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[ DESCRI PTI ON]

[Title of I nventi on] TRANSPLANT MATERI AL FOR TREATMENT OF
HEART DI SEASE

[ Techni cal Fi el d]

The present invention relates to a transpl ant
mat eri al for treatment of heart di sease including a cell
cluster obtained by causing isolated cells to adhere to
each other with an adhesive agent and a heart disease
treat ment nmet hod using the transplant material.

[ Background Art]

Myocardi al infarction is an irreversi bl e damage of
myocardial cells (NPL 1). | schem ¢ heart disease
accounts for 50% of all cardiovascular nmortality causes
and is a | eading cause of congestive heart failure. |If
pati ents di agnosed with congestive heart failure are not
amel i orated by treatment, their prognoses are very bad and
the 1-year nortality rate is close to 20% (NPL 2).
Currently, many of the treatments avail able to physician
s can elimnate the causes of these acute myocardi al
infarctions, but a time period frominfarction onset to
reperfusion determnes the extent of irreversible
myocar di al damage (NPL 3). Cardi onyopl asty has been
proposed as a surgical method for improving |Ieft
ventricular (LV) function in patients suffering from
congestive heart failure, but the effect on cardiac

function and patients' prognoses are not satisfactory
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(NPLs 4 to 7). Any clinically available drugs and
treatnments are i neffectiveinreplacing amyocardi al scar
with functionally contractile tissue, and there is a
demand for novel treatnent for regenerating normal
myocardi al cells.

In transplantation of an organ (for exanple, the
heart, a blood vessel, or the like) as a replacenent
treatment, use of graft ti ssue such as an all ogeneic graft
(or an allograft) or a xenograft has beenreportedto cause
i munol ogical rejection (NPLs 8 to 11). For exanmpl e,
transpl antation of a cardiac graft bi ol ogically
mani pul at ed usi ng bi odegr adabl e scaf f ol ds has
demonstrated m nimal benefits in improving the cardiac
function, because the cardiac graft hardly engraft to the
myocar di al layer (NPLs 12 and 13). Meanwhi | e,
transpl antati on of a whole heart is not the first choice
for a heart failure due to donor shortage.

Recently, <cell transplantations have attracted
attention as treatment nethods wutilizing biological
substances such as i PS cells and mesenchymal stemcells
(MSC) . These cell transplantations have also been
reported that they have the possibility of replacing
damaged nyocardial tissue and improving the cardiac
function. For exanmple, there has been studi es on met hods
for preparing and transpl anti ng adi pose-derivedcells, in

whi ch they are directly adm ni stered by intranmyocardi al
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i njection or intracoronary injection. However, it has
been reported that these adm nistration nmethods cannot
obtain sufficient therapeutic effects or even cause
serious adverse effects (such as arrhythma) after the
transpl antation (PTL 1 and NPLs 14 and 15).

To address this, studies on adm nistration methods
ot her than injections have resulted in devel opnment of a
method in which a stem cell is cultured on a
t enperature-responsive culture dish and processed into a
sheet, and then the sheet i s transplanted ontothe cardi ac
surface. This method can transplant cells without
causi ng serious adverse effects, and has drawn attenti on
as produci ng the therapeutic effects by the paracrine of
the cytokines which are secreted fromthe transpl anted
cells and have nyocardi al protection and angi ogenesi s
effect (PTL 2).

In addition, it has also been reported that
adi ponectin known as cyt oki nes secreted from adi pocytes
has a possibility of protecting the cardi omyocyte after
I njury and suppressing the deterioration of the cardiac
function through the effects of anti-apoptosis
anti-inflammtion, angiogenesis, anti-fibrosis, and
anti-cardiac hypertrophy (NPLs 16 and 17). Furthernore,
studi es on adi pocyte transpl antati ons as a drug delivery
system (DDS) have al so been done as means for adi ponectin

adm nistrationtotarget cardi acti ssue over al ong peri od
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of time. As a result, it has been found that the
adi ponectin secreted from a cell sheet prepared from
mat ured adi pocytes differentiated by culture and
transpl anted onto the cardiac surface can inprove the
cardi ac function over a |long period (PTL 3).

However, preparations of these cell sheets for
transplantation require much time and efforts and
t herefore have a problemin using inclinical situation.
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[ Summary of | nvention]
[ Techni cal Probl em)

The present invention has been nmade in view of the
af orementi oned circumst ances and has an obj ect to provide
a transpl ant materi al which has an excell ent therapeutic
effect on heart di sease and which can be prepared easily
within a short period of time. A further object of the
present inventionis to provide a heart di sease treat nent
met hod using this transplant materi al .

[ Sol ution to Problem
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As a result of intensive studies to solve the
above-nenti oned problems, the inventor of the present
i nvention found that a cell cluster, obtained in such a
way that regenerative cells just isolated from living
adi pose tissue are caused to adhere to each ot her wit hout
cul turing, secretes adi ponectin after transplantationto
the heart and thereby exerts an excellent therapeutic
effect on heart disease. In production of this cell
cluster, a cell cluster was able to be easily produced by
usi ng fibrinogen as an adhesi ve materi al of thecells. 1In
addition, the therapeutic effect was further enhanced by
usi ng adi pose-derived nesenchynmal progenitor cells
treated with a PPARY agonist in the production of the cell
cluster.

Conventionally, inthe case of a treatment of heart
di sease with a cell sheet produced fromadi pocytes or stem
cells derived fromadi posetissue, culturingof cells over
a long period of tinme has been required before the
production of the cell sheet. For exanple, according to
PTL 3, in order to differentiate cells into mature
adi pocytes, the <cells are generally cultured in a
prescri bed medium for 5 to 10 days before induction of
differentiation after seeding, for 36 to 60 hours during
the induction of differentiation, and for 5 to 14 days
after the induction of differentiation. The cell

cul turing for periods shorter than the above is said to
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be unfavorable in practice due to reasons such as one t hat
the obtained cells secrete only a small anmunt of
adi ponectin (paragraph 0025).

