may be provided
forcoolingtheperipheryof theintroductiontube 46 toprevent
the temperature of the solution from increasing.
Next, procedure for setting up xenogenic bioprosthetic
valveVintheretentionunit 10Bconstructedabove and function
of the retention unit 10B during the set-up time will be
described below.
First, from the state shown in FIG. 3, the rotation pipe
112 is released from the rotation jecint 115. Then the pipe
nut 111 is loosen by turning it and removed from the retention
member 39, thereby removing the retention member 39 from the
rotation pipes 112, 112. Thereafter, the end members 68, 68
are removed, and then the flow-in portion 62 and flow-out
portion 63 are removed from the cylindrical member 61.

Subsequently, while keeping the state where the top portion

79, 79 of the flow-in portion 62 and the top potion 79 of the
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Next, procedure for setting up xenogenic bioprosthetic valve Vin the
retention unit | OB constructed above and function of the retention unit 10B
during the set-up time will be described below First, fromthe state shown
in FIG 3, the rotation pipe 112 is released fromthe rotation joint 115.
Then the pipe nut 111 is loosen by turning it and renoved fromthe
retention nenber 39, thereby renoving the retention nmenber 39 fromthe
rotation pipeswiddtr pd2cidhesradtersl Idweenth makens 68owh8inarect empved,
and then the flowin portion 62 and flowout portion 63 are renoved from
the cylindrbeah srdbesfb6iwinSubsequenttyelwhissukeRpiagtd heisdaderwhere the
top portion 79, 79 of the flowin portion 62 and the top potion 79 of the -
23 fl ow outrapoetV ers63naretabl towdiet bopaoertasoshon 768, Rt&spéctibain ends
of swi ne bl ood-vessel tissue B containing aortic valve V are inserted to
t he top poréandrshery, cY9mpeddpebi ndehy meare rtshéno t clhawpe dobhy hisi siddpige menber s
(not shown) on the stopper grooves 85, 85, respectively. Blood-vessel
ti ssue B isgsepbvesn88uchd arrespentdai¢bn. t dtoacthe eslalt itdssius 8l Leweelt t o fl ow
t hrough aortic valve V (uni-direction valve) fromthe ri ?ht side to the
| eft side i AnFPEhEaN Theyefatekon ttHea ¥ Itde iselusson as 62landdt he floww out
portion 63 connected by way of bl ood-vessel tissue B are returned again in
t he cylindrEbaPudheapeficlvahye ¥ Helrdndlimaaidon 681ve8 dremathachiehto the
cylindrical nmenmber 61, and further the retention nmenber 39 is fit to the
rotation pipéde1to, theo ledtsiiawe il FilG- 2- | AletRPS tREnnéhe HEWsdtup of
bl ood-vessel tissue B is conpleted. ,

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.

In thecell-removing process, the cell-removing solution

is supplied from the introduction tube 46 to the insertion

pipe 78 of the flow-in portion 62 by way of the rotation pipe

112. At this time, the insertion pipes 78, 78 of the flow-in

portion 62 and flow-out portion 63 are set at the positions

where the side holes 105 and the side channels 92 of conical

pipe 77 are completely communicable, as shown in FIG. 5. With

this arrangement, the cell-removing solution supplied to the

flow-in portion 62 enters blood-vessel tissue B by ways of

the top hole 104 and the main channel 91 of the flow-in portion

62, passes through aortic valve V, and goes to the main channel

91 of the flow-out portion63. Simultaneously, the same amount

of thesolution flows throughthesideholes 105 andsubchannels

92 of the flow-in portion 62, passes through the inner space
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In the cell-renoving process, the cell-renpoving solution is supplied from
the introduction tube 46 to the insertion pipe 78 of the flowin portion 62
by way of the rotation pipe 112. At this tinme, the insertion pipes 78, 78
of the flowin portion 62 and flow out portion 63 are set at the positions
where the side holes 105 and the side channels 92 of conical pipe 77 are
conpl etely communi cable, as shown in FIG 5. Wth this arrangenent, the
cell-removi aff sbéutydbinsuppél aetentloet el drldowoiers portbi bhe62iéatensnnel

bl ood-vessel tissue B by ways of the top hole 104 and the main channel 91
of the flowdknoporhé¢ ohlod2Qupaswest athricuglscaest fe datver \hland-goeseio t he
mai n channel 91 of the flow out portion63. Sinmultaneously, the sane anount
of the sol utieauklBuws Tiher eagh-raeogige S1olwsl ADBagAddsibr ed@nidlesnad? of the
flowin portion 62, passes through the inner space - 24 of the cylindrical
menber 61 afbagpesd Pgt@n@h@%i T lamEle 199220t heef f b odBt poR ¥t BP 63, so
as to detour bl ood-vessel tissue B. The cell-renovi n% sol uti on passed

t hr ough t he®fdi 1PV T REANETOO Ehantdt T et s¢@1PRath eIt st o2 TPV RE LI POk bRkt
portion 63 flows qut fromthe jnsertion pipe 78 of the flow out portion 63
and is dischargBd €6 CPHEGrIgREr ¢€ ttﬁﬁfe UP IFTATGH e 4 7 JtRiGWH piipe 112,
as shown in FIG . 3. There{rg%\f, t he main ch%nn | 91 and_t he tog hol e 104
provi ded i nF858h161 PhBSf i 5 JHUT I 62Cand -1 | OREBGEOPSr ¢ FoR BRD

