- 1 - POUCH LI KE CONSTRUCT FOR PREVENTI NG HEART DI STENSI ON " FI ELD OF
THE | NVENTI ON The invention is directed to a pouch-like construct

conpri si ;an tissue which can be used for previgiRigmehrios2183
di st ensi gﬁoﬁwédlfesi sting dilation of the heart in a mamal .

Preferably, the pouch-like tissue construct has contractile
properties. The invention further relates to a nethod for the
preparation of a pouch-1like construct conprising mamalian tissue

whi ch can be used for the above pﬂrbo"ses BACKGROUND OF THE' | NVENTI ON
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BACKGROUND OF THE' INVENTION

Cardiac dilation is a commen ¢linical phenomencn observed in
several cardiac diseases, such as post-myocardial infarctiocn
and heart failure. In an early stage of carxdiac dilation, the
organ enlargement may be restricted to only a portion of the
heaxt, such ags the left ventricle. In an advanced stage, the
complete heart may be enlarged. With each type of cardiac di-
lation, serious problems are associated which may include ar-
rhythmias or leakage of the cardiac valves. Cardiac dilation
ig a frequent reason for subjecting a patient to heart trans-
plantation.

Drugs (e.g. beta-adrenocepterblockers, anglotensin converting
enzyme inhibitors, aldosterone antagonists, digoxin, diuret-
icg) are frequently employed for treating problems associated
with cardiac dilation and hearxrt failure. Yet, drugs can at
best delay the natural progression of most cardiac diseases.
Complete healing of myocardial dilation or heart failure has
not been achieved so far.

Recently, passive wventricular restraint devices (e.g. CorxCap
Cardiac Support Device; Acorn Cardiovascular Inc., St. Paul,
MN, USA) have been applied to stop adverse LV remodelling and



WO 20081058917PCT/ EP2007/ 062183 - 2 - dilation in failing hearts.
(Blomet al. (2005), Grculation; 112:1274-83). International

applicati Qp, WAk pB598, for exanple, describes an el agthgpRldshis
bag for avoiding an excessive dilation of the heart beyond a critical

vol ume. US Patent 5,702,343 discloses a jacket for constraining

cardi ac expansion during diastole. US Patent- application 2005/ 0085688
descri bes an el astic cardi ac support device of a bioconpatible
material for constraining expansion of the heart without interfering
Wi th systolic contraction. Despite positive trials in Europe and
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The ex vivo-production of heart tissue by tissue engineerxring
offersg an alternative approach of preventing cardiac dilation
and heart failure. Tissue engineering aims at generating func-
tional three-dimensional tissues that can by tailored in size,
shape and function according to the zrespective needs before
implanting them into the body. Therapeutically applied artifi-
clal heaxt tissue should stabilize the failing heart to pre-
vent further dilation and in additien add contractile elements
to a dilated ox failing heart. Several publications describe
the in vitro generation of engineered myocardium in different
geometrical sizes and shapes (Akins RE, et al. (1999), Tissue
Eng, 5:102-18; Buxsac N, et al. {19929}, Am J Physiol,
277:H433-44; Carrier RL, et al. (1999}, Biotechneol Bioceng:
64:580-9; Eschenhagen T, et al. (19297}, Faseb J, 11:683-94;
Leor J, et al. (2000), Circulation, 102:XIIT 56-61; ILi RK, et
al. (1999), Cirxculation, 100:1II 63-9; Shimizu T, et al.
(2002), Circ Res, 90:E40; van Luyn MJ, et al. (2002) Biomate-
rials, 23:4793-801; Zimmermann WH, et =z2l1. {(2002), Circ Res.,



90: 223-30; Zi mrermann WH, et al (2000), Biotechnol Bioeng, 68:106-14)
Engi neered heart tissue can be reconstituted by nixing heart cells
fromrat cardi ac nyocytes, fibroblasts,

cells, é{’(?%d /ﬂés glcel | s, macrophages and ot her cel I S g&’Fgﬁﬁg‘L@%”f’c
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larger three-dimensional tissue constructs which are suitable
to be used for stabilizing a large mammalian heart suffering

from cardiac dilation.

Description of the Figures

Fig. 1 shows a schematic depiction of the method for preparing

the pouch-like tissue construct according to the invention.

Fig. 2 shows a further schematic depiction of the method of
the invention. The sketch on the top left/middle demonstrates
the casting of a pouch-like myocardial tissue constrxuct. The
picture on the top right shows a complete casting mold filled
with c¢ulture medium and the inner glass spacer covered by a
pouch-like myocardial tissue construct. The wmiddle picture
demonstrates two pouch-like myocardial tissue constructs being
resiliently based on two metal holders to facilitate auxotonic
contractions of the constructs. The bottom picture on the
right demonstrates a pouch-like myocardial construct in an
isometric contraction experiment to define its contractility.



- a- Fig. 3 shows a pouch-like tissue construct prepared fromrat
cardi ac nyocytes according to the nethod of the invention. (A) shows

or epar ot (TOAEISEE Gi ac ooyt s accordi ng 1o 4 net nGATHELET AL T

WD 01/55297; (C) shows a spheroidal pouch-like tissue construct
according to the invention; (D) shows the heart of an adult rat. Fig.
4 shows the contraction experinments conducted wth the pouch-Iike

ti ssue construct according to the invention. Fig, 5 shows the

i npl antation of the pouch-like tissue construct in Wstar rats Fig. 6
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Fig. 6 shows the morphoclogy of the pouch-like tissue construct
after implantation into Wistar rats. On the left panel, the
pouch-like tissue construct is shown on a rat heart explanted
after two weeks. On the right panel, the surviving of cardiac
mycocytes after two weeks 1s shown as controlled by confocal
laser scanning analyses using DNA and actin labelling tech-
nigques (DAPI and phalloidin-Alexa 488, respectively).

Description of the Invention

It has now been found in the course of the present invention
that it is possible to prepare a large pouch-like construct,
i.e. a bag-shaped structure having an opening and preferably a
single opening, which comprises mammalian tissue, preferably
human tissue. The construct is ghaped in such a manner that it
is suitable for enclosing and compressing at least paxt of the
heart of a mammal. This means that the pouch-like construct is
adapted to receive the heart of a mammal in such a manner that
a slight pressure is applied by the pouch-like construct on
the surface of the heart, which pressure prevents distension



WO 2008/ 058917PCT/ EP2007/ 062183 - 5 - and/or resists dilation during
systolic and diastolic activity of the heart. Preferably, the
construct he ventricles of the heart, which s_t hat en
appl i ed t(ﬁ?ﬁ@%%? {ace of the heart, the const r uct reamﬁg}ép?qﬁmﬁz#ﬁe
Apex cordis to the Sul cus cosonarius cordis which is the annul ar
groove | ocated between the ventricles and the atria. Preferably, the
construct is to be applied to the outer surface of the heart such
that it is in direct contact with the epicaidiumof the heart. This
procedure requires the renoval of the pericardium Al ternatively, the
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t hat theshﬁmlﬁlamééwgl%e@r agmenssue i s engi neered heart tissue. As

used herein, the term "engi neered heart tissue" nmeans a tissue of

mammal i a [ referabl of h ripate origin, whic
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a three-dimensional support material to which individual por-
tions of engineered mammalian tissue adhere. These portions
can be fused together at a later stage of the preparation pro-
cess to form the final tissue construct. Preferably, the sup-
port wmaterials are designed such that they degrade as the in-
dividual tissue portions fuse together . Suitable support mate-
rials are known in the art and comprise, for example, colla-
gen, silk proteins, and highly elastic glvcercl-polymers (such
as "Biorubber"}. Preferably, the pouch-like construct consists



Preferably, the pouch-like construct conprises or consists of
manmal i an tissue conprising cardiac nyocytes. Typically, the presence
of cardia MIhin a tissue construct can be confi

positive §¥§§%¥ﬁaﬁy%th anti-cardi ac nmyosin heavy chalnPElmﬁiz{}a)/mm3
anti-a-actinin, anti-desmn and/or anti-cardiac troponin | antibodies
(see Kehat 1. et al. (2001), J din lnvgst 108, 407-14). Mre than 25%
of the volune of the pouch-1ike construct may consi st of cardiac
nyocytes. Preferably, these tissues are designed such that they

confer contractile properties to the construct. The in-vitro
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tained from mammalian cardiac myocytes. The pouch-like con-
structs of the present invention may be prepared accoxding to
the same reconstitution wmixture and protocols disclosed in
these publications. Due to their unigue sghape, the constructs



W)2008/ 038917PCT/ EP2007/ 062183 - 8 - the mxture is adjusted to a
physi ol ogi ¢ pH value of about 7.4 with 0.1 N NaOH.

Engel bret h- m tunor exudate (known as "Matrdgel ) | to
give a fiﬁgﬁg%%ﬁiﬁﬁiration of 5-15% This mxture is aggiﬁkﬁg%gsﬁll
suspensi on of fetal or neonatal cells (for exanple, 2.5 x 106 cells/
engi neered heart tissue). The reconstifution mxture is incubated for
0.5-3 h, preferably for 1 h, at 37Cin a humdified cell culture

i ncubator. (5-109s CO2 in roomair) to facilitate hardening. The
resulting tissue construct is further cultured in a suitable medium
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or neonatal cardiac myocytes are used for engineering the tis-
sue constructs. These cells are particularly suitable, since
they have the capability to redifferentiate after dedifferen-
tiation. It hag also besen shown that mixed populations con-
sisting of almost identical portions of cardiac myocytes and
non-cardiac myccytes result in engineered tissues with in-
creased contractile properties compared to selected cardiac
myocytes (Zimmermann et al. (2003), Heart Failure Rev., 8,
259-269) .

Briefly, & scolution of a scaffold substance (such ag collagen
type I) is mixed with culture medium (final concentration in
the mixture: 1 x DMEM; 2% chicken embryo extract; 10% horse
serum; 100 ug/ml Streptomycin; 100 U/ml penicillin). The pH of



Basi ¢ suppl enents G owmh factor supplenments 20ML99 20 ng/m insulin
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grow h fa%glio(}gmélsgpfrml/ 1 triiodothyronine 10 ng/m fi b'i:'%)f,gfuﬁm%’z?ﬁéﬂ h

factor-2

the mixture is adjusted to a physiclegic pH value of about 7.4
with 0.1 N NaOH. Engelbreth-Holm-Swarm tumor exudate (known as
"Matrigel") is added to give a final concentyation of 5-15%,
This mixture is added to a cell suspension of fetal orx necna-
tal cells (for example, 2.5 x 10° cells/ engineered heart tis-
sue) . The reconstitution mixture 1is incubated for 0.5-3 h,
preferably for 1 h, at 37°C in a humidified cell culture incu-
bator (5-10% CO» in room air} to facilitate hardening. The re-
sulting tissue construct is further cultured in a suitable me-
dium. In this step, which has been used forx casting the tissue
construct. Suitakle culturing conditions are described in the
art and comprise a physiclogical temperature range of 30-40°C,
preferably 36-38°C, and more preferably 37°C. The percentage
of 0; in the ambient air should range £from 21-80%, preferably
70%, 60%, 50%, and more preferably 40%. Culturing may be per-
formed for 3 to 50 days, preferably 10-30 days, and more pref-
erably 15-20 days.