Meanwhi | e, anmethodinPTL 2 produces the therapeutic
effect on heart disease by using a cell sheet not
cont ai ni ng mat ure adi pocytes but containing nmesenchymal
stemcells derived from adi pose tissue. Also according
to this method, collected stemcells are cultured in a
prescri bed medi umgeneral ly for several days, and thenthe
cells are sub-cultured for several generations to produce
a cell sheet (paragraphs 0013 and 0014). However, PTL 2
only states that the mesenchymal stemcells in this cel
sheet differentiate into cardionmyocyte, vascul ar
endot hel i al cells, and vascul ar snoot h nuscl e cells after
transplantation to the heart, and does not nention
anyt hi ng about the differentiationinto mature adi pocytes
and t he acconpanyi ng secreti on of adi ponectin (paragraphs
0017 and 0018).

Under such circumstances, it isextrenmely surprising
that acell cluster obtai nedby causingcellsjust isolated
fromlivingadi posetissuetoadheretoeachother secreted
adi ponectin after transplantation into the heart, and
demonstrated an excellent therapeutic effect on heart
di sease.

As descri bed above, the present invention is

i ntended to provide a transplant material which can be
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prepared easily within a short period of time and has an
excel |l ent t herapeutic effect on heart di sease, and a heart
di sease treatnment met hod using the transplant materi al,
and nore specifically to provide the invention described
bel ow.

[ 1] Atransplant material for treating heart di sease,
thetransplant materi al conmprisingacell cluster obtained
by causing i sol ated cells to adhere to each other with an
adhesi ve agent.

[2] The transplant material according to [1],
wherein the isolated cells are selected from the group
consi sting of adi pose-derived regenerative cells, bone
mar r ow- deri ved regenerative cells, unbi | i cal
cord-derived regenerative cells, smooth nuscl e-derived
regenerative cells, multipotent stemcells, regenerative
cells derived fromthe nultipotent stemcells, vascul ar
endot helial cells, and nmonocytes.

[3] The transplant material according to [1],
wherein t he i sol at ed cells are adi pose-derived
regenerative cells treated with a PPARy agonist.

[4] The transplant material according to any one of
[1] to [3], wherein the isolated cells are cells not
cul tured.

[5] The transplant materi al accordi ng to any one of
[1] to [4], wherein the adhesive agent contains

fibrinogen.
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[6] A heart disease treatnment method conprising
covering a cardiac surface of a subject suffering from
heart di sease with the transplant material according to
any one of [1] to [5].

[7] The treatment met hod according to [ 6], wherein
t he subject suffering fromthe heart di sease i s a subj ect
from whom cells for the transplant material were
col | ect ed.

[ Advant ageous Effects of I|nvention]

According to the present invention, the cells just
i sol ated can be processed into a cell cluster, which can
be then transpl anted. Mor eover, the cells can be
processed into a cell cluster easily using fibrinogen or
the like. Therefore, the time, effort, and cost can be
drastically reduced conmpar ed with conventi ona
transpl antation treatment using a cell sheet.

I n addition, the method of the present inventionis
much safer than the conventi onal transpl antation
treat ment i nwhi ch adi pose-deri ved nesenchymal progenitor
cells are injected into the coronary artery or the
cardi onyocyte, and also achieves superior cardiac
function recovery in conmbination with the secretion of
adi ponecti n.

[Brief Description of Draw ngs]
[Fig. 1A] Fig. 1 includes draw ngs demonstrating

a result of histological exam nation on a cell cluster
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composed of adi pose-derived regenerative cells (ADRCs)
(hereinafter alsosimplyreferredto"ADRCs cell cluster™).
Fig. 1A denonstrates photom crographs (in vitro
eval uation) of an ADRCs cell cluster after culture.

[Fig. 1B] Fig. 1B includes graphs denmonstrating a
result of measurenment of adi ponectin (APN), VEGF, HGF, and
IL-6 inthe culture supernatant of the ADRCs cell cl uster
by enzyme-1inked i munosorbent assay (ELI SA method) (in
vitro eval uation).

[Fig. 1C] Fig. 1Cis a mcrophotograph (in vitro
eval uation) of an ADRCs cell <cluster after culture.
Spherical ones in the picture are oil droplets.

[Fig. 2A] Fig. 2A is a photom crograph (in vivo
eval uation) of acardiactissue of amyocardial infarction
nodel rat taken on day 5 after transpl antati on of an ADRCs
cell cluster into the rat.

[Fig. 2B] Fig. 2B is a photom crograph (in vivo
eval uation) denmonstrating t he expr ession of
neovascul ari zation onthe epicardi al side and bet ween t he
cell cluster and the area of myocardial infarction.

[Fig. 3A] Fig. 3 includes diagrans demonstrating
results of echocar di ographic exam nations on how
transpl antation therapy of ADRCs cell clusters to
myocardial infarction nmodel rats affects the cardiac
function. Fig. 3Ais agraphof |eft ventricul ar ejection

fraction (EF).

10
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[Fig. 3B] Fig. 3B is a graph of left ventricular
end-systolic diameter (LVESd).

[Fig. 3C] Fig. 3Cis a graph of left ventricular
end-di astolic diameter (LVEDd).

[Fig. 3D] Fig. 3D is a graph of survival rate.

[ Fig. 4A] Fi g. 4 includes di agr ans each
demonstrating aresult of echocardi ographi c exam nati ons
on how transplantation of ADRCs cell clusters, ADRCs
i ntramyocardi al injection, and ADRCs intracoronary
adm ni stration to chronic myocardial infarction nodel
rats affect the cardiac function. Fig. 4Ais a graph of
left ventricular ejection fraction (EF).

[Fig. 4B] Fig. 4B is a graph of left ventricular
end-systolic diameter (LVESd).

[Fig. 4C] Fig. 4Cis a graph of left ventricular
end-di astolic diameter (LVEDd).

