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[0004] A variety of methods to build engineered tissues have been attempted and
developed with limited success. However, assembly of vascularized three-dimensional
organs has not been accomplished.
[0005] Prior art solutions, though promising, have presented a number of
challenges. Scaffold choice, immunogenicity, degradation rate, toxicity of degradation
products, host inflammatory responses, fibrous tissue formation due to scaffold
degradation, and mechanical mismatch with the surrounding tissue may affect the long
term behavior of the engineered tissue construct and directly interfere with its primary

biological function. For example, myocardial tissue requires high cell density to assure

synchronous beating through gap junctions that tightly interconnect neighboring cells.
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living cells and tissue culture nmedium The cells are

cohered to_one_another. The nulticellular body has a
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includes a plurality of livin s that are cohered

t 0 Gers-segiiondarca aling its length in the range of about 7,850 square microns to about
360,000 square microns.
[0008] Another aspect of the invention is an engineered elongate multicellular
body. The body includes a plurality of living cells that are cohered to one another. The
multicellular body has a length of at least about 1000 microns and an average cross-
sectional area along its length in the range of about 7,850 square microns to about 360,000

square microns.



mul ticellular body has a length of at |east about 1000
m crons and an average crosssectional area along its
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Also provided is a method of producing an elongate multicellular body
comprising a plurality of living cells. The method comprises shaping a cell paste
comprising a plurality of living cells into an elongate shape, and incubating the shaped cell
paste in a controlled environment to allow the cells to cohere to one another to form the
elongate multicellular body. In this aspect of the invention, a method for producing an
elongate multicellular body, which comprises a plurality of cells or cell aggregates in a
pre-determined shape with viscoelastic consistency, is described. In one embodiment, the
method to produce a multicellular body comprises the steps of: 1) providing a cell paste

containing a plurality of pre-selected cells or cell aggregates with a desired cell density
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paste in a controlled environnent to allow the cells
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Eactothar-t i cel | ul ar body includes a plurality of living
cel [|0§1ﬁ ohere gn a{n%th%p&nm%éh%ra thr-gg—glmensmnal structure includes a plurality

of elongate multicellular bodies. Each multicellular body includes a plurality of living
cells cohered to one another and tissue culture medium. The multicellular bodies are
arranged in a pattern in which each multicellular body contacts at least one other

multicellular body and the multicellular bodies are not cohered to one another.



mul ticellular bodies are arranged in a pattern in
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of living cells cohered to one another The structure also includes a plurality of filler

bodies. Each filler body includes a biocompatible material that resists migration and
ingrowth of cells from the multicellular bodies into the filler bodies and resists adherence
of cells in the multicellular bodies to the filler bodies. The multicellular bodies and the
filler bodies are arranged to form a plurality of spaces in the three dimensional structure
that are not occupied by the multicellular bodies and that are not occupied by the filler
bodies.



arranged in a pattern in which each nmulticellular body
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Pr qshiteinng f@mtahRRedbirnBREI OB b *hae tlié&hulﬁd‘éﬂhlﬁﬁlﬁfd@d@ and the filler

tissue, the method is to d I|ver a plurality of
rul A48 PIOROBEUSBY P e 4ePPTERE 1RO (Y Ered ERns gt e 2 B%i’fste@F‘ﬁd peptrolled

a Pl irSIBh@E FR thabRBRIN VWG NHE ﬁlQIﬁ@&ﬁﬂar bﬁ&éﬁﬁlﬁfé Wih ERh @R to
enbodi nent of the engi neering netho

ul TESwED p Gisad costr @iy repeY iighcoliss b?chescf&%Fhﬁ e ponstruct to

Wi thohfae iR Rsir@lbei S Eddsdi&k. bodies. Mre
particularly, in one enbodi nent, the
[0028] ‘Another embodiment of the invention is a three-dimensional structure

including at least one filler body and a plurality of living cells which are cohered to one
another. The cells form a tubular structure substantially surrounding the at least one filler
body. The filler body includes a compliant biocompatible material that resists

migration and ingrowth of cells into the material and which resists adherence of cells to

the material.



met hod i ncludes the steps of: 1) delivering the
plurality of multicellular bodies in a pre determ ned
W@ oothiosa03 on with a plurality of filler bodi esPCT/US2009/048530
according to the pre-determ ned pattern to forma
stacked or |ayered construct, where the multicellular
bodies and the filler bodies are contiguous, 2)
depositing the |layered construct into a pre-sel ected
Con[?()ﬁ l ed eRyij 51%?[‘]@%pe£tq{f tHBh e A @Q’md@@?&ﬁm&u& ?a multicellular
icellular bodies fuse wth each other to resu
a fhede gomprrsig apinralityred liging edlveehdigd torpace ﬁmqtllleérTm@@nléhas
. . r
e e
| nvselhstra@randsessstanhtoeiéheibnce 10§ Cadls & ths Bmhﬂtratarﬁielsnhstral@umaped to
ast, o
Jegelxo%a coﬁi 03 1{e11)1£ % mepl?(ggé Pﬂl@%lr% ogérc]eg% ﬁ Vlégy %{ea,tl\éélY Pov&%}g cohesmn and
a tlwﬂxinhalcompqsumhwm e dsirbd thapt dlalnlgyi rsajmranmrmmg dtrive wlnch the
| eas ?sg?nﬂem%rl R ethg%rln} %F gluﬁ,&gfél}l? q0d¥ hg]?ey c]l,eé%e[ sﬁgp%sof?he multicellular
m gsodl hesa langth bhgnawt dboaf100@ hiSonsnnd istdoefigmédaol eabry @it within the
whi ch resists adherenc ce
mat ‘E{ﬁflsqﬁ[aé%%] 15 & efe tgﬂbacbﬁlétri"gélﬁ%@f‘s E‘Pm PREFIRFOAtheRIY-
i s [@030! d f omnpiherchagiodBneat Hfthd inG@ltilok st toBIdymaking a mold that is
nprising a pluraljty of livi ng]BceI | s.cohered to one
}1

ano%uﬁéﬁrle for peodhgngre RElify st iy Rodiss pvhigh gachibedy jngludes a

r espl%ﬂ@tof hGinQb&fs%bhé?&i RBRde hIKPWH t&f1 heel A&d&mhan%ﬁl%p and a
substrate and resistant to adherence of cells to t

subxtter & plurpldy efibastaxipnd fiom thpbgiom ¢fdhe kadyi Kash 4f the fins has a

CONpPAR ih 'tﬁ%r}aﬁéym Ebhotk D Rlckikd i%upffOOCfﬁ'clloﬁs RAYdRheerooves in a
rel atively | ower cohesion and hold the conposition in

a duedompdtitlpggleubiiricsgnizgurstion fatmios ligee icells rdaged wghe grooves into
whi I

ho d@&hg%ﬁ%tgg%ﬁﬁlggﬂb Jéa %&g@%ﬁﬁ\t& mﬁ%{hll?{‘glé *H‘%e{’&hdtap%gét oﬁé G the fins is
a I@n@ﬂﬁat@ﬁlhafromelaaslbng\hdml kGO0 andtherofithedmel i s

configured so every cell within the nmulticellular body

is no nore than about 250 microns froman exterior of

t heBREF/DERORBIPTION O FEHEDRAWINES of the invention

o et LB P pRsiRlifs Rk pinboditon 3nh BulRbnyga bogy of the

eacfreadyvdntich;udes a plurality of living cells coher ed

LB % Bl B o Sitref e edid Hithe PR E RSyl sfpored by o

of dubfecdpody. Each of the fins has a wdth in the range
of about 100 m crons to about 800 microns for formn
gr d8RY i n aFHi-dEdnpar Prﬂﬁrge@g@qrspgﬂ%w?%én%ﬁfn? ml%am%ceﬂular

f orpdaes M Hek- ﬂ)j MH@ﬂij&ﬁﬂng Sl 0B G8Ond dMothBEhO® QMASe; i Nt O
el ongat e nulticellular bodies. The fins have

| onldP34di nal FExess anerseeetiyeefope enodinent gba thirgpsdimgnsional construct
2 p aiﬁagdlhfgﬁ Efualllgoff thOM fiB&12 BIHE UM ra\?lurﬁﬁ%\r%f Blier @B&E&ﬁfanged in

fins DESCRI PTION OF T
a pattern suitable for producing one embodiment of an engineered tissue;
[0035] FIGS. 3A-3D illustrate one embodiment of a method of making the

multicellular bodies illustrated in Figs. 1A, 1B, 1C, and 2;

[0036] FIG. 4A is a perspective of one embodiment of a mold that is suitable for
use in the method illustrated in Figs. 3A-3D;

[0037] FIG. 4B is a top plan view of the mold;



[0031] FIG IA is a perspective of one enbodi nent of a

mul ticellular body of the present invention; [0032]
WO-R@@0/008803 s an enl arged perspective of the PCT/US2009/048530

mul ticel lul ar body supported by a surface; [0033] FIG

1Cis a an enlarged perspective of the ends of

multiple multicellular bodies in side-by-side

adjoining relation to one another on the surface;

[ 00[%6«3 AFI G 210 3185 REFRPREG VS tRf m&B %@Ml%ﬂﬁcl@&m@hne 4C--

t hree-di nensi onal construct including a plurality of

t hetGron Figc#h:l ul ar bodies and a plurality of filler

bodj 6%9;36“ rangesl 4 an &ﬂ&r%@c[ &os%é%'e&?otﬂ'o?aEQ%%é@?iHﬁ gas illustrated

one embodi ment o an engi'neered tissue
3A-18DBig. Wustrat e one enbodi ment of a net hod of maki ng

the ticel Eg%g]A E?ger%zeﬁ\hvé cg'isotnr gllnggdl nt of g% qpl !hAt call %e used to

1Cl0an& 2; IS a perspec I've O
enbnﬂwnmanMﬁmaummﬂdlmgaﬂAvﬁ)SU|table for use in the

illus d in Fi A- 3 I 4B is a
Hﬂgﬁ%n V|e&ﬁg lﬁ%SW%I%Wf53§§?9ﬂﬁggmﬁ g8 gﬂﬁross
SeC[lOOam] of t FeG.rholidai alaped Jideavipl ahepiricl efdhargol dsikustrated in
4C- - g%on Fig. 4B; [0039] FIG 4D is an enlarged
cr d88-bction of a portion of the nold as illustrated

i n jg048] 4C FGA-G¢t Busthehe bife eﬁab@&h&ﬁﬁ&taiﬂ«@hdufof@ﬁag the tool
enbodi nent of a tool that can be used to make the nold

i |1t dy ek SA-ofs o makegbs mpidolefretef @ FigBHsty si de
Vi eoosf] the waed. 71 1A usitiRatoeek dcheddt@ perpectib QQAZhridus @tnbodlments

5Cis an enlarged side view of a portion of the tool
as fithigedimepgangl gonstracts mpde fropa glurgtings mgpceiglar bodies and a

|Ihﬂ§gﬁ?%@ﬁgaqmggpodlnent of a nmethod of using the
t ool ustrated in Figs. 5A-5C to nake the nold

i 1110845 at ed FHOFildsen 12 acschenfagodWptratiosnt variogsnethgyly of making
8- %ﬂﬁ@fdﬁn %ﬁﬁ%hﬁmpﬁ EIRECHhM o%glé[ﬂgl'hﬁ&isooﬁ 2 aiF‘FePBédles

ree-di mensi onal constr uct roma p
of B0ddli cel | G1Grl3bodblesogamd od typd wbelki styctofes endihesred accordmg to

bodthg ethEaQ cﬂe?énbf%!i g@rem]h%wggeﬁt%dgdﬁm?t%g I%‘Iﬁéd:mlcrons and 900 microns,

IIus 'ons ot vari
thr@ﬁmdmmhn5|onal constructs froma plurallty of

ol g a5 e 00 4Lt Bk QUL L5 1
accorigh mghddd described herein;
[0048] FIG. 15 is a schematic perspective of one embodiment of a tubular structure
engineered according to the methods described herein in combination with a filler body in
the lumen of the tubular structure;
[0049] FIG. 16 includes a group of photographs illustrating fusion of spherical
multicellur bodies to form a branched tubular structure;
[0050] FIG. 17 includes a group of photographs illustrating fusion of a first set of
multicellular bodies with a second set of multicellular bodies that have a cell type
composition that is different from the composition of the multicellular bodies in the first
set; and
[0051] FIG. 18 includes a group of photographs illustrating a tubular engineered
structure that includes gelatin and fibrin.
[0052] Corresponding reference characters indicate corresponding parts

throughout the drawings.



the net hods descri bed herein having outside dianmeters
of 1200 m crons and 900 m crons, respectively; [0047]
WO-R@@0/008903 s a phot ograph of anot her tubul ar stPCEUSR089/048530
engi neered according to the nmethods descri bed herein;
[0048] FIG 15 is a schematic perspective of one
enbodi nent of a tubular structure engi neered accordi ng
to the nmethods described herein in conmbination with a
filheraAPoRY DrsdR®TIOREN of the tubular structure;
[0049% FIG 16 includes a group of photographs
i 1110833 at i ng Allwsblagations, Bgiene pprdightians najcats] 4ndrothss thifsenced
for IG 17
[ nﬁé’g‘&g&g&gﬁ%ﬁt“g@wﬁ otds[é;r% GHE&I’H t%egl?%g%ﬁtng fusion of
a fi0p%t] set odfwrthi¢tieehdduhethods deti pesduging kngingewigivslieset provided.

of I.t] |
c on’gﬁoé St%xjth:ﬁglﬁé% lﬁl §1V? u%e 8?1%0(3/? en*llﬁ?}f@%??%ﬁés as %Xﬁ)c? n% blocks tl%at can be
t heusaitotasalblad trechiddes®nalrcondvact thatshn B@bme amlelsn[eﬂ @@ﬂleered

d f h | ] t i.ng.
cudor s g REGRafh SrPh BBl RN R e WBMFI g cons
f i bhatrare JubftGehkly Colick&istp ondanvther &f #lbenkebaallas Behiaadkd (e.g., picked

|nd|cate cor.r espon ts throu out
L R S e Af R Rpebebiel B terooeapemedGaar pady b spitebly

pat ®ifficiapRl dlilcatthOfsly tPalppork &scl8g. @ﬁ B&ork ﬁlfrﬁée%}ﬁﬁ% assembly that
nmenti oned herein are incorporate ref erence

t hePFludsimElgmultiselBuyr bR@WE@frWI@? g e el he living

pr odueiondn&B el MEaviad cdlisos HLadsiBin AN @BMar bUAG. The ability to pick up
t echnol ogy i nvol ves use of novel nulticellular bodies

as Bdinmayr aglusrlse REipRgelle grthp Brigoéd selbsuppeiding maltigellular body

thre6vidls TRADIRN A asGRibid ﬁlﬂﬁéroﬁshﬁtfer&ﬁﬂlr&e&iﬁﬁﬁsl&ag&ﬁl%m For
endi neered tissue through maturation.

mul expeelel e ayltisedylardodss Fands ugedon lsnalaumqtlyn mth longy prpygore filler bodies
c eI |

35 B0k, 256 LURLSAL oty LER ol 205 BRIl oo
m)\/(@ﬁg fram the multigdlplap bpdestinto Theefiléen hediesoamd afsistsrpglherence of cells to
mul { i lLula j it ficient, t |
% BRSPS S e
an thmgmmlagurattibatTHemmﬂuimbﬁslantnddieis phéfilribbiieetanalsabe used to

i es

fi L abl
vt teine el o s RSy oty S eGP, bl
adj i@atoitatign. NlirtheG Bedatbealic daoldyellulbh®odidy dré §eyf-dupp@tind thepe is no need

2 o1t T B retiehatithodin 1A supPasii 0 b il IRIE e iy o

f 1 expiibi ihiatry facDit-AG SRR MY ARItRYBuleH SollRE 8'd manner that ensures the

t hr ee-.di nensi gnal copstructs. .For
multlcellnﬁr gocges are in direct contact with one another. Better contact between the

multicellular bodies can facilitate efficient and reliable fusion of the multicellular bodies
during maturation. In addition, the filler bodies can be easily removed from the exterior
and interior (e.g. the lumen of a tubular structure) of a mature engineered tissue.

[0055] In addition, some of the methods of the present invention use elongate
multicellular bodies as the building blocks for the engineered tissue. Because elongate
multicelluar bodies are already cohered to one another over a significant length along a
longitudinal axis of the body, fusion of the multicellular bodies is more reliable and can be
achieved in less time. Further, elongate multicellular bodies can be arranged in side-by-

side adjoining relation to establish contact between the multicellular bodies along a



exanple, the multicellular bodies can be used in
conjunction with one or nore filler bodies (e.g.,
WhodoneesdedNpri sing a bi oconpati ble material the€T/US2009/048530
resists mgration and ingrowh of cells fromthe
mul ticellular bodies into the filler bodies and
resists adherence of cells to the filler bodies) to
assenbl e constructs that can becone a tubul ar
engionBelr £ tab & %%@uﬁs@nﬁﬂg&fgﬂp%ﬁf‘s%ﬂ ﬂ@llltaﬂﬂ'ﬁpld and reliable fusion of the
mul ticel I ul ar bodi es and | er bodies can al so be
useﬂmﬁmn&§§Bwﬂmémé@ﬁ@%KME@Qnﬂhﬁt becone engi neer ed
tis havi [
Furhed "o Mtk PRiGEIRRGR IRUE0 SRR oPhroducing o tree
s eI dimsnséxpl@lr ltlolnglcaltehgm@repctstlsal@ usegdhet watend)eehdtiecesses of the present
| ns %?|0111 lé &rprgcegéeggnct Iﬂat.(?rlaﬁéJ Qfﬁf)r{otn\xll gelg(%egcﬂbe(? ? detg
arranglng t he nultlcellular bodi es in a manner that
{¥Lt|cellular bodies are in direct contact
= UHothet . Better contact between the
mul [lﬂﬂml | ul aOnbesb&Bme@nf &mlltlcle]hailﬂ)odff fdlwi refotre@fdtherein as an
rel.iable.fusio i cel odi e
mat ieER§dHe C‘illﬁgéﬂlb‘f)t geaﬁr% h?—?%“?ﬁe rlS HE@ lej:hg Be%‘e multicellular
eashddy 1 a pluf0i SR ideRy therar@fsheted &ce@ﬂeaalhot&ler Whe
the lunen of a tubular structure) of a pat

en glpﬁlg@erll@@r P?@’Sh@mqr@@wlurpwy S8 eﬁllts IcgleredStag]%heé in 3 ggsired three-

et fRdsidhl G sﬂ%ﬁp%sﬁﬂi ibdo¥REci Bk iHSRy ShPNERLi&t integrity f
nultlceflulnggo |e§'ég t he bU|Ié|ng blockslfo?lqily(ne%y

engh#di@pnend Bydlinpdy g ediapremyatiee RFAFs. eeqh ag dipsue or organ

bodi g8 a4 %qufi%?eqym%ghsrr rﬁ&ng RaOREnANRLINGLr HBYE rduﬁn the subsequent
significant |ength [ ongi tudi nal axi s of %
bod}ﬂndlmgsls@npa@fe af petaipini tltﬁ e@rsnoal Séilﬁpeb vdichgs nog rigigy lut has a
rel%?c%l:l@sti%ans(f g%]naﬁlatn%% 8RS of InfRensFur t her,

el ongat e nultlce can e arranged in

si dé0f8isi de aAt§ minhiceltplardbdit 1 may bocanaadl ¢fshy cmndrandre pre-selected

e n o bl PRl RRUAERFLAD S RERAL Bl fs B e

anddimedhsicbl Bolbgisalonsuef Fbll’\@camd eoif whenngnlelu]acbddyud; t@rbe used to

g gglélgglﬁéroa\}ﬁ?q?‘, Vgg@% Yp%fhﬁ%tq% ésbﬁﬁllggtag ﬁiﬁ cdl?s us&d to form the

t hregldcetans batial cab hm}aﬁgg@ﬁikly eugpMeuroenl tytple 98 til tysds gpically found

the mate |als of t nventi o

& oo el B R RIS E R s nobth B R B RP R R, Othercen
nor@péehaive usé\zﬁlb tf(brﬁﬁthé bhiuRicelBO4 b8y [f @tqg%]be%&i to engineer a different
enbodlqp§. a nulticellular bod ﬁﬁ$o referred to .
her@Pgofd e%ﬂl@%fl@?%aﬁusﬁf‘eg cafertincalivelifiqnry. ek &g skijled in the art
desy a8l td chdoSe dn a{fid%ﬁ@tta eél1 fyPe bt tpes Yor thdBulticellular body based on
mul ticellular body 1 includes a plurality of livin

cel thetypp at thegedlimgitionaldistys to hecngitsersds NopHaniting examples of suitable
mul &1 Gedel Kvﬂcﬁlﬁe BafiMctiic Glolﬂﬁsrcl&%ﬁs gp|sta?éd'Iﬁl)éclgfcelf‘seinkﬁdmg
cohered together in a desired reedi mensi onal (3-D)

s hapeobldststang p@él@mya@tﬁrsﬁ:a@dﬁ@p%lt@mly celivol nswtf ¢edlp.diproblasts,

' ntc%gﬁéch% ﬁs@ﬁe &ﬂ? 1nmh£ﬁllle @ElL&gesa\{/‘lgc}hﬁQ@ %ng Hl{d &Qll@ge cells

bi o- engl neeri ng ocess, suc tiIssue O or gan
capable of dlfferentlatmg into bone forming cells and chondrocytes, and cell types which

make up lymph tissues), parenchymal cells, epithelial cells (including endothelial cells that
form linings in cavities and vessels or channels, exocrine and endocrine secretory
epithelial cells, epithelial absorptive cells, keratinizing epithelial cells, and extracellular

matrix secretion cells), hepatocytes, and undifferentiated cells (such as embryonic cells,