It has been shown that the Matrigel in the medium may be sub-
stituted against insulin and triiodothyronine in order to pro-
vide a more defined medium. The addition of insulin (for exam-
ple, 10 pg/ml) and triiodothyronine (for example 1 nM) allowed
for the generation of strongly contracting engineered tissues.
Simultaneous addition of beoth factors for only 24 h at the be-
ginning of the tissue culture was sufficient. By using insulin
and triiodothyronine during tissue construction, improved con-
tractility was achieved with the engineered heart tissues.
These effects did not stem from enhanced overall cell number
in the engineered tissues, since no difference in the DNA con-
tent and no apparent structural differences were cbserved.
Rather, the effects may be the result of enhanced protein con-
tent or improved survival of cardiac wmyocytes leading to a
higher cardiac myocyte fractiom without an apparent change of

the overall cell number.



5 pg/ M hydrocortisone 0,25 ng/m endothelin-1 10 pg/m insulin 1
pg/mM angiotensin-I1 55 ng/1 transfertin 10 ng/m cardiotrophin-1 5

pPg/ 1 sel enjyRtisddgy M interleukin-143 PCT/EP2007/062183

Additionally, the culturing of the engineered tissues of the
invention may also be performed by use of media ag described
above, wherein the serum is replaced (e.g. by ESC). Culturing
may also be performed in serum-free media. A serum-free medium
suitable for culturing the cardiac myocytes is exemplified in
Table 1. The person skilled in the art will readily be able to
further modify the medium on the basis of the disclosure pro-
vided herein by replacing distinct components and/or growth

factors by similar substances.

Basic supplements Growth factor supplements
20% M199 20 ng/ml insulin like growth factor-1
10 nmol/l retinoie acid 190 ng/ml epidermal growth factor

0,1 nmol/1 triiodothyronine 10 ng/ml fibroblast growth factor-2

5 ng/ml hydrocortisone 0,25 ng/ml endothelin-1
10 pg/ml insulin 1 pg/ml angiotensin-II
‘5,5 mg/1l transferrin 10 ng/ml cardiotrophin-1
5 ng/l seienium 10 ng/ml interleukin-1B

0,5 pg/l bovine serum albumin |5 ng/ml transforming growth factor B 1

4,7 pg/ml linoleic acid

4,7 ng/ml oleic acid

Table 1: Serum-free culture medium

Following the above protocols, it will also be possible to
generate pouch-like constructs £from cells of heart tissue
other than cardiac wmyocytes. The skilled person will appreci-
ate that constructs without cardiac myocytes will serve as a
pure restraint device without providing any contractile sgup-
port to the failing heart. In this regard, human mesenchymal
gtem cells, e.g. from the bone marrow, blood, heart tissue,
or fat tissue (for example, islet-1, CD117 and/oxr CD105 posi-
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culture megdh Yifsaorr PCT/EP2007/062183

- 10 -

tive) may be used as a starting material. Further, resident ar
circulating endothelial stem cells, for example, from the bone
marrow or blood (e.g. CD133 and/or CD34 positive) may be used.
Primary mesenchymal (e.g. wvimentin, <CD117 and/or CB1l05 posi-
tive) and endothelial (e.g. CD34 and/oxr CD31 positive) cells
from the bone marrow, blood or heart tissue may also be used
in this resgpect. According to a fuxther aspect, £fibroblasts,
gmoeth muscle cells, and the like will sexrve as a starting ma-
terial. For example, Zimmermann WH, et al. (2006}, Nat Med,
12:452-458, describes the generation of engineered heaxt tis-
sue (EHT) from £ibroblasts (about 80%) and smooth muscle
cells. Non-contractile cell fractions from enzymatically
(trypsin/DNase) digested hearts were grown on standard culture
dishes and propagated by serial plating. Subsegquently, cells
were detached from the culture dish by trypsin/EDTA treatment.
Dispexsed cells (250.000-10.000.000, ideally 2.500.000 were
mixed with collagen and concentrated culture medium according
to the protocol published in Zimmermann et al. 2002 Circ Res.
Matrigel is not necessaxry to generate non-contractile tissue
constructs. Culture is performed accoxrding to the published
protoceol. It must be understood that many cell types including
fibroblasts from heart biopsies from mammals including humans,
fat tissue-derived mesenchymal stem cells (from liposection
samples) from mammals including humans as well as endothelizl
cells, smooth muscle cells, pluripotent stem cells and others
can be applied to generate non-contractile tissue constructs
that can be applied as restraint devices. Additional benefit
may stem from paracrine factors, e.g. growth promoting fac-
tors, angiogenic factors ox antiapoptotic factors. Examples
for such factors include, but are not limited to, VEGF, HEP,
PLGF PDGF, CT-1, FGF, SDF-1, HCG, 1IGF-1, BMP and others. Thase
factors could induce angiogenesis, support heart cell sur-
vival, induce cell preoliferation or hypertrophic growth.
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heart. Accordingly, the construct will essentially consist of tissue

t hat origi nates fromthe atient to be treated, _
a) pro 1n8 a matrix having a récess in one surface of

the matrix, which recess has dimensions corresponding
to the desgired dimensions of the exterior of the
pouch-like construct to be formed,

bl providing a body having dimensicns correspoending to
the desired dimensions of the interior of the pouch-
like construct to be formed,



As outlined above, stemcells of different mammalian origin are also
a suitable source for generating pouch-like tissue constructs

conpri si ng, & alghag,myocytes. Pluripotent enbryonic Ste??ﬁ@b&ﬁw&ﬁzmbe
used for preparing the pouch-like tissue constructs of e 1nvention.

However, other types of stemcells, such as pluripotent adult stem
cells may al so be used The preparati-onz2of contractile tissue
constructs derived fromhuman stemcells is particularly described in
t he exanple part of the present invention This protocol can be
applied to the novel nolding nmethod of the present invention The

i nvention furdher qirspvsdas ahaebbag fiar thiee rprepar alfi ameofmathdx such

above-descri bed p%}%ta- e 1S stéugga&tﬁ_‘ﬁsf@&&oéﬁé Mok 1% &5 8RAY %tﬁ%esE
aspect of the invention, a netho r e preparation of a pouch-T1ke
construct suitabl & dprang| e8Rag ketWeaistthsakedyf apfetearallss of the

mamral and conpri sigk@s8nebreesSendiffud GORPHesesel N@ihehd IMNBE the
steps: a) providing a natglx having a recess in one surface of the

matrix, which recé®d5k48%8i mensi ons corresponding to the desired
di rensions of the exterior of the pouch-like construct to be forned,

b) providing & body  having di mMeasLARE: COFIGSPRRGENGT O hepdesidrds,
di mensions of the | nteriof of the pouch-l1ke construct, to be forned,

WO 2008/ 058917 PCTMEPSHO7LE6SREE1EugHOn  Nigh & si FPRHE Sodyraraiaen
recess of the mat ket lsuehdt faitdine: bathfficdaspacediil ovidie asal ke ah-

the recess to for%h%a§880E8b§$M§%ﬂ1t ﬁﬁg@gxegngi%gﬁéyggggggagtthe

recess corresponding to t desired nsi ons o e construdt,

e) contacting the reconstitution mixture disposed within
the recess with a culture medium suitabie for cultur-
ing the cells in the reconstitution mixture,

£} incubating the reconstitution mixture until the tis-
sue construct forms within the matrix recess between
the body and the matrix until a tissue construct is

formed,

g’ removing the body with the tissue construct adherent
thereto from the matrlx recesgs, and

h) separating the tissue construct from the body.

Thus, according teo the method, a matrix with a recess in one
surface and a body are provided, the body is digposed in the
recess, and a reconstitution mixture is introduced into the
recess in order to form the pouch-like construct from the tis-
sue cells of the reconstitution mixture in the space between
the outer surface of the body and the imner surface of the ma-
trix wallg defining the recess. The matrix together with the
body serves as a mold. As used herein, the texrm matrix desig-
nates any body having a recess or cavity used for shaping an
object or material and is e.g. a mold or part of a mold.



d) disposing a reconstitution mxture in the recess, which
reconstitution m xture conprises manmalian cells and suitable

scaffold q?ﬁ?&kﬂ&w%PiCh can be incubated to form an enghgﬁﬁ%ﬁgm?hasue
W thin

construct, €) contacting the reconstitution m xture di Spose

the recess with a culture nediumsuitable for culturing the cells in
the reconstitution mxture, f) incubatisng the reconstitution m xture
until the tissue construct forms within the matri x recess between the
body and the matrix until a tissue construct is forned, g) renoving
the body with the tissue construct adherent thereto fromthe matrix

recess, amdhb) ShRpamahhiggtbe théspeecsonst ineinfiam the bhothn Tuton-
recess in one surface and a

accordin - I Lf{h_a
body aregsﬁge%gg%ﬁﬁéggg%%dy%?%lgﬁgg%%egiﬁ%ﬁ %§%W§§§§§l%iﬂ?zfmmma tan
reconst i eatisnand xswieahle | snafidfdidedatproal hehiek esani e okneurbated drom

t he pouchokinkenConsd ity fd oM dNes t Essser @l | SROECANE HARGORS trh L4112
m xture i.n_the space bet ween the outer surface of the body. . and .the

r
i nner sufPhcEBFFFhENFREPFRESHITS A i MF THfe FeteSeEm 1Rt Ak the
t oget her pwiibh ahie dpodyiservedoas.a nmold As used herein, the term
matri x desi gnates any body having a recess or cavity used for shaping
an object or material and is e.g, a nold or part of a nold. WO