[Tving or gannehneti LGB thocaaet Tl BEReSRrd YnarBaE the 185 thannel s
o2, and hep s S5pHokeL 08 B 1L S3A1 0, 87Eh ol Lbey Lo b Rerdh g, £2 anc
mutually communicating through the tubular living organism
tissue (blood-vessel tissue B), whereas the side channels 92
and the side holes 105 provided in each of the flow-in portion
62 and the flow-out portion 63 constitute a second flow channel
mutually communicating through the detour root formed outside
of the living organism tissue (blood-vessel tissue B).
In performed the cell-removing process mentioned above,
the irradiation unit 42 and the self-rotation driving means
114 are operated. The retention member 39 is self-rotated
while applying microwave to blood-vessel tissue B retained
in the retention member 39. By this operation, the cell
removing operation can be applied uniformly in the entire
circumference direction of blood-vessel tissue B. The cell
removing operation is preferably performed while checking the
temperature of the soluticon 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 insideandoutsidetheblood-vessel tissue
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mut ual Iy conmuni cati ng through the detour root formed outside of the living
organi smtissue (bl ood-vessel tissue B). In perforned the cell-renoving
process nentioned above, the irradiation unit 42 and the self-rotation
driving neans 114 are operated. The retention nmenber 39 is self-rotated
whi | e appl ying m crowave to bl ood-vessel tissue B retained in the retention

menber 39. By this operation, the cell renoving operation can be applied
uniformy ig tBe.§ALI LRerEl igumefgfﬁﬁ@rgtuﬁgtas_)@fgie#)&@ogemééﬁltﬁéﬁsue B.
The cell renoving operation is preferably performed while checking the

t enper at urergt £doSPhthFOM il fiF Aich b e@lyclhoole @85Ebetd1SSdIEed B DY sESi NY
t her no- sensors (not shown) inserted in the first and second guide channels

109A, 109B cgeenEl €hebhol setidbBs case,sHdn celdsgrermyiingtsel gtiren hsdal | owed
to flowvirtually at the sane flow rate inside and outside the bl ood-vesse

ti ssue - 2BecBnsiogifate dhemedls N drenper atogre. diNbier emee beiareamd hem
The tenperature difference between them can be checked by use of the therno
sensors (notesbewa) urkserdtfedhen ilnsd dd regtd and s iske areh gui ldenahann@y s 109A
and 109B. Note that when the tenperatures of the inside and outside reach
human body ttkeppekatuke (e&.od.,, 3FPC), the irradiation wmitt 42 automatically
stops irradiation of mcrowave, whereas it automatically starts irradiation
of m crowaveuthenttice l liveriepst urmesdiedamn |aiveri dtare the oelyeaenper at ur e.
The irradiation unit 42 of this enbodi mrent can apply a mcrowave having a
frequency ofRu2omstdealdiyd s& aFdwerl rofadhitpduitor) qlo mxpewane Nohen thag t he
tenperature sensor may be introduced into

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.

Ontheotherhand, inperformingthecell-seedingprocess,
application of microwave by the irradiation unit 42 and the
self-rotation of the retention member 39 are stopped. The
insertion pipes 78, 78 within the retention member 39 are
changedinpositionby turningandloosening the collar portion
97 and rotating the cylindrical formportion 95, fromthe state
shown in FIG. 5 to the state where the communication between
the side holes 105 (see FIG. 5, etc.) and the side channels
92 is completely shut off. Thereafter, the cell-containing
solution is supplied to the insertion pipe 78 of the flow-in
portion 62. Thecell-containing solution then passes 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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the first channel froma hole formed in the mddle of the discharge tube
47. On the other hand, in performng the cell-seeding process, application
of mcrowave by the irradiation unit 42 and the self-rotation of the
retention menber 39 are stopped. The insertion pipes 78, 78 within the
retention nmenber 39 are changed in position by turning and | oosening the
collar portion 97 and rotating the cylindrical formportion 95, fromthe
state showantn sHK&n 8ikehthgesitfatom vihet asthe ioam TabIfameel sweedut t he
side holes 105 (see FIG 5, etc.) and the side channels 92 is conpletely
shut off. Thereabhef3.t heuxceld -tdant aiprinag 1csgl whieohnssrsuppl pédeso’§ he
insertion pipe 78 of the flowin portion 62. The cell-containing solution

t hen passes78hapeghladdm inophhabes d0domfatt We ifhoweimupbeat baneleameer he mai n
channel 91, reaches bl ood-vessel tissue B, passes through aortic valve V,
flows into the smade channellsorref stivg fAfdw olihepeifoiren 68 - 26 and is

t hen di scharged fromthe insertion pipe 78 of the flowout portion 63.