10



engi neering. Sufficient integrity neans that the

mul ticel lul ar body, during the subsequent handling, is
W@ 2pabdsrodf retaining its physical shape, whi cPCT/ES1909/048530

rigid, but has a viscoelastic consistency, and

mai ntaining the vitality of the cells. [0058] The

mul ticellular body 1 nay be conposed of any one or

nore pre-selected cell types. In general, the choice

of G&h belkyR@ o‘ﬂ'l& breM@tot cHRH %%'ng gtheR. Fbleex‘QElﬁlert‘ﬁg cells used to form
t hreedi mensi onal ~ bi ol ogi cal tisSsue. For exanple, if

t hethermuiticgliilgriody 1 prnckie abgined fiom akivechumsn epgyiimeleubiget and cultured
bl o twvpe t hree-di nensional structure, the
celﬁglﬁsegﬁ&ﬂ“¥%rn1the mul ticellul ar bodi es can
adv@ﬂﬂﬁgeousﬂbeumhpﬂh@eba&céhhybyb@n@mﬂdghhI@Vpeéhﬂm:In

t yH}o%?olcgl}/ulJr%ﬁ l‘tt%icehnllaly ‘t%%l lgl tﬁg pl%l}azgrg{)flh(z%lg%ells 1§au§) qgﬂﬁgﬁrty of living

C eI delll; yfmsngmgelhgpeu Sﬁddlosmllfocﬁ thaliving caild ihiahelocdliatar bmtticellular
t hr e y 8{6&‘8&85?1%]& ﬁlnfg? %egll}gp% Su éec¥ tO%R%éi{l%%%C%tf?t X\gﬁc?vgfs of impurities
Ki dineydingt eclgtivelgnmal kiimbadf cellstoli@ ddfetennidlll tyfeth@thla@: ddmore than
choose..a opriate cell type or es for the
RGP 51 pah B e o T Ren Tyt Geding (B¢ homGcellutar
t hrggticdinensb@Bnal tissue to be engi neered.
Non-limting exanples of suitable cell t i ncl ude

%%éacl

conPPefti| e B‘rcor‘ilﬂé%laehe&eé‘Pqeg‘ﬂ'(lrem@tlce”él{aFP s sigaificant numbers

cel dtgelld dTehdidlings ofVQRlARt oﬁé%am?ﬁbr S RMEONL®Sdy MEomprise a
snmoot h muscle cells), neural ce fibrobl asts,

contwelity\vé living sells Oéérﬁlr% typP Aed uplurg it Hdivigicelly gfgagcond type (ete.),
whi g erggilﬁf}ce'ﬂ@yﬂ%% tg%l@er&ﬁ‘@ohﬁ tBOfst &&l t%rpce Q%@muﬁlcglflular bodies are

dlfferentlatlng in bone formng cells and
chdnde gesgtte sreata fepceler fissug, Hardnsignrs hapgleofiipe fisghiype can be

ti S%]ldﬁtg%hal Pé"}fs Eﬂé%@ﬁs ocf‘%e s%eonﬁr?}goteré?or m (FO%{ Jnﬁscle cells the cells of

(in I'ng en ot I'tal cells I ni ngs
c avthe¢ fisstyan canbesoddtheliol cetlh amtbe sclls@k the séavad a/m)d can be fibroblasts, or

t |} al
g@? E%lfg Srhe %{rﬁ%tg% iéaér}e e{ Inpnol%zﬂl %usc e cel iaqd%ﬁ)e} ée@lg f tg? SeaCP]r(ljd type can
extbeaﬁlmbﬂlutsaﬂ{eltmd)dellulalsmulnetﬂ]uhm bedaésl @) alshéphidoe ptuedity of cells of a

and. undi.fferenti s _enb ni )
o o1 el b SR 4S8 s SHE R SRLY Babefio gl of o hird
ot h&HSypeFvﬂ’lth @&ﬁﬂfgh@ﬁrst ke on®hd dshind el tylgbsfoelmgﬁfffa:eent from the others
t ul ar bo 1.c t ai ne roma.live
o St i D ae it OB s I+ B i oy HTER suitable
LO?@Qﬂ)roal:itfinglrﬂﬂ elngﬂ‘a@érbdlﬂ)laéd ‘fbl@&lycall 1ﬁa?{dehﬁdd|5’tlﬁélfw@ll|ks) Lﬂnﬁfod thOhuscle
et erocel Lu honocel |.u ul ar bodi es,
t he°pi-grafi P&O@faﬁf Tihe Jiving celyip & Ftﬁ@F%}Ii’é@%a dy;ngy Egmagnunggrted or can
LT vishg oteld. 8, Rff-aschibgirifahd kR ?mc@ésm@ﬁm@lﬂmfemaﬁ A€ mal
living cells in a honocellular nmulticellular body are

cel tigctyre fpre sngigpersddistuc. H)peclf soripg ot eelks ds coppiptent with the
t ol SLARGRs bihe bﬂ%rérﬁl\éﬁA%e@fon 'H@Péﬁﬁéstls' @%H)n G @A@Qex@lams the

relatively smal|l nunber of a different cel

t y plelutdnhlte 'wh%orrﬁ Cﬁbp@utahaw ip totigy P1 ises Selrfamétmt@faqah tensions

mul %‘é:h 1 ?BY leheglvg ORELRUN e ihRREHHs BOwWeBEHE gmﬁﬁehweﬂg In general,
cells can sort based on dlfferences in the adhesive strengths of the cells. For example, cell
types that sort to the center of a heterocellular multicellular body generally have a stronger
adhesion strength (and thus higher surface tension) than cells that sort to the outside of the

multicellular body.
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[0060] In contrast, a heterocellular multicellular
body i ncludes significant nunbers of cells of nore

W ban/oasses cel | type. For exanple, a nulticel | uPEr/URSAY 048530
can conprise a plurality of living cells of a first
type and a plurality of living cells of a second type
(etc.), the second cell type being different fromthe
first cell type. If the nulticellular bodies are to be
us ellﬂO(th Cr eaRgHARGH! Bhentd REMeIlIR mi1IASURNRE S@d)ftlpgomposed of cells
cell's of the first type can be endothelial cel'ls and
t hefrere fifsgesgthattapgencighber dn ngrpeel deaplop@ensnip dherromise ef wrting they may
cel 1J6§0V61t 8ir ﬁ@lslo Jal E ?orﬁa{lgﬁ ng)ﬁet%&llkaﬁr ﬁ‘@lﬂf&lﬂﬁélr'b%hies may
celI's an e second type c e
f i brooipkisst o1t @) rpret—helt ametrh@ swﬁctmrh,ebaﬁedrcsltthct a}cﬁaesiwndl@ehesive
sSNDQ S f t.he
car e Petas oG Ebutn e BT Ry R Rient MR ARRTAT Gt ¥R Tocatca
boditescanda usddso bulﬂrtllnudeompkek lbrodﬂglctaystmktuwl [Fsr @fmale, while

fi rst cel | f £Cco
typaio i st Gy WER ol Qs S b oS SR8l ormusee
\é\/l Fd@llﬁ?ﬁlﬁemﬁed ftﬂ;tﬁmraiﬂqod&eﬁﬁ]nld(ean?ctﬁﬂaj at deastaivb célj/’@@és can be used.
el I erent r ers o t
d[‘n SR4Eple @ hesraegiplar m‘ﬁ%‘iﬁh&?ﬁ'ﬁ‘iﬂyéo {’%“Sﬁﬁ ff‘%r%t‘:‘gihfl% Flh?ngmeered

bodyloddatsel SansuitdbBbin€lull©fi) PO BYls afd SREHN ﬁﬁm@ceus (ii) smooth
bl ood vessel can include endothelijal cells,

nusEpslecslly and fmlaswb@@oqnégt?%hal 998 apq @Prﬁbl%wr Qv) fﬁldathehal cells,

h et S RALhhiel k11D ekl fibreYladte "%‘ WitNSQfiE SR 120 boE@&EomPOdel of these
sel f - assenbl e) urlng t he fusion ﬁrocess

to l%lélﬁlueéhff?&%t Felliyags ratrdpéﬂsh@ﬁpeéae icthe bedyfte puilhpthree-dimensional

en %15‘1% ?EQ@trﬁdt&% UR the Ha8rsS 6f drus@fd fbﬂﬂan%ﬁ tlﬁfedﬂ}fecreﬂt%ell types can sort
consistent wt he predlctlons of ferentia

Ad hes poendekhplial ﬁdéﬂ Iie G@Amrnamcwf éb@mﬂ@ﬁ (ms thdumen), smooth
i OIHthIel c'eﬁffolﬂﬁla%&'gpgurr%ﬁncﬁﬁé t!he Qﬁ)cf&ﬂeﬁgl' RIS afl(pth[e ﬁﬁféglagtg form an

ti ssue surface a I nterfacial tensions generat
ad hedrJay easwirogishesthy empath esde lapers The bpteadl strimsure can be achieved

rg) qurzl:%&lg &Iﬁ}?%!t%n%ﬁﬁs%lﬂce 1?1 Jbsod%gep %fSl% é] &zﬁ?ﬁ \fq‘lrlgus different

eslive S
FO rcefxgrep losgne @adther) ypldsy sieat theomﬁndeﬁulahlmdge Al enoth)ér e@ample,

ot rorsgee aiBu gy Pl RS ROBTRY SHore T affrst cot ope

te n«:Splﬁﬂ'a)nytdﬁ adlsegh k&ohdgbe,0d b ptudalithef delid sf adﬁmd)fypb.hﬁ‘ such

mul ti cel r .body, [[0061] Furt her npre, en a

het ‘8}‘188%{ F“ﬁ g%qleSrFu%/’toi By Pé‘(’featﬁdwﬁﬁ‘g “%*B%%rs‘%a“&?’ thefqlg of the

f r ofifsttdeB SR Sait NAkbIRIbE ciRIGNALES, ke BN dfahe @exrll oRpBcan suitably
rse of sorting th may recover thej

|n the c
581088% rRBFIe gy BT Pk Of (ffd g5 £ GERT Py be fibroblasts.

rrul Agaﬁlelsbml;&ﬁng)&dh@&llmy SER T &€h Ret&OEIuRf mRltReRMrbbdies.
i nternal structure, based on the adhesi ve and cohesi ve

pr oprLWhes thpse mlicelbry dading are apaddo byt thrss-daneisiogplhigipgical
' n s\mbtﬁﬁ fdn %xeﬁﬁhé §tu@ﬁl§r étﬁl@t@ﬁfeegr thd BduPseCA Qtriurd ?cﬁﬁilattl(ﬁll these cell

ui | nDre conp | ex biological structures. For exanpl e
mhltb’EeSb%ﬁYISGﬁﬁ’gChah%lthﬁpﬂnéOt Jint eclle fin¢ the injeyeal skverwrs of thalnshe (1 e., the

S e L Vg

t wocelglahd the fibsobésats fiyen the ewler layer of the tubular structure, substantlally

surrounding both the layer of endothelial cells and the layer of smooth muscle cells.
[0062] In some instances, the multicellular body 1 suitably includes one or more
extracellular matrix (ECM) components or one or more derivatives of one or more ECM

components in addition to the plurality of cells. For example, the multicellular bodies may
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For exanple, a heterocellular nulticellular body to be

used for building an engi neered bl ood vessel can
waeiaidys i ncl ude (i) endothelial cells and snPGE/KS2009/048530

muscle cells; (ii) snooth nuscle cells and

fibroblasts; (iii) endothelial cells and fibroblasts;

or (iv) endothelial cells, snpboth nuscle cells, and

fibroblasts. By using nulticellular bodies conposed of

t he&)ﬁtam"\l*ahbﬁ’é ]@Clq'pfr&@ﬁl?(ét Qg%laltl tM)Qﬁ%gernaﬁm&(lla%la@ @i@fo%@gm
in the body t ui | tfiree- di nenst ohal bi ol 6 ogi cal

st rla@iniy, glasting alndvi@r m@imgjeca@ﬂ $he BeMuoamppeanifedridenvatisies of ECM
dlf C i
¥ nJeO?ﬂt’pﬁg&ﬁtSnctedlel Irb% ta(?/cfég t%r % genl L}J%Qtre tu? e(al{ﬁ forfh tE@ﬂ?ftlQQlul'ﬂ Ibﬁtgﬁ Iaé iscussed
| unmeyrthes dasot belows TheeE @l compdmnimoa dd:ragaevessoﬁ Eﬁwmmgents added
t he ?lﬂ\]dc% g té 9an be lu} flad t?(?‘% 1%211{ 1b an?n?all % rg' 01o ro it by
out'8 Fsurrodnd n & snno era
opt nenmhbnsalnt methudseknoam 1Ib'Ehe ach Adivmdtl\bw ﬂErE;GMi gomj)mlents or derivatives

| ol bady. §.& G HALHOS. B
ne T st Giert St 5L of BER s miPiGReSoay. or me
by cS:iIZﬁsedfco tnhlee thtihiulticellulatibady bady gemsicayahimgulasdbypdng suitable

het er [Tular multicellular bodies.can inc

o1 UPSPTE§PeBH T 160 SEY 18 Spresn P OLaielon (et componerts or
pl Weaivittws of Ecdlcompoien® 288606 dr Wies celdh@idalmtsléule ¥r cell-

of cells of a third type. |If such nulticellular bodies

ar eSUpgrafadijiedan Wewéé% & ASHDN, Ytegring dgmuneglebulins, and cadherins).

I NStIRREM cbiBorefilslo d@fvatitg of ECM corfloheriyBS) H8fote cohesion of the
suitably be endothelial cells, the cells of the second

celqelly Wbe ealicellylar iy, Hos e&m&% Igelatiis gndgor dibripagen gaysuitply be

cel eld%led)ﬂco thd\&11 K‘Qété @hféﬁ llé usE(Y QQ“O&@ﬂle%Hﬂt‘id%ler ‘tQﬁy The fibrinogen can
fibrobl asts. ain, f-sorting of the cellsS may

ocC@?nWQ$0§U§WdﬁéﬁhﬁnﬁWéh¢ﬁﬂﬁﬁomﬁiﬂﬂm@@mluIar bodi es.
Th“%%jj’”e” t g Steﬁ%c}vlectﬁ+ lngiti@ 111929%'0 1 8 s%n+é§1%@anE§§osPitably

bUI thre |nenS|ona |o oglca structure, o
exanghéesa tlsmglsmlarre stediyot Urhe tisgup ctlhee medingeapbe any physiologically

t t
¢ natoPiolte B R it BERRLSFY chol SRESITE (85 b PGty tved
Of it el kodven {pitheary. Theaistusrveiyre ntel@nsmpotdmmiss cbreexedple ,Sbasm

bstanti al | dot hel.i al
col Ten e g Pn e o fopmRiiet 68 S iar afinfe
t ubiohamistibncétar €, substantial ly surroundi ng both t he
hellal | s .and the | r . of

| ay@f)@‘ﬁ ]; eFPg T %@%Tn ?ﬁL%‘betlrlé i tHg P}élﬂggliu artbrqu ‘? i s%gtaﬁ)ly sufficiently

mul dtioggtd dﬂlbazfthé)ﬁndéllufﬁdﬂ bb@btbYethi @ltde dinAS oMl s}fﬁpé thile supporting
extracel |l yl ar trjx cm% conpone s or one Qr
derifsghon g lat witags eInoFrlg% TR BR Etsc) or iy ¢ frowpporting

t 0 itBR oRh Whadukhde Bf AQ8bhs: th&eks s%ﬁ@rﬁﬂh@r, defdﬂﬁanon (e g., where the
mul ticel lul ar bodi es maycontai n vari ous teins

(e.u tlceé]@laapq)ciy 1 gqngpets ﬁlw@ﬁacef 1|3Q,rthenmu1@6q1]u%é y is sufﬁc1ently

fi braR@&tth Rotaih @'ﬁbl@hﬂhat% ﬁﬁgﬁl{ﬂ at @ﬂ%ﬁhaﬁfn%%w MEARR suitably
The ECM conponents or derivatives of onmponent s

canabb@t cqtiel seithe avidth.c Also ap dbisteatesiadig. d Bf @r ma@Trpée the multicellular
ﬁo’ \I\ﬁ §! T#Hllp%&élt\/leka%g)é ﬂa@éxtého? QW%QQS Mllmf:élj bt ﬁ%?o%@f 'Jhe multicellular

onents or derivatives o '
coﬂg@mémt@ﬁamd@u@@nmch@h®@MHmﬁaéx@KU&@M@@C@U%WWk@ﬂwfmlwmgm

fr OfPRe Iﬁl&‘lﬂ’é‘&lu% b&ﬂj Mg lsup%%Hg& l%’ th@Surflc® %‘! cfl?edarQyAl of the contact

surface 15 may be larger than the initial contact area due to slight deformation of the
multicellular body. However, the area A1 of the contact surface 15 is suitably smaller than

the area A2 of a two dimensional projection of the multicellular body 1 onto the support
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reconbi nant net hods known in the art. Alternatively,

the ECM conponents or derivatives of ECM conponents
w@amobesdpat ural |y secreted by the cells in thePCT/US2009/048530

mul ticel lular body, or the cells used to nmake the

mul ticel lular body can be genetically mani pul ated by

any suitable nethod known in the art to vary the

expression | evel of one or nore ECM conponents or

derd,y@ld l\éq&:colf 1g. E@{' GRRRARhS a%ﬁjt{dﬂrof %inﬁﬁce'ﬁﬁfaﬁb&@l l (e.g., cach

adhesi on nol ecul es or cell substrate adhesion nol ecul es
(e. g the sdss ecilivpigtedi inFegg d Bhis sunpertechlgihe Bulticpliularghedy 1 above the
Cad\b@l{cls{ﬁz)ce lgrﬁk% %&p&ﬁ) J}tn*?orgl:)%tgceﬁl Mi@gl? \fﬁ'%.oa}lfes Egglplaced in
conponents nay pronote cohesion e cells I'hthe
nul sideetsl-$idd @ljoitiogyelaticoto encaampiher, ongl¢ BatisnrfaadB orig. 1C), their self-
fi bguhgo%ﬁ%abﬁg{éti ity ot(t)lrﬁ)?rr]la I? w1t§q}%ﬁ§rg%—?ﬂ1§eggo At alkap@?:ﬁwl%ch they retain
fi bthemaben coaform heoidispace dNuedd édirtsales arinirabnvdatjae tvek surface.

SAubia, of SRERTEM pERCRHL if e PR ERARN g o st

in cduﬂdaeesatlg strorpsu elleu thic uidticeialbusady Thaiphors thid &veipht bkt €cast one

medi. u an he si.ol.o al | 0 tible mediu .
anc D ey i b b o e e eatlar body i
t y pR{nblddid @lcy@euasn vhichehd miAemIat Bodidt@na filler b_BH%s are stacked on
tissue culture nedium may conpri se f.or exanpl e

nut PP ehens aapther (3 @&g%a%cwﬁ&l i3 fRoRpd ek} tefé,ow)ng&/&OheSlon of the cells

f acih M eSmulaediiuldk 8dyCiSis bk sillaBlyTu AR AN § AN R RNthe ndltfeellular

[ 0064] The cohesion of the cells in the nulticellular

bodpdy tq ke Rigked 4B Py a8 ipRlprBené (-2 SPHBRGMICEPAICDVSeHES. 3D,

W'&ﬁc‘é@s‘ehﬂhﬁ&e%@ﬁﬁb&l@w? etain a three-di mensional shape

whil e supporting itself on a flat surface. In Figure

| B, [00@ i nst &nalermengetherinutticeliuilarbody 1 paydypitably ge non-innervated (i.c.,

su t

: spig% n%ﬁsmmﬁgli)ﬁig%efogggnlgt@?sgloﬁi éﬁhfl?%ﬁoug’?br bﬁfh RS RE%Rd non

mul dartdedihayk.aif hdoalyicdlubw hodotas bt: Hescgbudfaace "g@jneeredemulticellular

multicel | u . [ fficlen I

a hgeoldé ﬁ?éa%l%]egiﬁ is r&g‘ge\sf%nlt ?rg%]]%)}glg%&aﬁ sttéusc%/urgs tnaﬁsah%/ef W]fﬂ?Oéll[. %E%Pﬁ?nce of

anchumen éngeunityall gthalyauds, the malltidetbulbb®dwiscdtyhthetld, sonasnaturally

illustrated in Fig. IB, for exanple, the nulticellular

boo‘g?mimfl% supported by a flat exterior surface 15

f orpoee7jon t he@hbaiuttealudd: bbiel san Have edrlou$ sizeshadyhabys within the
et.ween t ItlceLIuI t he sur

contact ac
oGt b e Pl dRuBRIRES Pl ﬂﬂla%tf%e&dg}% Tisa
' S IGhBEES bBdY, kﬁiéaﬁlhgﬂﬁutﬂléﬁeﬁnolé’pen birgagre@ndthg ehfrodghehe multicellular

cont act surface | ar ger th initial

Cortodét F %ﬁﬁ‘éamala 61 ’ICP‘S‘E%Y byy b?‘ﬁ’ép 3 e SHostERfally no voids, hollow
MUl dph &€ bt b fike RABY th VIRV Bhis istdhe dafeRcdbet@benttR€multicellular body 1
contact surface 15 is suitably smaller than the area

A2 igpstigted\inFigi hasnrion art elﬁg-lpﬁeg?éltbilqﬂq vgfsels grd other prior art tubular
nulgnkéﬁlg(l)rw{@{lesbody 1 onto the supportsurface 13 (See

Fi . This neans that a portion of the o
nul [ﬂlﬂ@dl | ul affh%m@lgtlcqlh(léﬁ.bgdx 1 dustratest intFige 14i-Ha & caafigured to limit

i1l ééﬁtnreﬁﬁﬁfj El:bd?ggnaflﬂﬁ% 0% &@ﬁg&h‘&% %gtri@fts H'](ﬁffuse into central portions

mul tice above
of the mult1cellular body. For example, the multicellular body 1 is suitably configured so

none of the living cells therein is more than about 250 microns from an exterior surface of
the multicellular body, and more suitably so none of the living cells therein is more than
about 200 microns from an exterior of the multicellular body. Because of the proximity of

the cells in the central portions of the multicellular body 1 to the exterior surface of the
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wor k surface 13. Likew se, when two or nore of the

mul ticellular bodies 1 are placed in side-by-side
wW@oej10/00890%) rel ati on to one another on the fl atPGUUSWOE048530

