(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2004238128 B2

(54) Title
Method of removing cell
(51)8  International Patent Classification(s)
A61F 2,24 (2006.01) OB8EMEP AB1K
A61K 35,34 (2006.01) 35734
AB1F 2/24 20060101AL12005100
20060101AFN200510 8BMEP
PCT/JP2004-,006662
(21 Application No: 2004238128
(87)  WIPONo:  wops,100831
(30) Priority Data
(31 Number (32) Date (33)
2003-138015 2003 .05.15
(43) Publication Date : 2004 11 25
(71) Applicant(s)
Waseda University, Cell Remover Company
(72) Inventor(s)
Morimoto, Yuji, Iwasaki, Kiyotaka, Endo,
(74) Agent/Attorney
Spruson
(56) Related Art

VISSER et al. '
(10). pp.-507-510
AU 755316 B2

Microwave treatment of Xenogenic Cartilage Transplants,'

(22) Application Date:  gp4 05 12

Country

JP

Limited

Osamu, Ozaki, Shigeyuki, Umezu, Mitsuo

& Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

Biometerials (1989)

-




—
<
Ao
)
®
=
S
—
=
<
—
S
Q
g

D FRAERNITESVTLRE - ERHE

(19) 1 RAKFTHHERE
EfE#&ER

43) EffARA
2004 11 A25 H (25.11.2004)

PCT

0O 00O A

(10) ERARES
WO 2004/100831 A1

(51) ERREEFSE AGLF 2/02, AGIL 27/00, AG1K 35/12

21) ERRHEES: PCT/IP2004/006662
(22) ERHER: 2004 4£5 B 12 B (12.05.2004)
(25) EREEQEE BHE
(26) EBRARADEFE: BAE
(30) EEET—4:

FEE2003-138015 2003 £F5 B15 B (15.052003)  JP

(71 HEA (XB2BRC2TOEERCDOWVWT): 2
¥k A BHFIA K% (WASEDA UNTVERSITY) [TP/IP);
T1698050 REMHTERFEM—TH 104 &
Tokyo (JP). #— R & Z ¥ &4 (AUBEX CORPO-
RATION) [JP/IP]; T 1308601 EEMEBEAREXTERT
B 1% 1 2% Tokvo (JP).

(72) BEAE;, KLU

(75 HRAZ/MEA (KELODWTOH): BF £4
(UMEZU, Mitsuo) [JP/JP]; T 1698555 RE#HER X
ARZTE4AB 1 S EREARRBARETEE
A Tokyo (JP). S B (IWASAKI, Kiyotaka) [JP/IP];
T1698555 AR BHERAAR=ETHAE1EZR
ek A R REE K $E T $E A Tokyo (JP). BRI B2
(OZAKI, Shigeyuki) [JP/IP]; T1520033 ER#MBEER
KEW1TE29%&228—501 Tokyo (IP). 5F
& #455 (MORIMOTO, Yuji) [JP/JP]; T 1570074 IR
HEASEAXBE_TH11&F 28— 406 Tokyo
(IP). E# & (ENDO, Osamu) [JP/JP]; T 1308601 B
BEERREETE1EF 125 -0 2KXE
# A Tokyo (JP).

(74) X A: 4 EE (ENOMOTO, Hidetoshi), T 1930941
HRBNAIFHEMET 1 7 6 9 — 8 Tokyo (JP).

[GRA]

(54) Title: METTIOD OF REMOVING CHLL

(54) FEEADEFr: BiifL Ak

11
(
MR

10B...RETENTION UNIT
11...AIR SUCTION SUPPLY UNIT

2-

(57) Abstract: In the transplant of a living or-
ganism tissue, such as a heart valve, taken from
an animal, elc. into a human body, 4 cell remoy-
ing solution for removing original cells from the
living organism tissue is provided with flow ap-
proximately equal 1o the bloodsiream of trans-
plant recipient living body, and the living organ-
ism tissue is placed in the flow so as to effect
immersion of the living organism rissue in rhe
cell removing solution. In the immersion, it is
preferred that the living organism tissue placed
in the cell remaving solution, while bheing ro-
tated, be irradiated with microwave. As aresult,
original cells can be removed from the living or-
ganism fissue uniformly and reliably, so thal the
biocompatibility of living organism tissue after
transplant can be enhanced.

(57) EX: BIPENSEM LI OISO
SRR EARICBET SBRIC. 434
s o AR EZRET SO
BREFEICHL, BEEOEAOMLRIS

BELSTHHAEMS L. HEBhOD
ICRIEEEFBBEECC T, MiBRE
RBICHIEESHRERET S5, COL&
%, HEBRERAROEFAKEREL
AN D, HZREFERICEADOTIAY
OREBHTHEEL, chITEAF,

SHhAMIC BT HRMBELSECED
BRICRETHICENTE, BEROE
RO KRERHERLSESH D &N
TEdo




WO 2004/100831 A1 | 1IN IR0 T

8) BEE(EROLULRY . 2TOBEOENRELN KG, K7, MD, RU, TI, TM), 3 — B 43 (AT, RF, RG,
TTEE): AL AG, AL, AM. AT, AU, AZ, BA, BB, BG, BR, CI1, CY, C7, DI, DK, BL, B8, U1, TR, GB, GR, 11U, 11j,
BW, BY, B/, CA, CH, CN, CO, CR, CU, CZ, DI, DK, DM, I, LU, MC, NI, PL, PI, RO, 81, SI, SK, TR), OAPI (BI}
N7, FC, FF, FG, FS, FI, GR, GD, GR, GIT, GM, TTR, 1117, RI,CE, CG, CT,CM, GA, GN, GQ, GW, MT., MR, NF, SN,
1D, 11, IN, IS, JP, KIi, KG, KP, KR, K7, 1.C, LK, LR, 1.8, ™, 1G).