[Fig. 5A] Fig. 5 includes diagrans demonstrating
resul ts of exam nations on howtranspl antationtherapy of
ADRCs cell clusters to nyocardial infarction nodel rats
affects the nmyocardi al tissue. Fig. 5A  is a
phot om crograph denonstrating a Picro-Sirius red stained
| ow magni fication imge of an S group.

[ Fig. 5B] Fig. 5B is a phot om crograph
denmonstrati ng a Picro-Sirius red st ai ned | ow

magni fi cati on i mage of an A group.

11
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[ Fig. 5C] Fig. 5C is a phot om crograph
denmonstrati ng a Picro-Sirius red st ai ned | ow
magni fi cati on i mage of an AP group.

[Fig. 5D] Fig. 5Dis a graph denmonstrating aresult
of measurenments of the l|left-ventricular end-diastolic
wal | thickness (LVAW) of the S group, the A group, and
t he AP group.

[Fig. 5E] Fig. 5Eis a graph denonstrating aresult
of nmeasurements of the fibrotic area in the left
ventricul ar cross-sectional area of the S group, the A
group, the AP group, an ic group, and an im group.

[ Fig. 5F] Fig. 5Fi s aphotom crograph denmonstrating
a von W I | ebrand factor-stained i mge of t he
i nfarct-normal border area of the S group.

[ Fig. 5@ Fig. 5G is a phot om crograph
demonstratingavonW | ebrandfactor-stainedimge of the
i nfarct-normal border area of the A group.

[Fig. 5H] Fi g. 5H is a phot om crograph
demonstratingavonW | ebrandfactor-stainedimge of the
i nfarct-normal border area of the AP group.

[Fig. 51] Fig. 51 is a graph denmonstrating aresult
of measurenents of the capillary density in the
i nfarct-normal border area of the S group, the A group,
the AP group, the ic group, and the im group.

[Fig. 6A] Fig. 6 includes pictures demonstrating

aresult of exam nationoninfluences onnyocardi al tissue

12
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of chroni c myocardi al i nfarcti on model rats at week 8 after
transpl antationtherapy of ADRCs cell clusterstotherats.
Fig. 6A is a phot om crograph demonstrating a
hemat oxyl i n-eosin stained | owmagnification imge of the
S group.

[Fig. 6B] Fi g. 6B is a phot om crograph
demonstrating a hemat oxyl i n-eosin st ai ned | ow
magni fi cati on i mage of the A group

[ Fig. 6C] Fig. 6C is a phot om crograph
denmonstrating a hemat oxyl i n-eosin st ai ned | ow
magni fi cati on i mage of the AP group.

[Fig. 6D] Fig. 6D is a representative tissue
phot ogr aph denmonstrating a result of Periodic acid-Shiff
(PAS) staining of the infarct-normal border area of the
S group.

[Fig. 6E] Fig. 6E is a representative tissue
phot ogr aph denmonstrating a result of Periodic acid-Shiff
(PAS) staining of the infarct-normal border area of the
A group.

[Fig. 6F] Fig. 6F is a representative tissue
phot ogr aph denmonstrating a result of Periodic acid-Shiff
(PAS) staining of the infarct-normal border area of the
AP group

[Fig. 6G] Fig. 6Gis a graph denonstrating aresult

of quantification of myocardial cell diameters in the

13
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myocardi al i nfarct-normal border area of the experi ment al
groups.

[Fig. 7A] Fig. 7 includes diagrams demonstrating
results of exam ning anti-inflammtory effects by ADRCs
cell <cluster transplantation. Fig. 7A is a graph
denmonstrating a result of quantification of the
transcription | evel of Adi ponectin (APN) in the infarct
area and the infarct-normal border area.

[Fig. 7B] Fig. 7Bis a graph denmonstrating aresult
of quantification of the transcription |[evel of
Adi ponectin receptor 1 (Adipo-R1l) inthe infarct area and
the infarct-normal border area.

[Fig. 7C] Fig. 7Cis a graph denmonstrating aresult
of quantification of the transcription |[evel of
Adi ponectin receptor 2 (Adipo-R2) inthe infarct area and
the infarct-normal border area.

[Fig. 7D] Fig. 7Dis a graph denmonstrating a result
of quantificationof thetranscriptionlevel of T-cadherin
in the infarct area and the infarct-normal border area.

[Fig. 7E] Fig. 7Eis a graph denmonstrating aresult
of quantification of the transcription |evel of vascul ar
endot helial growth factor (VEGF) in the infarct area and
the infarct-normal border area.

[Fig. 7F] Fig. 7F is a graph denmonstrating aresult

of quantification of the transcription |evel of Tumor

14
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necrosis factor alpha (TNF-a) in the infarct area and the
I nfarct-normal border area.

[Fig. 8A] Fig. 8 includes pictures demonstrating
an ability to persistently produce adiponectin and
successful intramyocardi al engraftnment of ADRCs. Fig. 8A
is a photograph of tissue taken one week after
transpl antati on of an ADRCs cell cluster derived froma
GFP transgenic LEW Sea rat to the left ventricle of a
LEW Sea rat, the upper part in the picture is the ADRCs
cell cluster, and the |lower part in the picture is the
heart .

[Fig. 8B] Fi g. 8B is a phot om crograph
demonstrating a result of inmmunostaining adi ponectin in
the ti ssue taken t hree weeks after the transpl antati on of
an ADRCs cel | cluster derivedfromaGFPtransgeni c LEW Sea
rat to the left ventricle of a LEW Sea rat. Regions with
| i ght color indicate adiponectin.

[Fig. 8C] Fig. 8C includes photom crographs
demonstrating a result of | eft ventri cul ar
i ntramyocardi al injection of ADRCs derived from a GFP
transgeni ¢ LEW Sea rat.

[Fig. 8D Fig. 8D includes photom crographs
demonstrating aresult of intracoronary adm ni strati on of
ADRCs derived froma GFP transgenic LEW Sea rat.

[ Description of Embodi ments]

15
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The present i nvention provides atranspl ant materi al
for treatnment of heart di sease, the material conprising
acell cluster obtainedbycausingisolatedcellstoadhere
to each other with an adhesive agent.