Duri ng thi scepérapnsainihe sakerieonPpilsesord lowguipadp|akeedives sl
position at which conmunj cation between _the side channels are shut off.
Theref ore, FRESEEIP- dBHtHIhIThE SBHF BT oASMSTFE™RIE NE BRCBEE 8RN bl RM vessel
tissue B, un]ike the case of cell-renoving process nentioned above. In

per form ng ?Pévéell-seeding process, the revolution driving nmeans 124 shown

in FIG 3 is actuated._The retentio menber 39 rotates together with the
frame member 40 bh GUTHE OGN The EUSBON SERARNS BXOCHAS, wFbh THEP WS t hat

the retentiggivingmeans 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, withthe result that the retention
member 39 is rotated upside down in the direction indicated
in FIG. 10. Since the retention member 39 revolves, the
autologous cells of the cell-containing solution can be
attached uniformly to blood-vessel tissue B without
gravitational effect.

Next, methods of removing and seeding cells by use of
the living organism tissue processing apparatus 10 will be
described with reference to FIG. 1, etc.

First, blood-vessel tissue B including aortic valve V
is taken from an animal such as a pig. Blood-vessel tissue
B is set in the retention unit 10B in the manner as mentioned
above. Thecell-removingsolutionisinjectedintothe living
organism tissue processing apparatus 10, and then circulated.
Asthecell—removingsolution,asurfactantsuchasdeoxycholié
acid (bileacid), sodiumdodecyl sulfate (SDS), or TritonX-100
were used. At this time, the cell-removing solution is

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

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

described with reference to FIG 1, etc. First, blood-vessel tissue B

i ncl udi ng aarnt iveival ¥eeMingSthakenat&ost ath@nidmBlt Sdchr1as @ tp §hat of

Bl ood-vessel tissue B is set inthe retention unit 10B in the manner as
mentioned abeve.unEhe Keldd rEmy, nigh shatmamées menecdeddi bedohe i vi ng
organi smtissue processing apparatus 10, and then circulated. As the

cel |l -removi ng solibenom,swa tsilr f act attovaic b sasdeoxydhalhiecsuacidn(bupplaci d),
sodi um dodecyl sulfate (SDS),orTriton X-100 were used. At this tine, the
cel |l -renovi mgpisollitslorwn sn ELGecul atsedcinathe. | itheny dhganeshrtremsuéng
processi ng apparatus - 27 10 while keeping the state of the solution close
to that of stHethwrahsbtboduisoed hraqush rhenei reehatonedcibeton Mhbl a
switch (not shown) is pressed, the suction/supply wunit 11 shown in FIG 1

i s actuat ed PUuttsat lamhee fodihie raamoRAng Pwed ut 4 on Mor ecisras st ek 1 hfougre t he
circul ation channel 13 by ul sation of the driving punp 12. More

speci fi cal | geltheensiing sppiicagnsdl ¢ Foh fejcact b driomncheuaridd A§openp 12
flows through the upstreamline L1 at the pressure virtuall correspondi ng
to a gener altPda19t HresRitte ™ &l Hifran! bodythe p%%%%%ui'%r%hﬁ%uﬂaéyr etention

unit 10B arranged in the mddle
corq:espom}ing to a general aortic pressure of a human body,

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

At this time, intheretentionunit 10B, the cell-removing
solution flows throughboth inside and outside of blood-vessel
tissue B retained in the retention member 39 at the flow state
corresponding to the blood flow flowing through the aorta of
a human body; at the same time, microwave is applied to
blood-vessel tissue Bwhich is being rotated by self-rotation
of the retentionmember 39 asmentioned above. Inthismanner,
various typesoforiginalcells (endothelialcells, fibroblast
cells, smooth muscle cells) are removed from blood-vessel
tissue B taken froman animal. As a result, a substrate formed

of collagen alone remains. In this embodiment, themicrowave
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of the upstreamline L1, 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

i mparting nmeans 23 passes through the connection punp 28 and flows into the
driving punp 12 at a pressure of about 10 mmHg virtually corresponding to
| eft atrial pressure. At this tinme, in the retention unit 10B, the