17T, LU, LV, MA. MDD, MG, MK, MN, MW, MX, M7, NA,
NI, NO, N7, OM, PG, PIT, PI, PT. RO, RU, SC, SN, SE, s (i osprae s,

SG, SK, ST SY, T), TM, TN, TR, T, T, UA, UG, US, = mpemziges
UZ, VC, VN, YU, 7ZA, 7M, ZW.

(84) IERE(RTOLEVRY ., ETOEROELEBRRENT 2XFa1— FRUBOBECOLWTE, EHRRTIND
§&): ARTPO (BW, GII, GM, KE, .S, MW, M7, NA, SD, &,cTHE v FOEBRIERShTILND Ta— FERE
SL, 87,17, UG, /M, VW), 21— ¥ F (AM, AZ BY, DHAF LA/ —F] B8,

_3-




DESCRIPTION

CELL REMOVING METHOD

TECHNICAL FIELD

This invention relates to a cell-removing method, and
more particularly, to a cell-removing method enhanced in cell
removing effect froma living organismtissue in transplanting

a living organism tissue.

BACKGROUND ART

When a heart valve of a human body does not normally work,
causing embarrassments as constriction of the opening of the
heart valveandrefluxofblood, theheart valvemust be replaced
byasubstitutevalve. Asthesubstitutevalvepresentlyused,
mentionmaybemade of amechanical valve formedof aartificial
material, a xenogenic bioprostheticvalve 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
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donors 1s limited, a sufficiently large number of allogeneic
bioprosthetic valves are not easily obtained.

Of them, the xenogenicbioprostheticvalve isprospective
for the reasons that a sufficient number of valves can be
provided and patients are not necessary to take an
anticoagulant fortheirlifetimeafter transplant. Therefore,
the xencgenicbioprostheticvalve is expected tobemore useful
than other substitute valves only if the drawback of poor
durability 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). In this method, a xenogenic
bioprosthetic valve is first immersed in a cell-removing
solution such as bile acid or a surfactant, thereby removing
cells originated from the animal such as endothelial cells
and fibroblast cells (cell-removing process). Then, the
xenogenic bioprosthetic valve from which original cells have
been removed is immersed in a cell-containing solution
containing autologous cells, such as endothelial cells and
fibroblast cells, taken from a recipient human body (to which
the xenogenic bioprosthetic valve is to be transplanted),
thereby seeding the autologous cells in the xenogenic
bioprosthetic valve (cell-seeding process).

However, inthe processing method mentioned above, since
a xenogenic bioprosthetic valve taken from an animal cannot

be efficiently treated in the cell-removing process and

5.




18 Sep 2008

2004238128

20

30

35

cell-seeding process, the resultant xenogenic bioprosthetic valve fails to acquire sufficient
biocompatibility. In other words, since original cells more or less remain in the cell-
removing process, the biocompatibility of the resultant xenogenic bioprosthetic valve
decreases due to the presence of the original cells.

In these circumstances, the inventors have intensively conducted experimental
studies with the view toward overcoming the aforementioned problems. They devised a
method 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, An object of the invention is
to provide a method of efficiently removing original cells present in the living organism
tissue such as xenogenic bioprosthetic valve, thereby enhancing the biocompatibility of
the living organism tissue after transplant.

According to a first aspect of the present invention there is provided a cell-
removing method for removing original cells from a living organism tissue when the
living organism tissue is transplanted, comprising immersing the living organism tissue in
a cell-removing solution,

wherein the cell-removing solution is allowed to flow in a state of a pulsatile flow,
the living organism tissue is placed in the pulsatile flow, and the living organism tissue is
irradiated with microwave.

According a second aspect of the present invention there is provided a living
organism tissue processing apparatus when used for using a cell-removing process of a
living organism tissue,

wherein the living organism tissue processing apparatus comprises a retention
member for retaining the living organism tissue in a cell-removing solution that is
allowed to flow in a stat of a pulsatile flow; and

an irradiation means for applying microwave to the living organism tissue retained
in the retention member.

To attain the object, the present invention is directed to a cell-removing method for
removing original cells from a predetermined living organism tissue when the living

organism
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tissue is transplanted, comprising immersing the living
organism tissue in a predetermined cell-removing solution,
in which the cell-removing solution is allowed to flow
in a state of a pulsatile flow by applying a predetermined
pulse to the cell-removing solution and the living organism
tissue is placed in the pulsatile flow. By virtue of this
method, the number of remaining original cells in the living
organism tissue can be significantly reduced compared to
conventional methods, thereby enhancing the biocompatibility
of the living organism tissue aftef transplant.
Furthermore, the present invention is directed to a
cell-removing method for removing original cells from a
predetermined living organismtissue 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 is placed in the pulsatile flow.
By virtue of this approach, the effect of removing cells can
be further enhanced and the original cells can be almost
completely eliminated from the living organism tissue.
Microwave is applied while rotating the living organism

tissue relative to a microwave irradiation site. In this
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manner, microwave can be applied to the living organism tissue
virtually uniformly along the rotation circumference

direction, with the result that cells can be removed virtually
uniformly fromalmost the entire region of the living organism

tissue along the rotation circumference direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing the schematic structure of the
living organism tissue processing apparatus to be applied to
this invention; FIG. 2 is a schematic longitudinal sectional
view of a driving pump; FIG. 3 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 the retentionunit; FIG. 5is a schematic sectional
view of the retention member; FIG. 6 is an exploded sectional
view of the right-hand side of the structure in FIG. 5; FIG.
7 1s 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 is amagnifiedphotomicrograph of the living organismtissue
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obtained in Example 3; and FIG. 13 is a magnified
photomicrograph of the living organism tissue obtained in

Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, an embodiment of the present invention will be
described with reference to the accompanying drawings.