2008/ 05898 bETEEP RSs T 2 dimensions which correspond to the dimen-
sions of the exterior of the desired pouch-like construct, the

body to be disposed in the recegs hag dimensgions corresponding
to the desired dimensions of the interior of the construct. In
other words, by choosing the dimensions of the body in rela-
tion to the dimensions of the recess, the available space for
introducing the tissue reconstitution mixture which forms the
pouch-like construct is determined. The person of skill will
have no problems in changing the space between the body and
the walls defining the recess of the matrix in oxder to adjust
the wolume of the tissue reconstitution mixture, that he in-
tends to apply, to a particular application. For example, when
the preparation of a pouch-like construct for use as a support
device of a rat heart is sought, body and recess can be chosen
to have a spherical shape or the shape of a segment of a
sphere. As shown in Figure 1, a matrix recess having the shape
of a segment of &a sphere with a diameter of 14 mm and a
sphexical body having a diameter of 10 mm may be used. The
body is disposed in a spaced relationship with respect to the
walls defining the zrecess. Preferably it isg disposed in the
recess such that the radial distance between the body and the
walls defining the recess is essentially uniform, i.e. ap-
proximately the same at each location within the space, which
means that the radial distance is about 2 mm. In this manner,
it was poseible to dispose about 4 ml of tissue reconstitution
mixture in the space between the body and the walls of the re-

cess.
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"reconstitution m xture" designates a m xture conprising manmal i an
cells and |ta | e scaffold material which can be incu for.m
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generating engi neered heart tissue are exenplified in the prior art
menti oned above. Wiile the recess hasidi nensi ons which correspond to
t he di nensions of the exterior of the desired pouch-like construct,
the body to be disposed in the recess has dinmensions corresponding to
the desired dinmensions of the interior of the construct. In other
words, bynehgoabngidde & NBRSi St OfbdihiRObhe bI! Andorheo wiahes of
di mensi ops of the recess, the avail.able space for_introdu

tissue r5§8n§ﬁQFﬁFlo ST R aﬁ c SRS ?ﬁecﬁ%uE%FIPﬁgcgoﬂg¥?u€ o
det er m netrudhefpemsdn Gheslkidocreitkl designnolprssisl efsr | nhehaageny pﬁe
space bepueepathe. b&%a/ brdid szh\éa'slﬁedekl Ehaghéé%@t resess Ofedd@ with

matrix in order to ust the vol ume of tissue reconstitution
m xt ur e, tFﬁaFlﬁ%u?rﬁ?ﬂﬁEFQQF aﬁEFyexﬁﬁpéepaﬁflEH?aPOEﬁEﬁ}%§ﬁ|?ﬁPStﬁ8Ft
exanpl e, ighdmtehdepr ear apigrorafing poubhmbhk@ieaenst rict sioildiseads a

support g&%%&? % Qﬂé@ﬁ Qﬁaﬁﬁﬁ] 'rﬁms %ﬁgy ﬁ‘daﬂo%%e%% 188, % and

chosen t Vé a spherica ape or segment
sphere. PerghBWRL¢¥RIF PR &Ooé%tmmrx Wl'éi‘?@s}él H&A rP@FI%S}Y@ slﬁaﬁtea@m&d

segment efoR sRBekenveihod dindamieicodl o4 tAR anshch-saher icalsthady to
havi ng agﬁlaneter o] s d| fosed in a

b d b
spaced r 3t??ﬁﬁﬁﬁ[?Rﬁgﬁﬁngéggiﬁgg?gaﬁﬁéﬁ%ﬁ%ﬁ% éﬁlﬁ?ﬁ% & T ecess.

Preferably it is disposed in the recess such that the radial distance

bet ween Qe @9 o2ty the \%':Jt%x@effb@l Rfet ?8c6§§€§'§u&§or@$§ﬂerﬁklea|t|ﬂésue
uni form I %ﬁﬁgrOX|nate t he same at each Iocatlon wthin the

space, WAPRRE st hEte th Cer'%ﬁj'l at? dFdg aFRT G PMAIBGT UM BN 1558
manner, btivasiqrosmibterd oidi ppeparadoundd subsefquensive pipetted into

reconst Lxture . hn t the b f
reconsi i LLl 90eBhLHEe R, YR SaacSbelanan, | e, Dogy paud LheaupiLs oo
the spac@i®ettweenate Herly ‘dRdivAE w&mﬁ§mﬁﬂtﬁhe°$e6€§s RISt tERE

di mensi onsxohrd hﬁamm{e |4 e s@ORSEY et choksrghlfhei<€oticssd exdgsirgRes
chosen fgr the r matri x depends on the size of the heart

eae%ﬁﬁr 1 t%ng
to be tr TEWHThE Plssue construct. For exanple, if the
pouch-li ke construct is intended for supporting a human heart, it
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culturing the tlssue construct during its formation.

After the body and the reconstitution mixture have been dis-
posed in the recess in the above manner and the reconstitution
mixture has been bxought into contact with a culture medium,
the arrangement is incubated for 3 to 50 days, preferably 10-
30 days, and more preferably 12 to 20 days until the tissue
construct has been formed around and on the outside of the
body. As outlined above, the same media as used within the re-



The nethod further conprises contacting the reconstitution m xture
within the recess with a culture nediumthat is suitable for
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construct can be any matrix which allows a suitable contact between
the tissue reconstitution mxture in tihe recess of the matrix and a
medi um used for culturing the tissue construct during its formation.
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perforrre |ncubt|n ons itution m.xture,

% RLI QF t ?’% g r ko X
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| ncubatl thestegovrtbbueen nyetwee t sTiofis h@lmcmmilge sttgr. They con-

exanpl e, tbbthﬁgprs%%g;r ried phatoddien reeonsd i £udi Qﬂcabéwﬁge Is%pn%uba&eeﬂ

wi t hout elngln cont act V\nthaculture nmedium for_a first erlo of
tinme of &W§EH1 HWWURFILR hetr EensHITHHETIRINiSGTHe EoF i §rATRieor 1t 18
hardens poesenec@xtiat , tike gre¢orat it ddon- sdkicdyeand thatbamd Wiﬁ}mut

reconsti gogéhgn 1 @o‘:‘lrtgc(ef WiRBM §aSRH Y 3C Rl Yiml Fo ?O%t aghed %ﬂo@l of

culture m Foll'ow ng thi's contacting ste urther 1n ation
period i $ipeér Pér fed f of }flhénﬁbbvéhﬁeﬁtei‘:SﬁéEll ‘éFJr%smb’*Ft‘Hﬁ‘reS‘P:’o’rCPoW%
formati OEbrthafa:hl%n(%Onfd r§isdie Wekbémk: I he g ecease bhesduadydlsdr emmdedhat

fromthe ohgsess, {09 h i he nsiruct_.adh L h ,

Then, t he g ns ruct %%sgl%%tlaé% et aﬁg rgerr%veffrg%n é‘%o& %cg?g ot -
damagl ngceheacopdt mudh The Q@Mﬁedﬂm r uEPlﬂ;ﬁVlltl%eﬁ'—fbé st iing
an apprOBEéﬁteaCEh&ﬁhéx”&ﬁbuﬁhﬂﬂéM &5Eod SUE Np & d iRy Nl WA Bbove-

i ncl ude, 10% hor se serum 2% chick enbryo

extract, ﬁ&p%%#ﬁcé%l\éntlfﬁo pg/ M streptonycin)
Following formation of the construct within the recess, the
body is removed from the recess together with the construct
adhering to the body. Then, the constzuct is separated and re-
moved from the body without damaging the construct. The iso-
lated construct may then be stored in an appropriate culture
medium until use. Such culture medium may include, for exam-

ple, {(DMEM, 10% horse serum, 2% chick embryo extract, 100 U/ml
penicillin, 100 pg/ml streptomycin) .

According to a preferred embodiment, the step of providing a
matrix includes providing a porous matrix, the pores of which
are at least partially filled with a ligquid in order to impede
ocutflow of reconstitution mixture from the recess into the po-



According to a preferred enbodi nent, the step of providing a matrix
includes providing a porous matrix, the poxes of which are at |east
partially_f th aliquidin order to i npede outf
reconstitdv#%hgﬁﬁ Ture fromthe recess into the po- v&?%&?&mwmaws
2008/ 058917PCT/ EP2007/ 062183 - 16 - rous matri x by bl ocki ng outfl ow
pat hs. The step of contacting the recgpstitution m xture di sposed
within the recess with a culture nediumincludes disposing a liquid
culture nmediumon the surface of the matrix in which the recess is
formed. In this way, a layer is formed on this surface of the matrix

that covesgsthhsrsurbacBLbaeintli s Ay fﬁaﬂﬂlssurﬁﬁc%wp td¥e contacting

reconsti thl on _m xt ure Jn t he recess Subsd[eq%Jeﬁrh n;‘mrg SbSet%\/%
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| east inchhe kegi s aﬂb@ﬁm{yt Bﬁrf@@@sandFEE @yarrpﬂl@, caltagar aseiun

matri x may _he prepar m_x| S0 e. W o ag r d
Tl tur o TGy LEE8! Ede STt 2 80k ot ablo T RRE L B8
enbryo exrisest, OQOGOW}SU%eﬂfcﬁB&IﬁSEQOQlﬁgﬂlﬂe%’t rdponyei REfo Hog 2
agar ose é@ﬂ&@a anataﬁaé Mgt W@ reeat abﬂt@thS/a@g@é %ﬁdd&e@ﬂ'@lﬂl@%) to

medi um taken to add erile culture medi um
corrponen?‘]st?’b %Lblltilﬂfle? P?é&‘dﬁga%%%ﬂ%n g I&’tug u%o%“?—n?“aﬁ ing will
occur after incubation at roomtenperature O course, it is also

possi bl epf 0, go%%%@%g%t Serflfo hm% twp ﬁ%@%awsgt %one oBroubY ndtiBY

a porous, 1iqu mat ri x |ch i ncl culture rredlumand by
di sposi ngRA 108y ePTBY 19 UiPEH t ¥t ePIB0I GRIBALEDp O t ABlhate i pedium
sur f ace. wilhen bady tisedk f aseastmll | slitg ithe tid ecissuef cohetructs in

pouch- 11 ke, CONSLINEL S &5AD] Yo 1F AP NEN SRR e DG malth 1S
or at least in the regions adjacent the recessgs. For example,
an agarose matrix may be prepared by mixing dissolved agarose
with concentrated culture medium {e.g. addition of 2x DMEM,
20% horse serum, 4% chick embryo extract, 200 U/ml penicillin,
200 pg/ml streptomycin to 4% agarose yields a final wixture
containing 2% agarose in culture medium) . Care has to be taken
to add the sterile culture wedium components to solubilised
agarose, e.g. at 40-60°C. Hardening will occur after incuba-
tion at room temperature. Of course, it is also possible ta
combine aspects of these two embodiments, e.g. by using a po-
rous, ligquid-filled matrix which inecludes a culture medium and
by disposing a layer of liquid culture medium on top of the

matrix surface.

The body used for establishing the interior of the pouch-like
construct preferably has a spherical shape. Further, it is
constructed such that at least a surface layer of the body is



constructed such that at |east a surface |layer of the body is WO
20081058917PCT1EP2007/ 062183 - 17 - made of a material that is inert

with requ,% %1}99/(}%8'3?7 reconstitution nixture and all ows fP?E"EE’%%&}Iﬁ

separati ng e pouch-1like construct fromthe body once € construct
has fornmed. It is preferred that the body conprises a surface |ayer
of glass, stainless steel, teflon, delusin or silicone. Even nore
preferably, the entire body consist of one or nore of these
materials. For exanple, the body can be a glass ball It is to be
understood that disposing the body in the recess m ght be perforned
by di sposkag bheaendtéLidlOMhdt fdhe neetessthr rAy¥pdesSpesi fige ofdabrRarit-
of the body,if WhgcLegess i thdhe Fsmaindst, of Lhe, body, pralecting.
out of the t8cess i théatter®Case’ t he pou%hﬁﬁpﬁe onst ruct F
course, ohky torsbrwr: dhbmabdde ode pocei sheofonberwodyhal sfrogwd.i Ft
the rece&@gfgféﬂ%a de: reRide’ Rfnptkhsebody st piest ifg0Ws Qf1-he
recess may_ be used to man #ate %% mpunt _the bod%. The bo%y can b
mount ed BIRLAFSRE SRERRL pEELiCh: FRLT IBAPEhARAAcBBRt i GNCDaOBE BE&d -
t o conneetabhe, body ewtire Hodkt wrendistmesnome ovhingdret e posstel ortef-

the body, yi{fi Ned 16883 Sho! BEapalad e ah figgsebagnd precisely

mai nt ai ned t hr oughout the ‘formtro struct on the body. In
a further preferred enbodi nent, the body is an inflatable structure,
such as an isfkat &zl erbRiriseenawithel G =poBnagt edeWobAynaansHeorrecess

effecting. reci rol | iInfd agi of 1. . n |_ed
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tissue coRsrFlUcE2ean bBCadRNF8atE®a FRPET LY ar CApSPHESET ot P he O ™S
bal | oon canahé akdetothsi pbicctnenopisititel dodyl elisposerdnernt bt erdcalss .
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to inflate the balloon Further, the ball oon na¥ be 1M-
cess may be used to manipulate or mount the body.