13 (Fig. 10, their selfsupporting abilities in

conbination with the three-dinmensional shape in which

they retain thensel ves can forma void space 17 under

their sides and above the work surface. [0065] The

cohgsikiouRk b&@e cARlid e nfhddafutol e ﬂe‘—éluﬁﬁheﬁ Q&Q‘Bﬁ okyde and/or

al so suitably sufficiently strong to al
mJI nutigeals| byl dafusindereds feomppirid spareatiks gmrloeﬁur&pe plthe multicellular

f : | 0%1? '?(Lv!/a% h¥ céﬂtﬁ? orﬁ&% oq’% p{jmﬁﬂtﬁdbgg ﬂeHJ &%%e%‘écrosw of

ody when the nult dsse
i n @llgmnet pyuwpre pertiving ofithe heltwallhﬂardeﬂi' (ﬁarthbmntrwoarmi) the
f|| i are stacked on top of one another (See
Ae%[fs}ggg mglﬁegsed in nore detail below). The cohesion
of [Dh@]cel | s Themuthigelmldribodyel inHigrl 1balslglarilelblgaa3| ®dy having a length

ol s DAL e ol R bt Ei o AF v et 11 of e

( e. Igulncéilutaabd)dyl lafsyult”ﬁblyl’aﬂ) Fﬁaﬁabdh&)l 0¢Baerdns ge.g. 31@ the range of about

th em#ﬁml?reléﬁ tng 3%8 nfteésj,nm ﬁlsy.n%gj)yyat Leést a out centlmeter (e.g., in

NONthé ANEE Mfamaea l(denﬁimeteﬂ th absut SOb&kiaftckd] iyl idr@ui@bly at least about 5
neur ons) non-cartil agi nous, or both non-innervated

AncFHRESR(S- £ -aldfi oSS OFRBOTICPRITBIETY feAPOBGIFeRipctye)- There is no

des@édrfRdl @pe@imit S0 Ge M@Sad oMb hiGiedlulth 85dy0 @AY, it is recognized
because it is different from biol ogical structures

t hathatdtip pessipla th dinke ¢ Hultiggildanhody Baving migpeth Hyessess ©f 30 geptimeters
f‘@f aﬂ%ﬂ%arytl&%ﬂﬁ&iff&ﬂeﬁ‘t%dn%@éen@fﬁgﬁérsb SitRhARd\RbpLof tY i 1alvent10n as

non-natural 'y occurrlng [0 The multicellular y
1 clang #canerspa iy willgredp zé@cwrsqﬁla@le%ffwltleﬁ %sqcr@éedswépéakmg along

Of rf‘nFlﬁcélﬂ}ﬁ? B{}fiyo fich '2:19 Bbtﬁﬁf’ﬂg@s 1|"ﬁc¥en dZHJnE IOggéll%lé’l hegf;sl RFg%Mhng a long

ustrated in Fi umenl ess’ b
thanultlbﬁéhlélrb@dymnc open passage ext endi ng t hrough the

[lula ti U

bod@bg‘ﬁsw tagfl‘?ﬁ%éist suD gtw g% a‘le(l”ftflebeqo {[ed{%l,lclg%ecl)lﬂagt\}\?dyl
spatiesrac it Fig. l aﬂeeumbt}kmgmﬁdaatl)bbsiythanﬂm Isngtls Lbrier example, the
d| ff er.

1 GBS B ER e RS bR} ML aA at 1B it hyigygtt, meaning
vesﬁeb@dyalnlﬁs ath h&péctmitic{(:i .c.atht Iralttmlkuﬂlt}age@ﬂgﬂod ml&lelioegist dimension
tiss e multicellu 0 il lustrate .
| B Ronhr Rerpgh EBfTH EStby Y s ity oo R} REER and scn
caused stmblm Ipdabti20Y1t il Bxy@@Nr@n eHeQlesoription MhSditnsions of the

glog‘%‘lf?l %q%(p]‘n%)ro% '}]ilgtqii}% ;151?)2% éiﬁfol'ﬂtag glsggéjéplngﬁlpléglly %Egher than 20
Sui aih }he%@d]fe'og e 8k eRorh) %}%xaﬁﬁplé 1R abpie¥d Ao éh%' bleaooo

therein is nore than about m crons from

ext8PTldr sur ThgBubiceliuis bady l i“é‘é‘lrart‘iﬂ iBig d @0 hawrei?ﬂw@y narrow
f’ E'{ﬁlﬁﬁ! W12Rd & le@lfy Shmhéléh\{ H19 F%{Eé;laﬁlptebﬁl'é %bé}age%r&@ Is&tional area

of the multicellular body 1 along its length L is suitably in the range of about 7,850 square
microns to about 360,000 square microns, more suitably in the range of about 31,400
square microns to about 250,000 square microns, and still more suitably in the range of
about 31,400 square microns to about 90,000 square microns. For another example, the
multicellular body 1 illustrated in Fig. 1 (which is substantially cylindrical and has a
circular cross section) suitably has an average diameter along its length in the range of

about 100 microns to about 600 microns (corresponding to an average cross-sectional area
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about 200 mcrons froman exterior of the

mul ticellular body. Because of the proximty of the
w@e201b®08905 t he central portions of the nulticel PCH/EHR2009/048530

body 1 to the exterior surface of themulticellular

body, cells in the multicellular body can be supplied

W th oxygen and/or nutrients by diffusion thereof from

a void space at the exterior surface of the

mul 'tlYeeljalll%él ALbRREY 56 Qi’ﬁ@lreqmu&ﬁs eBbE@R2 BO §du91'3§n191f0n§) h&ore

body. Al though there mag be some necrosis of cells’in

onesugiblyrythe ﬁ@gq picsutaNO nheor b ebae FPQumzrons Gepyregronding to an

t he,

the v%%g% I&@éesl Rﬁéa: dl{/lttﬁ%eral%%%q: Qt?duisl %od % '[I%Je glﬁcrg+1sqg Q&lut 196,250
bodyuirawiiergnsa, alné migt motel suttdbdyt initke @ngmffabmarit)q) yndratsge about 300
th { th

¢ neet (bbb i APt okty LEDR gbineil 31.400
1005Quatrecrm<nmn~st()abcglt706ﬁ)stqluaremagas)of about 1000 mcr ons

0 t 30 uta

R et o SFBOTR RIS R i Binlialh P E R o
to c@/ﬂl!dﬁcaBﬂlddﬁsﬂﬁ Blﬂ%ﬁﬂﬁﬂieﬂﬂ)/ cirsilard drose®dceion lﬂmtlt&?dallylala]ﬁodiee asting
abo centineters (e.qg., . .in the_.r e of. ab
cen ftfﬁrﬁ"t‘té%s tyls %lﬁ??ﬁf“(eé’ﬂg’&‘éﬁ? FepRe 8f %ffltﬂeg*?ﬁ@rnén Orr?éample the
t hegiiatdiual botBRANK bt hiTtlbn@k dhtﬂ@ (egngtchliddricAfshdpdBwith a square,
mul ti cel | ul ar body. Thus, is recognized that it is
posEFBIR A drithekEn & AbFT rfO@é%lll%%%fOﬂ@éﬁ%lOﬁ%whw@ vthinathg pqepe of the

I N @¥GRSS Oikewdie, SRNIINEBIRIS bEBT caR A e Rhrb By $phbeRGMApe, a non-
different from 30 centimeters) within the scope of the

i NV Y hrdrice)ilangsora qybeiddrihans Within §he seope obihe Heiion.
practical difficulties associated with making a |ong

rrul ticellular body, such as obtaining a sufficient
ofMaltlnﬁ/thﬁMlﬂmelllulahBOdieSnd| ing a |l ong

ot ﬂopﬁj' | ul ary Body, V%h gg(or}]akm@g&%hlgm ?C;#iles@lgqn

he el ongate mJtIC strat
F| gehatbetgrigics déstalipldyrbgvegittfin thanedpy of ths snviehiam. iFos eﬂaemgft h

mulgt)lfei'l]l%ﬁ?g%iyh a{}\})h%b C}gﬂ%t ‘?Oellg |§1 tcél?%% ?T% nytﬁgdtphﬁr Hto,f living cells

neamlm'gp atdeelrdnioxéy dénshra sndavisa@sipe CEhercal pute(aan be shapbrémto a desired
ratio of the th to the |lon

or el Rt A o bR P SRS e dusapion). m another
nor e&xaspief @dlyhgate nhiddetiulabioidy 1s]{ﬁodir¢dd By $Hab1ngﬁ rcell paste including a

sui t.ab It will from

desfl:l}‘ralﬂt\t{'l 2%“8? C%Eéma .aﬁglﬁ%%%%lam ée‘?rﬁ‘l‘sfq ? &HCP ““é‘rm a controlled
bodihvikoehxay & dllo@tthd &edls SqAEE t¢ Gel dothaito ErE0th® @longate multicellular
consi derably hi gher han E %@nﬁ%hl n the scope

i nVRMdYi Byet ETHBYhe’é@Z‘éWB e? THec bpdy ypredueedbys apgl@ﬁjcbcell paste
[ 00Adihdidf e prntiity alvingl @Ns MAddvike thiad M3dsRE QU palte H Dihreb-

al so has a rel atlvel){ narrow width W and a relatively.
Shoqflfne]l*?é?n@]’ﬁ apg. Thegel gg@&:ﬁ;ﬁ)}néubattqqlén ag@fa@&@d environment while it is held

CrGg %hestﬁl%g enakiofd SRup? fortaRGerRnt diGeld ﬁi'l)(ﬁﬁe 999&5/ tﬁat‘flﬁlanﬂlgﬁcwnt
its length L is suitably in the ran about

squephesion te sepertiieelfpipuflatzsdaos dg ?Cbah%’@ rons, rm r e
sui [‘oﬁ’ﬂhy in tfH@eJll%Qt@ cﬁf su@tmybe gl%vﬂig@by: (A) mixing the cells or cell

aggregates (also referred to herein as "pre-selected” cells or cell aggregates) (may be one

or more cell types) and a cell culture medium (also referred to herein as a "pre-selected”
medium)(e.g., in a pre-determined ratio) to result in a cell suspension (also referred to
herein as a cellular mixture), and (B) compacting the cellular mixture to produce the cell

paste with a desired cell density and viscosity. The compacting may be achieved by a
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square m crons to about 250,000 square m crons, and
still nore suitably in the range of about 31, 400

W@ quanesdns crons to about 90, 000 square m cr onsPCTUS2009/048530

anot her exanple, the multicellular body 1 illustrated
in Fig. 1 (which is substantially cylindrical and has
a circular cross section) suitably has an average
dianeter along its length in the range of about 100

M Chdkar &ﬁntﬁp&fét su@lQQs H}J &5&%%21‘[(1&04"1{39%9@ gélfbglsﬂeﬁsﬁipthat resulted
average Cross- sectional areain the range of bout

7, 8fisgn sejLetarerp eehdaeys thegleaimsipell egmewoion éﬂ@aaﬂ@) rHisspotysjnd
nnr

c%nﬁg%c?%c\guﬂgg gotr o{e? gsg% Hor g%)a%id%e éﬁ&g\ﬁ/ﬂg a&ﬁ?‘e & suspension
c r oﬁr,csn sdteultorahaydreaantiifigeh &r panigeniofd abotet acmyefl@@ll concentration
squ e 9 5 m )

?the rl(gt tfs?%% 15\%ﬁ yQ}? Hé ergér)lgng% g%#faarl fﬁ%%@% r(n TP%n 1s another
t o bt m8MOd nf @moerm:ram(gmrcempmmdg thg cbkhs é?nmameﬂagmy also be

ti. I in th f. ab
S oy Gie s st G SGudris R B RG M gosape
Al tdxamghs bheutﬁmd: tdm@luhdsl that npgdy udediih khtqiré'saﬁteﬂlvehﬁ]orﬁmgude

1 is subst nt| ical and has a sufstanti

oi rQURR bt SR ab col o s O ha b g Mrinogen,
di fdfierent si zes and shapes are within the scope of of

the invention, Faor exanP the multicellular body can

be B3| ongatBuss hgsell pastegised iy these m&wﬁ%léﬁm?ﬁ%g?dw% py mixing a
a SHan© of PGk B Wit a tiskdd ANGMIAdiun® lan@EBBacting the living cells (e.g.,
non-circul ar éross sectional shape within the scope of

t hebyi Gs0sifugation). [ qaewr mere BGM cagpeneas) 9ronapr Beigyledatives of one or

havig, rg&n @61@1%1 n¥ntS PRE]S bRbINAR @he c%ll B%@da@ Hgéﬁsg‘ed 1n further detail
cylindrical or a cuboi dal shape wthi

s c dpséovorf the el pqﬂv@@ﬂ |smﬁlblyw@trpﬁ@@pe@ﬂedl\m R mére physwloglcally
wul o]
nak&gh%‘ﬁa‘b‘lé%ﬂ{ers%%ﬂﬂaﬁ%[&%)ﬁé%ravI bfre ?(E)eor\a@{&a%g(r sVEREEN

ul'ar bodi es e characteristics
deswnipoeaht(arod ¢hasiesuling och eusswpm cglﬁtrlﬁiged pgmiretotfpromthe Fglt paste.

XTI, 2 T LERLRb AT RO pEANIRGe] BPR LS L RMA var

e contal ni ng
Wi t\h1t1acedile$pelse?ﬂh@mtdracdemsé:letvyeea ndIS\dleE:Clnt the. pr@mes ef the cell paste,
past e

e .sha into
mul & c%f?qr?ﬂl% ?IIS 8% 1 1&1?% d(? ft%rre%tlfalﬁtd ?{g{ﬁg ?yg‘&wegli;‘ce?l deasny and cell-cell
[ nauﬁaictlﬁﬂ)'fhelclllﬂﬁ@t Mre—&&z&émﬂoencraﬂe &lllohg atte@actions before shaping
| ul bod roduced haping a cell paste
ot iy ey B g e kst gke
shagetrifida@oC Rl drddp @sérBance ctinedbiatcdtidomt priof @hiipd @ cell paste.
environnent to allowthe C$||S to cohere

0 oOne
and®Red to 1 deHewsHeethady AR O usrdite sheas ﬁﬁﬁsﬁ Pastscipdenthe present
yetindh@bh&lor SeaIPR! Be cdl ikt Chrd ﬂlhﬂ@flat@d’-’ %nhaﬂlyﬂﬁ&&’éélc&%ressed

by shaping a cell paste including a plurality of
| | viesgg afi@n qoscepfiatipnigeippecdiop HaaclHeycdle ¢aseddppe. Jigs exanpie, the cell

a tlﬁﬁt% {y'ﬁ% RkeROR .S NRPEted }lﬂﬁo QF}ekorB@éf’ In@tn'nﬁeﬂt r&ﬁ&pﬁta%crompette

in confroll ed environmen eit iIs
th r(é@ dicasHary omvatte)sthatpbariep thegeld pgstd te |celitfprm Ior?él 1t1t©r10r surface of the

pr quﬁl%leﬁt. bﬁ@%r&sp%ctlaﬁsf‘ sh%lHé Bi} tﬁé ﬁﬁuropipette (e.g., capillary pipette) can be

circular, square, rectangular, triangular, or other non-circular cross sectional shape. The
cell paste may also be shaped by depositing it into a preformed mold, such as a plastic
mold, metal mold, or a gel mold. Furthermore, centrifugal casting or continuous casting

may be used to shape the cell paste.
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cohesion to support itself on a flat surface, as

descri bed above. [0074] The cell paste can suitably be
w@eavioekos by: (A) mixing the cells or cell aggPEHHSRWE9/048530

(also referred to herein as "pre-selected" cells or

cell aggregates) (may be one or nore cell types) and a

ceII culture nedium (also referred to herein as a

"pre-sel ected” mediun)(e.g., in a pre-determ ned
r at |!r(1)9’)8 t 0 regpble e'xﬁnﬁe %P’JhE n&%h%@ &he blﬁﬁln ARRL I%ta‘ﬁ{lﬁffme cell paste
erein as a cel ar m xture), and (B) conpacting

t h ein@ghapifeadevier 1 allow thecgdls éppeiésliyeehase o ong gBeteervj thig skaping

des [

be %eéfﬁlg e\?;glj Cflxgrgﬁlgﬁdgtl uesrﬂgtg? W Fﬁg o dséh % Q%S%Qﬁrg%b Ir&18d {iYa shaping
conket batd. np @pp]am pigatte xanddeld in mpm@ davice Iﬂ(a‘ta maturation period
res isB qer{‘edqml 1n as r? %ﬁga%oﬁ ger?oﬁygﬁé/ % all%wsth{ ?e?ls a{t Ileast
con ion ensi 95 oSl consi's

r eqwrtlaeﬂd cblare tolvme emdther) pH‘SheecellFane abbeamﬁhee,ve aufﬁeﬂelatcokmsloyl in the
dilute ce sus ion. fr e cul .t ure, my. be

contirpTg s O e PP 5Py St g ogers that has only
concemgdle ﬂltuluﬁiﬂloh Etelb teez, peinketindubaionateh pVWeor skeamil€) ghd method suitably
nol d flowfiltration ("TEF") is agnother

o Pl bR e TR CRHIT S4B Coysal i <A the shaped
celdes pa@@ﬁm#ﬁgﬂeﬁcoﬁmyllﬁﬂ H0ir&En R OFRI16E dhddellitotddBer€ @) dne another to
sus ension to _lend the extrusion properties required.

T $he it e liplar Rqdytla B Bisdothp 6tiRdac tRBMS dRYce (Ggegapillary
| n ﬂ15§teréa%%ﬁﬁﬁbl}} BVRRtdre @nhﬂfé e o LobibRaR: or BYALOGPhSius operable
Matr i nanofi bers, self-assenbling nanofi bers,
gel tatammamaﬂiv iphigg s mugicellulpgyas o athies- dimepsiopal qonm@t as will be
usefhsdribell EREre BRI 99§w"ﬁ16 Sidinds oy E@M%ﬁ%ﬁe&é’ orleXil A8 e@of ECM
plurality of living cells with a tissue culture
e ddogpenetrd far @]qtptm;lg geﬁ@mt gnd/or ﬁbﬁlme@em the celép'c@te m:byfacﬂltate
c enﬂrBlecH%‘%f aotﬂl)llncéllfulappgdgqﬂ a%‘g@ nga%tﬂ:&rgp NRBhSe suh c@rﬂﬁonents

nore derivatives o ne or —nore nponents are

t o dee piamuitededvirall edhesicigl ¢f tlpmmnlelce{lh@r ho@c d@mem there is a limit to
I g;thug %Eel% &?éﬁmlae ?e?l %X@ I’emtaLll in %Eﬂlagl r%ec!evi%l} s cﬁ s 38 a%lp@[?e which
b ufﬁrewéesctbmcteéis nnly (j]lrrtllhé a@@iﬂ’l acbﬂpmnnyge(na)ld/or nutrlents before viability of
der vq% %g%tql ECM conponent (s) and the resultlng
cel T°§ §be of centrifuged again to formthe cel
pas[ioe79][ 0076]f tHé’]ébll@ edrinodenstaingd oif thé §tapiegldbvigesit for a maturation

Ly RS G e O B BT At G MabtbihofEed sl pase 51

pr op@isly @sns@retl M@nCBE bhapiagtdevicaR ., Ghfiflay pipktt©ed b sdeyiBhaping
will have di fferent relatlonshlp bet ween cel

dendsvicy 3%@ -god Meldhpt Al AL PYEETHHID O REY SR 19 e syapliaddo the cells

pr ewhilc@idyefe FaincdGh BRSE0REkNap] @rde'lfleé @E &?ﬁddﬂfbﬁalhﬁaftﬁ&raﬁon period.
shaping the cell paste. For exa

may be
i ncOmagxapplewd p gatahlesheing (feugé 39]:&1@‘[ aélpwé |the cells fo be supplied with

C erﬁ&ﬁ&%%ﬁ 'o%ehrk 19ﬁg1%fedt119F%E] h@”@ﬁ ‘]T’fr‘ik Eha% tgldewce isa mold 301 for
interactions prior to shap |n3 the cel 77]
18

Varrodpsingathagelsty whpuliiselipdas dodies @rga;sébS@anéalbelriﬁntpdsmétlcellular
undifd'dletsﬁ EhPHERS includes a biocompatible substrate 303 made of a material that is

resistant to migration and ingrowth of cells into the substrate and resistant to adherence of
cells to the substrate. The mold 301 may be made of any material that will exclude the
cells from growing or migrating into or adhering to the mold. For example, the substrate

303 can suitably be made of Teflon® (PTFE), stainless steel, hyaluronic acid, agarose,
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i nvention. For exanple the cell paste can be
mani pul ated, manually nol ded or pressed (e.g., after
W@ aneeomddat i on/ conpacti on) to achi eve the desiPE&LUS2009/048530
shape. For exanple, the cell paste may be taken up
(e.g., aspirated) into a preformed instrunment, such as
a mcropipette (e.g., a capillary pipette), that
shapes the cell paste to conformto an interior
Sur %ﬁﬁe ‘ﬁglygﬂﬂﬁeh@?&éo@ 'E@Iég ‘meld] epl&s'h@%? oSGk, gsrdgeﬁgse gel or
e m cropi ., capillary pipette) can
CI r@hﬁréb’drog‘dhaﬂfeSImrlefdﬁfﬁﬂgﬂlﬁ ar, triangular, or ot her
non cul ar | : :
O 2 TR BRGNS PR 6 8L RS
sucdf calds }alvmgastlata:vehmlbmr qubtsadn (gl dromathe rsgelapimpeivice S1) and hold