cel | -renovi hg seetufied tollmke rhifseghebsthoifndi de @l ansiadeogkr of

bl ood-vessel tissue B retained in the retention nmenber 39 at the flow state
correspondi AgoBE £RE Bl 6@d5PPoW f]P‘éW nytt hiBUERdthe Borea @Pndatheh@n body;
at the same tine, mcrowave is plied to blood-vessel tissue B which is
bei ng rotatéawﬁye§elFhPoPQV?BnOfcﬁh?iﬂ%qﬁﬂﬂﬁﬁq(ﬁ?Qﬂ?ﬁbépa§§e§swhéﬁﬂpoﬁed

above. In this manner, various types of inal cell endot hel i al cells,
by ol bt PEEAPE St st higE s LB C ATE TLRaVEaTF T Sroad Cetder

t B tak | t b te f f |
oo 16 AT 0 %ﬁ%ﬁﬁ ebeshile TR Lol R
a frequency_o abo

t %_ 0_500 Vﬁgbué not
linmited to Phég ESRdPﬁ ga ert“HLé1 \ﬁeer fr‘?r%o‘”rﬁl%r% Ve-tan be
h d t I d t
or oduce “anéiﬁs%geﬁﬁi%ﬁ er%%@%‘ﬁ uﬁ@%%ﬁ%c %%98 ?l‘f?gg Phslattedosrelle

and can progyge,a,pLede é%r}ﬁ%(%?% éj’qpur&%vd NI r ft%%trmof%' t%@""%h}é%'%f

el ectromagneti c wave er ent ency an acousti ¢ wave may _
appl i ed. FUEh@e&g@&ere}n@%lkbowo%tlmem%?yl Lefiempyi 0g $0I Yot off gRyquesl 1T it

i s not anal ogous
to the blood flow. In other words, a pulsatile flow may be

B

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 iswashedby 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 copen ends of the flow-in portion 62
and the flow-out portion 63. In this manner, blocod-vessel
tissue B from which cells have been removed and retained in
the retention member 39 is immersed in the binder for a
predetermined time. Thereafter, the binder is discharged
from the retention member 39 and the cell-containing solution
isinjected intothe retentionmember 39. Thecell-containing
solution is prepared by taking autologous cells (endothelial

cells, fibroblast cells and/or smooth muscle cells) of a
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to the blood flow. In other words, a pulsatile flow nay be accepted. After
the cell-renpoving solution is discharged fromthe |living organismtissue
processi ng apparatus 10, normal saline solution is injected into the living
organi snti ssue processing apparatus 10. After the apparatus 10 is washed by
circulating the normal saline solution, the normal saline solution is

di scharged fromthe |living organismtissue processing apparatus 10.
Subsequent | yecd phiiemder calithrasgf fbr enecede tiesmidiedetihy, ianj@etded nignto t he
first channel of the retention nenber 39 to bl ock the open ends of the

fl owin porti pneé2teandnehlectil owreusoporidon 68 the thisumenaetution,

bl ood-vessel tissue B fromwhich cells have been renoved and retained in

t he retenti 6RYNENMBEUTII Siod Uitrhesy & ¢ tisedhipsdéPnBoRsaltpFradeber uEAed ti ne.
Thereafter, the binder is discharged fromthe retention nenber 39 and the
cel | - cont ai Aicfig tH6l @Sl saeding iR s ht o EERE el S Grerfbetu d9irerhe
cell-containing solution is_prepared bﬁétaking aut ol ogous cells

(endot hel i aFolE¢oR 1n¢ hpeeMdst® 26T LUBAdP oM HbG H- WL PE I FeFPaRYa - 29
recipient, culturing for a predeternmined tine, and adding to a
predeperniné&f@uT?ﬁgBOESE&Fﬁén. %8t?H%Séﬂﬁiﬁ?%n%BP%ﬁFﬁh?gedﬁ?s%éﬁiﬁP%
orocess. ExBABIEE of e AT Urie s Sl it T e} T 65 TR B0,
manuf act ured by t he .conpan Lif.e Technologies), ..ln the same nmapner_as in
the case of °f Veﬁfﬁ&bﬁfm5¥ﬁ%ﬁéV%§é% “t7s Lk?%ﬁ??%%%%%i%%f%%+?g ﬁ%&eabeen
removed is LuRrsed ifdde 68! 259N ALR1 NG S 2410 5% 8pparatus 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. In
this manner, blood-vessel tissue B from which cells have been
removed is placed in the cell-containing solution flowing at
the flow state corresponding to the blood flow through the
human aorta, autologous cells are seeded in the blood vessel
tissue B. The revolution driving means 124 (see FIG. 3) 1is
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 such anembodiment, thecell-removingeffect

and the cell-seeding effect can be significantly enhanced;