The i sol ated cel |l s may be any cells not particularly
limted as long as the cells have a therapeutic effect on
heart di sease. Exanples thereof include adi pose tissue
(for example, subcutaneous adipose tissue, greater
omentum and epi cardi al fat)-derived regenerative cell s,
bone marrow-derived regenerative cells, umbi lica
cord-derived regenerative cells, smooth nmuscle (for
exanpl e, perivascul ar snoot h muscl e) -deri ved
regenerative cells, pluripotent stemcells (for exanpl e,
i PS cells, ES cells, and Muse cells), and regenerative
cells derivedtherefrom Inaddition, itisalsopossible
touse differentiated cells such as vascul ar endot hel i al
cells and nmonocyt es.

The "regenerative cell” in the present invention
means a cell that has an ability torestore the structure
and function in an organ or tissue to which the cell is
applied. 1n a preferable enbodi nent, regenerative cells
are of a cell group including mesenchymal stemcells and
mesenchymal progenitor cells. Here, the "mesenchynmal
stem cell” means a stem cell having an ability to
differentiate intoamesenchymal cell such as ost eobl ast,

adi pocyte, myocyte, or chondrocyte, and the "mesenchynmal

16
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progenitor <cell”™ means a <cell in the process of
differentiation from a mesenchymal stem cell to a
mesenchymal cell. Then, the "stem cell™ means a cell
havi ng a sel f-renewal ability and pluripotency. Whether
or not isolated regenerated cells are mesenchymal stem
cells or mesenchymal precursor cells can be eval uated by
usi ng a predeterm ned cell surface marker (Lin Ket al.,
Cyt ot herapy 2008; 10(4): 417-426).

In the present i nvention, "adi pose-derived
regenerative cells" are preferably used in particular.
The "adi pose ti ssue” i s connective tissue conposed mai nly
of adi pocytes. The adipose tissue from which
regenerative cells are isolated is not particularly
i mted, but may be subcut aneous adi pose ti ssue, greater
omentum, epicardial fat, or thelike. The adi posetissue
can be collected from a living body, for exanple, by
aspiration froma small incision or by surgical excision.

In a preferred enbodi nent, a cell cluster obtained
by adhesi on of cell s contai ns mesenchymal progenitor cells
and mesenchymal stemcells in a total amount of at | east
1% or more, and preferably 5% or more (for exanple, 10%
or nore, 20%or more, 30%or more, 40%or nore, or 50%or
nore). |In addition to these cells, the cell cluster may
contain, for exanple, cellsmxedintheisolationprocess,

and so on.
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The cells can be isolated fromthe tissue in such
away that thetissueisfirst fragmented, and the obt ai ned
fragments are treated with collagenase, followed by
filtration through afilter and then centrifugation. The
centrifugation for isolating regenerative cells can be
performed under conditions, for exanple, at 500 to 800 G
for 5 to 10 m nutes.

In the present invention, isolated cells are caused
to adhereto each other toformacell cluster. The method
for causing cells to adhere to each other is not
particularly limted, but fibrinogen can be preferably
used. The fibrinogen becomes a pasty fibrin polymer when
m xed with thronmbin, and t hus comes to have an ability to
bond cells to each other. Therefore, as presented in
Exanpl es, cells can be caused to adhere to each other
easily by m xi ng a suspensi on of cells to which fibrinogen
i saddedwi thasolutioncontainingthronbin. |If theabove
m xed solution is kept warm the adhesion can be made
faster.

In this way, cells for formng a cell cluster need
not be cultured. Thus, it is possible to inmediately
process the isolated regenerative cells into a cell
cluster and to use the cell cluster in transplantationto
the heart. Therefore, a process from collection to
preparation of a cell cluster can be acconplished within

a very short period of tine. For exanple, unlike the

18
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present invention, the conventional method using a cell
sheet causes the cells to adhere to each other by culture
(an adhesive agent is used for the purposes such as
rei nforcement of the cell sheet) and generally requires
a periodinthe order of several days to several weeks as
a period from collection of biological tissue to
preparation of a cell sheet. 1In contrast, the present
I nvention requires only several hours fromcoll ection of
bi ol ogi cal tissue to preparation of a cell sheet, which
means achi evement of significant tinme reduction.

Inthe formati on of a cell cluster, it is preferable

to use adi pose-derived regenerative cells treated with a

PPARY agonist. This allows further enhancement of
secretion of adiponectin from the cell cluster after
transplantation to the heart. Examples of the PPARy

agoni st include, but are not particularly limted to,
t hi azol i di ne-based drugs such as pioglitazone. As
subst ances with whi ch adi pose-derived cells are treated,
there are, besides the above substances, substances that
pronote i nduction of differentiationinto adi pocytes such
as insulin and steroi d, angi otensin receptor antagoni sts
(ARB), angiotensin converting enzyme inhibitors (ACEi),
cyt oki nes such as VEGF and HGF, and so on.

In the case of use for transplantation treatnment of
heart di sease, the cell cluster can be adjusted in size

and t hi ckness as appropri ate according to a site to which
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the cell cluster is to be transplanted or the |ike

Generally preferable cell clusters have a disc shape
havi ng a diameter of 5 mMmto 5 cmor a square shape having
a side of 5 mMmto 5 cm and have a thickness of 0.5 to 2
mMmso as to have sufficient strength. In order to obtain
such a cell cluster, a suspension can be used which has
a cell concentration of 2x10° to 2x10’ cells/m, for
exampl e.

The transpl ant materi al of the present i nventi on may
further contain other el ements useful for treating heart
di sease, as long as it contains the above-nmentioned cell
cluster. Exanples of the other el ements include, but are
not limted to, a cell cluster or a cell sheet conposed
of heterologous <cells, extracellular matrices, and
adhesi on factor proteins.