Fu rtilgg(j)’n’E?OSIEI’O{l “fneg] % r&y e A e?qs og%ls ﬁ&é)e[dggé%? &?&?atl%g %Eljl&l%urmg
ex amublethefcolteHEn nﬁlhh od Js ibdreassshaformgs mnicibelbiés bodt thatrhaang greater

the n a _shapi to.all ow,t

Gy BRG Cion Srg SRR HedRorh e Faehliafifn G ¥ miticettr
devbdcle haiog agxdAliR charadsridtics ofh¢ muRdeliviar body 1 3Acril@labove. The
past e can be, irgted into a shapi deyi ce 71
(e. @01(1%51 OSP ggltre%ao USSUP q;llit}nat nilegl%t oﬁg\ég ﬁlg)rgfepgto the cell
devias® 5608 ¢ abyn@tpendhd @d’éu@@ﬂﬂuﬂﬁnécﬁd Sifo fheft@f sfekk }ld). For example,
herei.n as an incubation period) (Fig to allow.the

cel 3sdllysgatgd in Rigs AR ¢ plyraliy fshwgae gwowéoéﬁ@tfﬂr@?ed ip the

t heyup@lakes308! Qsa@ils@att@inAGHI42Y ﬁle&!éf)tﬁlﬂjﬁ SERLCRHRS i PMithBly in the
the first shaping device 51, the nulticellular body 1
canfabgs qf ebris SAYmicHong (rkswe K90 mpgiont gkhebattgm &f eqch gragve 305 in the

mat Mﬁ@lta{eg anbb&iﬁleﬁtesugablﬁha%' ANt Bate '@é: g’ b@hﬁ&f&uﬁb%@ss sé:c‘%nal shape
exanpl e, the method suitably includes shaping the cel

p asfoefosmingglongas Agindriedh apitieglldankiodiss gt lemr@l ajswlstpptally rfgcular
the régg %Q&Snﬁ%hipep%ﬁé FidtwA 'tlﬂ:g%rgovgg) 9i9 kl!u&glg slightly larger than the

envi ronnent | ow the ce o cohere
an owildéroftﬂ@ Iﬁmltlcnllalhebwlyl tp ibe ptolduded in the dypldl301} FOItehﬂISPIIGShe width

?16 groove Ves 1S ?1? Jbalgsr gﬁl rgnergte %g %bogl? 3¢ Ih]tCFO%E lt%a{b%létyl OPO microns.

bl O’ﬁ’rel sphadirg lmtw@mnhd gi()m&pﬁ)@ff iainuis:rmpzdrlabﬁt@wﬂ (generally be desirable to
aut onatj cal | l,ace, t he nul t

i SR Bottes Ry Siytel e Fhor s Eheth Meisa it b af yiceitutar
noredietiat tanlielppsiuddian itheaheld BON IﬁftheE@Mtﬁ@ﬂI&ﬁibedhhﬁnﬁbr example,

d o }l}é ?éliaﬁv%sqlq?%lagf% f@?frqgﬁge%g tgfcél gr%)gig& @%ﬁﬁn@ ]?aé(g Wi th %4 that is about

proﬂmﬁiion of a nulticellular body in a single

rraturatl on st p because such caonponents c r oot e
t hel08¥%dr al | TT%%‘FG\Y*"P?/“SGYE‘Y? F?e‘n?h.?latS“E&?‘E}P rWIE%She scope of the

Howgv@iion. tHRE E@inipte, Righ | IN-6C hiRisirite oA @MBYdinRint bf a[’ﬁ%olc géﬂeﬁllly
can remain in a shapl ng device such as a capill

pi plesigaatedip{lle thaiiep Br veed te Makeempld thaiisuftalis Oéalalaeéélses

at IQ@I%EGIFUQ&I‘ BN SR @AY %OVE]LH;I Elfe?stlsae pd?t‘?(fnqyf%hevtb@%ll i bnfigured to
of the cells is inpacted 0079 the cells cannot

be treeatre@gﬁe/@ of ﬂlemhewgl@éﬁlﬁmg) djéQ/lu d reams the pargiakmeahersd celhpaste
perdu?‘ﬂ% hRng. 8 %Ql?ad 1’%} SV eM?I‘Fplg‘ﬁ?e' H&30t W&y Meludes a body

the partially coh ere paste
203 and a plurality of prOJectlons 205 extendlng from the body. Each projection 205 is

suitably sized and shaped to form a depression or receiving area in the mold substrate that
will retain cell paste 55 in a shape such that none of the cells in the depression/receiving
area formed in the mold by the projection is more than about 300 microns from an exterior

surface of the shaped cell paste.
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suitably transferred fromthe shaping device (e.g
capillary pipette) to a second shaping device 301

W@ 2019/008965 nol d) that allows nutrients and/ or ORYLER20DW048530
be supplied to the cells while they are retained in
t he second shapi ng device for an additional maturation
period. One exanple of a suitable shaping device 301
that allows the cells to be supplied with nutrients

andigggefgen i ?hé f)a{rHéltlefr%cﬁQOI Mubtk@SE in ‘ﬁ’%s“@x 5@'@ &nﬁ?@@& %roduce

deV|ce IS a 1 for producing a pluralit
rrul the eld Q1 aMqu@tdqi élsF igee 44:4B. JhpBromations |20y alie@énﬁgum as a plurality

mul (H*fﬁl? l:)I(tH\LqQJeg @&ﬂh%gﬁ)ﬂom I@ﬁ%ﬂﬂ?é I%)d?’% 3. ' E&Jh%@ﬁl% S t2%5a 1ts ainggatwe of

bi oconpat | strate a materia
r esi gtean thetgnoaveg#ditin e nacddi 30 Ing hoﬁmm(bfhawelotlgltudmbaaeh 809 (Fig.

23852 ) {igremﬁfeé'u?gq tgt“%gg‘[ 'inoolaatg aSE use any e:,;[g gelgngda]t]e multicellular

t hai:todws [1ldegxibédbove. Ae laet dns of tho lﬁInngQﬁNB sigcal lartadly ditonntye

ISEL@{‘%»OI léla%gg @g H‘f t]%eé‘ﬁg ggs iﬁg ds %l}ena‘?-tlé?rfﬂbcﬁ EFt)ween the tool 201

( PTdnk)a,costcatiodabsanisthewh usel yafouth aveile ingcgetl for performing gel

o 2 nod Jafhe pue PbeBig Al W peght Ggpy paraic

hy dib @gehnothea Bl &tlTih arspal @ftérallystroth AREMer Tiheremubsiortadie
303 is shaped to receive a conmposition conpris

pl upagifudipalaxes g% Tha,hR5 209 are suigbly a gbytaptiil ide nggq Q4 another.
(€. Beferrihf QFik hS@ Eédhqtn BRARDY, SeMieRoR e RAF 2004 Gisth® D1 of

conposition In desired three-di nensi onal shape

durdbagt a5 Lil;’hﬁtdilséﬂll eprbpfi thaifipLA0P Mgy i dgiate e g ¢ BEGTQRT) cross-
of stet't?on(ﬁféhh}% do%§p%ﬁ§1§ to'tfe §1ﬁf)@3)f8thé%t{0hp(ﬁ‘lﬂllé-’ér@5vep 96%/in the mold

that has a qbeater CO%ESIOH relative to
t

conf$dsTha wHthoWp of each fia iysaitallneban 3%@1001118 tqs@@ht K90 anicrons. The
mul t C
o (%lﬁglﬁtlﬁu : § ﬁ%ﬁ/ hQﬁl\gé ggul B eagg?tlzgﬁua Ry %ﬁ%ﬁrltt]%ttd)&%mls

301suntéolab@mﬁgwd t@dt gn tb@nm dfarceld C@mret dl§stué101§iuh¢ progctions above the

gfa?o%o&ao@ tﬁrJ dls%u?ﬁ)é toglle[Otl %aﬁ Qe 18‘3?(? of VFIa c?uts %a?@?lafs%m?n %VP}IQX the mold is

nol e}i}uly sl.ép:{rate&,anqﬂi @, Teflsn® I(H’IFQ&)IMIH&SISmeIFmthe Uik 4D a

DuElPRl: ¥ 5038 RO Mg POREG AR R a8 PRt v o i
of Zachat gairolm/naadtes*.o1 gac])icc)ltfgbi %Et uprad ?_%é Jaatigetratd ﬁkRi)thgﬁSB& example,
o o Bt SR gy g B o T P e EgPy fig el culture

an @scamt(Big( @3)@0 theSI@M 1QisiC bik f YinCIBST t1Rel] caRad dishapeahe
for forn1ngQ%G ate cyllndr cal multicellular bodie

t halrolReHpas Wik Gl fropy the betigm </ dhedeel 2D b Hie the Yiquid 223,

shapg. llqﬂﬂieﬂ‘@"léjilf@m}é% et §@ MBMPPVER 0308 shiSstratdishi@dnding the distal
sllghtgxblarger than the width of the nulticellular

bod§rdt of thepisistens 885 (ae-1 fins)- bPRtogb] iFbitedaihthprell cultyes dish to

Wi deBar i 1Rftod1P81 %qu}{@ﬁ'ewllf prodlide@Rofd By @&?6@?”99 of
about 300 mcrons to about 1000 m crons he spaci ng

bet MB&H t he dhwolaseand shapingaleviee istupedathe paiially tcolwrerilcell paste 55
ge”i§ G abﬁ& R G %er bR @ s a&%&gﬁdg‘v{%ﬁg QEQ .V:cr%pglgh%be\{t% th the

cl ose to one anot to Inc

mul setadlshapling device (e.g., the mold 301 illustrated in Figs. 4A—4D). The partially
cohered cell paste 55 can be transferred by the first shaping device 51 (e.g., the capillary
pipette) into the grooves 305 of the mold 301, as illustrated in Fig. 3C. Thus, the method
includes transferring the partially cohered cell paste 55 to a second shaping device 301,

and retaining the partially cohered cell paste in the second shaping device to form the
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bodi es that can be produced in the nold 301. In the
illustrated enbodi nent for exanple, the strips of the

W@ absnesave 303 between the grooves 305 each haR&T/HS2009/048530
width WI that is about 2 mm [0081] There are various
ways to make a suitable nold within the scope of the
i nvention. For exanple, Figs. 5A-5Cillustrate one
enbodi ment of a tool, generally designated 201, that
c a%ﬁlﬁcé{ﬁ?ﬁ b&ch ﬁgﬁovﬁné@ btk R pbSodidviad the MBId ORI iRSbated
the nmulticellular bodies described above. In general,
a pdeng i e celhraste S retigedithprsindn a £onjigtedienvgropaeny to allow the cells
ne f t '
t nan SNy RIUPRE LR Blond ARAIPYFlor e EHERERT 1. he
mat aphestidnoof tlgﬁeqellml'lll lfewmffmﬂp biegngtthellgvothk r@0lting nivitabllylar body 1
|ncI bod 0 ur f .projections, .
ext eng i?ék 1%po\lyn I%%n %?e&%n? ]iig, gar%l %I%IS’ pl ettgjﬁsgﬁ]iuéstf‘)atesd 1% 9§g 3D.
Sui TI&hiaylllsnymnaﬁﬂ (mdva@mmhnnmg tho mmamae dmbicelhﬂérdmd}ot that has been
recei,vi.ng area int [ et
Cor engi 37 oTEE % ekt I BB DAL Sl oot § L hesa ofa
i N HiG@inte jor @sslacapbireEe bpdritde a»raaamfancmdﬂacl tHeheulticllglablyody into
the projection is nore th 00 m from an
bGP RSB e s Ca<Ebrd nudt 84E0BHoY The
parfooss]l ar t ophs, 2heickdnifé bBthetheihdd bf @akin®Amaftctifular bodies 1, the
configured to produce the nold 301 illustrated in

F. gapipgingdespriginiedeedlingie S5 Urkshaipg fgifced taalloyy the cells to
ahalllly YolRfre fol JAS afothe@ ML Gird: EIRPING dBALd, ‘ﬁﬁhs@&?m%’{he fpﬁl%ally

bo 20 Each of the fins 205 is a negative o

of @h@re@%kﬁﬁé@ tapspepifl ShRRIngHevice391. antpigtaining éhemglaﬂw@ered cell

| onfgl%tte Lt‘lgih@ @écoﬁd(%pl%g%e\(lgé {@-forafthe ﬁﬁﬁlc@ﬂlﬁar%ﬂ;/ it GHH&Eyck Qn some
make a nold that can be used to nake the el ongate

rul qmt@élanmSaatqu atveen gelatia sad/phidhringbenese adeed foethe eellpsste, the cells
of '

o rim Pl 381 SRR B BRlAk! Yol WO HE shaping deyice 1. and
o n ethelitef eff temeferrive tiwesH petieS T ool se@dd sbapihgalcgion§@nandartaining the

11t hs% 1n tﬁe %‘(l—:% Cﬁ sth?le o(ﬁénlc\/\%ay c ulﬂ?e%ggg for

per ores I'Flustrated
enb[d)dsﬁre nt Ehda fif Shaj)‘llﬁg flevie Sﬂﬁﬁn auieblylbgtdnritdapillhyy pipette and the
par a anot

and each fin is space
P SR n Oy R ETL PR SR S b Py BRRREN prveen tobe
| on@pplicdits thle cé\ll@&ﬁﬂe&ﬁ&_y ard Fegaifiddris theQbcoad ehapinigtdabicy, sadhl as the
subﬁfa |aII qiggocal to one another. Referring to
i o %8% 9 5 suitably extends fromthe body
2030087 i stan The Elossadectad@lshape. ah'ad Rixe offfne nﬁlt&bmhar&iadle@ﬁviu

i ns. 205 have an arcuate em circul

gt eSl%%‘Qﬁ%thGGFOrs%éeﬁBﬂ%l %EP?S H] FEeSHA lréthht‘Hi’ég device
b Ot dn@HhBénall ercBEQAY Si%apRBActiBe hife@ tdMhie tBOMultiEORIMbEYiBs, and the
WB of each fin is suitably about 300 mcrons to about

100drillei ertispis willtheerblei te pelerd suitpblesbapaedericss hawmeppipblg aoss-
sui d.aRin¥1 s@%é‘étcrgsmaﬁnil'a&as? d%a]ﬂe%?s bheichan! su;r’tggle kot creating

suitably configured to sit on the rimof a cel
cul mylgiecliyjas hodies aping therpsosprertiens] seapss. am@sféec?tlwl areas, diameters,

and lengths discussed above.

[0088] As discussed above, a large variety of cell types may be used to create the
multicellular bodies of the present invention. Thus, one or more types of cells or cell
aggregates, both human and animal somatic cells, including, for example, all of the cell
types listed above, may be employed as the starting materials to create the cell paste. For

instance, cells such as smooth muscle cells, endothelial cells, chondrocytes, mesenchymal
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bottom of the dish. The tool 201 can be nade of
various materials fromwhich the nold is easily

w@epavesvexi, such as Teflon(r) (PTFE), stainl esSRCHUSN9/048530
and the like. [0083] To make the nold 301 a cel
culture dish 221 is suitably filled with a liquid 223
that can be nmade to solidify or set up as a gel, as
illustrated in Fig. 6A. For exanple, the liquid can be
an s‘?@ff‘E@@ em%ﬂldéis' ABYoBIZ3s, ca-lhﬁ’) Qlteszg&\xlaﬁn E’él@cl?e?atg&téscﬁ? Chinese
of the cell culture dish he
si thamster pypay E‘TQH@zselbfmayH@ qye uAtsmmée df eplls fae apetended

0SS5 P o T P L LB o

223liries cal Heowkared ® weducep smfﬁcrbmrqumalt)s of gedls & f@ellcatlon of the

subst.r.at .Qupdi t ' fot . ..
or o DGR PR Qi bt RORSLR b, o sgpcnt e
of fadtvhl&ageelhsl focadoidimgehodi mﬂammawe/paxmhﬁs bhehé¢raolte 20dhronic rejection

from.the ne roduced nold 301 (Fig. 6C). [0084]
g g el SIS iRl Dsea 1 he
par oosd]! y cob\eme«éd aladve, tbaﬁlhﬁlcélﬁllar$)06y1cdna:b|hy5mocellular or

nsfer he flrs shapj .n 1
RS g St T ng GOt u B g o I ES P e By by i
t hehdﬂi’iﬂcéllu?yﬁll d.lil st dcdta@llirhlity 6f Bsng dofts 4B) sindib€ell type Almost all of
partially cohered cel | paste 55 can be transferre

t heth? |ryiag cdly é‘b?‘i‘ug’aé‘é\tf? laeélsscifog ére@tmg at}',pénoeglﬁqung}lt}cellular body will
Pi pRideRy of thd Qnél@@ell@l&%&kﬁ%&%@o&% t$188nd¥abd oW Adve1s@$ impurities,
illustrated in , the nmethod includes

t r dRSPERE P FRPHVRRY S@&H fpgpgryf el of @ difteenf cqhlfypedhagdaygnogmore than
second i SiBRRIMPELt 88 WGt Bdon AR of &l el HiEBink10&es BBMbE ]y
cohered cell paste in the second shaping device to

f ormvitipediwiar b@cg@sl maﬂeétonbmly cdl paFig| Fouvixagple. ¢plitpavtafdrgrking
perﬂo%c%lﬂﬂé’mﬁlﬁtlﬂc hﬁ‘l@r lggli) 1ﬁcl{1&g Egﬁto?q ﬂ?gt € dptré']at least

cel aste 55 retalne reln in a contr

envabpmtrﬂﬁ}mﬂcen@f dieclcolls inhlke llipge am cellveof dhal firstpall tywet o
fur cohe .

ot O, 7o o Sl R S kel RETLHIES g e gty pgna. thecet
be misofnild senablyyindtdeoipgyificantatulbers tofieclls @6 mlote thap one cell type (ie., the
nult cel l ular bod t i cked up w.th an inplenment ..
51'<° lé’asde Wl@bec%%%f%fﬁeﬁ?‘gﬁp ?‘é@ F’iaglpgfs ﬂ‘ﬁCF%%SFea“ta% 801?"1‘%15&3@’?“”1“ of
3D. 11VT1]i§ced:1an d fiar Wp@alﬂ@t[ﬂlﬁalaﬂl of ivieg\catio R akdebmptypd) ehe second cell
naturebnul celgula% % th t h been |cke€ u
out B} A" Eﬂ?‘ét e AT e\)er E’&‘Hlpé el pasean
pardontptis@a plitalityl crfgwhlg@eusqff aairhlcelpwpataqﬂur@lﬁty 9F ih@&ells of a second
apparatus operab e to autogatlc ally ace

mul $1¢eet NdLrPIaLy of Hyige selisof %gl“&lcﬁ]é?}’?Foﬁ%‘FS g dirstel pate is to be

as Wbl to fcheRFIchIRAH nukid¥niier KkediWhidAeh Qith al{e Q@ge"j’ﬂsed to make
Thus, in one exanple of the nethod of naki

mul Y@ tigius thegderplisy of livingeells irnihe sejl pastsl %égltafbévt Brlyde gD

t heenﬁ@ﬂh&ha@@@lfs%n@énbd’t}h ﬁlugdlt{ @etlls S(hﬁtﬁﬁ(ﬂﬁl ﬁﬁé@l&&ll?éndtfﬁ)roblasts (ii1)
all ow the cel stogartla re to one another in

t heenflptheltal elaphdfbrgblpsteser (iv) endethelial celly. sopaotipmpscicade]ly and
co hl%rgﬂas?se'% (fé@éfb@d { r@atecf%hﬁﬁ wagz‘fa*&%e%?ydeﬁlﬁa&%g pas@@g used to

retaining t part | al ered c aste In '
secwente hh apliltwglhd@\hOd@s,tthﬁ livongwelliheap] Som w@é'| qughg the pesdiyration and

1. J_olﬂx\ﬁo eﬂ’r()celsg]ba%)cp&l differences in the adhesive strengths of the cells, and may
recover their physiological conformation.
[0091] In addition to the plurality of living cells, one or more ECM components or

one or more derivatives of one or more ECM components (e.g., gelatin, fibrinogen,
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enbodi nents, such as when gelatin and/or fibrinogen
are added to the cell paste, the cells may

wagedihioessent | y cohere to formthe nulticell ul arP@DU§20097048530
the first shaping device 51, and the step of
transferring the cell paste 55 to a second shapi ng
device 301 and retaining the cell paste in the second
shapi ng device may be unnecessary. [0086] The first
s haRjingn dgbER iR Jarki@th, SiHithafldorphiddeflRai) Gﬁl’%‘lﬂté Ue included in
pi pette and the 'second shapi ng devi € can | ncl ude
devihe eclkMate tainfeneratgiihase subsiancen entoshy @@ﬁtheﬂulbréwﬁ@pms inpigd above.
to
shan s g supleh ot REK AR of B8 fhoh bl e PRERGRY ppotccan e
[OQ@Hmkdﬁem@ﬂmganQemnm@hmumshapemaﬂﬁlshﬁsnbﬁwnMEdhmmknmm1m
mul I S

e&l% %% Séhlége%Féon ao?n 0 £t4e0§ dglﬁ\aatt J)f%dl\? %ﬁ}gegnggtg%tntﬂe &i paste

Shapamomewlcomswnd)f dmtcemaltﬂeydnmlh&llskacbﬂfd}i' Fhapiangle, gelatin and/or

ce used he lticellular bodies,.an o :
P AR Gl B BirBp B St 16" gotatin
shapidngokevi cfellsc) kamig g fﬁ)ﬂhdb@mc@n l@ermfxgs le@th la@hahlits hﬂpeﬁg cells to
Cross-se i ona ar eas, neters an nat ns SUl
C orRRh B2 HOPdtiof PER ik A Lr Ay B Rusbeh A Taf then be

Cr Q®Smpa&ed (c@Ndy cShARRStion) EOHEM FRGEI padd. ﬁfe%aﬁs aste formed by this
di aneters, and | engths di scussed above. [0088 f

di STPRSEREN Ahabe Shaapeﬂ ahdjacubaef & 3oestrofied qnvwg%fglt Weﬁ}lo}yéhe cells to

useght:@ t&érﬁ:aa‘h@thtaﬂﬁ o thé eRldcbinadr vRed BR Mhinbf@ Bf BSEMverted to
i nvention. Thu one or. nore types of cells or cel

aggitstyayehe a%iatOﬁ ohthiembia frie- adtirg thegwipting proggsp) Vhen ECM

I ncdoehoRhts cerlEn@Qﬁ@E@clf%Cl\@'c&mﬁgneﬁt@ Such@b, fol &Qﬁﬁlel éeﬂtﬁqm
above, may be enployed as the starting matertal

cr effirmogdye ar@ andludgd st the cqtlrasteribe dromg sip W@bb/m@hlpages retaining the

S m)&il[bﬁ @Ahlaﬁlfl% 8&9&4 E?(Lrhladle ﬁlﬁiltlb Al %%‘35‘}‘1 LASHE %‘R'ubatlng step

mesen mce S, nyoblasts, fibroblasts,
C arsdlt@lﬁy O@WTQSS in8diategthe e@u)bdscellhsﬁtaumgm@s ccmtrothtﬂ eregenment to

ham?lltogvrthé) s Yo éth"? érhe % hgr tgt%é/rnp t%% %%HL?%&% bolly.S a?pl €

roman in reci
ex a[IOﬁSPH by EFh@pxsge)nt mlvermeh hls0 f)ro@nhes)anmethod fmrf:é)ncation ofa

est a nes ¢ e ul,ture to roquce ,a .