FIG. 1 is a view showing the schematic structure of a
living 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
kxenogenic 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 xencgenic bioprosthetic valve in a cell-removing solution
such as bile acid, thereby removing the animal cells
(hereinafter referred to as "original cells") to obtain only
a substrate formed of collagen, etc. On the other hand, the
cell-seeding process is performed by immersing the xenogenic
bioprosthetic valve from which the original cells have been
removed in a cell-containing solution containing the cells
(hereinafter referred to as "autologous cells") of a
recipient’'s human body (to which the xenogenic bioprosthetié
valve is to be transplanted), thereby adhering the autologous

cells to the substrate.
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The living organism tissue processing apparatus 10
comprises a circulation apparatus 10A for circulating the
cell-removing solution and the ;ell—containing solution
through a predetermined circuit, and a retention unit 10B
attached to the circulation apparatus 10A for retaining a
xenogenic bioprosthetic valve. Note that, if not otherwise
specified, the cell-removing solutionandthe cell-containing
solution are collectively referred to as "the solution".

The circulation apparatus 10A comprises a known air
suction/supply unit 11, a driving pump 12 formed of
polyurethane and connected to the air suction/supply unit 11,
and a circulation channel 13 arranged such that the solution
discharged from the driving pump 12 returns to the driving
pump 12.

The air suction/supply unit 11 has a known structure
capable of suctioning air out from the driving pump 12 and
supplyingairintothedrivingpump12. Thedetaildescription
of the structure is omitted herein.

Thedrivingpump 12 is apulsating pump capable of ejecting
a pulsatile flow by generating a spiral vortex flow within
the pump. More specifically, the driving pump 12, which is
shown in FIG. 2, employs the structure that has been already
proposedby thepresent applicant (Japanese Patent Publication
No. 2002-167836) . To explain more specifically, the driving
pump 12 comprises a hollow upper construct 17 of virtually
a conical outer shape having a flow-in port 15 and flow-out
port 16, a hollow lower construct 18 of virtually a domical

outer shape positioned under the upper construct 17, and a
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flexible diaphragm 20 which partitions the space formed of
the constructs 17 and 18 into two, inner spaces Sl and S2.
The flow-in port 15, which is shown at the right-end side of
FIG. 2, is formed so as to thread through the peripheral wall
of the upper construct 17, whereas the flow-out port 16 is
provided at the top of the upper construct 17, as shown at
the upper end-side of FIG. 2.

The lower construct 18 has a vent hole 22 communicating
with the air suction/supply unit 11. Compression air is
alternately supplied into and out from the lower inner space
SZ2onapredeterminedtiming. 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. In 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 -30mmHg to -50 mmHg, however,
they are not limited to these values.

As shown in FIG.‘l, 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
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comprises a resistance imparting means 23, which imparts flow
resistance to the solution supplied from the flow-out port
16, an upstream-side tube 24 connected to the flow-out port
16, acontrol tube 25 serving as an amplitude controlling means
and connected to the downstream-side end of the upstream-side
tube 24, a connection tubev 26 connected to the downstream-side
end of the control tube 25, a downstream-side tube 27 arranged
downstream of the connection tube 26 and connected to the
flow-in port 15 of the driving pump 12, and a connection pump
28 provided between the connection tube 26 and the
downstream-side tube 27. Note that the members 24 to 28 are
connected by known connectors 29. Hereinafter, the portion
of the circulation channel 13 upstream of the resistance
imparting means 23 is referred to as an "upper line L1" and
that downstream of the resistance imparting means 23 is
referred to as a "downstream line L2", for convenience's sake.
The resistance imparting means 23 is provided alone in
the middle of the connection tube 26 on the assumption of the
peripheral resistance of a human body, and constructed of a
pinch-form member (not shown) for fastening the connection
tube 26. Since the connection tube 26 is fastened by the
resistance imparting means 23, if the driving pump 12 pulses,
the lowermost blood pressure of the upper line L1 would not
reach 0 mm Hg. In this manner, the arterial blood flow of
a human body is simulated. The average pulse pressure of the
upper line L1 can be adjusted at a predetermined value by
controlling the degree of fastening the connection tube 26.

In this embodiment, the average pulse pressure is set at about
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100 mmHg, which virtually corresponds to the average pulse
pressure of a human body. Note that, as the resistance
imparting means 23, any type of member including a variable
aperture other than the pinch-form member may be used as long
as it has the same effect as mentioned above.

The upstream-side tube 24, the connecting tube 26‘and
the downstream-side tube 27 are formed of vinyl chloride, but
not particularly limited thereto. As described later, the
retention unit 10B is provided in the middle of the
upstream-side tube 24. Since a xenogenicbioprosthetic valve
is placed in the retention unit 10B and a check valve 30 is
provided in the downstream-side tube 27, the solution can be
circulated without a backward flow in the direction indicated
by the arrow in the FIG. 1.

The control tube 25 is arranged upstream of the resistant
imparting means 23 and serves as a controller for the amplitude
of the pulse pressure of the upstream line L1. More
specifically, the control tube 25 is formed of a soft material
such as segmented polyurethane or silicone, can control the
amplitude of the pulse pressure of the upstream line L1 by
changing the tube-wall thickness. Note that the amplitude
of the pulse pressure of the upstream line L1 is set at, for
example, 100 mmHg (average pulse pressure) * 20 mm Hg to
approximate a human body in this embodiment.