An exanmpl e of the "heart di sease”" to be treated by
the transplant material of the present invention is, but
not limted to, a disease or a di sease acconpani ed by a
di sorder, the di sease selected fromthe group consi sting
of heart failure, ischem c heart disease, nmyocardi al
infarction, cardiomyopathy, myocarditis, hypertrophic
cardi onyopat hy, diastolic hypertrophic cardi omyopat hy,
and dil ated cardi omyopat hy.

The present invention al so provi des a heart di sease

treat ment met hod, t he met hod conpri sing coveringacardi ac
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surface of a subject suffering fromheart di seasewiththe
aforementi oned transplant materi al .

The treat ment accordingtothe present i nvention can
be applied to human and non- human subj ects. Organisns to
be treated are not particularly limted as | ong as they
each have a heart as a treatment target, and exanples
t hereof include human, mammal s ot her than human, birds,
reptiles, anphi bi ans, and fi shes. The mammal s ot her t han
humans i ncl ude, but are not Ilimted to, primtes such as
chi npanzees and nonkeys, as well as Ilivestock and
compani on ani mal s such as cattl e, swi ne, horses, chi ckens,
cats, and dogs.

As the cells fromwhich the transplant materi al of
the present invention is derived, cells conpatible with
an organismto be treated may be used. However, fromthe
vi ewpoi nt of suppression of i mune rejection reaction or
the like, used are cells derived fromthe same species,
and particularly preferably autol ogous cells. Therefore,
particularly preferably, the transplant material of the
present inventionis transplanted to a subject fromwhom
the cells were collected.

It should be noted that, even when a rejection
reactionis expectedinprinciple, therejectionreaction
may be i nhi bited by using publicly known means such as an
I munosuppressive agent. In this way, a range of cells

applicable to a particular organism can be expanded.
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A site to which the transplant material of the
present inventionis transplantedis preferably a cardi ac
surface. Inthis case, a heart di sease can be treated by
covering the cardiac surfacewi ththe transplant materi al
of the present invention. In the transplantation of the
transpl ant material to the cardi ac surface, for exanple,
the transplant material may be attached to a | esion (for
exanple, a nmyocardi al infarction area), and then
surgically fixed to the epicardiumwi th a proline needle
or fixed to the cardiac surface by fibrin spray.
Preferably, the transplant material is placed on the
cardi ac surface so as to sufficiently cover the boundary
bet ween the lesion site (for exanmple, the mnmyocardi al
infarction site) and the surrounding normal site.

For transplantation, the heart targeted for the
transplantation is treated as needed in advance. For
example, in the case of an initial surgery, the
transpl antation is preferably conducted after the bl ood
and moisture on the cardiac surface are wi ped off
sufficiently. Meanwhile, in the case of a second or
followi ng surgery, the transplantation is preferably
conducted after the scar tissue on the cardi ac surface is
removed as quickly as possible.

In the treatment met hod of the present invention,
the treatment with the transplant materi al of the present

i nvention may be combined with another treatment. For
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example, for a chronic nyocardial infarction, the
treatment of the present invention may be combined with
coronary artery bypass surgery, percutaneous coronary
angi opl asty, or left ventricular reconstruction. For an
acute myocardial infarction, the treatnment of the present
invention nmay be conmbined with coronary artery bypass
surgery or percutaneous coronary angiopl asty. I n
addition, the treatment of the present invention may be
combi ned wi t hval ve repl acement surgery or pediatric heart
surgery.

[ Exampl es]

Her ei nafter, the present invention is described in
nore details based on Exanpl es, but the present invention
should not be Ilimted to Exanples descri bed bel ow

[ Exampl e 1]

[ Materi al s and Met hods]

(1) Preparation for Adipose-Derived Regenerative
Cells (ADRCs = Adi pose derived regenerative cells)

Adi pose tissue was collected from both inguinal
regions of a 9 week-old femal e LEW Sea rat. The adi pose
tissue was cut into fine pieces by scissors, and the
obt ai ned ti ssue pieces were suspended in a 0.1%type |1
col | agenase sol ution and shaken in a 37°C warm bath for
1 hour. The suspension was filtered through 100 um and
70 pum mesh filters, followed by centrifugation for 10

m nutes at 1800 revolutions per mnute. The resultant
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sedi ment suspended in a culture medium (10%fetal bovine
serum and antibiotic-containing D-MEM was used as
adi pose-derived regenerative (nmesenchymal progenitor)
cells (ADRCs). These include adipose tissue-derived
mesenchymal stem cells and progenitor cells.

(2) Production of ADRCs cell cluster

Subsequent to the extraction of the ADRCs fromthe
adi pose tissue, cell clusters each contai ni ng 5x10° ADRCs
wer e produced i mmedi ately. A solution A was prepared by
adding 60 pl of fibrinogen to 140 ul of the ADRCs cell
suspensi on, whereas a solution B was prepared by addi ng
30 ml of thrombin to 170 pul of a culture medium (10% fetal
bovi ne serum and anti bi oti c-containing D-MEM), foll owed
by t horough m xi ng. Then, thesolutionAwasfirst dropped
on a culture dish, the solution B was added to the dropped
solution A, and the obtained m xture was formed into a
shape suitabl e for transplantati on, and t hen was kept warm
In a humd environnment at 37°C in a 5% carbon dioxide
at mosphere for 5to 10 m nutes to cause the cells to adhere
to each other to produce an ADRCs cell cluster. After the
production of the ADRCs cell cluster, the cluster was
pronptly transplanted to an infarct site.

(3) Measurement of Secretion Levels of Cytokines
such as Adi ponectin by ADRCs Cell Cluster

The supernatant after the ADRCs cell cluster was

cul tured for 24, 48, 72, 96, 120, and 144 hours was
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col l ected, and the secretion | evels of adi ponectin, VEGF,
HGF, and IL-6 in the supernatant were neasured by
enzyme-|inked i munosorbent assay (ELI SA).

(4) Histol ogical Exam nati on of ADRCs Cel |l Cluster

Frozen sections of the ADRCs cell cluster were
prepared, fixed with 4% paraformal dehyde, and then
subjected to Ol Red O staining and adiponectin
I mmunost ai ni ng.