S or Pt dRET b6 oy OE « BRI HEN Al b r SIS G o desirea s
mul b isiepk| Thaihvéite &dricdsh frﬂeﬂﬁhlgbhheazﬂlybsodipﬁges titeecheepf HOM providing a
cells froman .intended r i ent e ad ant a s for

v LAY FROGEIDE PSR SRy e SERor P pegiehies g o @ desired
c hr @Midensit@ja8E VikeRitdf 2)tshgpitd A0 6¢1 ARl eelg Om@pNdRired dhSd)€and 3)

by t he reC|p|en [ 0089] As noted above, the
mJI{OFE‘ég gt 3alyr'e0£ﬁt BUHORYBEEIPUI ar or

het@oexel | ul ahe afbREai BN s kb%@@@e'ab‘lln@sredmjoﬁ%lﬁﬁﬂe |0Hhﬁ[t1ple steps
a .

bodi es, the cell paste suit i s honocel | u
it PRBIURIGS cehepingg @i the W@Pellwlay Ay Ee-1cellgyr ualtzaulﬁgpléam processes,

cel LIl oh YREniti4Y IHB%U@H kneQtn E)gk?e Ilnﬁ}y ﬂ)é"[glrt?a@l}ylsébﬂl@ecp 8 ILartlally hardened
paste to be used for crea honoce

rul teiferal the mafticplbdsr by with 1ntegr1ty sufﬁ01ent to allow further handling.

[0094] According to one embodiment, the forming step may include two substeps:
A) retaining the cell paste in the shaping device, such as a micropipette (e.g., a capillary
pipette), for a first time period (e.g., a pre-determined time period) for the initial
maturation, and B) depositing the shaped cell paste into a holding device, such as a mold,
for a second time period (e.g., a pre-determined time period) for further maturation, where

the holding device is made of a material capable of excluding cells from growing or
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be cells of the single cell type, subject to sone
tol erance for low levels of inpurities, including a
wo 20100082e3 y snmal | nunber of cells of a differeP@T/t81009/048530
type that have no nore than a negligible inpact on the
mat urati on of a construct which includes honocel |l ul ar
mul ticellular bodies nmade from such cell paste. For
exanpl e, cell paste for maki ng honocel | ul ar
MUl ok ert@ror bafigse Sitb trabing 1ﬂ1ﬂ£|n§h‘ijtﬁ'§t1&1%ﬂl§)r&lffldeathe cell paste
first type, where at [|east about 90 percent of
c el Wigh suiticiens sielility tpaerpan st desingghodfandling in ithesftlrﬂteé maturatlon
gﬁ £0090] For making heterocel lular multicellular
I es, on t he other hand, the cell paste wll
s ui [089S] y i ncMadeusgngyimidf lcudmusndmlfeqﬂéta@ftha:fetth@ ngfturatgmeprocess. In
thgta(glre%glg)f)ﬁ? %eht ;h% %gl ‘Se{ste m%tiengc%%ﬁte& ath? tg’aggf‘ golr élglﬁle period (which
¢ onrpaty Isaeceﬁ tmemeaéridblyt) tmffoslter\cohger[cel Aistennﬁti\alyf arns addlt;qnethe cell
and ura i vin secon
S ecuma R v st O 7 e QiR R B o fons o
tymEMmhmhaﬁmEher exanpl e, the cell paste can conprise
I|ty [ ivi cells of a first .Ce | type, .a ..
o Dottt 2 Bor dshpfochster s ol e o bR phapg K Reurfigd ip o
pl unrtdpipétt©fe.d.| Mdapllaglipetie Pi.c.ath Mifisl ne@lrhtidnyPeoess] Ortd the
if the cell paste is to be used to nake heterocel | ul ar

ul AETENGe I A1 BB S At < Andeg £a0 bireatvds Bt duesgse from the

Mak@ickpifeHs, e dell HaHE mb P theR bbb Fidhid Moubhtel h¥d ABuc@Wifh théllium in the
the cell paste can suitably include: (i) endothelial

c el fughegmpptw ainstOoGetfs Whish eoueagey efentianf dhardeirsshape.
cells and fibroblasts; (iii) endothelial cells and
fibroblasts; or (iv) endot hel i al cells, snmooth nuscle
celE@Qﬂ%ﬁﬁLflbroblaSts As described in greater detai

abo[\j69 ]V\’h en m?ﬁ{; ?r(r: %F\F béﬁti@& %8 Eovfa@iﬁﬁir Ib%dlgss\Qﬁlelltl an be used in

create t he I'ar iving ce
sammmmunmlwuhﬂnngWmmmGﬂmdamhmnmdmde@hEsbumd@n@@é@x

cf 1%61951%31 l; Bl%él%ﬂ g%lnéeq%({]t%gue%dEgezc%ﬁ/creﬂo{jttﬁe a;f}gst Htsln\(f)efntl&h fiso

C 0 rlfrovumtal fdler b(ﬁdyOGt]s]o r¢farredttd ihtteorastad fitlbrengtixinat" toyoeofsed in
ents.or one

I n e n

oL R B8 TulosT TR Epoaid S BERRR B SR et Hep biologica
gFl@mMﬂmt&mgfnmﬂﬁmﬂbﬁmhiﬁ@ﬁnduf&ﬂmeﬂethmﬁsbgmbﬂbﬂmd3I)bw—

el asti n n or n can u a ne . .

S taie e Bl SR B a2 RO IR Bt 8 Sutebly @ body having
s ubspraaeeminét ghalsmadnﬂfh in€@drialidaphibld OCkixeRIdin@ScIBAr@&ing or

above. The ECM conmponents erivatives of ECM
conPiSHERE & afdherig tp el Hgeaier g%ﬁ matrig) iysuitahly pgrmggple to nutrient

f r oda AUEREPE] BMERBY as $IOHE €1tur® MeBiuMs @@lﬂc@ﬁ’lre medlum) For
reconbi nant net hods known in the art. Adding

corfremalst e Glerchody pateriples srbizabiccompaidngs Htat?ﬂm@lected from the
cel %roﬁ?&)tnﬁstﬂ%yof Qéeﬁ’ﬁét }%/aﬁﬁﬁf?ééc@(f‘ lefyet‘h?l%né:Qw a'nﬂ‘ aé'ﬂ r other

mul ticel lul ar bg@y For exanpl €, gelatin and
f i bpidmege agan-g %dxﬂ@@oqoemah@e awfariab éféleé*ﬂlemﬂdees can suitabley be

pari‘ohﬁéﬂl r# lefgﬂ:g?ﬁh@ﬁéﬁ?gr ﬁ’% glgfe?bgt/ gcglgérﬁlfba{l&s%@ gng%ame Hlatenal For

sol uti1 on rrnogen can be m xe
pl wxampleya blfnemfwnl@ falgdr bedyt @an be made of 4% agarose, while the remaining

filler bodies used to construct a desired three-dimensional biological engineered tissue can
be made of 2% agarose. The filler body may assume any shape or size in accordance with
the shape or size of the corresponding multicellular body, with a cylindrical shape as

preferred.
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forma cell suspension containing gelatin and
fibrinogen. The cell suspension can then be conpacted

W@ 2019/0089y centrifugation) to formthe cell paBCBEUSZNG048530
cell paste forned by this process can then be shaped
and i ncubated in a controlled environment to allow the
cells to cohere to one another to formthe
nulticellular body. The fibrinogen can be converted to

b['i)Ms by the, QA d{n®finRhis! M€ ATRIH3d{@ndre ’sh%\% éﬂ@lgblztep Qibstantially
prlntlng process). Wen ECM conponents or derivatives

of iEaNceldriisnbanes angl fées athe ﬁmitICélkldfrrﬁilOéleS yeth athich thaydre to be used
btro WORYE Resir@d ﬁlrée #%?O%af ‘tﬁol() Eal %ﬁ% lleapfﬁlsds?ue tTlillﬁs for example, the

shaping step suitably conprises retaining the c &l

pasﬁll@r bodies aan nlgtaélysmaepanyg)f dewhares tiescfibadmbtrain connectlon with the

m‘” &l?lfﬁgééfgﬂf ﬁédgglg?}gr ex%?nﬂlet llj] th {h%giﬂgxal{)qd?eg agé t%@ n?ulllt cteﬁl.tﬂilry‘tiodles may

c o rﬁerSObﬂtiﬁﬂﬁaH{)nwlmdm aitd Hage alblstranwlaﬂlly euc:ﬂ:hrl csosweoa:lohﬂehaemgo

Eq / ﬁrk%foﬁ&n]Hhe nubticelﬁul r body. [0092] The

pr eWBHpntHy KPR PLES (1500 RE B fdt hod f or

f ab[lOOQﬂit i on Ofe fllorbbliiecaid thid anltibathyar Godipy das ihag: (ﬁfferent sizes and

pl ur r cell rmed in

Ge<ibipeb 5 a6 erEsi s g on LSS op B rove At tisd secording

genghhttdfn CEINRKAt § @8sidel ehr&d @RSn@naldio RERYI Glbieeréd €8hd is formed
past e contalnlngﬁéoglurallty of pre-selected cells or

cel‘l"h‘%‘g}]@? Byardl es Tuyg tp g angalicrr &Y ipsgnee. danfdljer fodisipan be

Vi seghdtiily cya)ndﬁm thcﬂﬂe igice®liar Hoass @an(‘ti% sgbstanhﬁ‘ﬁ}pspﬂencal (as
desi red shape and forn1ng the mul ticellul ar

t hrigugjrteddn Exgafte.?énFurf@ogla filiek Bodigsng &hsi raulﬂ%?ﬂlﬁiahgodéqswy both be
mayel&%at%%ﬁ& %gnﬁﬂ&(%yﬁmirfeﬂeblﬁ %a&@-ﬂﬁf&r@ﬁt%@lﬁp% hd Q{llled artisan will

ensur € the coherence’ of the mul ticellul ar g
cel regfgaize that thpre apgymansr wayis i whick 88erdwdicy mmulh@ellnuhir pdigs of

i a\gcllg)ﬁlézg%s ah@ﬁlaggsl J_an ?g&rﬁoa tok? npaa({e%fr@ th%ﬁ dimensional biological

| ~or partia ene orm-t
mul eigmedreditimpe.body with integrity sufficient to all ow

Fur fopffoy a0y A 894 K GRLALIG | R ne, SRR BB marcra

r etiatorsi mgdttbmm@il slhap:eaAtcEDrdlmg tohome simbpdimgntdi neehod snag Hurther

as .a ett i t for. .

£ B hERERRL bdefine GoERBbUsPRET = Pl s Bfi G- the pre-
f orsetebted ifillert rhabrialet unighidaike n&mﬂlaB)Z) dapiag el qugidtlhce material (e.g.,
shaped cel | st e 'nt a hol di n i C s a. .

o B0 gt sele R e pEeot P g PSR Rz

ti n@%h@@y inedh fille@bodyutcleh e¥ithBd preatie@sd sh‘dﬂi@f e the hol ding
device is made of a material capabl e of excl udi

cel 0814 om gAMb SrRP YR Atctiags AY b vt toREREr Y ety of a

it filTdp ehateihl ir@ludﬁ%td%@tok QRir¥dt hbatiE @Y ihg ehatdhi@l, G licatRAI Bressure,
with sufficient stability to remaln intact durln t he

handfIch#igingtsccreceniiztion e Mdieav el aniaberof Brstheds mfsobﬁgﬂsljlployed in the
Var§h9;'ﬂ§ ﬂ@ﬂ RRGS:s g@ﬂbsﬁ’l‘ﬁg UG kbl fn@&ét f)ﬂe&@{ ﬁoltdh@r dfré’w&Qﬁ into a

mat ur atl on process. I n"one enbodi nent, the ce past e
maychp@aberpd d@ﬁéﬁeé shage by b pwettar@egasive élspluaﬂeénq@é@ﬁ acmstm/vrﬁ withermore,

a number of known methods may be employed to increase the viscosity of the material to
solidify its shape, including direct or indirect cooling of the material, causing or allowing a
solvent to be removed or evaporated, allowing chemical action to harden the material,
changing the concentration of the components or allowing crosslinking of a polymeric

material by chemical or other action.
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may be cell-type dependent) to foster coherence.

Alternatively or in addition, the cell paste may be
Wh2010/008903 he presence of cell culture medi um cRECE/EBIVNYS530

factors and/or ions to foster adherence. [0096] For

exanpl e, after a cell paste in a cylindrical shape is

i ncubated in a m cropi pette (e.g., a capillary

pi pette) (i.e., the initial maturation process) until

t heopftngr enc?moécxa Pfé é‘c%ljdﬁg'tc?'omohfﬂ%t taEa@os@ébl'uﬁgt‘?(agarose

can be extruded wi thout bré&akage fromt

m corsgpiapein powdehghagemixep sgth duffenand M@th@a}’f herheped to reduce its

Rt D pel L4 i) AIEGLAY pp% 4 iEdnipgg) with.o

desdesiedd Ghapeon (Bf infosyr chBobéred a[dw@d]sha"ph by p¢@9emd15placement ofa

| ”V§HB¢?° %eﬁ%n%l?n orn(%IYé (ge%‘?%c{ ({ gés%e%%%' g%g 1%*%(51%96‘0@, capillary
nmul gipaies hm@vaboah cessstsa:trbmlmhajnescanéﬂ qufdr dedexmmd, anglillary

bi ol.o neer eci.fjcal .the

o B o E R D RRATE s R s TR b el R gan be wsed 0

r efrﬁdik‘e&'dlet bodig rveiich Aas SLﬁstalﬁtialllb/ eylindgitaliand which hyvet mbsbzﬁltially circular
nco ation with.t [ticellular bog ﬁ

bUI “lri?ﬁs gFUqm tsﬂapf’“% rAhEHﬁE‘fet% @th‘IH ary PHICHT Byiteen Su stantia Yy square

CON&bds Wedtion Woag @s teRgthfchd b&ised@thA& fAkELIFRGvHidh dledubientially
t he domai ns of the desired 3-D bi oconstruct that are

devaiidresel 3pd)hichehay e pararegaegs-aections) shapes. | Eie skidlgg artigan will

SUi fe@iZhite tabREY bB@¥! RG iR aﬂﬁﬁ‘la‘a%tf&roﬁﬂ %%rfahﬁﬂﬁesmse Sbduced ina
a material capable of excluding cells grow nﬁj

mi gvAIATHRRIP et U ing carititie Pipqtiestas upad.in Imlsmg juitice %H&lees as described
mat gpi@l is suitably perneable to nutrient nedia (also
referred to herein as tissue culture nmedi umor cell

cul OOFB] redi Why agarse s@xargh ghe pipegte {or|theeghapbey mar beedoddd to room
i's I i - -

5 EAPLARI 1 UBROPRILALE 95 ARUSF L LS falbde e
pol yetaphtamer ity cdil llqlad,dsoalgaart calmrohdtfh aro hywamgegelasrithahe desired
non . £l [ I

bo dshg;ge %: ga hﬁlgelr“ {)%b bl*h%cf‘gsnR@% ﬁlﬂ gg F¥téurdg n{ro}n tfle Iglpette or

mat @pmhtrsiuong fhemms&uétfoaroé apamoudménd) tatsirocts of the sane

U i, TR o S TRE RS e PR

b o ohs dsasttsethstaohicodBidnsiohal aoasdticetpiiditiear diarginsinosfahulticellular
[ eered tissue be nmade of 2%
g8 S B Bp e POt e oS BoaP Sy R o g head of a

I N @Gk awaen ailldt bbineis sbaRre f&rthesthﬂee d@henkd8al construct, the capillary
corresponde}ng nul t| cel |l ul ar l]o with a cyli ndrl cal
1

shapeetasahpefarpatd fobysreeih ey thab AR SRS Ypeti el f preexample, the

fi1daBNiaRQfh@S chrtrmbRPRs tANGpl§of 8sarsib Bah@dH thatlid Meated to maintain
identical to the shapes and sizes of the nulticellular
bodi B iguidstaimiTop hﬁwé39aral?@Spﬁat%nwh@cqpalawlp@teao shape the liquid
desihiahe §ht3ﬁee@t‘ thHl £ ﬁ‘?é?%b&}n "ﬁlerpﬂhé’ Icé-fgl'la??blp@tﬁ%aﬂ 8EEed (c.g., by

tissue. for exanpl e,
1mmersmg 1t 1n a cold water bath) in order to expedite the setting up of the agarose gel.

Three-dimensional constructs

[00105] The multicellular bodies and filler bodies described above can be used in
accordance with the methods of the present invention to produce a three-dimensional
biological engineered tissue. Briefly, a plurality of multicellular bodies and a plurality of

filler bodies are arranged according to a pattern such that each multicellular body contacts
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filler bodies can suitably have any of the shapes

descri bed above in connection with the nmulticellular
whomdy/0dgoFor exanple, both the filler bodi es aPdI/UR®09/048530

mul ticellular bodies may be substantially cylindrical

and have substantially circular cross-sections having

substantially identical dianeters (as shown in Fig.

2). [0099] The filler bodies and the rmulticellular

bodj @e%st%@ oh@)vaﬁ‘lomef hekiea kS| 'b@(?yS Pﬁnf? a @i‘iléﬁﬂﬁ? €%¥he ﬁQItl'CQnglr bodies
as the filler bodies and nulticellul ar bodi es can

ar ran e aleedrtd g with ablcgraprcerther sudticctiviat body defirm @dhere-
t hr

cﬁ 81% V\ﬁggﬁib@g@él eF 19&'—:69%1 t%?"lér e[@g é’ :ﬂglgg %g éﬁtf%&gtﬁées%parated from the
an oﬁllk@nnulﬁ@ﬂlulanmdm ¢<e9bta1h ghef angineerrecbmﬂu@s c an be
su i all u
e an%gﬂﬂii ubst ?ﬁl Ioﬁp y S y h e? Iﬁ{gg (51 %n f étrc{l? éﬁﬁ Ig%gs%ht 1ﬁvent10n
Fi gultieh E)gend%albftd’eagnatctdﬂkﬁ)lf s I11IILEstratbd)nhl R&g 2aihge fttlhneture 101 includes a

mul t.i cel | ul ar bot h, be eIon te and . )
b o R TR R oS Sl SR S BRE jdepipsh o the

Th eeledglaieIrﬁ_ﬂtmrltﬂiaslamlywbdekcribed: agne. ZFer E)blaipld, h?he)f diceldmgaty

ways i.n i er es an ul ar

o SutiCai B e BRI EE SR i Bans O Rl iRsgribed
desdboedfol Pfogcit MBSy 1n§3ﬂn@l|t16é]lu¢‘aa kiss@B gbdie84tRan be prlnted in air.

ti ssue 00100] A fil body is suitably produced by
shapht ul{a cedlyfat Bpsties I siFqnes rasTRin hich edeh multicelluar body

pr ecoﬁﬁh@ Mol Bn SHRR Saulfe ARRAIAY. KO bR ﬁn(ﬁmﬁ%@'lﬁr&@&en& ReFig. 1C,
met hod may further include the steps of: decr easi n

(1 o%éf‘raﬁtr?@? of the myiticehdarthpdiss 1 gortaqty %aoth%@fém mplticelludar | bodies along
the, &ﬁl?actsﬁ'&aetﬁﬁtqgs £ bdﬂsﬁﬁtlmgﬂl' tﬁou%ﬁ’ Fi. lngthvgs tl)vb Kfulticellular
material, 2) shaping the liquid e material (e.g.

i ntlpdges ﬂ;rﬂéﬁé%b%élﬂ@ ngnalséslatm@rm a@)lrfmdr?»é@thi:rﬁ@an arranged in the

(r

AR SR ok B e Bl BOLL Mk o
shapel)lceltut;l@m@ms mcmmm@bst@ﬁial@]mmamﬁhm@staﬂta»yeakjléusug@dl in Fig. 1C