The body can be mounted on a rod-shaped portion. The zrod-
shaped portion can be usged to connect the body with a fixture
by means of which the position of the body within the recess
of the matrix can be set and precisely maintained throughout
the formation of the construct on the body.

In a further preferred embodiment, the body is an inflatable
structure, guch as an inflatable balloon which is connected
with means for effecting a precisely contrxolled inflation of
the bedy. By controlled inflation, for example by using a
suitable pump, the dimensions of the balloon forming the body
can be precisely adjusted, so that the space between the body
and the walls of the zrecess and, ultimately, the wall thick-
ness and the interior dimensions of the engineered tissue con-
struct can be adapted to a particular application. The balloon
can be made of silicone or similar flexible inert materials
and can be filled with water, mineral oil or air connected to
a pump to inflate the balloon. Further, the balloon may be in-



WO 2008/ 058917PCT/ EP2007/ 062183 - 18 - flated and defl ated during or
after the formation of the construct at a given rate (e.g. 1-10 Hz)

and rhythqkéﬁ{ﬁgsgkpus rhythm . This would allom/5|nulgkjn%g%(@§mm33

physi ol ogi'ca I'ng and unl oadi ng of a ventricle and ca

i nprove the norphol ogi cal and functional properties of the tissue
constructs and (2) allow force neasuraments by detecting the pressure
change in the ball oon devel oped by the spontaneously contracting

ti ssue constructs In the nmethod according to the invention, it is
irrel evant whether the body or the reconstitution mxture is disposed
in the recassdf knat defhased e(ﬁlﬁﬂﬁligtcbhe HPEdy | Shd NtsMelitciet 0T aHd@on-
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1-5 Hz. WD 2008/ 058917PCT/ EP2007/ 062183
stitution mixture after the body was put in position within

the recess.

According to a particularly preferred embodiment, the pouch-
like constructs obtained from the surface of the body in step
h) are further processed by culturing the comstructs undexr
tensile stress. According to a preferred embodiment of the in-
vention, tensile stress 1is applied in a static, phasic or
auxotonic manner or a combination thereof. Tensile stress can
be performed for example by actively stretching the engineered
tissues, for instance by use of a mechanical stretching device
like the one desgcribed in Zimmermann, W.H. et al., Circulation
Res 90, 223-30 {(2002). Such device can provide for a U"static®
load, i.e. a permanent load produced by expanding the tissue
construct by 3 to 20%, preferably 10%, of its original length
(original length determined in the absence of any load) as de-
scribed in WO 01/55297. Alternatively, a "phasic® load can be
applied by periodically expanding the tissue construct by 3 to
20%, preferably 10% of its original length, for example at a
frequency of 0,1-10 Hz, preferably 1-5 Hz.



According to a particularly preferred enbodi mrent of the invention
the tensile stress is auxotonic stress. Applying "auxotonic stress”
as used h s that the engineered tissue const i, pt
under con§L§|ons sgpthat t hey have to contract agai nst HQ@&;&%&gﬁg
force and are xeexpanded during rel axation by another force or,
preferably, the sane force. For examphe, -if the construct is held
under tension by using a spring, this spring will provide a defined
force agai nst which the engi neered heart tissue constructs nust
contract. Upon relaxation of the tissue constructs, the spring wll
expand the tissue constructs. It has been found that culturing the
engi neer e Dearly LLSHe, LanStiuehs, L LDl s ARORsel £aHS 10 e 1nven-
consi derabf e T Hct ease cont ract | €"proper i 85 conpare o phasic
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mammal , such as a human. For exanple, the pouch-like construct can be



WD 20081058917PCT/ EP20071062183 - 21 - may be used in determning the
i nfl uence of the activity of certain genes on the physiol ogical

function Q{’OF‘%’&%H ve cardiac tissue of a mammal (ref ggrr)[% %“‘%"’Itaﬁf{fi n

as target va tron) . For this purpose, genes of the cée

the constructs (or cells which are used for preparing the sanme) may
be knocked-out or overexpressed or o6therw se influenced in view of
their expression rate (e.g by addition of inhibitory nolecul es, such
as small interfering RNAs) . Genes may be selectively switched on or
off, and the alterations in the contractile functions of the
pouch-|i ke eenstalicpublecadeietisi ned. wiXAVBPhES: StalidStilcal enadnsitiie

oL cpREBSERLSY 98 JRAILE AR REL 0L 9 o B At
experi meR¥Syed ALy egqlengicad 1y, 0B-ipdehdagsi e efligenes seiféar| ywasting
significapte Wethefisagnd dbteni al 304bl gﬁgﬁe;&{ %zi.\lé}/‘r?;:?)ecﬁﬂg{j@l‘hﬁr{éﬂﬁﬁénn
Hansest aft PAmbuPE a6 158) PaRaPBBR BPHBEE FERT T WA da P el clead
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in engineered tissues. Tensile stress can be applied for a pe-
riod of time ranging from several hours to more than 40 days.
Preferably, tensile stress is applied for 5-9, more preferably
7 days. During imposing tensile stress, the engineered tissues

are cultured under the conditions as described above.

According to a further aspect, the invention zrelates to a
method of treating a disease which is associated with dilation
of the heart of a mammal. The treatment comprises steps in
which the pouch-like construct of the invention is applied to
the surface of the heart in order to prevent distension and/or
resisting dilation of the heart. Preferably, the mammal is a
human. The invention further relates to the use of the pouch-
like construct of the invention for preventing distension
and/or resisting dilation of a mammalian heart, preferably of

a human heart.

According to a further aspect, the invention relates to the
use of the pouch-like construct of the invention for drug tar-
get validation and drug development. According to a preferred
embodiment, the pouch-like construct is used in drug screening
or target wvalidation assays. In this context, it is preferred
that the pouch-like construct used is derived from a mammal,
such as a human. For example, the pouch-like construct can be
used to analyze the capability of candidate drugs to interfere
with the physiclogical function of the native cardiac tissue
of a mammal. For this, the capability of said candidate drug
to enhance or reduce contractile functions of the pouch-like
construct ig determined, Moreover, the pouch-like construct



Cell isolation Cardiac nyocytes were isolated fromneonatal W star
rats (postnatal on day 0-3) by a fractionated DNase/ Trypsi n di gestion

protocol 3gsodasmidPed in Zimermann WT, et al. (2000) p-Bigps@stiieds
Bi oeng, (_)LOG 14 The resulting cell population WO

2008/ 058917PCT/ EP2007/ 062183 - 22 - which consisted of approxi mately
50% car di onoycytes and 50% non-myocyt es. ¢Naito H, et al (2006),
Circulation 114:1 72-8) was i mredi ately subjected to EHT generati on.
Construction of a casting nold for a pouch-1like construct A novel
casting nold was devel oped to facilitate the construction of

pouch- | i keyeig nesrcedini gstexfFugng lthadigfluBnecef by, thiee qudiintied tafp
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shaft (dicapmrier Foi3 thils s Risaceddmiso ¢hethebeelbabsaghuent lthe con-

sterile 2¢% o] r h h buf f er Lyt or__i
cer um cof hEatho (oh1 ot eS el el BRRERr ok Rore et i 3%, HrR ™Y
enbryo eRer almoci@@bqy/tm Opemvarlepcpﬁes%@ g netBereptomisitAyeneeed in
filled iptaut Ia@ tuber ERpragaseseries aélf wegy t 9380t idh f¥tf inhibitoxry
Thereafter gl ass _spacer V\gﬁ r.enov eavggg hgl | ow ci rc# LI
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Thi s spae%cbéﬁe ardh AR B LARPHEGYch 101 18N Wy kN bRe SAAE & Pine .

di aneter of 2 nm), The described Set-up was assenbl ed under sterile
condi ti ons.

EXAMPLES
Statistical analysis

Data are presented as mean + standard error of the mean. Sta-
tistical differences were determined using a repeated ANOVA
{contraction experiments). A P value of < 0.05 was considered

statistically significant.

Methods and Materials

All procedures were approved by the local animal protection
authority (BWG of the Freie und Hansestadt Hamburg: #54/04)
and conformed to the Guide for the Care and Use of Laboratoxy
Animals (NIH publication 86-23, revised 1996}.

Cell isolation

Cardiac myocytes were i1solated from neonatal Wistar vrats
{postnatal on day 0-3) by a fractionated DNase/Trypsin diges-
tion proteocol as described in Zimmermann WH, et al. (2000),
Biotechnol Bioeng, 68:106-14. The resulting cell population



Generation of pouch-like constructs 4 ml of an engi neered heart
tissue reconstitution mxture containing 10x106 freshly isol ated

neonat al Rah 8asshicel I's (approximately 50% cardi onDycCyEespaisapo
non- myocytes), 3.2 ng solubilized collagen type I, Matrigel (10% v/v)

and concentrated culture nedium (2x DVEM 20% horse serum 4% chi ck
enbryo extract, 200 U nl penicillin~- 2Q0-pg/ mL streptomycin; to

adj ust the culture nmedium concentration in the conplete xecon- WO
2008/ 058917PCT/ EP2007/ 062183 - 23 - stitution mxture to | x DVEM 10%
horse serum 2% chick enbryo extract, 100 Um penicillin, 100 pg/m
strept onyhich msmistpét tefd autpp 003t e tredlyd . 5 Mt cagélotaycies ephaced s

by I'nsul jn,( | odot hyron (1 crqi-be

earlier % r'gr}g ﬁg{ @dcg de'G gl?é?cul%@?on %1%%;%%33 11%]% 72-8)
engi neer@@lst%@ﬁf@saﬁﬁelﬁ’e éﬁcFﬁ@uB%t@ﬁTf‘_’(ﬁnefaW&P -37C in a humdified
cell culture incubator (10-% CO2 in roomair) to facilitate hardening
of the reconstitution m xture. Subsequently, culture nedi um (DVEM
10% horse serum 25's chick enbryo extract, 100 Wi, penicillin, and
100 pg/ nforsrxptivipreial awagstarsfmly &rrded pogchol 18 seemdttynrt
reconstitution m xture. The agarose nold allowed free diffusion of

cul ture npediu throjgihout t ecasd{ejrégm)ld engbllﬁg unrestricted )
suppl y wirt BOTTIt r FRAL AP JeeRBeeEBnseft tf%lherﬁ TESTHRE
engi neer edoﬂneaftpbuslsubllc@neiegmbmd HiirssBe7 (Fags dncist &it.edBdiefly,

contract ﬁ@%%@ﬂ@@&su? rEe C%@&wgt%omlnt%ﬂg@%p%ﬁeseeﬂeaoageHslay

cont ract i ons g hout the experi | east
days. SpdFtahebiE Wﬁ‘ﬁéa??‘ﬁg hoi ﬁ%é?%%d%ea??rm?@éuewﬁ\%rEu’f'ré’ﬁf &r¥ed
onto fl extétrldotderis o agubisbatenalix ot &Nt CuEd NG Hed | |sma:arn (@ilatmer-e

day 7. ?gg,_l,ysgf o ”96&2@ fet%e ?c!lz_ ”a‘i’gg ant cf’fésﬁé %xpr‘l% e%]a%f t1 ed

constructs Wwere exant ne cuI Ure ays 4 78%
const r ucin@as thgerftuks | y Subapanedt & t 09EaBiks z@%0f 2gRIRAS :veeaﬁlﬁﬂﬂf ﬂﬁt