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

aut ol ogous ¢ehlhs salRisReFG dds 4 hférb'k%)cbé/ﬁ%ﬁﬁedtir$5é'es&?ugﬂn§er§f0| ution
driving neans 124 (see FIG 3) is actuated before the pulsatile flowis

gener at ed byplhe t i@insCWhatlicon cappial atd o 1A -+ 441 St Weyue bk 00d- vessel
tissue B immersed in the cell-containing solution is rotated upside down,
t her eby uni frercriny iaint aclhibeg tite. cehle- penlcaiskiing oFolautdcdrvdemiv rtual |y
entire region of blood-vessel tissue B without gravitational effect. Note
t hat such abrieypalosttingt i operlatd dmwelywdie cont tarugukd iyt pedh dveesdidoi yng t he
time when pulsatile flow of the cell-containing solution is generated.
Accordi ng t pesdchmad emoshorhttinche deldddenbon ngiefdeestch @ndetthence

cell -seeding effect can be significantly enhanced; at the sane tine, the
cel | -renovi pd ppetessoandcahde p3Q fogaidd snetlisigigreoeéss ighn peapeelorned in
a sequence of operations while retaining blood-vessel tissue Bin the
retenti on nméfiserePPICTHE priciuss e tofc avader geaii doe biept ost ¢en i ¢hvaeve
involved in transplant can be sinply perforned in a short tinme. In

addi tion, sPAEYeHdR % PEduEnRcd - of operations can be performed in a single

airtight channel t he xenogeni c bioprosthetic val ve can be kept clean while
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, bile acid of 37°C was used as a cell-removing
solution. The bile acid was injected into the circulation
apparatus 10A and allowed to flow so as to correspond to the
human blood (pulsatile flow) in the aorta. A swine
blood-vessel tissue containing the aortic valve was allowed
to leave alone in the flow for 24 hours. At this time, the
circulation apparatus 10A was operated under conditions: an
average flow rate: 5 L/minute, a pulsating rate (beating rate)
of the driving pump 12: 70 times/minute, an average liquid
pressure of the bile acid: about 90 mmHg where the maximum
and minimum pressures of the liquid were allowed to correspond
tothemaximum and minimumpulse pressures of a typical person,
respectively. After treatment, the blood-vessel tissue was
observed under a microscope and the magnified view was taken

by a camera. Original cells (endothelial cell and fibroblast
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preventing pollution. Next, the present inventors perforned experinments for
denonstrating the cell-renoving effect and cell-seeding effect based on
this invention. (1) Experinent of cell-renoving effect [Exanple 1] In
Exanple 1, bile acid of 37C was used as a cell-renoving solution. The bile
acid was injected into the circulation apparatus 10A and allowed to flow so
as to correspond to the human blood (pulsatile flow) in the aorta. A sw ne
bl ood- vesseketliissueenanhahgi hg tie Hordd-cvrasdale tiaswal wewedcotiatkdave al one
inthe flow for 24 hours. At this tine, the circulation apparatus 10A was
oper at ed undertadandint avasaganmumaver age ditioy nat eceld d fomirnunet arpal $ating
rate (beating rate) of the driving punp 12: 70 tinmes/mnute, an average
liquid press@te of the bile acid: about 90 mmHg where the naxi mum and

m ni mum pressures of the liquid were allowed to correspond to the maxi num
and mi ni num pul sBspeessarés, obbautygibfalorperngan, celdspastt wallyt anfacer
treatnent, the bl ood-vessel tissue was observed under a m croscope and the
magni fi ed vireWawasd aiteshopy dicdmér-a.llariginal cells (endothelial cell and
fibroblast - 31 cells) remaining in the bl ood-vessel tissue were counted
to obtain an aveéEAdBPhENBér of original cells per unit area (1 mR) . As a

result, about 850 originfl cells per unit area, remained as shown in FIG
11. [Exanpl e 2] In Example 2, a predetermined microwave was applied to

a blood-vessel tissue while rotating by the retention unit
10B in addition to the conditions of Example 1. The microwave
having a frequency of 2.45 GHz was used herein and applied
under the followingthreedifferent conditionsbyvaryingpower
and irradiation time: a power of 100 W for 8 hours, a power
of 500W for 12 hours, and a power of 500 W for 24 hours. In
all cases, the blood-vessel tissue was rotated 4 times per
minute in a self-rotation manner. Original cells remaining
in the blood-vessel tissue were counted in the same manner
as in Example 1 and an average cell number per unit area (1
mm?) was obtained.