It gc ue E:\%? r ec rr\éhg %101? Iglﬁaér(téeg{ 1 W}II tlhg r ar]rerﬂ}ﬁ c- I%%Me adé?lmng
ap pde]auat to@me atﬁotlpareﬁethemplenndtean@ngugnemt sf F1g 2 each ofthe
P las i LR R gt R B @ T LR el s over s

mat ce)maaﬂ ar¢ata®ing aptlecasil 1eagkid Thecorﬁbrcawemgetwéem adfoinidg elongate

i < Besfan PG iR BF e MbaPr Ry B SRt 15y sbout 1000

K novirdietrh6rd SuitiBly Rag rmlnwy @ehtinfetdrNB6RAGIELIYA least about 5
viscosity of tgﬁ mat er i to solidify its sha

i ncleuymAgs i stk more %uﬁ?ﬁy B theadhsr iohgpoyt > f%ﬂﬁ@fsetp bgut 30

CaUghiigcters. 1&lah OWémtgadpls thy €tact SedBus WQEMRMPHatQS suitably in the range
evaporated, allow nqwchem cal action to harden the
¢

mat dapeit 100 missm & theat Fnsabmetent andmnase swrbly it sHien phabout 1

or &Hnﬁt\%ﬂg aB&&%@kéﬂﬁlﬁle[bgs Qe ﬁngtﬁloymércbﬁaﬂﬁF& thiBdorRY¥pond to the
chem cal or other action.[0010 For exa

ac clength pithe mubwelhéaf@@dlﬁhbrﬁecatag ﬁwtﬁslén@thlewﬁl@hummg Emgoa the

length of the multicellular bodies 1, the contact area can have a length in excess of 30
centimeters (or any arbitrary length different from 30 centimeters) within the scope of the
invention provided a person is willing to overcome practical difficulties, such as the need
to obtain a sufficient quantity of cell paste, associated with production of long

multicellular bodies. Although the multicellular bodies 1 are in contact with one another in
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originally in powder phase m xed wth buffer and

wat er) may be heated to reduce its viscosity and taken
W@R010808905 aspirated) into a capillary pipettePCT/U82009/048530

m cropi pette) with a desired dinension (or into a

chanber of a desired shape by negative displ acenent of

a piston). Depending on the desired cross-sectiona

shape of the filler body, capillary pipettes having

VarF@% aﬁﬁ@%ﬁﬁaﬁ%&%& ONBhtuRNEPES nfe@teRQabR@fs afcQbt cohered to one

exanple, a capillary pipette having a substantially

C|r%@ﬂ@E cross-sectional shape along its |length can be

make [ iza

eyl 0N T The Bl AR B EY oA sk of which i

cr osgatde glentomahio thhlre SodyMesarbrdtborel Kor ezangdpithd saugture in Fig. 2

pi p | sgua I

iy oﬁ%luc?@(sg%yuerﬂg}/ ﬁf %gcﬁg%gﬁ%rsbgg %/5 %Hﬁ(ﬁl?ﬁ;% ﬁ? ger %rgggriln%ed in the

Whl mtearvathsthd s Biotlivddr Ibydleg/dd aach ﬁk]mlbodzsnd)nwmm @hlehswae multicellular

o RS B RERRE Bt e FUARE R &R §ind Fler RS S e 2 are

c r Qﬁ&ng@l&b ifermed plsiabiges sadks 176n grecduaed 10N that &t Abt @tupied by the

el B a8 HaP BT R S Fasier abS e epr suitably

agadoatth Bl tult@id rhdlivnh) &vhidhRah beadded td e stelkai® 1) by Wyiring the
be cooled to roomtenperature, for_ exa

)l e by forced
ai riisf quifreanada ever g tomef i putiedllugy bgfﬁ%b?qégﬁlleheodles 5. Thus,
pi pgt §Iﬁcésrlt7Qaﬁ‘fa@ﬂlﬁﬁt@é1ﬁ§ry o\fﬂnﬁthieﬁtﬁ’ hacly/drd 0&9‘%& to 8 cbindh thet
can solid golnto an agar ose e desired

sha}ﬁ@ltwalu@r digy | (&2 18HYE mw}@%la@sm ting filler body
may[ohfseXt I UGEdmli Rt oPbPE e qucﬁl?@lﬁ'l’gﬁfatcg% F%g2 Efoe

onstructl on of a particular bio-construct.

f i Ihosroctlbdar bedins. deferoad|vjer bedipsy @ﬁ@@é@olwwaﬂ@re@ﬁ el mréqcular the
OL ﬁhlmélﬁfar gha&r attaﬂ%u@a% I)} ﬁlclﬂ&;esa% !fﬁl% &l grll?es and comblrrr%tﬁotns of cell

ree-di mensi ona ct conpri sing arran
of typdstdeseibéddbare. w@dllwsrafach,dhé inbltieellufpo dd &S arFsmtably substantially

exagp gal V%gl % e!:t t?ﬁ%c% con?aﬂ‘[éfi eg@&ioweverhlé Es §ilit>1g?nat one
t heortinre ef the nmhfeeldm:albodlemdmmtcellst dsfea dlﬁq&mhtlcalﬂ wpptipethesther
rt.e f id.that {
C o B B BB e R AT hgopt A O B ton AR sR e, o
t r angipotyto€ theteollsit ppdhyofohe agaso $eths alulticeilart bodies il $an sultably be
heat

tai it in a.li |dst e The .
Carteleo Lo Tl oA St o pbeiacels) SHlapsioriy of
t hetht taMiidledcAbPodch n&ﬁ’@cﬁlﬁer@ﬁulﬁd’éﬁul&t bddes nbfheytrucﬁh@ MmOt &8 be cells

capillary ett can be chi
it §f ﬁlsscoespéf) e iR fP‘h*CJG Ortf@r%@ﬁihﬁfés éﬁ%reng from the

set ik WpeOThd ﬁﬁtlé@l@faﬁ’ﬁ&il&eﬂ are SUHaB19 sQhsERASyAM¥orm in shape. The
constructs [00105] The nulticellular bodies and filler

bodiilies beriecar gaasuaply subsiaptiply widfedn inthapee Birdheh @eillgptraied in Fig.
t he2 %trﬁlggccellgfar Bé@esﬁﬁfﬁ%@ QEhab@ wank 's@dgtahgalgfrl@QMGaﬁ t&the shape of the
t hr ee- di nensi onal
filler bodies 5.
[00109] At least some of the multicellular bodies 1 (e.g., all of the multicellular
bodies) are arranged to form a tube-like structure 31. At least one of the filler bodies 5' is
inside the tube-like structure 31 and substantially surrounded by the multicellular bodies 1
that form the tube-like structure. For example, the multicellular bodies 1 in Fig. 2 are

arranged in a hexagaonal configuration to form a tube-like structure 31 surrounding one of

the filler bodies 5. Each of the multicellular bodies 1 in the hexagonal configuration of

28



bi ol ogi cal engineered tissue. Briefly, a plurality of

mul ticellular bodies and a plurality of filler bodies
w@er@oas9ehged according to a pattern such that PEERUR2009/048530

mul ticel lul ar body contactsat |east one of (i) another

mul ticellular body, or (ii) a filler body. The

mul ticellular bodies are then allowed to fuse with at

| east one other nulticellular body to forma

t heﬂclgdZ 1@%53&169!553&1&%0%&1%% caltioR RN RLEIw héglﬂ%rmg Ql%ngate

filler bodies can t e separated fromt fused

mul miléedliulpr hedigso b this atrangshcat *rhetoh@oren@fp iidlerodics S'sigtide the tube-

[ Ooﬂkq,@rug'ﬁ% f’;?qﬁ: glln&? ﬁ}rmﬂlf fﬁlei g(;q?e% ﬁllﬁl L&B?el lumen-for n filler
structure o e present |nven I C I'S genera Pif
desbog'maﬁ'euie r@@lredncsaﬂ Suthiledcpste dd:ymmvgmtgnig@noﬁr el ingrowth of cells from
st rt#g tﬁelﬁ (I)ailr bOHl Pgl?oian elgrgqﬁ{e%kéce){ha(t) xtgrlcg nlg'gl%%bile tube-like

ar b
id exmmctoaal 31t which bea@h@m @ &tngenrafibt matetation alfrthdssldlytuie accordmg to the

descr | For exa ach of th

o 1 AR EP s SAER Sire TR St R GEES o not devetop
ac caly durfigh Wichih hﬁmﬂﬂtzdmﬁiﬁngimsmmnbe dn @bm/ae afnga arrpigahgetiofig

a sel f-su rting multicellular tjssue t hat .can

D BHFRET i et it e T ST o BBHPE ehegrioue thar

ar rigflged aiplurditP 8t i 8hdcdllf cAMbeClIn8@Ghl Ntubé- lﬂa@ét}uuiuaerwm&y or not
contacts at | east one other rmulticellular body

besthere At ST Butesi i dedheuapitike tipicerg It iy eppagpt ﬁr%&e fepqgoing that

of thbRbBUkE §tRRIrEAIdiI RO HofSa hb@RNAEHhR BNARET 1Rf fadt IR adjoining
mul ticel lular bodies along a contact area that has a
subavlgegliular bq)cg@ﬁgqr%not APlfeﬁ%&@ ﬁnep:g@theg_@ thig 8fgee ¢figpaturation so an object
mul &l fiedelpdb il iR @He%ﬁac@: betvesh S8 NSl dfiEniRdhQiHRENGar bodies forming
relation on a surface 13 rather than arranged in the
paﬂh@WﬁGMK¢H§Fﬂ@ted in Fig. 2, it is understood that
act [ I

e[|06ﬂr(})i Ca%lh tgle & Béytﬁgl%tnl égﬁ tglfeg Itdl%]ﬁ(fﬂgfdh&l N (#ulé &'ﬁerally designated
ar 201i kiliistrated BFig . Ei«@pt dOowkethsvanctuheyn lanrselbmrnahjg @@ntlcal to
in ' ' b
adj tg? %ﬁlrﬁu%; iél‘llugcp«zltégiﬁh ?% 5 1%/ de%g ?nﬁed gbc?vrgd’ﬁhe s¥ru§tu%e201 in Fg 7 includes
ar reapigleahemf nofticeihgar &)d'&a@hchﬁf wiieh qan bt ldeeﬂldaljioahe Ibohﬁbﬂhllar body

tact t | t
A S T e R R A
s u batldadiual bbdeagt,n! atiiged bithapittear taa fo@iswReNriado Anhajgrity of

S ui tggff%l@ i, lgtnlgl tfcgha'tlr roghlbeso ito?slgggftssgtggg i d %ﬁé@qﬁcent of the

mor @11§)uird @ik ¥f afirsd @AS§peand utma;orﬁﬁaﬁthéredn@ Iin thaafuﬁlcenular bodies 1"
SU|tany at | east about 5 centinmeters, and still nor

sui 48 ypeand set{e-er aigst Broubifbrercest efdhg Geiiehaes cells o sd cell type

30 ® N biflleBl Pom R RAREINSHe FoaBRInMle, IREn{ARY @Pﬁhe @élf{‘ﬁn the first
has a length that is suitably in the range of abou

100Gt 9h e Besdlulapbedhcs it canguitabhy lpqﬁgfl@t}lg ial gy apthe majorlty of the cells

Sui i 3R ednld sthg n{u?tﬂ:gﬁulﬁlf boﬁgg’ ll"t ca% sGRibly BRGSOt BuRRQUis. As
30 centineters. th of the contact area can

C 0 rz’n@g’igwmp@ thh “3“31' Oé’r‘ﬂgt) hegells frethenfirst fat of muligellulss dpdiss 1' can
' i 1t .
| e ngt ﬁﬁg rLdlaﬁl 1 Céllsrﬁgfl tﬂféqﬁ'lj @‘ﬁtg Bﬂhe %plﬁtqﬂ tﬂe olificeAfaF l;b%hes 1"in

tICG |1 es e contact area
canthtrsependasel eandoe Hibrablasts c ds getaio®Er example, the majority of cells in the first

set of multicellular bodies 1' can suitably be smooth muscle cells and the majority of the
cells in the multicellular bodies 1" in the second set can be fibroblasts. It is also possible
to use other cell types. The first set of multicellular bodies 1' is arranged in a hexagonal

configuration (similar to the hexagonal configuration described above) surrounding one or
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centinmeters (or any arbitrary length different from 30
centineters) within the scope of the invention

W@e@viekos a person is willing to overcone prackCTEE2009/048530

difficulties, such as the need to obtain a sufficient
quantity of cell paste, associated with production of

long nmulticellular bodies. Al though the nulticellular
bodies 1 are in contact with one another inFig. 2, at

thi\ore MirhdrPlorming g8 e Mo FREUTRE ée@&hdts@leof%{llﬁdeﬁﬁlla} wd?ers 1"is arranged
bodi es are not cohered to one another. [00107] The

st rinetyee hgkagonsl genfigyenatiop paranding the firstisptent nwmﬁ@éa@odles 1" and

eactﬁe 1% 63@2 (f‘Qlu'nﬁn wrﬁlfgghlyerlbg&@st%gﬁd&eﬁlgr H@%ﬂflﬁéeh@&g &%g@é 1"

descri ove. anpl e ructure in
i ncfounl e suba-lik atredtire §3 othatdneledeetweo diffeteet typodif edls STheTiret set of

f N %Elc%ﬁlo ggdl% L& afth IE;%H goe% 1#1%{1 ﬁrﬁl@r agtoﬂhe tvﬂe l[ie%é?%cture 231

odi €s sOd eac cont
I e&mti tigrsecandlstti of eidltldeﬁulalﬁm)d;es ot araaodriged fdr |fd>rhrem dmeal Yayer of the

eIIuI d es I bodi es in Fi
PQULE Z SCOf éﬁ %ﬂg‘f {’iséce YRS 8%@8““%‘7‘16’}%1 CF‘%% are more
St radftdmereted Qﬂanhhlwr paﬂ’uen lfJﬂhe abeUike @thchy‘e 23leand cells of the second cell
nulticgllular bodi es ggd al so not oc ggied by the .
fi VRt (Cigodmaath mysele sefld e Moye gapeeiied L ghustportio of the tube-like
c u I §tM‘:tarenméh HX 2 Wi O thie aimB&r cAdalthdlifl dehetoShd M@AU4F 6f non-
by pouring the tissuye culture mediumover the to

of qﬂﬁ%thﬁlml £1ls & thg fisyt s 9f mulicgllulgyposlies |'dy erpiefi than ayatio 5 5f the

Thugmtehsr SRGEQRI defls €M e Bﬁ‘tﬁbér'oﬁ‘ AbiLeRiBBlM cfs iR elsb@nl Set of
and/ or oxggen tothe cells in the nulticellul ar bodies

1 (mulgocllulagppdigs fretrdrraiiq e nyngon oBmopHemgletcrbeto)thy mymber cells

bodh&Sirelndt SmbHE nREAIMENEStht bdURd §e@5?ﬁul‘t1@elﬁlag bodresCR Q’@ater than
honocel | ul ar bodi es, heterocel |l ul ar bodies, or a

c orfbian@ae Bh nehlar @6$m0qﬂhmpmlet tfodke rimber pfeccHuthet asengtgmapth muscle
?eﬁ%;[%t hEAR s%'tjbitrng idel IuPFi:)&ﬁIG% @ 1soafrrag%§neﬁ éa{r} efgtéﬁ%sgt% production of

I nat1ons types cri
i | | arsbulait codine¢rbdtisyud havml anuhrgr lagerdif esllsanf éhedurstityislapd an outer layer

su bStICQITst ﬁ%s)écénQ%{/BeLgcﬁl 1ns\Mn%chte %t?’r?c%ur% 2bp%a]nl%% tu% (ftto 81;36883 an

contal ne possi
norangokertdieloodiVdssat hil\hng ar 1nimdiaytesofmmdcbth¢1m$caﬂe hhdsanofute layer of
different c

bod"E9 Iﬁu%cﬁelce]éi r %}F%%W}n{l ot rF]t getn‘g %uétlcgltlul?lhbodles 1" each

i Nv@ntprising a lﬁmﬁaleyamnhahelal lﬁ]s @ﬁd 4 yluediityt dfemoethlnsustla cells are

each of one or nore, of icellul ar, bodies 1 can

sui F'%Be5T B gorﬂle"}nl igne faygr ‘%fhli‘estl‘bec 9 St@%‘iﬁ@é .a&éja second st of

endﬁﬁlﬂ@élluﬁﬂr b6ty 18 cOmpSIMOLiliobIAICAre agftigk® Jor &eh & outer layer of the
6 Eg of the cells in eaﬁg,?f one or nore other

nul bk ugireparosdngly, eheiar erlls gicanore goneghraind g an jnger

of ForS@Csaek tG8d-like YRGuie@39, smod TR0 PBCdr& meR doficdfrated in a

fibroblasts) that is different fromthe first cel

t y prenterprtipfpfthebe-likastrupyen. aad fibrablestsase mapn gpneentrated in an outer

Subsh@ drathd Mol QLN B R BRE rafiD S f fhk nliBberR? ﬁbl%%la?tﬁ £ the
al so suitably substantially uniformin shape. Further,

as nunbgsefrmendibroblpsisiig theaecond st igf) multiceliularbadieh bdp exsater than a
havﬁtl(‘?‘o?tn@ﬁlﬁﬂﬁe@ at ﬁﬁl%blﬁéfpﬁ)tt%ﬁdnﬂlet ¥t ﬂoqqﬁ)tré‘tﬁa%k ih ﬁletfl'}?t set of

multlcellular bodies 1'. In another example, a first set of multicellular bodies 1' each

comprising endothelial cells are arranged to form an inner layer of the tube-like structure
231 and a second set of multicellular bodies 1" each comprising and a plurality of smooth
muscle cells and a plurality of fibroblasts are arranged for form an outer layer of the tube-

like structure. Accordingly, endothelial cells are more concentrated in an inner portion of
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filler bodies 5. [00109] At |east sone of the

multicellular bodies 1 (e.g., all of the nmulticellular
whodbessoaire arranged to forma tube-like struR€UDE2084048530

At | east one of the filler bodies 5 is inside the

tube-1ike structure 31 and substantially surrounded by

the multicellular bodies 1 that formthe tube-like

structure. For exanple, the nulticellular bodies 1 in

Fi Ghe fib&iRe ARIARIEH  khodh BEIAIRAD R n‘f&@géngbﬁtﬁtéd%‘a E@hter portion

forma tube-like structure 31 surroundi ng one of

f i | ofehe thbrilikosstgctuaeid fdhrollasgs aeimpiccen¢onirated m@@m@@r momﬁn of the

! e BENRARNRC RN Lihth Al B3R 1hfihnler o chdbildlal cells to the number of

side-by-side adjoining relation wt t wo

nei ghizodothgiabiaba gathe finubat oEebltiotlbiar bodieek is greatttrhlnasl aratio of the

B AR ok {1y Q0 (g TR oo b En B8R in IRSE AR st of

bodnelacelrﬁtaebmhcs B8r nore lunen-formng filler bodies 5

ar e, ferred_to ch because the revent m
O FT b Elss 7R DRE, GRSt a B len it Shicfle 251 of
i ntthe pRscat DRGAaioS. ﬁﬁmmcmhﬁzsmmtﬁndmalm mwgﬂne tdde structure

tub | ik ructure "
sl Bl e Py RS F A ety e Db s 1

desrﬁﬁ]blb@d)f belcony in Than@n&:1alar BRA& 1M"ufeR-thied &t g of & l:élBtS/pe that is

bodi.es 5 do not develop any | upen w thin thensel ves

durjiHgrentdtam each ghthe el @[@??éfo%fl“mtglﬁﬁheafflﬁ‘l QY SRR AP Hir the respective

mul diGediutsk 86diR0di 18 $n ThBBtst GRdMke¥drd sBRL UM LRBIRIP UGS B in the
tubul ar engi neered tissue that includes a plurality of

| i Vi< atelsyitgbinarpagedin siggeyrdly hexeaopel-copfigraiiop gurginding and

wh eidftﬁﬁmg the 'ﬁgﬂtﬁehﬁﬁleooﬁ[e@ 1¥ ol th&JecHRAE Fhid BeFufiddBular bodies 1" in
tube-1i ke structure. 'S aﬁarent fromtheforegomg

t hathe thhré setisably WéTOQIICP tih@ myttselbder boidies & infthegyeeandisettsuf dre
St rijet lﬁlaFgocﬁ o b Hlethé)flrs{ he Tfoggt%%rt e gﬁ'lt 1RINh M dies f11’ %”, zli'{' suitably

multice r I es are not ered to one anot
t hi forms & &upe-1te stnmtm 361 rmgbbyathreebjyestof owiticd e bodishéthe or more

:’nrllt Ingll? ?qr%?r%rcfﬁgpgédﬁ\e%%n exte%zls gx?la?rht%{ou%il 9‘16 ‘t{égh ¢ stru%ture 261. If the

|1 Cce ies formn ruc
[ 0CbABfireAIG tishte be @sdolad farerin engmeerctdﬁflecﬁl-@ssmbmlm Ina]aﬂlty of the cells in

i el EdEoud oy B8 BT R SRSty e Bl B Moy or ne

subztiahtthablfictltienbodiad 1"t tHeRecodtl setatebuiabily isdtli de cells, and

e Bijofiir SRS Ty B S PR G oy PR A s e sateoty

eactibrolastd) kh tiean rd@@ df dRMuinbad oftfibrdbiets AaItht inﬁﬁbértdfabn fibroblasts
body 1 [ However, in this str

| escribed above. , 20Q
1 tlﬁéli‘eéﬂ‘éﬁ? gt Pgﬂulap?lh&r bpdicssEtis erspicpihpen p eaélplolﬁﬁﬂs tids
, fibkobl&td 1 @lgﬂﬂlrﬂb@r SMRnIdEILIR if ﬁl@tﬁrfft @étQS‘F multRellular bodies 1' or the
st ructure. eg,ljgorlgg(f/ of" the cells in —
nul Steméwpwa‘rlc iep 1" gHoppeer fthe @tﬂﬂgﬁ‘é{ula(réc)@es I'gl’, 1" can have

|ea§tﬁer ‘r?dﬂty o4 t?ﬁés%@ﬁnt@lg séoB@oPtﬁE nsintRhe cells of a
first ce pe"and a majority of the cells in the

mul OPER] | ul ar\nbfdiélf aggpodimayf ofiafbregdénengiogdstryeiurg 301 gf the present
! eaiﬁ&e ﬁBﬁ) Htﬂh?sq%teg ﬁPﬁEtS qifxcgﬂ'f%s ﬁ@tl:(!l %})15 ?tf:u%tu?@idlsis best@ntlally

secon
1dentlcal to the structure 101 described above and illustrated in Fig. 2. In this embodiment,

each of the elongate cylindrical multicellular bodies 1 used in the structure 101 illustrated
in Fig. 2 has been replaced with a series of substantially spherical multicellular bodies 11.
The spherical multicellular bodies 11 are suitably produced according to the methods

described above for producing a self-supporting multicellular body. Of course, the shape
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that is different fromthe first cell type. For

exanple, the magjority of the cells in the first set of
woredwiesshs ul ar bodi es 1' can suitably be endotP@l/U81009/048530

cells and the majority of the cells in the second set

of multicellular bodies 1" can suitably be snpoth

muscl e cells. As another exanple, the majority of the

cells in the first set of nmulticellular bodies 1' can

sui i P8R ERRENRN A Bbdi&el 111 dRR f?@m RR rQﬁlh&eYlqu b(gchyel described

cells in the nulticellular bodies 1" in the second

carboee bacise e slp g0t hage gt ofals slongate ehesasisristicst He spherlcal

naj I I .