?tearz ﬁ, Fb86kEEhatle |}&Tm'@rrédf sfoqlht%@oﬁe@§U?.ﬁ”@@&ﬁml;@éﬁ%ﬁﬁr%o'ﬁdl&ﬁl&leoﬂle—
witch tensi r ing tensio contractl e
(cont ractt'dh FW Q% ﬁ'l‘-ﬁ At oMY | 2& R%?ko?m he° € 5‘ |?S/E‘Zs
wer e anapssieii Unider :uosbnm/mlc storgtbnpnsn ande et eﬁlleshllrs:tq ralieattivbe .
in standgpd %@Q%Bs@at%}% aﬁlpaﬁé/amﬁgl Ys&esgrdbedrid amidmnne N, Abss

al, (2002), CIic Res, ; 3Q) . Inotropic,and |usitropic responses
to cal ci TRIRF X8 g%ﬁﬂ}’fﬁl)leéﬁanﬁsapPeﬁéP neL¥ B2 RRPGFo D BP0 SRhe
pouch- | i kese obbdaluct Bnovwtieer amalndbegllsard (gaer was then inserted into

the hollow space to construct the final casting wmold. This
spacer had a diameter of approx. 10 mm with a thin shaft of a
diameter of 2 mm). The described get-up was assembled under
sterile conditions.

Generation of pouch-like constructs

4 ml of an engineered heart tissue reconstitution mixture con-
taining 10x10° freshly isolated neonatal rat heart cells (ap-
proximately 50% cardiomoycytes and 50% non-myocytes), 3.2 mg
solubilized collagen type I, Matrigel (10% v/v} and concen-
trated culture wmedium {2x DMEM, 20% horse serum, 4% chick em-
brye extract, 200 U/ml penicillin, 200 pg/ml streptomycin; to
adjust the culture medium concentration in the complete recon-



WD 2008/ 058917PCT/ EP2007/ 062183 - 24 - pared to native nyocardi um
(Zimrermann WH, et al. (2002), Cro Res, 90:223-30). The pouch-1like

tissue coRghhashSsopoul d be stinmulated in a electrical @b@kgmﬁgmﬁng
Hz; Figure 4A denonstrates contraction anplitudes of electrical

sti mul at ed [at 2 Hz] constructs) and denonstrated a baseline tw tch
tension of 0.7+0.2 nmN at 0.2 nmmol/ 1 <c&3ci-um (n=4) Addition of calcium
and isoprenaline increased twitch tension to 1.2+0.3 nmN and 0. 9+0. 3
m\, respectively (n=4; Figure 4C+D). Figure 48 shows an origi na
tracing of a contraction experinment (upper and | ower lines indicate
maxi mal  psystolog] mamdime niovelx [BHEST dllitc holtseceeptimpoRthehidie embryo

construcgﬁg?;@genlbgg%m?rUeggygfﬂﬁ ke @@%ﬁyocar di%&n%il %za%hgﬂ

contracti roperties o |an r | ogi
evaluatuBﬁtBPdtﬁéb%nahﬂe@Péﬁ hEaFF19¢5seRIs Pdr FelP LRARAEH i 1%
engi neer gg/hear endli ssibsdowywitbeddad ni) par abbtnibsecéapnpek Emd.to

st ai ned w t heé‘e%t Oxxéld(?%f)andi%ﬁﬁ%’gs%t&esdr | %ﬂ' di 99'[ 1 CLOSCO 1neered

eval uati on or processe preV|o sly'I'n Zi FITan
WH, et aFisgpeg2yere itdeResncy®aed- 3ox Spdei ffc3raBelimi rmy hﬂmldlfled

a- S?VFOWEEEE Qﬁﬁk@k% &ﬂdﬂﬁﬁ&ﬁQ”E(ifﬂa@b5nﬂncqa%mlaagz dtx) fa%lllﬁ$te
proly ase e appro ri ate_secondary. anti i es
Do’ tont FRESEHHAR chiby BT oo Wittt UM S GO PORaRr S 3L Tre
engi neer sddiear t(CMENsudD S Gunkﬁna$EMa&er2%cahmchgeahayysesdmace, 100
per f or med/yh t fp&u@ﬂmnwl\é&io 1META S Mt e@hxlaeoﬂyym "wléé U8 1y
constructs cont ai ned y interconnected hetwg

di f f er enfPdE€d eaﬂﬂtorﬂﬂ&%g{x@s TGeI’F"sC%%?teW‘-’ﬁtlé’chéd tFeorfRT Ose
connexi nmdBdsuaddestdngrekectififaat caoudl icd tand frardirin whiefughout the
funct! ongleyacYhEAT Nakabhy, dbesuttace Qlobhs eaobnorrsd HEs" na

ti ssues was covere i thel Tum con
prol yl - h9a¥ay| dse EB@l tﬁ@xit'@n@éllltﬁéeﬁgé@t}ith’get haThﬁFl WBP&@FE‘ﬂl eart

cells foenegud PS@EElERPIwithin 3-7 days and started to contract spon-
taneously. The constructs maintained theilr spontanecusly con-
tractions {1-2 Hz} throughout the experiments for at least 14
days. Spontaneocusly beating engineered heart tissue wexe
transferred onto flexible holdexs to facilitate auxotonic con-
tractions on culture day 7. Analyses of morphological and con-
tractile properties of the constructs were examined after 12-
14 culture days. The size of the construct was eventually com-
parable to the size of a native adult rat heart (Figure 3) .

Isometric force measurements

Force of contraction (twitch tension: TT}, resting tension
{RT), and contraction kinetics {contraction time: T1; relaxa-
tion time: T2) of the engineered tissues were analysed under
isometric conditions and electrical gtimulation in standard
organ baths as previocusgly described (Zimmermann WH, et al.
(2002), Circ Res, 90:223-30). Inotropic and lusitropic re-
sponses to calcium (0.2-2.8 mmol/l) and isoprenaline (0.1-1000
mmol/l) of the pouch-like constructs were analysed and com-



WO 2008/ 058917PCT/ EP2007/ 062183 - 25 - /endocardium CD31 and lectin
stai ning denonstrated the formation of capillary like structures

t hroughoutyhbgspa@ineered heart tissues. Inplantation ‘%Eg%@%o%tfzﬁ&d

heart tissues The engi neered heart tissues were inplant In m
Wstar rats (n=10; 300-350 g). Anaesthesia was induced in an

i nduction chanber filled with isofluare-(4% and nmaintained after

i ncubation and continuous ventilation with roomair supplenented and
i sof lurane (1% throughout the surgery as described earlier in
Zimrermann WH, et al. (2006), Nat Ned, 12:452-458 The thoracic
cavity wapsrefienednhbi ot ghyecdidiater @iniveemnaant wry é€i gure(5@)2)0r diafd

ateral daaracs oms GH710 mEL 98Bl ) IS DGR ScURLE EXROSE. B! Sle

exci sion of 't he pericardi um - THe engi neer ed ssue construct
was sli pﬁéém‘é\]fé*ﬁe‘ti hénept ﬁ}@qtéflf?aéncfl@lléht Ovénér itel e FiFam dfexdqupn-

base andsftmaieie.lsv\hbhti%\@tﬁ@ﬁ Uérﬁ%l:(tgadlatslftcm b@r@Kh tifﬁmc_lgﬁt gﬁlﬁﬂiﬁ)la[%bdt hat 2
anterior atera e _beating hear axdonyoce

(12500 FB pefr EFF R RT ko BR TS Ao S et oPEs iy, TR ePh HRtRogy ©F
i nj ecti of; 7Bay@r yWNaret b@ip? emoephl neahydrocHineri de Ad@iting/ kof, calcium

i ntraper hhanq@ogr@nsqahen)m\&%asleal %Il%@hdwér{sﬁo%urfg&r Y. 2%!0_4, Oﬁﬁoramae
A (5 ng/ kgl); azat hi opri ne g% hyl predni sql one / kg)
were adnin §Pe?eH1Ndalxlefp8§’ %WFJ ¥|t eéus Fllﬁ}léﬁt GHDF ox FiLAHERe ' "ok

suppr esskon.orAldiradi matsciig vbled t boatpaocashir expddimays dtipper and
| mpl ant a&g&gr Vﬁrféoé“ 4Gk 83ELY rhaﬁ&’?&allf Y&ESStSi‘gé]af ta?% pﬁ{!ﬂﬁﬁéi Kergia-

engl neere eart tissues on the
Mor eover StedhfbchPriasef E@&?ﬁﬂhé{ear%nfé?éslci:ﬁdl éakewq F%%ther: pouch-

mor phol ogikal etgitekieas Mfartat{ Vesua/0sRbEI WHNIREEL IBE Nidiopedti8s of

engrafte n ered heart tissues (Figure 6; right panel). In
addi ti ong gagcu Ezlarfrwftag‘zjla Ton*s agné‘}lrﬁfted ti ssue constructs was

observed. W?2008/058917PCT/ EP20071062183

Morphologic evaluation of the engineered heart tissues

Formaldehyde fixed engineered heart tissues were embedded in
paraffin, sectioned, and stained with hematoxylin and eosin
(H&E) for light microscopic evaluation ox processed for LSM as
described previously 1in Zimmermann WH, et al. (2002), Circ
Res, 90:223-30. Specific labeliling of o-sarcomeric actinin and
garcomeric actin, CD31, and prolyl-hydroxylase was employed
with appropriate secondary antibodies to identify cardiomoy-
cytes, enothelial cells, and fibroblasts in the engineered
heart tissues. Confocal laser scanning analyses were performed
with a Zeiss LSM 510 META system.