5) Production of Cardiac Insufficiency Model and
Transpl antation of ADRCs Cell Cluster

A myocardi al infarction model was prepared using a
7-week ol d femal e LEW Searat by aligationat the anteri or
descendi ng branch of the left coronary artery. Wth a
general anesthesia given by inhalation anesthesia of
i sof l urane under artificial respiration(1.5%i soflurane,
ventilation volume 4 m, 110 cycles/ mnute), left
t horacot ony was performed to expose the heart. A site of
the left coronary artery at a distance of 2 to 3 mmfrom
the origin of the left coronary artery was |ligated with
7-0 proline suture. Two weeks after the coronary artery
| i gation, an ADRCs cell cluster was placed on tip-curved
forceps, and slid to and set on the infarct site of the
left wventricular anterior wall. For a sham group,
stabilized fibrin not containing ADRCs was transpl anted
in the same process.

(6) Animal Experiment Protocol
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Two weeks after the coronary artery ligation, rats
were divided into 5 groups, and then treated as foll ows.
Specifically, preparedwere: agroupinwhichanADRCs cel |
cluster was transplantedto the left ventricul ar anteri or
wal |l (an A group; n = 26); a group in which an ADRCs cel |
cluster containing pioglitazone (PGZ, 50 mV) was
transpl anted (an AP group; n = 26); a shamgroup i n which
nocell cluster transpl antationwas conducted (an Sgroup;
n = 26); and a group with direct intramyocardi al
transplantation (an im group; n = 6) and a group wth
i ntracoronary transplantation (anic group; n=6) of ADRCs
to peri-infarct regions of the left ventricular anterior
wal | s. Then, histological evaluation and nol ecul ar
eval uation were conducted on days 12 and 56 after the
surgery. Inaddition, the cardiac functi on was eval uat ed
by echocardi ography every week after the surgery.

(7) Echocardi ographi c Exam nati on

After a sedation state was obtained by inhal ation
anest hesia of isoflurane, short axis views of the |eft
ventricle at the papillary nuscle level were obtained
usi ng a echocardi ographic system equi pped with a 14 MHz
transducer. The left ventricul ar end-diastolic diameter
(LVEDd) and end-systolic diameter (LVESd) were measured.
The measurenents were repeated three times or nore, and
t he average val ues were obtained. The left ventricular

ejectionfraction (EF% was cal cul ated fromthe foll ow ng
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equati ons.
Left ventri cul ar ej ection fraction (EF) =

{ (LVEDV- LVESV) / LVEDV} x100 = ( SV/ LVEDV) x100

Left ventri cul ar end-diastolic volume (LVEDV)
{7.0/ (2. 4+LVEDd) } xLVEDd?
Left ventricul ar end-systolic vol unme (LVESV) =
{7.0/ (2. 4+LVEDs) } xLVEDs?

(8) Histol ogical evaluation

On days 14 and 56 after the surgery, a sedation state
was obt ai ned by i nhal ati on deep anest hesi a of i sofl urane,
and t hereafter the heart conti nuously beating was renoved.
Each tissue section was prepared by slicing the left
ventricleinthe short axis direction, conpound- enbeddi ng
the slice, and freezing the slice in liquid nitrogen.
Hemat oxyl i n-eosin staining, Picro-Sirius red staining,
Massontrichronme staining, Ol Red Ostai ning, adi ponectin
i mmunost ai ni ng, SMA i mmunostai ning, and von W I | ebrand
factor i munost ai ni ng were performed. The fibrosis rate
was determ ned by anal ysis of a Picro-Sirius red stained
i mge. For thelivingcell sizeat theperi-infarct border
site, the cell short dianeter in one field of view (at a
magni fi cati on of 400) of a hemat oxyl i n-eosin stai nedi mage
was measured and the average value of 10 fields of view
per sanple was cal culated. 1In addition, the number of
capillaries per field of view(at a magnification of 400)

of a von WIIlebrand factor i munostained inmge was
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measur ed, and t he average val ue of 5fiel ds per sanpl e was
cal cul at ed.

(9) Mol ecul ar Bi ol ogi cal Study

On days 14 and 56 after the transplantation, the
removed cardi ac sanple was divided into an infarct part
(scar), a border part between the i nfarct and normal parts
(border), and a non-infarct part (renote), and nmRNA
extractionineachof the parts was carried out. Then, cDNA
was synthesized from mRNA by reverse transcription
reaction. The transcription |level of each of vascul ar
endot hel i al cell growth factor (VEGF), adi ponecti n ( APN),
adi ponectin receptor-1 ( Adi po-R1), adi ponectin
receptor-2 (Adipo-R2), T-cadherin (CDH-13), and tunor
necrosis factor (TNF-«o) was quantified by the quantitative
PCR nmet hod, and was di vi ded by the transcription | evel of
gl ycer al dehyde- 3- phosphat e dehydr ogenase ( GAPDH), whi ch
i's an endogenous control. Then, aratio of the obtained
value to the normal val ue of each sanple was expressed.

(10) Statistical Analysis

Dat a was expressed as the average val ue = standard
error. Conpari son between groups was conducted byt test,
and a P value |l ess than 0.05 was considered to indicate
a significant difference. For survival rate analysis,
the survival rate was calculated by the Kaplan-Meier
met hod, and asignificant differencefor each experi menta

group was determ ned by a | og rank test.
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[ Resul t s]

(1) ADRCs Cell Cluster's Abilities to Secrete
Cyt okines and Differentiate into Adipocytes

ADRCs cell <clusters (Fig. 1A) and pioglitazone
(PGZ) -containing ADRCs cell clusters were prepared and
cultured for 144 hours in a hum d environment at 37°Cin
a 5% carbon di oxi de at mosphere, and then their cytokine
secretion abilities were exam ned. The ampunts of
adi ponectin (APN), VEGF, HGF, and IL-6 secreted fromthe
ADRCs cel |l clusters and the PGZ-containing cell clusters
increased over tineintheculture media. The adi ponectin
concentrations after culture for 144 hours in particul ar
were 21.7+0.9 ng/5x10° cells/day and 51%+3.9 ng/5x10°
cell s/ day, respectively, and the culture medi um of the
PGZ- containing ADRCs cell cluster has a significantly
hi gher concentration than that of the cell cluster
containing only ADRCs (Fig. 1B).