The 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

- 10 -
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any further explanation is omitted. Note that the connection
pump 28 is fitted in such an orientation that the solution
flows in through the flow-in port 15 and flows out though the
flow-out port 16. The vent hole 22 of the connection pump
28 is open to the outside. The diaphragm 20 is displaced
depending upon the solution flow. The solution is loaded in
the circulation apparatus 10A in an amount slightly lower than
a maximum permissible loading amount of the apparatus 10A.
The displacement amount of the diaphragm 20 of the connection
pump 28 1s slightly lower thanamaximumphysicallypermissible
displacement amount. By virtue of this, the connection pump
28 gives the damper effect. More specifically, when the
solution passes through the connection pump, the diaphragm
20 is displaced, thereby reducing the blood pressure.
Accordingly, the connection pump 28 is arranged downstream
of the resistance imparting means 23 and serves as a
pulse-pressure attenuation means for attenuating the liquid
pressure of the solution of the downstream line L2. In this
embodiment, the pressure of the solution passed through the
. connection pump 28 is set at about 10 mm Hg so as to correspond
to the pressure of the human left atria.

Notethat, the connectionpump28maybe interposedbetween
the control tube 25 and the connection tube 26.

The retention unit 10B, in which the solution flowing
through the circulation appafatus 10A is introduced, retains
a xenogenic bioprosthetic valve immersed in the solution. In
this embodiment, as the xenogenic bioprosthetic valve to be

subjected to the cell-removing process and cell-seeding

- 11 -~

“14-




process, a swine aortic valve is used. The retention unit
10Bispositionedat asiteof thecirculationchannel 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 middle of the upstream-side tube 24. Hereinafter, for
convenience's sake of explanation, the portion of the
upstream-side tube 24 upstream of the retention unit 10B is
referred to as an inlet-side tube 24A, whereas the portion
downstream of the retention unit 10B is referred to as an
outlet-side tube 24B. Note that the retention unit 10B may
be freely connected to any site of the circulating channel
13 by appropriately selecting the site of the circulation
channel 13 whose state (such as pressure) is close to that
of the blood flowing through a target 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

- 12 -
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member 39, supporting shafts 44, 44 respectively extending
from the right and left sides of the frame member 40 toward
the supporting members 36, 36 through the cover 38, and two
tubes, namely, an introduction tube 46 and discharge tube 47,
connecting to the retention member 39.

As shown in FIG. 4, the cover 38 has a box-form structure
consisting of two portions longitudinally divided, more
specifically composed of a front cover 51 positioned in the
front side and a rear cover 52 positioned in the rear side.
The butting portion of the front cover 51 and the rear cover
52 is formed at the position crossing with the support shafts
44, 44. 1In the outer edge portion of the butting portion,
flange planes 54, 54 are formed, virtually along the outer
edge portion. In the flaﬁge 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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bioprostheticvalveVwithintheretentionmember 39 frontward.
Furthermore, the front cover 51 and the rear cover 52 have
shapes and structures capable of preventing leakage of the
microwave to the outside, when it is applied from the
irradiationport 57 towardthe retentionmember 39. Notethat,
a doorplate 59 is provided at the front end of the front cover
51. The doorplate 59 is formed of a known material through
which the state of the retention member 39 can be seen and
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. Athinaluminiumplate
66 is adhered to the entire outer circumferential surface of
the cylindrical member 61 except for the center portion
virtually corresponding to the installation space 64. With
this structure, microwave supplied from the irradiation unit

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

_14_
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circumferential-wall region of the cylindrical member 61
virtually corresponding to the installation space 64. As a
result, the microwave can be converged to the center region;
at the same time, an increase in temperature of the outside
portion of the installation space 64 can be prevented.

As shown in FIGS. 5and 6, the flow-in portion 62 comprises
an endmember 68 engagedwith the outer circumferential surface
of the cylindrical member 61, and a channel formation member
69 positioned within the end member 68.

The end member 68 is formed like a container with the
bottom having an opening at the left side in the FIG. 6. More
specifically, the end member 68 has a bottomwall 71 positioned
at the right side of the figure and a side wall 72 continuously
formed to the circumferential edge side of the bottom wall
71 and extending virtually perpendicularly (toward the left
in FIG. 6) to the bottom wall 71. The bottom wall 71 has a
through-hole 73 at about the center. The sidewall 72 has a
screw thread 74 formed in the inner circumferential of the
opening side. The screw thread 74 is to be engaged with a
screw thread 75 formed in the outer circumferential of the
cylindrical member 61.

As shown in FIGS. 5 to 7, the channel formation member
69 comprises a hollow conical pipe 77 having an analogous shape
to a cone, and an insertion pipe 78 to be inserted into the
conical pipe 77.

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

portion 80 which gradually expands outwardly from the top
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portion 79 to the right side of the FIG. 6 and starts, at the
middle, extending linearly from the right and left direction
in the figure, and a flange-form hem portion 81 continuously
formed at the right end side of FIG. 6 of the skirt-formportion
80, and inner space 83 formed within the portions 79 to 81
and communicating with the outside at the right and left side
intheFIG. 6. Notethat, inthesectionexplainingthe channel
formation member 69 below, if not otherwise specified, the
term "leading edge side" refers to the side of the conical
pipe 77 close to the top portion 79 and the term "back end
side" refers to the side of the conical pipe 77 close to the
hem portion 81.

On the outer circumferential surface of the top portion
79, a stopper groove 85 is formed along the circumference.
Whentheendportionofaswineblood-vessel tissueBcontaining
the aortic valve (as a xenogenic bioprosthetic valve V) is
placed over the stopper groove 85 and clamped with a binding
member (not shown), as shown in FIG. 5, removal of the
blood-vesseltissueBfromthe topportion79canberestricted.

In the skirt-form portion 80, the outer diameter of the
hem porticn 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 thehemportion81 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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In the inner circumferential surface of the hem portion 81,
a screw thread 87 is formed.