The pouch-like tissue constructs contained a highly intercon-
nected network of differentiated cardiomyocytes. Cells were
interconnected through connexin 43 suggesting electrical cou-
pling and foxmation of a functional syncytium. Notably, the
surface of the engineered heart tissues was covered by a dense
epithelium congisting of prolyl-hydroxylase positive cells
suggesting that fibroblast-like cells formed a pseudo-epi-



- 26 - Engineered tissue construction from human enbryonic stemcells
Suitable ES cell lines Pluripotent human enbryonic cell |ines have

been esta%&r%%%ssgpp can be comrercially obtained frompﬁlig);h,{l,g‘ﬁ{gpélss

provi ders. ese cell lines have been |listed by the US

Institutes of Health (Bethesda, Maryland, USA), from which further
information as to the cell |ine charackeri stics and providers may be
obtai ned. The following ES cell |lines are available and nmay be used
for preparing engineered heart tissue: cell |ines hESEG\ 01,
hESBG\- 02, hESBGN- 03 from BresGen, Inc. (Athens, USA), N M Code:
BX01, BE@2naBeA3ddiwel | b3 nemdatdgpiensiaihinGablkbgoraskaced fiam forma-

Cellarti s, (Got , v N , , A02; .cell _|ines
HES- 1, HEé—ég, _s‘?&?{w 4703 é’{ﬂxﬁﬁgggg?o%%%éuggf’}lgl TS g g ed
(Si ngapoRERrENFHESMRRR: ESO01, E502, ES03, ESO4, ES05, ES06; cell line
M z-hES1 fromthe Medical Research Center, M zMedi Hospital (Seoul
Korea), NIH Code: MO1; cell lines | 3, I 3.2, 1 3.3, | 4, |1 6, |
6.2, J 3, J 3.2 fromthe Ranbam Medi cal Center (Haifa, Israel), NH
Code: TEOG8plIEBRLiGEIF cHIlheeTEOCheTEG2LisEREE TE72; cell |ines
HSF-1, HSF-6 fromthe University of California, Departnent of
Qbstetrics, necol ogy & Reproductive Sciences (San Francisco, USA)
NI H cOde.ﬂ‘heJo%“ﬁl@e@ef?dcéwaﬂwti nE$STY8S Yere rplanisd vy prém tHetar
W sconsi naBtunni1Reseanehsfoyndatinaestvadisonas USARncAiHiGode:r WL -
WAO7, ? ANAL4 , ng a sh n
enbr yoni ?Qg{le#\ﬁ%@??y\lp\%ﬁjé}é%%%ﬁ?I—&?QE%‘%@’ARH}%‘%) \é@% '%%g:%t%nc uéﬁfrifé;ar
subcl onedn¥4bationganda prdgmopgn HTHdAEAPRAEL tdl t HRP™ s BoNt AVERIS-y
or if EOme?té&r@Qdmwa}ﬁﬁﬁl (adl'%QGani@l_Q@ﬁghthetﬁgl éﬁxé@f@'a@( s dH iRy
par enchy carcingm cells p inpto, cardi ac_nyocytes, | ., et
al . Char %%Ha]r"larza T ol and et @ﬁmeﬁ% 80?" C%?ro?ﬁﬁgc %&&?és g%r%%je'd;%rar"om
human enbryonic stemcells. Crc W 2008/ 058917PCT/ EP2007/ 062183 -
27 - RestAd, BO2adid 200R)sy Kehatopdnedtn@bugRURT 811 MIBPERT Yendra e iy
Di ffereni atlondgf hunﬁﬂv$n2%¥ong§ sggn]cel S tg%cardlap o%gtes:
rol e of COFUFE L% Wit N SAscERT EndGQERAPFPRE ERTIS diwteari®n o7,
2733- 40 (20085 )wetrweyrrsed ke teropens siyn ob £ nahwabe atcadirgroniTties ke
cells to,difiarentiate inta,card c L4 { N nt.ybral t .of
al | truegenbryonic,sten1ce?ﬁ§ éﬁgﬁgﬁgggnﬁ%i i%ﬁ%éﬁF%C)tﬁg gg%y%h&lge
nent i onedStll 10 | et AT iclem ExBRyBRFE BelPase Anbriigtasinwidfy swo
may Ee usethifes pse@aatngbbh@,em&m@g &t E&hé coRskiget %t_nanLQ{t@irﬁg
to the i tien. . Su t. 5.1 ncl.u ut -ar o] i m.ted t.o,
human p|ﬁ%?%o?gthgdﬁP?ﬁEEQ%fﬁééﬁﬁ?wﬁ%ﬁ%é?ﬂ%%ﬁ&%nsﬁégf%859i e FE 46
cardi ac Hifdyd ednfe 1§, 5c-1d t SpoeptomecigelHgs (Beluamuscuderalinj@eition;
2003), epgpdhel had BLEYSROE S Ee! hyadRadeidilacet (Al z@{r}@,R%t%%%)m-
si de popg&gilon.cells %ﬂackspn.et aL. J%l_ZOOX%, Sca- RO itive ,cells
(Oh et atSRSRo2y™ ) TP p&Eei vEIEEFPE FERlgHi T4 4%l . ﬁgﬁ’ﬂp@%ﬁﬁsé
cells naySb@gdbg}vedZﬁtthphEn©lé@dﬂ@ﬁhgé,nnmmkwmanhﬁhpmﬁﬁmasbmuse (2
organs imehidi ngetbesfgantstdhea | byely UPDIdiLRka6060s RH3EEPLEn kAL
tissue, annqg others. | ) i ,
lmmurle suppression. &All animals survived this procedure. 14
days after implantation, we could clearly identify the en-
grafted pouch-like engineered heart tissues on the heart (Fig-
ure 6; left panel). Moreover, confocal laser scanning analyses
indicated that morpheological structures of native myocardium
were maintained in engrafted engineered heart tissues (Figure
6; right panel). In addition, wvascularization of engrafted

tissue constructs was obgerved.



It is particularly preferred to enploy genetically nodified human
enbryonic stemcells for reconstitution of engi neered heart tissue,
e.qg. cell l f expressing proteins that allow s I
cardiacré%é?@%@ﬁﬁﬁﬁlor depl etion of nonnyocytes. By sgkg@??ﬁgmg§3
honogenous cell popul ati ons can be fornmed which nay again be
substituted wth defined and al so sel egt abl e non-nmyocytes which

i nclude, but are not limted to, endothelial cells, fibroblasts,
snoot h nmuscl e cells, and nacrophages within the engi neered heart

ti ssue” Mreover, selection allows for depletion of tunorigenic cells
which is a prerequisite for the use of the engineered heart tissues

is A Pf;ﬁ%ﬁﬁ&ﬁ Sefdd OAGNES S osﬁeslteg(ﬁg 280 °£Y o %;EQ%EI s x-dzog%fg OLfer cells

vitro-differentiation may be perforned directly-after propagaiion of

the ES celiksapnd tde-d@suliieng enbryonic stem WO
2008/ 058917PCT/ EP2007/ 062183 - 28 - cell derived cardiac myocytes can

be subje%ﬁed,to sel ection before recon aituting t he engi neered heart
tissue. AMPEFRREFYel PUTRRdPIPEYBRLT af&dt edBPFSnitE vt ikl PEE3ished
propagat eddanthrused faosmtdreiprldyarabtaimsal Engnnekifiereaedar t ptisisies.
const ruckso30d 364 eatian % RETLALITEd; OlLd sy CRS! IiCt Aol Al
st age. Pre?erably, selection is to be per orfred after the COAStTUCTS

have beefiutBfned, Healeht i(BAthayide YRRy ERd UYSAtabfeen mitigductyigmest
sel ect ablafsbhkeiogenesto ThReexplEs3ing ehasHebegbMEScd Sartd bR s
o obaf 52 SRER MUCHS, SREEILOPEATILE (0RSLILYE SPLEEH N
stem cel h8y Pheveehnfole phgraningnengingdredt henrtaniied: faldoshines
O arey. a8, gor, conbepbag baiow ool s foatt | liens,
ZIgetg?oﬁgéyfr%gﬁgggkggeIﬁﬁ?ﬂne£%%%4eaéﬁgé ﬁﬁgip !Fﬁﬁgéﬁﬁﬂﬁﬁﬁfskﬁo$'
Escheri cBahlgoémskehi Zhfcomveel $aft i aambi Getdlmrnopxi $wddaudr, 0-NARP Code:
;‘ ggg; iefs;:'ggtsil pr 818 Nscand {34216t asi daseWhiseh- §ackks L At Dt calpg.
from ES Cell Internaticnal (Singapore}, NIH Code: ES0I,
ES0Q2, ES03, ES04, ES05, ES06; cell line Miz-hES1 £from the
Medical Research Center, MizMedi Hospital (Seocul, Korea}, NIH
Code: MIC1l; c¢ell lines I 3, I 3.2, I 3.3, I 4, I 6, I 6.2, J
3, J 3.2 from the Rawbam Medical Center (Haifa, ZIsrael), NIH
Code: TEO03, TE32, TE33, TE04, TEO6, TE62, TE07, TE72; cell

lines HSF-1, HSF-6 from the Univexsity of California, Depart-

ment of Obstetrics, Gynecclogy & Repreoductive Sciences (San
Francisco, USA), NIH Code: UC0l, UC06; cell lines H1, H7, HS9,
H13, Hi4 from the Wisconsin Alumni Researxch Foundation (Madi -
gon, USA}, NIH Code: WAOQL, WAOQ7, WAQS, WAl3, WAl4.