Al so, the ADRCs cell cluster was treatedwith 10to
15% autoserum or fetal bovine serum (FBS), 0.5 to 2.0 uM
insulin, 0.1 to 1.0 uM dexamethasone, and 0.2 to 2 mM
i sobutyl - met hyl xant hi ne, and thereby were induced to
differentiate into adi pocytes. As a result, adipocytes
positive for O | Red Oappeared 7 days after the induction
of differentiation (Fig. 1C). The number of cells
constituting one cell cluster was in the order of 5x10°

and the cell cluster contained O 1 Red O positive cells
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with a thickness of about 1000 um. Thus, it was found that
the cell cluster mai ntained the differentiation ability.

(2) Engraftment of ADRCs Cel | Cl uster on Myocar di al
Sur face

I norder to exam ne the engraftment of an ADRCs cel |
cluster on the cardionmyocyte, the cell clusters were
transpl anted to the cardi omyocyte of rats promptly after
the preparation. As a result, the cell cluster after
several days to one week adhered to the cardiac surface
(Fig. 2A). Since the <cell cluster was observed
communi cating with the cardionyocyte via capillary
vessels (Fig. 2B), it was confirmed that the transpl ant ed
cel | cluster was successfully engrafted on the
cardi onyocyte.

(3) Influence of Transplantation of ADRCs Cell
Cl uster on Cardiac Function

Fig. 3 denonstrates evaluation results of the
cardi ac function on day 28 after the ADRCs cell cluster
transpl antation on chronic nyocardial infarction nodel
rats. Here, theleft ventricular ejectionfraction (EF),
left wventricular end-systolic diameter (LVESd), |left
ventricul ar end-di astolic di anet er (LVEDd) , and
| eft-ventricul ar end-di astolic wall thickness (LVAWD) in
heart echocardi ographic exam nations were wused as
eval uation indexes of the cardiac function. Two weeks

after coronary artery ligation, model rats were divided
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into 5 groups and tested after the foll owi ng treatments.
Specifically, tested were the group i n which an ADRCs cel |
cluster was transplantedtothe left ventricul ar anteri or
wal | (the Agroup); the groupinwhichanADRCs cell cluster
cont ai ni ng pioglitazone (PGZ, 50 mVM was transplanted to
theleft ventricular anterior wall (the APgroup); the sham
group in which no cell cluster transplantation was
conducted (the S group); and the group with direct
intramyocardi al transplantation (the imgroup) and the
groupwithleft ventricular intracoronarytranspl antation
(theic group) of ADRCs to the peri-infarct regions of the
l eft ventricular anterior walls.

From the echocardiographic exam nations of the
hearts, the A group and the AP group had significantly
| ar ger EF val ues than the S group, and were found to have
an inprovenment of left wventricular contractility.
Furt hernore, at week 8 after the transpl antation, the AP
group denmonstrated greater inmprovenent in EF than the A
group (Fig. 3A). Meanwhile, as conparedwi ththe Sgroup,
the A group and the AP group had the LVEDd val ues with no
significant difference (Fig. 3C), and had small LVESd
values (Fig. 3B). Therefore, the Agroup and t he AP group
wer e observed having an i mprovenent of |left ventricul ar
contractility by the transplantation. 1In addition, the
survi val rates of the groups were evaluated. As aresult,

the survival rates of the A group and the AP group were
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significantly higher (p=0.0424) than that of the S group
(Fig. 3D). From the above results, transplantation of
ADRCs cell <clusters was found to have an excellent
t herapeutic effect on myocardial infarction.

Furthernore, as a result of conparative tests with
t he adm ni stration met hods di fferent from the
transpl antati on of a ADRCs cell cluster, that is, withthe
groupwithdirect i ntramyocardi al transplantation (theim
group) and the group with |l eft ventricular intracoronary
transplantation (the ic group) of ADRCs to the
peri-infarct regions of the left ventricular anterior
wal | s, the A and AP groups had the EF val ues significantly
| ar ger than those of the S, im and ic groups (Fig. 4A),
had t he LVESd val ues smal |l er than those of the S, im and
i c groups (Fig. 4A), and had no significant difference in
LVEDd (Fig. 4C). Theresults described above denonstrate
that the transplantation of an ADRCs cell cluster has a
superior therapeuticeffect inthetreatnment of myocardi al
infarction to that of the method of directly injecting
ADRCs eelts intothe cardi omyocyte or the coronary artery.

(4) I nfl uence on Myocar di al Ti ssue by
Transpl antation of ADRCs Cell Cluster

Hi st ol ogi cal anal ysis was performed on days 14 and
56 after the ADRCs cell cluster transplantation to the
myocardi al infarction nodel rats. The untreated S group

denmonstrated strong thinning of the left ventricular
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anterior wall (Fig. 5A), whereas the Agroup (Fig. 5B) and
the AP group (Fig. 5 C) were found to have the left
ventricular anterior walls thicker than those of the S
group, the imgroup, and the ic group, and maintain the
|l eft ventricular anterior wall tissue (Fig. 5D). As a
result of the quantification of the infarct size, the A
group and the AP group tend to be smaller ininfarct size
than the S group, the imgroup, and the ic group, although
there was no statistically significant difference (Fig.
5E). Furthernore, as a result of the measurement of the
capillary density at the peri infarct area, the A group
(Fig. 5G) and the AP group (Fig. 5H) denpnstrated
significantly higher capillary densitiesthanthose of the
S group (Fig. 5F), the imgroup, and the ic group (Fig.
51).