The inner space 83 has an opening portion at the right-end
side in the FIG. 6. The inner space 83 comprises a basal space
89 to which the tip portion of the insertion pipe 78 is to
be inserted through the opening portion, a main channel 91
communicating with the basal space 89 and extending toward
an opening portion 90 formed.at the leading edge side, and
four side channels 92 provided around the main channel 91 and
communicating with the basal space 89. The basal space 89
has the inner space whose shape agrees with the top portion
of the insertion pipe 78, can just fit the insertion pipe 78.
The main channel 91 is formed like a taper-hole whose inner
vdiametér 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 sphericzl 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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so as to be mutually rotatable, a ring-form collar portion
97 continuously formed to the back end side of the external
cylinderportion96andhavinganouterqiametersmallerthan
the inner diameter of the through hole 73 of the end member
68, and an inner space 99 formed within the spherical portion
94 and the cylinder portion 95. 1In the outer circumferential
surface of the external cylinder portion 96, a screw thread
101 is formed. The screw thread 101 is engaged with the screw
thread 87 formed in the inner portion of the hem portion 81.
With this structure, the insertion pipe 78 can be attached
to the conical pipe 77.

The inner space 99 comprises a basal channel 103 through
which the solution flows, a top hole 104 communicating with
the basal channel 103 and opened at the leading edge side of
the spherical portion 94, and four side holes 105 formed around
the top hole 104 and communicating with the basal channel 103.
When the leading edge side of the insertion pipe 78 is fit
in the inner space 83 of the conical pipe 77, the top hole
104 comes to constantly communicate with the main channel 91.
The side holes 105 are arranged virtually at equal intervals
along the circumference direction in the surface of the
spherical portion 94. When the insertion pipe 78 is fit in
the conical pipe 77, the side holes 105 can rotatably change
the positions from a maximum communication position at which
they can completely communicate with all side channels 92 to
a shut-off position at which the communication with all side
channels 92 is completely shut off by mutually rotating the

pipes 78 and 77. The insertion pipe 78 thus controls a flow
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amount by changing its position from the site at which the
total flow amount of the solution flowing out from all side
channels 92 is equal to that flowing out from the main channel
91, to the site at which the total flow amount of the solution
flowing out fromall of the side channels 92 is virtually zero.
In this sense, the insertion pipe 78 acts like a variable
throttle, which controls the flow amount of the solution

flowing out from the side channels 92.

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

Therefore, like reference numerals are used in the
flow-out portion 63 to designate the same or equivalent
structural elements of the flow-out portion 63 corresponding
to those of the flow-in portion 62 and any further explanation
isomittedorsimplified. 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, thehemportion81is formedlikea screwcylinder
having an outer diameter smaller than the largest outer

diameter of the skirt-form portion 80. The outer
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circumferential portion of the hem portion 81 is engaged with
the screw hole 107 of the end member 68. The conical pipe
77 has a guide channel 109 for inserting a thermo-sensor (not
shown) therein. The guide channel 109 is formed outside the
inner space 83. The channel 109 comprises a first guide channel
109A extending from the back end side of the hem portion 81
to the inclined surface the skirt-formportion 80 and a second
guide channel 109B branched in the middle of the first guide
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
0 rings for sealing.

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

112 pass through bearings (not shown) each attached to part
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of the frame member 40 and protrude out of the frame member
40. The retention member 39 is fit within the frame member
40 such that the rotation pipes 112, 112 can obliquely extend
at an angle of 45°, as shown in the FIG. 3. The retention
member 39 can be rotated (self-rotated) around on the rotation
pipes 112, 112. 1In the outer surface of the frame member 40
and near a site from which the rotation pipe 112 at the side
of the flow-out portion 63 (the upper right of the FIG. 3)
protrudes, a self-rotation driving means 114 having a motor
andgear, etc., isprovided. Theretentionmember39isrotated
within the frame member 40 by actuating the self-rotation
driving means 114. Furthermore, the rotation pipes 112, 112
are connected to the introduction tube 46 and discharge tube
47, respectively, via rotation joints 115 fixed to the
structure placed near the frame-member 40. As the rotation
joint 115, a known joint is used which connects two types of
pipe-form members (rotation pipes 112, 112 and tubes 46, 47)
while allowing mutual rotation and mutual communication. By
virtue of the joint, even if the rotation pipes 112, 112 are
rotated by operation of the self-rotation driving means 114,
the rotation force does not transmit to each of tubes 46 and
47.

The irradiation unit 42 is a known unit using a magnetron
(not shown) as a source of microwave. Detailed explanation
of the unit is omitted herein.

The support shaft 44 is a hollow pipe and houses the end
portions of the introduction tube 46 and the discharge tube

47 therein. To explain more specifically, a slot hole 117
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is formed at a position of the outer circumferential surface
of each of the support shafts 44, 44 within and in the vicinity
of the support members 36, 36. Into the slot holes 117, the
tubes 46 and 47 extending from the rotation pipes 112,112 are
inserted.

The support member 36 comprises a first support portion
120 arranged at the inner side for rotatably supporting the
support shafts 44, 44, and a joint support portion 122 arranged
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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have anappropriate lengthandarearrangedsoastopass through
the space between the base 33 and the support shaft 44. As
shown in FIG. 10, when the support shaft 44 is revolved by
180°(half rotation) from the state shown in FIG. 10(A), the
framemember 40 is rotated. Asaresult, up/downandright/left
of the retentionmember 39 are inverted, as shown in FIG. 10 (B)
More specifically, the retention member 39 can be not only
self-rotated by the self-rotation driving means 114 but also
revolved by the revolution driving means 124. When the
retention member 39 revolves, the up/down and right/left of
blood-vessel tissue B are inverted. Note that reference
numeral 125 in FIG. 3 indicates a switch for the revolution
driving means 124. Note that a cooling means may be provided
forcoolingtheperipheryof the introduction tube 46 to prevent
the temperature of the solution from increasing.

Next, procedure for setting up xenogenic bioprosthetic
valveVintheretentionunit 10Bconstructedabove and function
of the retention unit 10B during the set-up time will be
described below.