Different groups have shown that human embryonic stem cell
lines WAOL (H1), WAO7? (E7), WA09 (H9) including subclones
H9.1, H9.2 and ES02 can differentiate eithexr spontaneously or
if co-cultured with visceral-endodexrm like cells (END-2) oz
liver parenchymal carcinoma cells {HepG2) into cardiac myo-
cytes (Xu, €., et al. Characterization and enrichment of caz-

diac myocytes derived from human embryonic stem cells. Circ



Expressi on of neoR, fluorescing proteins, or -gal actosi dase under the
control of a cardiac nyocyte specific pronoter, e,g, a-myosin heavy
chain pro Klug, MG, Soonpaa, MN., Koh, G j
L, J. Geneﬁ?%g(fuﬁéﬁggl ected cardi ac nyocytes from di ffergﬁ?flig%:luﬁgalss
enbryonic stemcells formstable intracardiac grafts. J din Invest
98, 216-24 (1996)), nyosin light cha re72v pronoter (see Muller, M et
al. Selection of ventricular-like cardiac nyocytes fromES cells in
vitro. Faseb J 14, 2540-8 (2000)) enable positive selection of
cardi ac nyocytes by elimnating non-nyocytes either through addition
of cyt ot 8esc 9®&41&0arsf | (xowescemeraact Tvaked xdel |swgardd; MneACS) C. et
V02008/ 05891 RCELEEA007( 62182 mfln enBlSoheENALANCRAAL Sol oblian.
are well known to the person of s T ernatively, non-nyocytes
expr essi BYOTRE®T : PNFPtmhde?t t heo wBHibug1e ofvighpr gABEeEal hatnd@dgig-Like
ic}]: ve ipetasdi ﬁirﬁyD&t{Hic%S:, 1A@7 g. _ztjnxe-‘?:t ﬁﬂo@iﬂﬁﬁlﬁwd@i,?;ﬂhe |\ﬂ5‘04pen—P
ehler, J. 1 H.R tivity of the rm.i ne:specific _Qct4-
transgenél}:ﬁ §%r ?f‘u{?]%a%aa& (?HLC@IXBH%% ENBry &€ ﬁl@btfﬁod@l ?xeﬂt&ag%Si‘,n%é
1- 34 (2003)¥%iaghayRextas pisnvirer iflseeerifosteait BAf, aRdgdrsie Mahryonic
Kozak, Cglem&dedas and JmM) Q6f ambhi fO | £oCORLS iRS dehdiRBed cell

expr essi on of the retinoic acjid-regul a%/ﬁf zinc_finger gene Rex-1
(Zf p- 42) 1HRCEY CEPEF 0Tl nOHE ¥UIHS. CRbtS CePFRBF oIS TPE, 24 2By be
(1993)) uvaadbéoel prepatidg ( hbgabnyénset ett tbegudycanki tucars odecording
ganci cl oyjr i n i f t, J
B CRusRef e PRl DuctPRRE, oty LpFNELL e e Uy e
killing FAr vPUP8pP KRG PEs2Y Fe PEHaEr (R 8y SIS deiFR epedriSPenddhYi &1
adenovi r gsva eeioF sto GdrdiGanasfodiees3,(e2675c8R1 € 1987319 iveCanallisC {Bel-
nmodi fication. of.. h r j,.C St s, it her performe
stabl e t%ié%g% o%tr’m%lfggcu |I?léz)qgn)q (fsnt%?btﬁl%l% %%l %F%%%%JC ?lgnc%l?ls HSabd?ész
el ect r op®F aBilon CRESt €6l £A08) i ntxidgureriatgeneted 1enfldeslicponefc BNA]
ivnt;) St?ﬁ@ﬁeﬁb§xx,§e§eafprp@é<ﬁﬁﬁ}|? ee,c_é\i%yl E(_o‘x\. ,itﬁ%[ﬂl\};eﬁdzgiﬁg,zdw-a posi -
i nt exet en : ehr i nger : ni pul at.in e e ryo: .
Vabor at ofy S (HOPN a2 L THeReaiHe S S e
enbr yoni £xet epheeblopdandbeet @drcbanes daromy vy idusardkeyanisorincluding
undi fferenti akgdeceldny Qlfdy Bi thbj.lllicaﬁl%éx-& 2081126 0Ea BY shENtd \SLUS

medi at ed_gene transfer l'eading to stable fransduction of embryonic
stem cel TEREEMHES Y., Ranezani, A, Lewis, R, Hawey, RG &

Thonmson, J.A. Hi gh-level sustained trans-gene expression in human

enbryoni g st.:em celd. i l.entd vi xal C St I 1, -
(2003)) ﬂf n%’%grlggaatq’lléol;‘\c‘:d,ci)L I?L %e %ﬁ%ﬁs %&éntgﬁ\ F%D%tgger%geglq C%éléormjd##ééd
by st andaf e fHBEECPES g SteButdrel® bf ¥ t kggonstitution of engineered

pol ymexaseathat D= £@act £0f; seelSanbpapke If &xpeesehihg BrobMehgsukakt

a oni ng:%%%rgaggal ax-&zoglg&ocyé’e\% and/or depletion of non-

2008/ 058 621837 30" - P
myocytes. By selecting ES, homogenous cell populations can be
formed which may again be substituted with defined and also
selectable non-myocytes which include, but are not limited to,
endothelial cells, fibroblasts, smooth mnmuscle cells, and
macrophages within the engineered heart tissue. Moreover, se-
lection allows for depletion of tumorigenic cells which is a
prerequisite for the use of the engineered heart tissues in
therapeutic approaches. Selection can be performed before or
simultaneocusly with reconstitution of the cells. For instance,
in vitro-differentiation may be performed directly after
propagation of the ES cells and the resulting embryonic stem



Preparing EHTs from sel ectable, undifferentiated ES cells Sel ectable
human enbryonic stemcells are used for reconstitution in an
undi f f er eRtd te. The undifferentiated human enb i

cells are%%?‘%ogﬁse%i?or propagation in Dul becco' s nodi fl!i)gg&ggjgﬁgﬁg@s
medi um (DVEM with 206 batch tested fetal calf serumor 20% serum
repl acenent, 1 nmM L-glutam ne, 0.1 mM28&rer captoet hanol, and 1%
nonessential amno acids on mtotically inactivated fibrobl ast
feeders (see Xu, C., et al. supra; Kehat, |I. et al., supra) until a
sufficient cell nunber of about 0.1-10x106 cells is reached. Al
subst anceslar elgrionddd echibii sge viey @by oiTpasn e dei reedlyjdicngdl mad t sebsation
Human bagj.¢x L Lbr : f 0 ) dy t ejg?@ i.al
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cul ture AFBEREMILHEE - abyaDeratiy  t disdleatdopnstd t bei &8 \RANARE NeGN S Etay
normal | y+@k Bobsirid:dWavmhee Feduegd or increased depending on the
respective demand. The reconstitution mxture is filled into casting
nolds (e.g. the circular nolds described in the WO 01/55297 or the
novel noBdldettdnsnay ipethehirasbity ighadrie duntrodretdiat eby séiertable

m xing. |Adeey NGERBL . CohbUlt@EdEEhORS (Ricl: Rias s 109X AL -H0%

02) solid tissue-like structures wll formwthhin 1-10 days. Under
these coflfti o¥s @ dFFFErENt TERTH ofPE R Pt ket BRTAIVE RRUFS
spont aneatdshy amnd ammpraddickiyanalshbycheiaf peeheteby {rxg9gENEH Ssd BdtOrIcE)
(e.g. additjon t.9Q o r I um,Qf_. gr agt or nd, Gyt-oKj .
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nmor phogeRrP¢ proteins, sonic hedgehog at EC50 concentrations). The
solid tissue-like structures nmay optionally be transferred on stretch
devi ces (as descrjhed ahov to optimze cultyre nediu erfusion an
pose. def ned. IR 2l Sy PRPKE e g FetatE LB EE LS | P!
2008/ 058917PCT/ EPRUOT 0621i88ancglineeRly be static, phasic, or _
auxotonic - on theddessueiGpRakr Uelsus Padiylive ner RegaklVerdel eGiHidn
(see above) may be perfornmed after formation of contracti]|e areas
within the engin Lorus g8N8T PRy S THG & CYESFPRYC ofrtRfpsphate
reconstituti on nmpdnine nocdebhidappliosiidmerizat (ENP] Sebdectsarexigyhibe
performed after tha CopsbhuebivbaYe DREAIARSS Ebr e8x1o Hifbra-ate
stretching device. Sle! ectlon rr‘é;%e pertor rn::g1 unti F %pti rrie}Forth ssue
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t he observed eff aeite Sekeekilohdamyiba-achireved by addition of a
defi ned pharnacol ogi cal agent (e.g. (418, ganciclovir, fludarabine)
into the_culture nmediun) Preparing engineered tissue from ES-derived
cardi ac FyBegsekon of necRr, fluorescing proteins, or P-galactosidase
under the control of a cardiac myocyte specific promoter, e.g.
o-myosin heavy chain promoter (see Klug, M.G., Socnpaa, M.H,,
Koh, G.Y. & Field, L.J. Genetically selected cardiac myocytes
from differentiating embryonic stem cells form stable intra-
cardiac grafts. J Clin Invest 98, 216-24 (1996)), myosin light
chain 2v promoter (gee Muller, M. et al. Selection of ven-
tricular-like cardiac myocytes from ES cells in vitro. Faseb J
14, 2540-8 (2000)) enable positive selection of cardiac myo-
cytes by eliminating neon-myocytes either through addition of

cytotoxic G418 or fluorescence activated cell sorting (FACS).



For the preparation of engineered heart tissue fromhuman cells, we
utilised cardiac nmyocytes derived froman established human enbryonic
stem cel | \bb'ﬂﬁ)sﬁ)hﬁﬂ H9.2) , However, it is to be under§5g&?zdo%{;nﬁll
true human and non- hunman enbryonic stemcel | s can be useé or
preparing the engi neered heart tissue of the invention. For exanple,
human enbryonic stemcells derived f+ &% imndi vi dual bl ast oneres
(KI'i manskaya 1, Chung Y, Becker S, Lu SJ, Lanza R (2006) "Human
enbryonic stemcell lines derived fromsingle blastonmeres”, Nature,
el ectronic publication ahead of print on August 23, 2006) or fromthe
i nner cellhenasshafiqaesefory sealecthenbbast oeyldt ksioage t(oThﬂnsqm::b@nretof
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- 34 - CLAIMS 1. Method for the preparation of a pouch-|ike construct
whi ch has a single opening and is suitable for enclosing at |east

part of tRepbRakseyef @ mammal and conprising engi neer e@cllepsddosiss
wherein the method conprises the steps of: a) providing a matriXx
having a recess in one surface of the matrix, which recess has

di mensi ons corresponding to the desi+é&d di nensi ons of the exterior of
t he pouch-1li ke construct to be fornmed, b) providing a body having

di mensi ons corresponding to the desired di nmensions of the interior of
t he pouch-like construct to be formed, c) disposing the body in the
recess ofreheriayrEils uotom Fefechabbedyundi Siracat ibted Eecebls s of
the recess to forma space between the body and the walls of the

recess CQEfgspends NGudsh (AR e d L RghaNS 8 uLBE EOPSILMG st ity-
tion in an undifferentiated state. The undifferentiated human
embryonic stem cells are cultured for propagation in Dul-
becco’s modified Eagle's medium (DMEM} with 20% batch tested
fetal calf serum or 20% serum replacement, 1 wM L-glutamine,
0.1 mM P-mercaptoethamnol, and 1% nonessential amino acids on
mitotically inactivated fibroblast feeders (see Xu, C., et al.
supra; Kehat, I. et al., supra} until a sufficient cell number
of about 0.1-10x10° cells is reached. All substances are pro-
vided by several companies including Invitrogen. Human basic-
fibroblast growth factor (bFGF, 4 ng/ml) is not essential but
may be added to improve maintenance of an undifferentiated
state. Antibiotics (100 U/ml penicillin and 100 pg/ml strepto-
mycin} may also be added. Subsequently, undifferentiated se-
lectable embryonic stem cells (0.1-10x10° cells) are mixed with
scaffold material (e.g. collagen type I, concentration: 0.5-
1.5 mg/ml) and growth pzomoting culture medium {see above).
The total reconstitution volume consists normally of 0.5-1 ml
but may be reduced or increased depending on the zrespective
demand. The reconstitution mixture is £f£illed into casting
molds {e.g. the circular molds described in the WO 01/55297 or
the novel mold disclosed in the presgent invention) immediately
after mixing. Under norxmal culture conditions (e.g. 37°C, 5-
10% CC,, 21-40% 0) so0lid tissue-~like structures will form
within 1-10 days. Under these conditions, differentiation of
the embryonic stem cells occurs spontaneously and may addi-
tionally be affected by exogenous factors (e.g. addition to
the culture medium of growth factors and cytokines including
insulin, insulin-like growth factor, cardiotrophin-1, bone
morphogenic proteins, sonic hedgehog at ECsy concentrations) .
The sclid tissue-like structures may optionally be transferred
on stretch devices (as described above) to optimize culture
medium perfusion and impose defined mechanical strain - which



d) disposing a reconstitution mxture in the recess, which
reconstitution m xture conprises manmalian cells and suitable
scaf f ol d RBd egok@izeihi ch can be incubated to form an engppgpiBdodisssue
construct, e) contacting the reconstitution m xture disposed within
the recess with a culture nediumsuitable for culturing the cells in
the reconstitution m xture, f) incubatilng the reconstitution m xture

until

the tissue construct forne within the matri x recess between the

body and the matrix, - 35 - g) renoving the body with the tissue
construct adherent thereto fromthe matrix recess, and h) separating
the tissweycomst stetify oplidsedhodyr auxotonic - on the tissue con-

structs.