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

[Comparative Example 1]

An experiment was performed as a Comparative Example to

Examples 1 and 2. A blood-vessel tissue as used in Example
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In Example 2, a predeterm ned m crowave was applied to a blood-vessel
tissue while rotating by the retention unit 10B in addition to the
conditions of Exanple 1. The m crowave having a frequency of 2.45 GHz was
used herein and applied wunder the following three different conditions by
varying power and irradiation tinme: a power of 100 Wfor 8 hours, a power
of 500Wfor 12 hours, and a power of 500 Wfor 24 hours. In all cases, the
bl ood- vessell vassimenavased dirabédeda¢ides getingrisnatleé im acosltib-instratpon
manner. Original cells remaining in the blood-vessel tissue were counted in
t he sane magddrouns. | REGEMH lecal hndear Iavecage tbeldl andreas Sre thipbtearea (1
mR) was obtained. As a result, about 380 original cells remained per unit
area when nierewEPENkES! éﬁpppéélﬁtaa PBRERIEF NEODEW PErOBLEBORS. CCORSt he

ot her hand, in the cases mhere m ¢crowave was applied at, a power of 500 W
for 12 hour 8e&ndN34 RAGas, ]némbﬁlépnépe SéMes MRENE lolfse Ve &3 R i n. | n

Femoved. | In  al | AEa8eESSEbF | Ao bIar T e i b PgalTy tafFERt ed.

renmove n a a | a a e

[ Conpar ati ve Exarrp e 15] An exper;FS%wt ]:/fs perfornmed as a Corrparatlve Exanpl e
t

to Exanples® P23RE %2 257 B1¥6Y-VEe 'sue as used in Exanple - 1 was

inmmersed in bile t d|n n_a_container forz 24 hou i gi na
cells remaining PRo P%éﬁ% 00C %%%%%Fe%lséﬁa e %r88d&fg% ﬂ“ﬂg%?ﬁ?ﬁ C%

average numher .of i ginalo el § . L e (3 2) 1, e sage mner

as in Exanp the result, b05%5%3gn%? orlglﬁ%T % per un|$ ar ea
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 blocod-vessel tissue
immersed in bile acid allowed to stand still. The
cell-removing effect of this case is higher than that of
Comparative Example 1.

(2) Experiment for cell-seeding effect

[Example 3]
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remai ned as shown in FIG 11. About 1880 original cells per unit area (1 mm
2 ) were present in the blood-vessel tissue used in Exanples 1 and 2 and
Conparative Exanple 1 in the initial conditions before subjecting to a
cell-removing process. Fromthe 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-renoving effect is
denonstrated. |nIpackheplar 3, wagnerheéhease 1whermovting praadgssale tissue is
sinply imrersed in a pulsatile flow of bile acid (Exanple 1) is conpared to
t he case wheneod-rveadiedt itdrsake weer ewaledi sifhrhbemnapesddinedsbestdes t he
imerse treatnent, the cell-renoving effect is higher in the latter case.
Wien a freqiiemcybofitnbueowave arsd i imoresaset ifr dib rdd@ A/itno f5@04\Wioor ggi na
cells cannot remain. Note that although detail ed description was omtted
herein, ni clowsaeallgsl reritliiohedubboveccarredd sapphidethediaheedlcodweessel
tissue imersed in bile acid allowed to stand still. The cell-renoving

ef fect of thirkepadsopsahrghépienanst havisy bodiphpapever&Enapppated Q)
Experiment for cell-seeding effect, [Exanple 3] - 33 |In Exanple 3, after
the cel | - r eREEPAG SpROEEIS,~ A 2 15113 -5 RS elont i sThe Wes waESHed Wit nor nal
saline solution for about one hour and inmmersed in fibronectin_ for 4 hours.
I n paral | el SP8YERPE, UeRE QCGoEs YR IR CRBRIDPHTI B UL SP i eOlPaREA from a

recipient's living body to pbe trapsplanted to
P cellsé%ust%kengglacult&&eplatecontaininng99forESdays,

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
wereattachedperunitarea(1nm?)ofthekﬂood—vesseltissue.
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.



prepare a cell-containing solution. The cell-containing solution used
herein was prepared by culturing the autologous cells thus taken in a
culture plate containing M99 for 5 days, renoving the autol ogous cells
cultured fromthe culture plate wth trypsin, and adding to ML99. The cells
were cultured in M99 supplenmented with FBS (Fetal Bovine Serum | WK- 500,
manuf act ur edbyl waki) ,antibiotics (penicillin/streptonmycin m xedsol ution)
andFG-- 2 (manuf adeEwseglley 4Repro Tech Ec Ltd.). Thereafter, the bl ood-vessel
tissue was inmmersed in the cell-containing solution for about 4 hours while
rotating the bl dodExespét 4/ ssuemphandl dodnvedseertismueelds seedicrg
process, the bl ood-vessel tissue was observed under a mcroscope and a
magni fi ed vilewtlo¢ stire Htepsavebs Ekatpdsur thasaldkerriie i tagrecdutThe state
of the autologous cells (endothelial cells) seeded in the bl ood-vessel