First, from the state shown in FIG. 3, the rotation pipe
112 is released from the rotation joint 115. Then the pipe
nut 111 is loosen by turning it and removed from the retention
member 39, thereby removing the retention member 39 from the
rotation pipes 112, 112. Thereafter, the end members 68, 68
are removed, and then the flow-in portion 62 and flow-out
portion 63 are removed from the cylindrical member 61.
Subsequently, while keeping the state where the top portion

79, 79 of the flow-in portion 62 and the top potion 79 of the
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flow-out portion 63 are allowed to face as shown in FIG. 5,
both ends of swine blood-vessel tissue B containing aortic
valve V are inserted to the top portions 79, 79, respectively
and then, clamped by binding members (not shown) on the stopper
grooves 85, 85, respectively. Blood-vessel tissue B is set
in such an orientation that the solution is allowed to flow
through aortic valve V {(uni-direction valve) from the right
side to the left side in FIG. 5. Thereafter, the flow-in
portion 62 and the flow-out portion 63 connected by way of
blood-vessel tissue B are returned again in the cylindrical
member 61, and the end members 68, 68 are attached to the
cylindrical member 61, and further the retention member 39
is fit to the rotation pipes 112, 112 as shown in FIG. 3. 1In
this manner, the setup of blood-vessel tissue B is completed.

Inthe cell-removing process, 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
91lof the flow-ocut portion63. Simultaneously, the same amount
of thesolution flows through the sideholes 105and subchannels

92 of the flow-in portion 62, passes through the inner space
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of the cylindrical member 61 and goes into the side channel
92 of the flow-out portion 63, so as to detour blood-vessel
tissue B. The cell-removing solution passed through the main
channel 91 and the side channels 92 of the flow-out portion
63 flows out from the insertion pipe 78 of the flow-out portion
63 and is discharged to the discharge tube 47 through the
rotation pipe 112, as shown in FIG. 3. Therefore, the main
channel 91 and the top hole 104 provided in each of the flow-in
portion 62 and flow-out portion 63 constitute a first channel
mutually communicating through the tubular living organism
tissue (blood-vessel tissue B), whereas the side channels 92
and the side holes 105 provided in each of the flow-in portion
62 and the flow-out portion 63 constitute a second flow channel
mutually communicating through the detour root formed outside
of the living organism tissue (blood-vessel tissue B).

In performed the cell-removing process mentioned above,
the irradiation unit 42 and the self-rotation driving means
114 are operated. The retention member 39 is self-rotated
while applying microwave to blood-vessel tissue B retained
in the retention member 39. By this operation, the cell
removing operation can be applied uniformly in the entire
circumference direction of blood-vessel tissue B. The cell
removing operation is preferably performed while checking the
temperature of the solution in and cut of blood-vessel tissue
B by using thermo-sensors (not shown) inserted in the first
and second guide channels 1093, 109B (see FIG. 5). 1In this
case, the cell-removing solution is allowed to flow virtually

at the same flowrate insideandoutside the blood-vessel tissue
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B so that there is no temperature difference between them.
The temperature difference between them can be checked by use
of the thermo sensors (not shown) inserted in the first and
second guide channels 10%A and 109B. Note that when the
temperatures of the inside and outside reach human body
temperature (e.g., 37°C), the irradiation unit 42
automatically stops irradiation of microwave, whereas it
automatically starts irradiation of microwave when the
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
changed inpositionbyturning and loosening 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, reachesblood-vessel tissue B, passes throughaortic valve

V, flows into the main channel 91 of the flow-out portion 63,
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andis thendischarged fromthe insertionpipe 78 of the flow-out
portion 63. During this operation, the insertion pipes 78,
78 are placed in the position at which communication between
the side channels are shut off. Therefore, the
cell-containing solution would not flow outside blood-vessel
tissue B, unlike the case of cell-removing process mentioned
above.

In performing the cell-seeding process, the revolution
driving means 124 shown in FIG. 3 is actuated. The retention
member 39 rotates together with the frame member 40 around
on the support shafts 44, 44, 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-removingsolutionisinjectedintotheliving
organismtissue processing apparatus 10, and then circulated.
Asthecell-removingsolution, asurfactant suchasdeoxycholic
acid (bile acid), sodiumdodecyl sulfate (SDS), or Triton X-100
were used. At this time, the cell-removing solution is

circulated in the living organism tissue processing apparatus
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10 while keeping the state of the solution close to that of
the human blood flow, in the manner mentioned below.

When a switch (not shown) is pressed, the suction/supply
unit 11 shown in FIG. 1 is actuated. Then, the cell-removing
solution is circulated through the circulation channel 13 by
pulsation of the driving pump 12. More specifically, the
cell-removing solution ejected from the driving pump 12 flows
through the upstream line L1 at the pressure virtually
corresponding to a general aortic pressure of a human body,
passes through the retention unit 10B arranged in the middle
of theupstreamlinell, andreaches tothe resistance imparting
means 23 for imparting the resistance corresponding to the
peripheral resistance of a human body. The cell-removing
solutioncoming 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, in the retentionunit 10B, the cell-removing
solution flows throughboth inside and outside of blood-vessel
tissue B retained in the retention member 39 at the flow state
corresponding to the blood flow flowing through the aorta of
a human body; at the same time, microwave is applied to
blood-vessel tissue B which is being rotated by self-rotation
of the retentionmember 39 asmentioned above. Inthismanner,
various typesof original cells (endothelialcells, fibroblast
cells, smooth muscle cells) are removed from blood-vessel
tissue B taken fromananimal. Asa result, a substrate formed

of collagen alone remains. Inthis embodiment, the microwave
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is specified to have a frequency of 2.45 GHz, and a power of
about 100 W to 500 W, but not limited to these conditions.
However, the power of the microwave can be changed within a
predetermined range as long as the microwave does not produce
any denaturation (harmful a human body) of blood-vessel tissue
B and can produce a predetermined cell-removing effect.
Alternatively, electromagnetic wave different in frequency
and acoustic wave may be applied. Furthermore, the flow of
the cell-removing solution may wellbif it is not analogous
to the blood flow. In other words, a pulsatile flow may be
accepted.