(5) Cardiac Protection Effect by ADRCs Cel | Cl uster

Hi st ol ogi cal anal ysis was performed on days 14 and
56 after the ADRCs cell cluster transplantation to the
myocardi al infarction nodel rats. Acell dianeter at the
peri infarct area of each of the groups was detected by
hemat oxyl i n-eosin staining (Figs. 6A to 6 C) and PAS
staining (Figs. 6 Dto 6 F), and the cell short di aneters
in the A group and the AP group had significantly | ower
val ues than those of the S group, the imgroup, and the
ic group (Fig. 60). The above result suggested the

possibility that ADRCs cell cluster transplantati on may
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have protective effect such as anti-apoptosis on resi dual
myocardi al cells.
(6) Anti-Apoptosis and Anti-Inflammtory Effects by
ADRCs Cel | Cluster

Fig. 7 shows the results of investigations on
myocardi al protection and anti-inflammatory effects on
myocardi al tissue on day 56 after the ADRCs cell cluster
transpl antati on. The degrees of transcription of the
neovascural i zati on and nyocardi al protectioncytokines at
the peri infarct area of each group were eval uated. As
aresult, thetranscription|level of adi ponectin (APN) at
t he peri phery of theinfarct area was significantly higher
inthe AP group than in the other groups (Fig. 7A). Al so,
the group A had a significantly higher APN transcription
|l evel than the S group. There was no significant
difference in the transcription |levels of the other
Adipo-R1, Adipo-R2, CDH-13, VEGF, and TNF-a (Figs. 7B to
7F). The above findi ng suggestedthe possibilitythat the
addition of PGZ to the ADRCs cell cluster may further
enhance the inprovenment effect on the cardiac function
after nmyocardial infarction.

(7) Engraftment and APN Production of ADRCs Cell
Cluster on Myocardial Infarction Area

The ADRCs cell cluster transplanted on the left
ventricul ar anterior wall of amyocardi al i nfarcti on model

rat was successfully engrafted onthe scar areaintheleft
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ventricul ar anterior wall on day 28 after the
transpl antation (Fig. 8A), and denonstrated adi ponectin
positive at the transplanted site (Fig. 8B). Thi s
suggested that the successfully engrafted cell cluster
secreted adi ponectin persistently. In addition, in the
groups, as the conparison targets, treated with the
intramyocardial (Fig. 8C) and intracoronary (Fig. 8D)
transpl antati on of ADRCs, engraftment success in the
cardi onyocyte was also observed on day 3 after the
transpl antati on.

[ Exampl e 2]

Inorder to analyze constituent cells of ADRCs, cel l
surface anti gens were anal yzed usingflowcytometry ( FACS).
Fresh ADRCs extracted from adi pose ti ssue by the method
descri bed in Exanple 1 were suspended in a FACS staini ng
solution (a phosphate buffered saline supplemented with
5% fetal bovine serum. The analysis used nouse
anti bodi es agai nst CD11b, CD31, CD45, CD73, and CD90 as
surface antigen markers, and the correspondi ng nouse |1 gGl
i sotypes as negative markers. The cells were stained for
30 m nutes at roomtenperature, washed and then anal yzed
using flow cytometry (BD FACS cant Il instrument (BD
Bi osci ences, San Jose, CA)).

As a result, the constituent cells of ADRC were
mai nly mesenchymal stem cell s/ mesenchymal progenitor

cells (CD90+, CD31-, CD45-, and CD73+), endothelial cells
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(CD90+, CD31+, and CD45-), vascul ar smoot h muscl e (CD90-,
CD31-, and CD45-), and hemat opoi eticcells (CD90+/-, CD31-,
and CD45+). The approxi mate constituent ratiois as shown
inTablel. Inparticular, 6.5%o0f adi posetissue-derived
mesenchymal stem cells were contai ned.

[ Tabl e 1]

Cell Type Constituent Ratio

Mesenchymal Stem Cells/ Mesenchynmal
Progenitor Cells 6. 5%
(CD90+, CD31-, CD45-, CD73+)

Vascul ar Snooth Muscle Cells

0,
(CD90-, CD31-, CD45-) 13.2%
Vascul ar Endothelial Cells
5. 6%
(CD90+, CD31-, CD45-)
Hemat opoi eti c Cel | 26. 5%

(CD90+/ -, CD31-, CD45+)

[ I ndustrial Applicability]

As menti oned above, the transplant material of the
present invention conprises a cell cluster in which
I sol ated cel |l s are caused to adhere to each ot her, and can
be produced easilywi thinashort periodof time. Moreover
the transplant materi al secretes adi ponectin, and has an
excel |l ent t herapeutic ef fect of heart di sease. Therefore,
the present invention can greatly contribute to the
devel opment of transplant medi cal care mainly for heart

di sease.
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[ CLAI MS]
[Claim 1]

Atranspl ant materi al for treatment of heart di sease
conprising a cell cluster obtained by causing isol ated
cells to adhere to each other with an adhesive agent.
[Claim 2]

The transplant material according to claim 1,
wherein the isolated cells are selected fromthe group
consi sting of adi pose-derived regenerative cells, bone
mar r ow- deri ved regenerative cells, umbi l i ca
cord-derived regenerative cells, smooth muscl e-derived
regenerative cells, nultipotent stemcells, regenerative
cells derived fromthe nultipotent stemcells, vascul ar
endot helial cells, and nmonocytes.

[Clai m 3]

The transplant material according to claim 1,
wherein t he i sol at ed cells are adi pose-derived
regenerative cells treated with a PPARy agonist.
[Clai m 4]

The transplant material according to any one of
claims 1 to 3, wherein the isolated cells are cells not
cul tured.

[Cl ai m 5]

The transplant material according to any one of

claims 1 to 4, wherein the adhesive agent contains

fibrinogen.
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[Cl ai m 6]

Aheart di seasetreatnment met hod conmpri sing covering
acardi ac surface of asubject sufferingfromheart di sease
withthetranspl ant materi al accordi ngto any one of cl ai ns
1 to 5.

[Claim 7]

The treat ment met hod according to claim6, wherein
t he subject suffering fromthe heart di sease i s a subj ect
from whom cells for the transplant material were

col | ect ed.
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