ti ssue was wassetyedlansdalny ebglairqulataicor sprarakas 1M uades dypesneel | s
were seeded in virtually the entire bl ood-vessel tissue, as shown in FIG
12. Actual | floabsianBHOL At ADgbusExEMPLei h- average were attached per unit
area (1 mm 2) of the bl ood-vessel tissue. @ The ratio (density) of the area
occupi ed by aut off8g&&® e FOLseSARGIE a1 3hD oFe thee bt ovsvessel

ti ssue was about 18%.i n average,, - 3ﬁ [ Exampl e 4] In Exanple 4, after the
bl 0od- vesselt 4SS B3 HAEBELS PR e ~SRmE R B BapRéadnethe

cell contal Ning SRLEON: 80 Bty BISSLLD, Lo 8" eutatLgn, 2RRY abus 104

under the s
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 CanF) was
about 2170 inaverage. Theratio (density) of theareaoccupied
bytheautologouscellsperunitarea(lmmz)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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flow conditions as in Exanple 1. To explain nore specifically, after the

bl ood-vessel tissue was imrersed in the cell-containing solution maintained
to stand still for about 48 hours, it was rotated up and down for about 4
hours. Then, the cell-containing solution was allowed to flow so as to
correspond to the blood flowin the human aorta. The bl ood-vessel tissue
was |eft alone in the flow for one hour. Thereafter, the state of the

aut ol ogous teekkangesdedl i tthe bkoadrvessehiticSsdeuwasnoRsgry ed dgiotthe
same manner as in Exanple 3. As a result, it was observed that the

aut ol ogous geltla% i et Besieeded- s 6L M ysdue vipr dhaldowrd heveant peefarpadof the
bl ood-vessel tissue and that the autol ogous cells are aligned in the
direction ofint hrevidrew afrddre. cald ex@itadinnineg es alputd id, ca lalsy shiownthis FI G 13.
In addition, conpared to Exanple 3, the density of cells increased since

t he aut ol og@uxsmpdld,s thy dlidet-ategkel ntidsse Exanglecdt he boheber of

autol ogous cells attached to the bl ood-vessel tissue per unit area (1 MmmR)
was about 2710 -iovordeairaigey SEhetrigin orgdengiathe)d ofo Bhel dowa docupbedt by t he
aut ol ogous cells per unit area (1 nmmR) of the bl ood-vessel tissue was about
63% i n aver dgecuf Exampitécs], Eranpleod-vesspertfigevedwia iheesad® imabher as in
Exanpl e 4 except that a step_of maintaining the blood-vessel tissue - 35
to stand sticelliwateidelng ertailRrngnsolstengistand atstepfof 4% BPErEng t he
bl ood-vessel tissue up and down, were performed in_reverse order. To

expl ai n nDrgh§§eth?C%$i%TCPﬁt@hPéng solution was 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.
Theotherconditionswerethe sameas inExample4. 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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Exampl e, the bl ood-vessel tissue imersed in the cell-containing solution
was rotated up and down for about 4 hours and then, the bl ood-vessel tissue
was imersed in the cell-containing solution in a standstill state for 48
hours. Then, the cell-containing solution was allowed to flow so as to
correspond to the human blood flowin the aorta and the bl ood-vessel tissue
was |eft alone in the flow for one hour. The other conditions were the sane
as i n ExanpkeetagEhéleaf tete of hbestal é-obnthénanygosobousoretd s segeded in

t he bl ood-vessel tissue was observed in the same manner as in Exanple 4. As
a result, tRBelagesl ogous calid tdre gratdderkied drrres siereasédtha density in
the same as in Exanple 4. Qther than this, the autol ogous cells are seeded
mor e uni f or gy lirgopit@ irdmd reo lartdepnt e |~°fﬁfE>@¢rpﬁlkéOmt %Q(Ex@ﬁ&b@e 6] Exanple 6
was performed in the same manner as in Exanple 5 except that the tine for

| eaving a bl ood- eéséelfew%%uevmtu@h%yfnltﬁNScﬂmet e fes1t 2coAnaEnrmg leobut i on
prepared in the sane conditions as in Exanple 5 was set at 48 hours. As a
result, thevssedRb2:BPMs p?%lqtfl'éerraf”@&déndléow & Lloaseding methpc fé entire

T S b T BB TSI b L BRI SR
cel |l -contai ni_n utl Qn were ch ed. To expl ai nore s ifica , the -
36  averageofl QFArE %%%%FP%%&P&%%&%&E& PEEens st o
mnute and %Qe ?gg&ag o q&%%h%rggg%Ee 0flve 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
Examples 3to7. 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, thenumber of autologous
cellsattachedtothetissue inExamples 3to 7 issignificantly
larger than in Comparative Example 2. That is, a high