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

cells, fibroblast cells and/or smooth muscle cells) of a
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recipient, culturing for a predetermined time, and adding to
a predetermined culture solution. As the culture solution,
any culture solution may be used as long as it can be used
for the cell-seeding process. Examples of such a culture
solution include M199 (Medium 199, manufactured by the company
Life Technologies). In the same manner as in the case of the
binder, blood-vessel tissue B from which cells have been
removed is immersed in the cell-containing solution for a
predetermined time, and then, the circulation apparatus 10A
is actuated to circulate the cell-containing solution in the
living organism tissue processing apparatus 10 at the flow
state corresponding to the blood flow of a human body. In
this manner, blood~vessel tissue B from which cells have been
removed is placed in the cell-containing solution flowing at
the flow state corresponding to the blood flow through the
human aorta, autologous cells are seeded in the blood vessel
tissue B. The revolution driving means 124 (see FIG. 3) is
actuated before the pulsatile flow is generated by the
circulation apparatus 10A. In this way, blood-vessel tissue
B immersed in the cell-containing solution is rotated upside
down, thereby uniformly attaching the cell-containing
solution to virtually entire region of blood-vessel tissue
B without gravitational effect. Note that such a revolution
operation may be continuously performed during the time when
pulsatile flow of the cell-containing solution is generated.
According to such anembediment, the cell-removingeffect
and the cell-seeding effect can be significantly enhanced;

at the same time, the cell-removing process and the
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cell-seeding process can be performed in a sequence of
operations while retaining blood-vessel tissue B in the
retention member 39. The processing of a xenogenic
bioprosthetic valve involved in transplant can be simply
performed in a short time. Inaddition, since such a sequence
of operations can be performed in a single airtight channel,
the xenogenic bioprosthetic valve can be kept clean while
preventing pollution.

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]

InExample 1, bile acid of 37°C was used as a cell-removing
solution. The bile acid was injected into the circulation
apparatus 10A and allowed to flow so as to correspond to the
human blood (pulsatile flow) in the aorta. A swine
blood-vessel tissue containing the aortic valve was allowed
to leave alone in the flow for 24 hours. At this time, the
circulation apparatus 10A was operated under conditions: an
average flow rate: 5 L/minute, a pulsating rate (beating rate)
of the driving pump 12: 70 times/minute, an average liquid
pressure of the bile acid: about 90 mmHg where the maximum
and minimum pressures of the liquid were allowed to correspond
to the magimum 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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cells) remaining in the blood-vessel tissue were counted to
obtain an average number of original cells per unit area (1
mm?) .

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

[Example 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 conditionsbyvarying power
and irradiation time: a power of 100 W for 8 hours, a power
of 500W for 12 hours, and a pvower of 500 W for 24 hours. 1In
all cases, the blood-vessel tissue was rotated 4 times per
minute in a self-rotation manner. Original cells remaining
in the blood-vessel tissue were counted in the same manner
as in Example 1 and an average cell number per unit area (1
mm’} was obtained.

As a result, about 380 original cells remained per unit
area when microwave was applied at a power of 100 W for 8 hours.
On the other hand, in the cases where microwave was applied
at a power of 500 W for 12 hours and 24 hours, no original
cells were observed to remain. In addition, the protein
contained in the original tissue was virtually removed. In
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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1 was immersed in bile acid standing still in a container for
24 hours. Original cellsremainingintheblood-vessel tissue
were counted to obtain an average number of original cells
per unit area (1 mm?) in the same manner as in Example 1.

As a result, about 970 of original cells per unit area
remained as shown in FIG. 11.

About 1880 original cellsperunitarea (1mm®) werepresent
in the blood-vessel tissue used in Examples 1 and 2 and
Comparative Example 1 in the initial conditions before
subjecting to a cell-removing 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. In particular, when the case where
the blood-vessel tissue is simply immersed in a pulsatile flow
of bile acid (Example 1) is compared to the case where
irradiation of microwave is further performed besides the
immerse treatment, the cell-removing effect is higher in the
latter case. When a frequency of microwave is increased from
100 W to 500 W, original cells cannot remain. Note that
although detailed description was omitted herein, microwave
as mentioned above can be applied to the blood-vessel tissue
immersed in bile acid allowed to stand still. The
cell-removing effect of this case is higher than that of
Comparative Example 1.

(2) Experiment for cell-seeding effect

[Example 3]
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In Example 3, after the cell-removing process, the
blood-vessel tissue was washed with normal saline solution
for about one hour and immersed in fibronectin for 4 hours.
Inparallel tothis, autologous cells (endothelial cells) were
taken from a recipient's living body to be transplanted to
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 M199 for 5 days,
rémoving the autologous cells cultured from the culture plate
with trypsin, and adding to M199. The cells were cultured
in M199 supplemented with FBS (Fetal Bovine Serum IWK-500,
manufacturedby Iwaki), antibiotics (penicillin/streptomycin
mixed solution) and FGF-2 (manufactured by Pepro TechEcLtd.).

Thereafter, the blood-vessel tissue was immersed in the
cell-containing solution for about 4 hours while rotating the
blood-vessel tissue up and down. After the cell-seeding
process, the blood-vessel tissue was observed under a
microscope and a magnified view of the blood-vessel tissue
was taken by a camera. The state of the autologous cells
(endothelial cells) seeded in the blood-vessel tissue was
observed.