Positive or negative selection (see above) may be performed
after formation of contractile areas within the engineered
tigsues 5-30 days aftexr casting of the reconstitution mixture
intoc the mold. Alternatively, selection may be performed after
the constructs have been transferred to the stretching device.
Selection may be performed until optimal tissue structure and
function has developed {e.g. 10-40 days depending on the ob-
gerved effect) Selection may be achieved by addition of a de-
fined pharmacological agent {e.g. G418, ganciclovir, fludara-

bine) into the culture medium)} .

Preparing engineered tissue from ES-derived cardiac myocytes

For the preparation of engineered heart tissue £xom human
cells, we utilised cardiac myocytes derived from an estab-
lished human embryonic stem cell line (H9, H9.2). However, it
is to be understood that all true human and non-human embry-
onic stem cells can be used for preparing the engineered heart
tissue of the invention. For example, human embryonic stem
cells derived from individual blastomeres (Klimanskaya I,
Chung Y, Becker S, Lu SJ, Lanza R (2006) "Human embryonic stem
cell 1lines derived from sgingle blastomeres", Nature, elec-
tronic publication ahead of print on August 23, 2006) or fzom
the inner cell mass of an ewbryo in the blastocyst stage
{Thomson J& et al. (1998), Science 282:1145-7} as well as
other multipotent embryonic-stem ¢ell like cells, e.g. from
parthenocgenetic embryos (Vrana XKE et al. (2003), Proc Natl
Acad Sci USA, 100 Suppl 1:11911-6), adult germline stem cells
{Guan K et al. {2006}, Nature 4£40:1199-203}, somatic nuclear
trangfer derived embryos (Wakayama T et al. (2001), S8cience
292:740-3) or reprogrammed somatic cells (Cowan CA, et al.



2. Method according to claim1, wherein the step of providing a
matri x includes providing a porous matrix filled with a liquid in

order to hppesigw@etf | ow of reconstitution mxture frompblgﬁpg(ﬁ%@s}%
into the porous matrix, and wherein the step of contacting the

reconstitution mxture disposed within the recess with a culture
medi um i ncl udes di sposing a liquid cul3ure nmedi umon the surface of
the matrix in which the recess is fornmed in order to forma | ayer of
the culture mediumon top of the matrix and the reconstitution

m xture di sposed within the recess. 3. Method according to claim1,
wher ei n t(Be0st epsoiem©v3Qi9r1193€eBmt rﬂakahashildﬁsapdovanjiang{a PotBES) |

matrix i ht’dd'l 683 W;)]t W ”E% Hgbg s%&@%ﬁlﬁcc%bﬁh@%t%t%&y M11s

t he precedl ng erelrn I1S_S erical
accor di ndBE"QDéﬁ? G tate %}ecéap%} cl gilﬁ%ul%’e?fél hOT hECHHHR2 ic Rt a8t
a surfacerqf egl ass, (tebbpp ce1BilicoEs-~ 7@ Wetrheteacsor di naglto(zxrms)of

Lo P Coglicagnc rAL IR, YOSTE A dANO 1RATY, I 2R Ll 23BbE) 2 &ﬁéwaecm%

Met hod accordi'ng 't o cl al ns 1 td
per f or med1gr Bé?4t%3)sté’|§th) ascamxwmcﬁ@a@h@l% am cﬁpni-llézahéel iy

6, whereieRgshepr8d hSaperfpidpd rHdrul@isheRsChutlined for embryonic
stem cells. Embryonic stem cell derived cardiac myocytes were
selected by micro-dissection after spontaneous differentiation
in vitro. Differentiation was performed in suspension culture,
and the cells were sgsubsegquently plated on gelatine coated cul-
ture dishes as previously described by Xehat, T et al., J
Clin Invest 108, 407-14 (2001). Beating clusters containing
embryonic stem cell derived cardiac myocytes were excised with
a sharp, sterile glass or plastic pipette. Prior to reconsti-
tution, ES-cell derived cardiac myocytes were enzymatically
dispersed in collagenase IV (Life Technologies Inc., 1 mg/ml
for 20 min) or with trypsin/EDTA. ES-cell derived cardiac myo-
cytes (10.000 - 15 x 10° dispersed cells/500 pl reconstitution
mix, preferably 20.000-250.000 dispersed cells/500 pl recon-
gstitution mix) were reconstituted with collagen, Matrigel and
culture medium according to the established protecel by Zim-
mexmann W.H. et al., Cixc Res 90, 223-30 (2002} and WO
01/55297, with the exemption that the following culture medium
was used: DMEM (preferably containing 80% knock-out DMEM [no-
pyruvate, high-glucose formulation; Life Technoleogies, Inc.]),
20% fetal calf gerum, 1 mM glutamine, 0.2 mM B-
mercaptoethanocl, 1% non-essential amino acids. Matrigel can be
replaced by a mixture of triidothyronine (1 nM) and insulin
{10 pg/ml). The EHT reconstitution wmixture was pipetted into
circular casting molds as described and the mixture was incu-
bated to allow hardening. First contractions of single cardiac
myocytes were observed after 24 hours of human engineered
heart tissue culture, larger cell accumulations within the hu-

man engineered heart tissue started to contract synchronously



- 36 - 9. Method according to any of the preceding clains, wherein
after step h), the construct is subjected to tensile stress. 10.

Met hod acemy slioRBssh@ claim 9, wherein said tensile strepgriprsh@bise,
phasi ¢ or auxotonic stress or a conbination thereof. 11. Method
according to claim 10, wherein said tensile stress is auxotonic
stress. 12. Pouch-Ilike construct obt-aBAable by a nmethod according to
any of clains 1 to 11. 13. Pouch-like construct suitable for
enclosing at |least part of the heart of a mamrmal, wherein the
pouch-1i ke construct has a single opening and conprises or consists
of manmmakfaartassue;. viher glayssaildrrasmahi anisossuencoaprises cdanticde
My OCyL eSanddne FoUEMALLKeE €851 CH: BECRIS AY LR:E! Bt FedagkEkN ap-

nore than the construct consists of cardiac
myocyt esPTa%: PorHULHe& ScFA¥Eruct according to claim 13 or 14,
wherein the construct has contractile properties.



16. Pouch-1ike construct according to any of clainms 13 to 15, wherein

said manmmal i an tissue is human heart tissue conprising human cardi ac
nyocyt es.
any of clainms 13 to 16, wherein the construct has a wall thickness of
1-8 mm 18. Pouch-1li ke construct according to claim17, wherein the
construct has a wall thickness of 2-3 #in-

37 -

17. Pouch-1ike construct according to according to

CLAIMS

Method for the preparation of a pouch-like construct which

has a single opening and is suitable for enclosing at

least part of the heart of a mammal and comprising engi-

neered tissue, wherein the method comprises the steps of:

a)

b)

e)

£)

providing a matrix having a recess in one surface of
the matrix, which recess has dimensions corresponding
to the desired dimensions of the exterior o©f the
pouch-like construct to be formed,

providing a body having dimensions corresponding to
the desired dimensions of the interior of the pouch-
like construct to be formed,

disposing the body in the recess of the matrix such
that the body is spaced from the walls of the recess
to form a space between the body and the walls of the
recess corresponding to the desired dimensions of the

construct,

disposing a reconstitution mixture in the recess,
which reconstitution mixture comprises mammalian
cells and suitable scaffold material which can be in-

cubated to form an engineered tissue construct,

contacting the reconstitution mixture disposed within
the recess with a culture medium suitable for cultur-

ing the cells in the reconstitution mixture,

incubating the reconstitution mixture until the tis-
sue construct forms within the matrix recess between
the body and the matrisx,



- 35 -

g) removing the body with the tissue construct adherent

thereto from the matrix recass, and

h) separating the tissue construct from the body.

Method according to claim 1, wherein the step of providing
a matrix includes providing a porous matrix filled with a
liquid in order to impede ocutflow of reconstitution mix-
ture from the recess into the porous matrix, and wherein
the step of contacting the reconstitution mixture disposed
within the recess with a culture medium includes disposing
a liguid culture medium on the surface of the matrix in
which the recess is formed in order to form a layer of the
culture medium on top of the matrix and the reconstitution

mixture disposed within the recess.

Method according to claim 1, wherein the step of providing
a matrix includes providing a porous matrix including the
culture medium.

Method according to any of the preceding claims, wherein
the body is spherical.

Method according to any of the preceding claims, wherein

the body comprises a surface of glass, teflon or silicone.

Method according to any of the preceding claims, wherein
the body is an inflatable structure.

Method according to any of the claims 1 to 6, wherein step
c) is performed prior to step d).

Method according to any of claims 1 to 6, wherein step d)
is performed pricr to step cj.



10.

11.

12,

13.

14.

15.

16.

Method according to any of the preceding claims, wherein
after step h), the construct is subjected to tensile

5Lress.

Method according to claim 9, wherein said tensile stress
is static, phasic or auxotonic stress or a combination
thereof.

Method according to claim 10, wherein said tensile stress

is auxotonic stress.

Pouch-like construct obtainable by a method according to
any of claims 1 to 11,

Pouch-like construct suitable for enclosing at least part
of the heart of a mammal, wherein the pouch-like construct
has a single opening and comprises or consists of mammal-
ian tissue, wherein said mammalian tissue comprises car-—

diac myocytes.

Pouch-1like construct according to claim 13, wherein more
than 25% of the wvolume of the construct consists of car-

diac myocytes.

Pouch-like construct according to claim 13 or 14, wherein
the construct has contractile properties.

Pouch-like construct according to any of claims 13 to 15,
wherein sailid mammalian tissue is human heart tissue com-

prising human cardiac myocytes.



17.

18.
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Pouch-like construct according to according
claims 13 to 16, wherein the construct has a

ness of 1-8 mm.

Pouch-like construct according to claim 17,

construct has a wall thickness of 2-3 mm.

to any of
wall thick-

wherein the