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

cell -seeding nethod of the present invention was applied, even if the flow
conditions of a cell-containing solution are changed in view of the state
of blood flow and the heart-val ve position of a recipient (a patient to be
transpl anted) , the autologous cells seeded in the bl ood-vessel tissue
proliferatepanddcasysdl misdsudel ennierssdirfrace pheseofle Thusw general ly,
bi oprost hetic val ves can be prepared to neet the conditions for heart

val ves fromddidseordfaiadirld sol ot { hoséheforchad tthterombh 6 adilflfser s impanwadt of

bl ood circulating in body, and those who differ in blood pressure.

[ Conpar at i vé nExadpt €02} thre expesiamenhbchayapedf andedcasuonpanati velEgsanpl e
to Exanples 3 to 7. The bl ood-vessel tissue was |eft alone w thout
rotating upisndrge@yed,n wirtderit hieo regkid tc 6ipar Bsda raetthnExkepl ef gelafd t he
state of autol ogous cells seeded in the bl ood-vessel tissue was observed in
t he sane maRéy S9¢Bchnmple 3. As a result, the autol ogous cells were
seeded but non-uniformy in the bl ood-vessel tissue. Accordingly, the
nunber of aut ol 0gBEsPEBFFETsRERYC I ANt he WRIGFEARII &C £i S8he—rRARVINg
significantly reduced conpared to Exanples 3 to 7. Fronthe results in the

f or egoi ng, Eﬁé“ﬁﬁﬁbéprongﬁFoibﬁbﬂg OkeN 55Tt bTFERS t"g1 A He Alicsstid si AN

Exanples 3 to 7 is si.gnificantl | ayger _than in arative Exanple 2. That
o5 g GEA e diip 5 Fdot s CoB: AF AU VPRSBar L EarEr COMPGATLRE - 37
b|OOd-Vessdtggggygié%ahgggﬁgggpigigegghﬁggéL%bghg%egﬁ.a 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 i1s 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 for use inimmersinga living organismtissue during
the cell-removing process and/or it can apply microwave to
the living organism tissue.
As explained in the foregoing, according to the present
invention, original cells present in a living organism tissue
such as a xenogenic bioprosthetic valve can be removed and

the biocompatibility of the living organism tissue after

transplant can be enhanced.

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

Furt hernore, thehpr esesentndentdran drs appldecabled tim gopsoeessndg o an

al | ogenei ¢ bi oprosthetic val ve other than a xenogenic bioprosthetic valve.
In the cel | Lriemovdatghatethodk lace dradkiarg ftront ke pnegendt inicdweritmicor, htilwenl i vi ng
organi smtissue processing apparatus 10 explained in the enbodi nent is not
essenti al | y tgsed.stars i A abpad hthesesg antkmephanheg be askdmas body-as they
can renove cells. In other words, any apparatuses can be used as |long as
it can provide a predeterm ned pulsatile flow of a solution for use in
imersing a living organismtissue during the cell-renoving process and/or
it can apply mcrowave to the living organismtissue. As explained in the
foregoi ng, according to the present invention, original cells present in a
living organismtissue such as a xenogenic bioprosthetic valve can be
renmoved and the bioconpatibility of the living organismtissue after
transpl ant can be enhanced. | NDUSTRI AL APPLI CABILITY - 38 The present

i nvention can be used in processing a

- 39 -



bi oprost hetic valve taken froman animal including a human to a state
capabl e of being transplanted in a human body. - 39 CLAIMS 1. A

cell -removing nethod for renoving original cells from a |iving organi sm
tissue when the living organismtissue is transplanted, conprising
imrersing the living organisn1tissgﬁdk¢@§a.ceII-reaning sol ution, wherein
the cell-renpbving solution is all owe flow in a state of a pulsatile
flow, the living organismtissue is placed in the pulsatile flow, and the
living organismtissue is irradiated with mcrowave. 2. The cell-renoving
met hod acc

ﬂ;din tolgtaink%rryhergkp ghe ngcgom%ve LS a&gligd ﬁhh%e
rotating the |ivingLldrganiTmng PEEEES EPA T VROV SR Rf P oRave F I Hadi & on
site. -40 . . . _ , . .
a living organism tissue when the living organism tissue 1is
transplanted, comprising immersingthe living organismtissue
in a cell-removing solution,

wherein the cell-removing solution is allowed to flow
in a state of a pulsatile flow, the living organism tissue
is placed inthe pulsatile flow, andthe living organismtissue
is irradiated with microwave.
2. The cell-removing method according to claim 1, wherein

the microwave is applied while rotating the living organism

tissue relative to a microwave irradiation site.
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