As a result, it was found that the autologous cells were
seeded in virtually the entire blood-vessel tissue, as shown
in FIG. 12. Actually, about 850 autologous cells in average
were attached per unit area (1 mm2) of the blood-vessel tissue.
The ratio (density) of the area occupied by autologous cells
per unit area (1 mm?) of the blood-vessel tissue was about

18% in average.
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[Example 4]

In Example 4, after the blood-vessel tissue was treated
in the same steps as in Example 3, the cell-containing solution
was circulated in the circulation apparatus 10A under the same
flow conditions as in Example 1.

To explain more specifically, after the blood-vessel
tissuewas immersedinthecell-containing solutionmaintained
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 flow in the
human aorta. The blood-vessel tissue was left alone in the
flow for one hour. Thereafter, the state of thé 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 viftually the entire area of the
blood-vessel tissue and that the autologous cells are aligned
in the direction of the flow of the cell-containing solution,
as shown in FIG. 13. In addition, compared to Example 3, the
density of cells increased since the autologous cells
proliferated. InthisExample, thenumber of autologouscells
attached to the blood-vessel tissue per unit area (1 mm?) was
about 2170 inaverage. Theratio(density)oftheareaoccupied
by the autologous cells perunit area (1mm?) of theblood-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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to stand still in the cell-containing solution and a step of
rotating the blood-vessel tissue up and down, were performed
in reverse order. To explain more specifically, in this
Example, the blood-vessel tissue immersed in the
cell-containing solution was rotated up and down for about
4 hours and then, the blood-vessel tissue was immersed 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 flow in the aorta and the
blood-vessel tissue was left alone in the flow for one hour.
Theotherconditionswerethe sameasinExampled4. 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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average flow rate of the cell-containing solution was set at
2 L per minute and the average liquid pressure of the
cell-containing solution was set at about 20 mmHg.

As a result, virtually the same effect as in Example 6
was obtained. In other words, if the cell-seeding method 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-valve position of a recipient (a
patient to be transplanted), the autologous cells seeded in
theblood-vessel tissueproliferateandcoveralmost theentire
surface thereof. Thus, generally, bioprosthetic valves can
be prepared to meet the conditions for heart valves from those
of adults to those of children who differ in amount of blood
circulating in body, and those who differ in blood pressure.

[Comparative Example 2]

An experiment was performed as Comparative Example to
Examples3to7. Theblood-vesseltissuewasleftalonewithout
rotating up and down, in order to make comparison with Example
3, and the state of autologous cells seeded in the blood-vessel
tissue was observed in the same manner as in Example 3.

As a result, the autologous cells were seeded but
non-uniformly in the blood-vessel tissue. Accordingly, the
number of autologous cells seeded in the blood-vessel tissue
was significantly reduced compared to Examples 3 to 7.

Fromthe results inthe foregoing, the number of autologous
cellsattachedtothe tissue inExamples 3to7is significantly
larger than in Comparative Example 2. That is, a high

cell-seeding effect was obtained. In particular, when the
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blood-vessel tissue is immersed in a pulsatile flow of a
cell-containingsolution, theorientationofcellsis improved.
In addition, the cells are activated and the function of cells
is improved, with the result that a larger number of cells
can be seeded.

The present invention is applicable to a cell-removing
process for other living organism tissues which blood is in
contact with other than the blood-vessel tissue containing
theaorticvalve as explained inthe embodiment. Furthermore,
the present invention is applicable to a process for an
allogeneic bioprosthetic valve other than a xenogenic
bioprosthetic valve.

In the cell-removing method according to the present
invention, the living organism tissue processing apparatus
10 explained in the embodiment is not essentially used.
Various apparatuses and means may be used as long as they can
remove cells. In other words, any apparatuses can be used
as long as it can provide a predetermined pulsatile flow of
a solution foruse in immersinga living organismtissue during
the cell-removing process and/or it can apply microwave to
the living organism tissue.

As explained in the foregoing, according to the present
invention, original cells present 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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.

The present invention can be used in processing a
bioprosthetic valve taken from an animal including a human

to a state capable of being transplanted in a human body.
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The claims defining the invention are as follows:

1. A cell-removing method for removing original cells from a living
organism tissue when the living organism tissue is transplanted, comprising immersing
the living organism tissue in a cell-removing solution,

wherein the cell-removing solution is allowed to flow in a state of a pulsatile
flow, the living organism tissue is placed in the pulsatile flow, and the living organism
tissue is irradiated with microwave.

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.

3. A living organism tissue processing apparatus for using a cell-removing
process of a living organism tissue,

wherein the living organism tissue processing apparatus comprises a retention
member for retaining the living organism tissue in a cell-removing solution that is
allowed to flow in a state of a pulsatile flow; and

an irradiation means for applying microwave to the living organism tissue
retained in the retentiori member.

4, A living organism tissue processing apparatus according to claim 3,
wherein the apparatus is provided to be able to rotate the retention member relative to the
irradiation means.

5. A living organism tissue processing apparatus according to claim 3 or 4,
wherein said irradiation means automatically stops irradiation of microwave when a
temperature of the cell-removing solution reaches a predetermined temperature, whereas
the irradiation means automatically starts irradiation of microwave when a temperature of
the cell-removing solution become lower than the predetermined temperature.

6. A cell-removing method according to claim 1, substantially as
hereinbefore described with reference to any one of the examples and/or figures.

7. A living organism tissue processing apparatus substantially as
hereinbefore described with reference to any one of the examples and/or figures.

Dated 9 February, 2006
Waseda University
Aubex Corporation
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

[RALIBZZ]741296claims.doc:ake
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FIG. 3

121
/7 Fa
g J
I PP
1122
F
L)

~ &
TE ;
A ]
C aen
QO
o

24B§ 1)
121
122
| -

3/12

-46-




FIG. 4
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FIG. 10
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