ﬁlltll:%]'uﬂlﬁé gﬁ(ﬁésu]ﬁ a'r ?utltgl@gfafr%%fed eltr%r{s? % t‘[eyééféﬁ% ?@%ﬁgg 3% ]hsurroundlng

maJ @rior ylomflumhlefarmliﬂgsﬁllenbmdn@ Sllotfaatlethte dhsaon didleli spherical

in

pos%ﬁglf%ﬁfa%g‘%g & &%&16@ E‘I % l?r{eg Qir ﬁstﬁxﬁelluia} b&flesaéaﬁ Be Pffset from

mul deiighbbiling Sarlesmfdméﬂzcelllhlalr Isodas sathgeentemvf aadhsphﬁymmlahultlcellular

configuration.(si,m t a nfi gur at

o R R i A b bE S ARB Rk FeRRish TR e e
fi |dd@’cel’ﬂ@ﬂlﬁﬁal%odlemﬂeh&&d:ghbdnmenéﬁ Thidlcin faeilitatd fagion because it
bodies 1". is arran % hexagon

corFF?‘gtﬁr“b‘l“FrB?'?e@ R & uﬁrﬁ? HﬁWF‘H]e“e?g L%rt‘ngssﬂ.? ergpl multicellular bodies 1.

mul AkigRbh theRtis Ism bﬁeSla%er oB ARl 1ticBIgu 18R die¢ llmfn%undmg the one more
lumen-formng. filler bodies 5 . Together

mul IPIHE%I‘fCrr{PII}a%rﬁI%E‘?dé%S 3in Fig2, fhamml%%lwﬁ%qufq%é &t Pt Lindiigs. 7 or

23 AA tdhade al OOk W ed Wah SHcfien afttdNRasoafes ¢elThe sphUﬁSal
first set of nulticellular bodies 1' are arranged t

f ormylieeliulsn bedipsaeyideothe sayee entipes Witlkessreettq @?lmmeyzsm!ematlons of
andeefihes GeaReRShullleiidl bdG8! dnd ndkuRRdr &1 t}pes Q&H@nn the
arranged for forman outer |ayer of the tube-

st rioetiegllalar pedigsragitheglgngate apultsceplat bpdick r st cel I t ype

(e. ndot t

| BonaERD koo G dor P MRS BBARARLHALER e heitfesen

of mhatigewbicl icwit llustygsed, (this giryctweponbstantisley léemghll tg yhe structure
are n ed | ut e

t ubl ()[IF c{e§ 1'1%9({] ?o%g% %I;ﬁite {ﬁu%ﬂh%ﬁ%?ﬁg i alrnrtg Ie%ﬂb%@m rﬁ eac %the clongate
of aohddidakfillabodied yssd inahé Iftmcmmmﬁnllusftramd nelhidot lnaslbeai replaced
cel n the f rst. t of. t|c | |yl ar bodi ‘s .

o ot SpRbi subiiad et e 42 S Eprodie® are sutably
cel ﬂrsddc@d ideerdingrtd efe nafthaale ﬂeseﬁbkdtalbeIfei fat pro@hdirg: d wiftshgporting filler
seco t of l.ticel]u bodi e ",.Qr.a ratio o

© heiraeun Eheb it aLmE bodet i dirgnb Bbmdag fer boay

t hades@fbed Bidve 3%@5&%31&1500110@ h&&lah of ifs etldﬂ%at% Qﬁﬁﬁlderfsﬁbs qu facilitate
nult|§ell Iar bodi es i.s greater th @%@tlo of

nunKingP &%BI%CII@@I aocked, e ghises 196 @iiesbadgan Ve offe

ar efr@iﬁ’hm?lﬁ%ﬁhg sdTes 6f 8116 Bbdiss donhd fftet bf e?aEh §Akri@l filler body is axially
mul ticellular bodies 1'. This arrangenent can

f aclignedavigh ppYJabentdnlf e distangp betwecrethy Fésst efdthe adjacget spherical
haviiJags ‘ﬂ{‘thb Hagﬁbolrlﬁé’ ?JrlleThfsedah $achftatt H@ckflﬁgr %Eautsé{ R?es@ﬁsdm increased

an outer ayer of s of the second t’%/
i nsqoamtearQaH@t\gqen @@@hh@ngmhe@aaﬂ fibler hodied I@Splve@@@lé”éleabpdles
e e
orde PGt B BB R M O0Shob Bl e g

celboglies| n another exanmpl e, a flrst set of

TUODEE ) I RMHCE o SAT D FAPRIALAR FLUORE s

i al s ‘and ura
cel 1h$enamiewhlch is not 111ustrated the structure is substantially identical to the structure

shown in Fig. 8 except that the structure also includes the spherical filler bodies as

described above to replace at least some of the elongate filler bodies as shown in Fig. 8.
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arranged to forman inner |ayer of the tube-Iike

structure 231 and a second set of nulticellular bodies
w@2010008993 si ng fi brobl asts are arranged for foPET/EB2009/048530

outer |ayer of the tube-like structure. Accordingly,

endothelial cells are nore concentrated in an inner

portion of the tube-like structure 231, snooth nuscle

cells are nore concentrated in a center portion of the

t Ub[©011'5¥e St FH;‘&PeLU BlustARd af beoﬁ Bk &R @Iﬁlﬁod@&ﬁ of a three-dimensional

concentrated in an outer portlon of the tube-Ilike

st rejactyreegensipdlh designated 4P htlihes serictpieds witalle an efrangement of elongate

fi th k )

el @Rls® shdled {RARTREe QbyBan ShAH R3hEmRebitfhr boay 1

a rdsértpedhbavia enchmnltueiﬂltyodf filiebaslivs asingig. @ sohe ofithetnmrtiagflular

nogaofdle? i%% ﬁﬁérsoodl?%g Hgve begn {em% dd t?fshém qutgljn%llﬁlr%ﬁgement of the
mul mhilded!uiar hodidscail éﬂ;leﬂbod&?adh tlnmtplctuse 4y, enedwinkoed ofthe filler bodies

f 3|b§e'§r[e a{{agngg{li ﬁ]?l%&—%}%}%gﬁ%lap boldgeg n é\sgléi%{r%t?(ﬁ thehlumen forming filler
rrul Bdde 151 did ﬂfan@étﬂﬁoq)?oevlznt iﬁ@@hthcdf Rplts fidnnthe andtic@lluar bodies into first
lity of snpot cl ells apnd a plural.ity, of .
P brditad Sondds Rica i ba F ol uRe QimBe R o € substandaly
t h esubrdiiRlell K tetofilGdeliRr botiis Ql BbrRginiple.aRdRtikiet vl be@td &e
are nore concentrated in an inner portion ofthe

t ubitphly arranged o fgrpa St be-dikeyustusq &l wiopnding the Srshplpagate

CoNGRM 13 taffla bddomkl @BALRY stRefubd 81" Qfrrouf@ng #HB8edoh& Blongate space
structure, and fibroblasts are nor e concentrated in an

outHs- ﬁhbqugbﬁledvbetlﬁﬁ strugseres +:de 431 raie pefskowisigiheix gpgitetyy they are

ratdiQigo M@Quﬂ’éqmé%{ru&ﬂire@mm ?ei &@bpta€hdtse.t o t he nunber
of non-endothelial cells in first set of

mul IOPHSI | ul aPnpebithe §1bglikp strugrusest4Sd " hdyarargerrdagnader diantthgoother
nunher él&f ﬁ%ﬁﬁ?%}ﬁ?'l ' 162159 %Ilaioiitﬁe élgﬁg &mggefllgfar bodies 1 that form the

non-en S In the secon set
rrul sniatlet digheter thipdiilesstricture[400 ronthct@i lyast Foing off thestlprgaesmulticellular

q{oﬂ?es 158 R qhé)faré(% &Q&@t@ﬁbﬁf?&t&é‘@e a%%g{feiééc&oxgﬁm%fthe tube-

resen
s u U&i{eanmtwed; Y31t,H81's a?mhasattleh]et @k lwedndfioeming lfillst rody 8Guitably
Fig. 7.except tha third s f
1R aD B e 1R PR T b Coo @i op e i
th eelmglateispzﬁzle kaiha Seobﬁ)dibleﬁgaﬂe spacersotﬂtbelumhmrfdrns@atm &reeutmfhka

cel | t hat s different.fro ch of th
CypiecBag T oh e e ShEPoiE TS r Gpeschans phanote.

r esmfdmgey bnirhtcol If eliadtrudeed @8 ploducela brafthbd@ibhilaf éfgmeered
and.second sets.  The [ticellular bodi

t hi fsgqucs e 23 & @iginesise blogd yeygje e q%alaplgéﬁwrareﬁyn Flg J produces a

he Xﬁ@é’lﬁhn&%\ft h@ié@hiq@@ czﬁwefe@pmﬂbd% @&ﬁc@ﬂﬂg@ér@rd@:ﬁ bltaﬁﬁnng
mul ticellular bodies 1" in the second set. Thus, the

mul YuetEres Uneprdipgyusgires having baples thif haye sultide fliftarsnt diameters.
su rAl@é’ ek él&ﬁga%ﬁlil&ﬁ{lfayﬂ)(ﬁﬁes hagli Fﬁgs 9 an Bé’}eﬁlg&d %&gﬂ"l%ﬁﬁjerQQt

and the nulticellular bodies In the first set
TogevlHedllular hediep| 1t fscillpytigied by @@Cﬁtrggtu@ 501 qnr Fig 110! Further, the tube-like

sui §191 M1 -
h rstélgl %;es g?g rﬁo?a fo%{ﬂ@d l!)); t:ﬁF ul?)géalﬂegﬂlglﬁlg% %B&Eﬁﬁgé) or the spherical
lu memltlceihlm holiési (Flge t0)vad wagbls'be enaddied g0 mgliudé drye armrapeigrhlitional
the e{s%l?%lull c%ﬁulg goﬁ%g HY 4 mgn%%l‘ sdnglar tlé] Shat is illustrated in Figs. 7 and 7A. The

same options with respect to cell type, combinations of cell types in different multicellular
bodies, and mixtures of cell types within the multicellular bodies that have been described

above also apply to the structures 401, 501 illustrated in Figs. 9 and 10.
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structure 25 1 is to be used to form an engi neered

bl ood vessel, the majority of the cells in the
woredwiesshs ul ar bodies 1' in the first set are BUI/USINY 048530

endothelial cells, the majority of the cells in the

mul ticellular bodies 1" in the second set are suitably

snmoot h nmuscle cells, and the majority of the cells in

t he rrulticellular bodies 1'" in the third set are
SUI |¥)@ y fibgphlagt fl’lustl%% Qn&tﬂé?‘ttht‘@e Hﬁ{ehﬁo&fl sthREIrOBOG the
brobl asts to the nunber of non-fibroblasts in the

t h| ipgengien. Tdfs structafedil dogsanot mrgeliserdly 1110‘hldre gnyyfikestbedics. fptpad a series
f
o or il e phlte ROl Lirtf @8RSl Bu i PRIt form a
bodﬂhe@ like stouctirh A ldougntticrs ete amip twiooedliiedllalar bolkisdsn e, sheet
V\ﬁrugture ()tOh %tlurpf%llt%# ﬁefl éullca £1n bl? %b%? ddltl%nal nilult ce[‘i a1Qr Igl)%}{eg can be
ot her "] or i ce Wi e SCO he
| nv;daided abngﬁi@ﬁﬂ&@}nuﬂmﬂhmboﬁm’s sxdemb ntultﬁtf:lhﬂar body is in contact with at
tru ure 301 of t
| BT PR R UTH A, e R R e gy

this structure 301 is substantially identical to the

str : andlllustratedln Fi g.

2. S e o AUKE) 6 HES el ongat e

cyl [Iooﬂrsq cal muérk hfé&ha{nlgﬂd&fer@ﬁ d}la?s‘ito llsélﬁhe fﬂlu'ltﬁ:elhhﬁ bodles descrlbed
structure 101 jllustrated in been. repl ace

wi taPO%e dnshydang the elg%&%ﬁfl?%lvlayb%%éﬁné éhe wrtcaldavlrleﬂ“alar bodies
bodij le(ﬁn sbne cA0€ iSEMRMbER wittiht & HoHie@S) BQeidase dd tlﬁ‘éeedlmensmnal
sui tably produced according to the nethods describ
abdvelogig cppsyyeie fengribedabpye wihip Bietseapg ofthe tipveatiqny IFé?F example one
bodyeth & onlUlip ﬁwoltvgsean%ﬂ@ﬂg Qioluhhﬁy SIGL, lcu‘é"ilillul‘ucellular bodies 1
rrultlcel%ular bodi es IS different fgrom
rul acFereing io apat@mcmh@b@éh phibe H@b@vl@lﬁééé@%@maqwt [gast one other
not erj . .
S phrg!r?llﬂg(g ey (gflf aéllgltt nﬁg?@%gg{slegs@ ?ﬁlea%?e S}E(?f‘tﬁitﬁu;/lﬁpﬁlular bodies to
ar rfargfedt b@st bog othex mldmllulak@dsm protiugee @Gtedghree-dinredsioepl

gb ?lo 1g%1 egglhés'tli‘?%lrnhsé ar i lcésgar%lro 192:1}1(?9, a%glﬁllllniobodws in the
boohrtaagelmcbwf Iﬁlﬂtld:eé]sla( bodgjes (sdelergf‘,)F@fl CoruHbweet, lituk also possible to
bodi es ca or.ing series of. )
ot e Eee Ly Rl BRARIh e Sk a8 pRlicpitugr bodies 1
nul etnideﬁlhelrmillaiiulﬁmﬂylat Isodéesilaldbyeribdd apoes) amd bie @ n][t@d': fiIler bodies 5 so
about ance betvvee the centers
o TPt b e B DT el e et s GRBT esutaf Dy ora fiter
Thitsod¢and fh@l@ hllgvt @b enufitiesiQa oaRatis@sd th fératdiddsied tree-dimensional

i ncr easeol contact area between neighboring spherical
mul RiPlege GPEPCHUHiEL- 11, Al t hough there is only one

| ay@o119f nul Wi fglbbridBhictRAFINRS bd hsAUb H&H@ﬂﬂh@%u!tl&@lhﬁﬁ%odws ina
rmrelumsnformn%flller bodies 5 in Fig. 8, the
&

mul RTF-EePIiped P teproguce the desigpthrpe-dimgpsiopgjstructurgy Farpexample,

canp %uﬁic@l%lQ%OH@@&aﬁ%%%a%atlﬂf pﬁﬁ@@ il &)ﬁ{actrWiltﬂ (I)Ifé%,hl)tﬁél%i' a filler
bodi es 11. perlca mul't'i cel I ul ar bodi es prOVI de

t hebosiarﬁ@p@ﬁptﬁd mﬁaqmbly l¥xtressqpeleam ¢ pipetéd, pozzipper needle, or positioned in
Cog,tblnﬂ@ttﬂ %u%ﬁna&ﬂlnllach%ﬁp%ﬁ rlﬁ‘an{e I?Fl%nﬂ. %1” %’in%ﬁ!: lolﬂl: 8f more

n m xtures o es Wt
rul imipéeeiehts|(arhich odi smgaldy inchide éiedm@ahaeolnadevxcc &l teskralred above, the

bOdéagﬁlary pipette 51' that takes the multicellular body out of the mold 301, as described
above, and/or a different implement) is used to pick up a multicellular body (e.g., to take
them out of the mold 301 described above). The implement transports the multicellular

body to an assembly area (for example, a glass surface) where a three-dimensional
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[00113] In another enbodi nent of a three-dinensiona
structure of the present invention which is not
WO 010908903 ed, this structure is substantially PAEOS100%048530
to the structure 101 descri bed above and illustrated
in Fig. 2. In this enbodi nent, each of the elongate
cylindrical filler bodies used in the structure 101
illustrated in Fig. 2 has been replaced with a series
of Subalant fg al kl%sﬁﬂ&ﬁﬁl'aﬁ?bf fikd liero, b/o?IAe& 8- 1-63% being assembled and
spheri cal l'er bodies are suitably producéd
ac cosnghseg ox @hqrwese @bpmb@mulé@@lml%@ddsam@@@tlﬁlmelqmmv ger
a
¢ e NRPEKAiH R by [R5 B0 oy PGS oceh Sin FARRO e
f|Hmsmdﬁbdyad@bﬂm&@&dhabuwembdmaubangh@mebdnot have
any, hts el,on ter
st o OEIZr% of tg1gt%5 %élﬁ?%%lﬁgr b%fiY lsiclls t%gn Pllcoe,d 112%C ds t%‘ﬁ the process is
(e. sgjutabljr rapegtedd aﬂd hioglrer hmdilcelskumabodjo or ofilles ébd}f uocnlma construct (e.g.,
nei oring .seriges of .filler bodies so
o R PSR dicsy ey 3 B PR G RERRRgTn B consruco
poi ifitheabmutituctthithis hdivey Aicsibdgicacibis weeor mdre filertodics, aabther
t he adj ace pher i odies in ei ghborin .
ormREi g By PROUTSh Y bg B EahRRs device 51 or

I esdabiligryl gipdttd G ' RS e LEOMEAES pie @Pa HIR BBGNs5 N IBROYIIBDdy, as
spherical filler bodies, The spherical filler bhodies

pr Hrartbed poveh fansppt fhsflleppqdy ty @ga%sembwr%%@rql%ﬁgse or otherwise

OIane tRORAIP B6dy i8S pdsitsh Wwilln BlQOYRLE thdt id RinRORBSed whenever a
114] I n another enbodi nent of a three-di nensi onal

st rfilter bedy ippeadpd The &spipment flett 1o tadfrnsrprs guliegllular bodies to the
1T RSN S isls@abBf LaHEddWy e dratiseiRal 3P4 IZ)I%FIIIMGIJ et HRbmated

to the structure shown in Fig except that the
St rappraiue opdrade foretangietse mhblcglbﬂﬁérbp@aﬂ anfdjfilleppodiny dn @ desired pattern.

de
e85 LR R Bl ERIAEP, sk OB Ryl osnssis
F| guhieh 8 heteby gicoavratsd by pefetenasnTiofse sirbedie theearbd dissne engineering

ZB i t '%rf%%ﬂ ? gﬁpg&? Stab% 15@;%&#&? ancps%ﬂ%%g}éa)fat%tet%at%%? fised to

el mgtageethﬂuiultlceldallhnﬂodms Gadifidsr bibdlewif tidy am@msed))ento a suitable

bst a i.dent ti
descr Bk e TuE TRy oS liprE gIEoHRT 1oah® Boumagtastiysyiavly
Fi g;artQ)fSﬁmBermfsad drfehernjbﬁrimj A bio@fmtbﬂdth QSVelmﬂﬁpﬂefhbdds @fid/or the

bodi es 5 have b moved to o t.h
o e o i e E0pide B b DuleE Gl g Gper bodies can

bodicasadell BequbitBill intd6AcWT enAOBiop& Hids MBIt U ittt be desirable to
filler bodles 5 are arranged to Pe | unen-f orm ng
c

fi |58 p bpENtssorsimilagappardtustp psempl ﬂeerrémftu%wt%%tw% the methods

fildcRdrie@HiSH con b@ﬁe@fo@rﬁé@ﬁﬂﬁﬁll} Q.PrRMSJhe bﬂ%l‘é%ﬂlllﬁﬁz pipettes)
cells fromthe nmulticelluar bodies into first and

sectifin desrrpaéthepacadons 11, 413. The | umen-forni ng

fil [l[0§f21POd' €3As ﬁlusﬁ‘ﬁtgd ﬁ'll'ﬂ?%tl"lmﬁlé ﬁ!ultiéelﬁﬂa[r%%%@g?gregﬁltetb'l}ﬁplaced (e.g.,
multicellular bodies 1 or exanple, the nmulticelldlar

boditaskedioa tepeftoap bymeyeddlatfadios §. Floy multcdliufag bodigshlearp pudiably
st rlﬂ%gﬁl ra(% acAéﬁtlthe %fﬁre%rﬂﬁ‘]]ﬂgiﬂﬂlr Bg(ﬁesf dnﬁ/%} ﬁgér%gﬁg g ﬁﬁggﬁe lgiulticellular

a second e structure surroundil n
t hebosl@@ dact wit pursgad mtcg(p@g@edded in any of the filler bodies 5. This can be referred

to as "printing in air" because the multicellular bodies are not dispensed into a gel or
liquid. The method illustrated in Fig. 12 is substantially similar to the one illustrated in
Fig. 11 except that the spherical multicellular bodies 11 are used instead of the elongate

multicellular bodies 1 illustrated in Fig. 11. Figures 11 and 12 illustrate the process of
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413. Al though the tube-like structures 43 1', 43 1"
are not shown in their entirety, they are simlar to
WO baooesses | i ke structure 31 in Fig. 2 except aBCHUS®A9/048530
[00116] One of the tube-like structures 43 1" has a
| arger diameter than the other tube-like structure 43
1'. At |east sone of the elongate nulticellular bodies
1 that formthe smaller dianmeter tube-like structure
43 rgiakn‘;%%'ﬂ@ 8Gkstrils {BRRkin BRI® Qf st REBHRMY @Eﬁt is understood that
mul ticellular bodies 1 that formthe |ar di anmet er
t ubrenftruets sughr agdlrase dlugtratedhiniFigse Hs.ele 7 Aoh a1 2 a@c’f des¢rgbed above (and

tu

one D e b Pimupuialy e SR R with B8 or e

t hriovgghiom gap 45 1 |n the multicellular bodies 1 to

con an e ongat a

sec@ﬁgzél onggg1 e E)eac ey g%ﬁl?%on%{ uér?rgsﬁ&so S’P?e?e gglssug C‘tﬂﬁﬁe medium is
t ubsmithblk powstd mt the eopdd the qongtBicll Thbissibenltuanmaedifocan eiger the
bodi es re nne t ne t her . Accordi ngl .
o 1R Fer R G it SRS aR B Bt oa G Rl colts in e
tu kmhlacellarng boer Thk inukislRyjar Sodibs ia_sheahr_eexdgndfmeﬁmedomtmachre

U v Flfeio ORLprotes ot &kl syl iges B ke,

pr odusee" &Hi"gRen",of idl @fcalii@n eficoigs SHcbatbdubiisBfultibdlalad Bbdig become
structures having hraches that have nmultjple different

di ciBtred & ongaeghet HecrtBRathEo USRI oPubAY c Pl ey Tape proteins,
i N dHiglire@& L CBRHUBR ikt @RIBEESE thd dclls SRRSOV 8dmBabitl 6€dckiVhiRles of
bodies 11, as I1llustrated by the structure 501 in Fig.
10. E(ﬂ\g[rcpﬁ)@pnentshéft@rjbgoq, @meﬁﬁqr,bg@pmhétswqg Ircludgrdg,g} rthe construct are
f Orsréﬁ'gatga frBfﬂQheeén%Hﬁﬁ%@tlﬂHé trh GRlchdl 2% c&%%@tsthal II{CFdng a @be-like
or the spherical ‘multicellular bodies (Fig. 10) can
sui straptuge, fe cxaneiild. ey files bodies eradopfdhoiubpesmdedgeigvell 6hal by
set I
set el Mh bh&PhbY I?JtuB’LEQJ <ty (BB MRS WBLIRE chrlirucy. Any of
opt thohenenifoiming e dbodicoS' a:t@ide tlne)/tpbularcs@nttumata smrtsblmt)ulled out of an
cel ' n r .

épﬁ%l éIECF SF tilg]tu?l]llfllf S%J{lgtulte ﬁij Luhl%l? ﬁérHl r{l% f%l?e%@+cﬁ ¥ a?ﬁgsgg?béysbe made
t h adf alfkewibldoegerid efsdemrdded faabmatepldhmha fipénboties ditef the lumen,

str tures 4 ustrate

10. \[v fﬁTﬂ bﬁ? é@fy?@ the ﬂﬁl}eglieg élSSélﬁ &%oé?,nc%eda tugular structure).
t hr &eothbir OGPt i Rethaltthd Gl bedi&Oi araifany endnrfgiing ﬁner b'Bhies 5' from a
structure 601 does necessari |

| ud
P8 FHOTE AT X WaR GCE o B BHEH AT PEB) S Semal) afe

bodiusisn.are arranged i n si de by-si de adjoining relation

to forma sheet-1ike structure. Al though there a
onl WOR3h 1 & ?%%qeﬁm igyengigpifthon proid %Sr?éw@ﬁrel@?t{lgf% ?{FE%‘B?%mg a

60 lpiblbhivMtcbtet with 473-9-shdfe, siRRYs NHERE LI vadell bi BNRkan, using the
mul ticellul ar bodi es can be pl aced al ongsi de t hese

nul Pplges!ulgr hedigsdeyi faghes éelé@eag profutaliseef nilgelplgglodics apgerding to a

C Orﬁr@@lgtet\%lh& Ab aﬁ@}ﬁ t1n Qﬁl@ solhed re@éﬂfﬁﬂg eRidor @it Q)C{HM tﬁeocellular
i ncrease the w e sheet structure. Methods of

Ma ki nTRf ﬁ@e ipp ﬂr@rﬁi§$1@ﬁ Alo-gmptast. uFheg wp @0 mpg) matHedllalag pedies that
Marnye ﬁL&gﬁEﬁB@ o8 Bicdl Or &ﬁ%rlﬂgﬁlaﬁ%laha gl%sl Mld%ay%qfaﬁﬁhe same or

desc
dlfferlng cell types. The multicellular bodies may be applied in bio-construct-engineering

in number of ways. For example, two differently shaped multicellular bodies comprising a
top half and a bottom half of a desired structure may be produced, and may be brought
into contact and allowed to fuse. Alternatively, a plurality of multicellular bodies may be

assembled and allowed to fuse into a desired shape, in combination with filler bodies.
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above, including the elongate nulticellular bodies 1
and the spherical nulticellular bodies 11 (in sone

W@ 286508905 conj unction with the filler bodi es 5PCT/GS2009/048530
produce the three-di nensional biological constructs
descri bed above within the scope of the invention. For
exanpl e, one nethod generally involves arranging a
plurality of elongate nulticellular bodies 1 according
t 0 RdBRLifEH BnsS Mbbodifad, wRshOhultibgumy b&dlé‘sealré éﬂlﬁlByed with the filler
bodi es contacts at |east one other nulticellular body
andbadiverthegngngemg methodomay capnaisg the gteps eff A))debyeringgghe plurality of
mul : t -Ot :
mul 1%1{#1@1%% #uté} gBm%qg 'a%?eo(ﬁegerrfél g é&gb gégnrq@% a fI0G1S) ol? Billler bodies
t hrageordingenthic preadetdyinglcd giteeanl toa‘ngm mbgered cansgsagevherdbyitlse
not cl e
ar rrgﬂglgeﬁrlzlﬁ?ggqlés anfl?h Cf‘gfl?b?d’] algé éd)n? éuozlg,%g d%pésﬁln%g?e layered
1C) conttoweiners prrHselecstecbdOSUOIM%VIbcbmehOfoama‘alr@En,thereby the

0 S S R G o ©
mul the ﬁHdzr:balhaf fromdicefasclikonk@sict tb baduadby l&ésuahiﬁlomigealafonstruct.

er bhodies 5 so ea mul tic ul ar
pod184 ont AEREheRorR 5k By i e e prissd 4 tvo o

or sdorkickll §Hed) o@dytingichis-baRtradtlcomaihig thvibt me@lcbUty@bs. These cell
bodies to fuse to forma desired three-di nensi ona

bi oYBYiT& PoaRRicIfdt wgragris Sted op Bt 247K th thpwifacs el the structure or
met HRG Sor0RY s g ay&@ldcell%t%&tio\ﬁ@ I FérRQaripb toy BRdrich rﬁdﬁlded multicellular
bodies in a pre-deternined pattern to produce t

deshadiday fhe statgfl fers Bixire e smpethypesclerslls @ﬁéﬁ?ﬂt@hak q¢ds to create
nul £ du6@hd sehidlirePQRh 652 ﬁﬁﬁ lgﬁtalﬂ@ BH)@H L¥sal epad rﬂlﬂhc‘éﬁﬁlﬁ%'dles may
wi th one another or a P ody, deposited in place

by thsit badics irfte pepitepngp- ge@& lé Flm 8% 2nealloyred hebiyt mto pfubular construct.
po

D IS‘_E lgete?g@tg apce(flg,qggﬁ &erlﬂ% oAlde ﬂfétg%%gtq}éﬂgggg#ﬂﬁmeﬁay be expected

| npb ereatsthe whitwhintanl swfat:mﬂ the fuhdhiuapesttuge while gte smooth muscle
sha 51 .descri . .

oi pcre% 1{1 901‘% %Xte ?1}1 e{‘ge{lgii elgg J[n%%gr XIQ?‘]%Q éllf ttﬂl lﬁ? ellaia? %é/uc%lesolflnclude a

t hemixoirel ofﬁhﬂlothdal cedbks and Hiedblafigvie, endottiélﬂlﬂ cals ainaﬁrfoe egpected to move

(o S R e P ot Res Sl 46 exttidiop BEGRY construc
abon‘lm)lgh iEhemefpl lekreid ﬁﬂrblﬂmqodrrrmﬁaté the ertgtiérl o8lahotharexample, if the

bod enbl rea. (for _.exa a gl as

D oS e B A L iR of S Dttt SRSigoblasis he

Ib [ s\ﬂlﬁoﬂﬁh@ﬁnﬁ a1 SuYy 1@% exipb@&d to Iave % thﬁ centrAl 1n%fr|13851ﬂ:f1);e bSthe tubular

ei ng asse I spenses. or ot erw se pl aces t

mul OREBICH Yihale ﬂ}sd’@g‘/odhla«%w&agﬁﬂ%afedhe PRI (8 2 fYthghgrepPlfel The

mul i€kt 86di0I0in 818 d AN i-@ARY of éddb@e1idy @leeﬁnddﬂﬁﬁluﬁ@é/&lls and

already been transported to the assenbly area and

pI aldweplasts. theendshadiel gells mprBe cxpsctpdiofgrtaa yeipgrdyyer of the construct
[ 0042 esifrof ttﬂ%ecoﬁg-&uﬂ Rhubb @R AN £ hﬁ%bl@ﬁ@ﬂa?t@&(?gcted to sort

inits 03|t|on process IS swta y repeate

addoan @uﬁ@lﬂwa fhe @@mﬁtrwta?ndtibﬁgm@th @uﬂﬂq qels mpp b/ expectedhie sort to a

(040 |

oo Aty cf Sonyich Wbl A5 M AAGRAR 6er Bnd the quicr ibrpblast layer.

construct).

Three-Dimensional Engineered Tubular Structures

[00125] The invention further provides an example of a cellular tubular construct
engineered according to the invention method. FIGs. 13 and 14 show actual tubular bio-

constructs built by the processes described herein. FIG. 13 shows the sides of two
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If the construct that is being assenbled includes one
or nore filler bodies, another inplenment (which is not

wW@Q bawagsobit whi ch nay be simlar to the shapi NnBCTHES1008048530
51 or capillary pipette 51') is suitably used to pick
up a filler body 5 (or make a filler body, as
descri bed above), transport the filler body to the
assenmbly area, and dispense or otherw se place the

fi | digtre RO Bid- &0?1511?1%' Ef’té?lﬁle%attﬁjapor{ Jh% rERGEE HGL ﬁfle!}%todles FIG.
i s being assenbl ed whenever a filler body is needed

Thel4 shpvethegnd offa tubular aggsrict ajtet alahlgdpdichive e rempeed.

bod 0626 2}0 th n@?ﬁﬁ&ﬁﬁl&t%& Sn' a%oﬁs%&tﬂ?lll)ﬁstf:a%d' scﬁgnd;}%algf in FIG. 15,
printing head of a bioprinter or ofher autonat

appadat geme e daigneted 80 larFlaribree-timeensohal iubslal siharurddili iegudes at
gﬂglelssb!ni efrllol}ellr’)ggdye5s ang lug'ﬁ§l dtqgfl aEtS elgwﬂwh EI%§OE%QC{%| ?e another, the
Ap p:ellﬁ\lﬁ)rmﬁ@altﬂﬁﬁa%.%‘fﬁqtumﬁ() o hlbstsnthﬂiy stryoundmgtipat &hgdnbiiller body.

el QAT R TR ST A Re AP B ig i migration and

bi opghiontiesfednidtoshé¢rinhtarialapp ahizh uSistshdhere@as o eclld s@the haaterial.

arr e t he ItlceHIuIa g%dles and filler bodies if
hebledraroTeathe MR e DR PEBNE £ RHECTT e

I rm[loelmmt us @gle thecet diRMBSRAEL tubildd s@licthRdihigdlyt s b dgth of at least

assenbl area is suitably Egrt of another head of the.

08&9%1(08? MIGLOL; BFFE SHtwé’rlY% ASh QU &t 1past dhopl LoamEmgists (c.g., in the

a n dilaﬁ’ge draouy 8lckidSetdriiR) &Bﬁ@b%e&heté&) Th Qmd dadRSROhENg
the multicellular bodies and filler bodi es can be

| oa@@éﬂ%@&h@mlara@ﬂwuweﬁ%abbhl@s@rlquﬁ?@ Igs dy3n ipbuéd PO paigsters. As
A theygh niutltlc@ﬁ‘l}t'larbc%dfé? $hdraRln® hQrdiR g u@p&"li‘ﬂrﬁf ddthe len&th of the three-
simlar apparatus to assenmble the construct

aut Gansieal uhulan stactiist #nddbusdeis sqcpgaerdiibat ¢ ihpesaiplerie make a three-
per r

TR bl YR8 080 TBE B AGL A i
As leidtiy éltﬂie@meﬁiom RO EerglmeleIS) withen theibaope ef theIngentipododenglas a person

are_skL I

mor s VNP g BYAE kel thrnculoR B P Bih BRAS « V% lr

Sui S:tlabﬂuge (p! Igaobtdlnargj aauﬁ'mient dllfan‘ﬂ)ﬂyh)é r:el}sulhamd]ﬂ:@ lbnd @nlticellular bodies
bodig ﬁ Jt F the multicellular

bodt &€ Tm% %mﬁg? 8@?%881 ﬁfgu%Pme%%%dded in any of the
filjoer28podi esiks.thehindisidoanmbcetlehebdded, the thas:-Jipensidnangbular
inair” beCﬁuse t he Itkﬁelhular bodi es are nﬁé 1 b
di SPURYESF?P Rt Pyl ofgr gl axpeﬂfecaﬁ&tcﬁﬁa muftiplisgel dyrsy The
I N thie@-dinkehsioBalSubasdr abidt@t bh sl Hade@king anyt &f&h@%ous cell types

illuystrated in_Fig, 11 except that the spheri
mul S dhos Eg%ﬁ fos oIl eyl Gpe %anﬂaﬂy

e| ongic8IuRH(Ld ChbithRor MOULRS cdilsiih tHeShbudd 8@udtite Ble@ells of a single
11. Figures 11 and 12 illustrate the process of maki ng

t hecel dypst yubicesto spraavplqranceifeydow bevels af igpuritiesp e tudipgayelatively

butpiai ﬂuﬁlbm[el%t &t g‘ﬁlﬁé?@ﬁt cglpg'gé {h'df:ﬁaﬁe ﬁé‘ ﬁliareatﬁaﬁ eﬂg%ﬁglble impact on
illustrated in Fi 8, and descri bed

abdb@m@&lfﬂﬂlomﬁ'she %[q@r g()ns@@g’q) @éorp pm;ﬁgg]@y ithe cells of the tubular
su bs%ltu@t{Hel @h gl}ﬁtabgecoﬁsqéﬂ{%ss@@%ﬂw&‘ RiiR of Qﬁng‘lg gﬁﬁtyﬁé kﬁ’t@matwely, the

i nven
cells of the tubular structure can suitably comprise living cells of a first cell type and at

least about 90 percent of the cells are cells of the first cell type.
[00129] The tubular structure can also be heterocellular, including two or more
different cell types. If the tubular structure is a vascular tubular structure, the tubular

structure will advantageously include cell types typically found in vascular tissue (e.g.,
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[00122] Once assenbly of the construct is conplete, a

tissue culture nediumis suitably poured over the top
w@Roesdednst ruct. The tissue cul ture nedi um CBECI/ER1089/048530

the spaces 17 between the nulticellular bodies and the

filler bodies to support the cells in the

mul ticellular bodies. The nulticellular bodies in the

t hr ee- di nensi onal construct are allowed to fuse to one

an oénh@tﬁeﬁa@ cdils os@%ﬁl ﬁus*%lecbleﬁg B RIbIERI NS gnet é)éﬁ’lﬁfé; thB¥ells of the
"fuse," "fused" or "fusion it 1s neant

cel tpbulaﬁstr@@nlteungcﬂmg@ pharmlity @8living ealls bl ﬁ@éc%]éﬁm?éld a plurality of
.ad hl?\”uggdcteilg opa{] cé}{&l%f‘ %{g)& tﬁé E(Jgglid &'llrt%%gt{e}eﬁigtﬁlg%&égg I?rom the first cell

i nteractions e Ween surface :
i ndiype ctd apothiar caghlej tht eelhof therigbuddr strimgure glclusle wiptunal EEOM living

COI’%@% gtn ﬁrsp c{ell%ﬂ’el & @H&y o tﬁlngg\{lls STIRALN ﬁ@ 5?1238 dA t%F]uerality of living

f usi Were i nc
constly um thad eclbtgparHtugdof vasenldrhwbudn girwdecse metceﬁma suitably

th t, t h d

St g 4 Py RREGAUY £ S5 el 4o a5 o anc

t hefiirotigsts &iii) drlothehm ¢elth apé figroblaby; @ el emigthichd rel@wayooth muscle
fro theilggr%&qar s ructure forned fromthe

ube- i
I}, 38 OFRET| HHYBHTY 0 H‘gSt‘F“FT“Feér&‘BBI&ﬁOQ?hg'Ce”S’

| nSslnfB%tH MgscleWRIN, and SErobadtiEa aabtasebds Bitbim wbﬂs afimRUIng the layers
of an og,en end of the tubular structure. The

| unhreH BiPRY 19ynG innpwrally ogeusdngstissics nThaisiip gig grapplepiggeratpular

a fhenhdbBciiRicehtlngichddRSial &s b il I'nﬁs%IeQeﬁ’éJ Itﬂe' diothelial cells
the filler bodies out of the | unen,

whi ch
hel 3 efitageausdy, formpn frppgr léﬁegusvﬁééamaﬂlwﬁugrQngssa@ ab}eaﬁ@n@’éﬂer body
t ublhage ﬁJoH%ﬁgcﬁ‘)cellﬁAﬂQM}%eoﬁ’s@} foPR al 1§ye¥ legﬁfﬁ?allgr r§1‘§Prroun%11ng said at

filler bodies 5 and any |lunmen-formng filler di es

f r daasaoneeltlier pedy and ghe ipnes lﬁbfér @r@@d?}vb@el(déthghal Cb@ﬁ In another
t en&gﬁlﬁfeu 1\%%?&9 ﬁlbulat étgjg{u’re wnta%lﬁgéndﬁ 'efgf Icél a‘ﬂﬁ tfgfo lasts the

f usi on. The present 1 nvent urther provi
an oqnldethelmt:ﬁb ddwntagr@s}fyéem wginaertiyot E@st@aially owrstundiog Sald at least

WI t(];}le%llér Ig%dg QQ&’ %I’e f%%%hal ?% f lgl% 14k 9%9%% s?a%ttlﬁl Iy gurroundmg

deI Saldeit ilaag oae ﬁllerrb@tiy tnyd tbé inned lhyea: &rfnﬂdi hj? tlb@ddicelsehal cells. As another

d d
or e Bt RiRL SRS Snit £ Hus ™ e s end sorobtass

cel thebasothmiuie cally acﬂ\tiﬁﬁgd:dilblg férheandeisdr 1a8dr substantially surrounding said

bi o- onstr re mul ticel lul ar, bodi es

¢ et Triane HBk:pofagnd e gProp i co-aissitaiimey g “uhizpidly

an uSbdiRBng @licht Mayt oGO fll@&ibady bRl tB@ierdhyed Fdrined i bjﬂﬂle @@bbth muscle
The nultic?llular bodi es may be applied

b| ocei‘%) AL ppqther € hdb? YR bR ERCtYE onigigs endothelial cells,

exaiijoth mhioR dilf, bed srbbists B adiomelidliced shlﬁﬂttﬁl}l; foP@@h @ner layer
conprising a top hal f and a bottom hal f of desired

st rubttertielyeyragadipg sidigdenst (Hﬁd‘ﬂlﬁhlgpdwethwra@r@hfnuﬁ% gplls suitably

confoafh s@fg ﬁt%r%‘ﬁ@s%nh@ll)f é{nc*l%uncﬁllé @fd’]ﬁtléaytedn¥ fill& body and the inner
plurality of I'ticelldlar bodies may be assenbled and

al | laygs dormed b}aﬁ@ ehdatlelial edsiané thedibaghdastsispitabbntorm atthltslnlayer
e B e e e b e T By e
endothelial cells, and the second layer formed by the smooth muscle cells.
[00130] Also within the scope of the invention are three-dimensional branched
tubular structures. In one example of such a structure, a plurality of living cells form a
branched tubular structure substantially surrounding one or more of the filler bodies which

are lumen-forming filler bodies. The lumen-forming filler bodies are arranged to prevent
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bodi es, the engi neering nethod may conprise the steps
of A) delivering the plurality of nulticellular bodies

WO po18/0g89es det er mi ned conbi nati on with a pl ural PEHUST009/048530
filler bodies according to the pre-determ ned pattern
to forma layered construct, whereby the nulticellular
bodies and the filler bodies are contiguous, B)
depositing the |layered construct into a pre-sel ected
con EQESh (RNYif QLTS o HRF addBEHnakioABate yﬂﬂ@t{se\bﬂer&ﬁ &@n end of the
multicellular bodies fuse wth each other to result in
a f firstedongats spaca ét adjagerd aside pétheveaend elhegatd ppesr bodi es

fus t

b|o oglial cggs§ 5“@%8%%2?ﬁ§%@% g#ﬁgﬁgfﬁ%§%ﬂeﬁﬂmtmdym
rrul selectetl frainethe g@uﬁlcmﬁlsﬁnglofmagromagmrtmlumd agfd, anipodyrethylene
Wog co?I 'i"hetax Pe%?t ong il Qrtboﬁy?_ﬁgggéb? 70 Byr?lgltre %II%BI th® Rlél% L gtll?lgture by
ex n&x]:lirgdhet ﬂllaégdﬁ@abéthb adathr sructunei r af f i ni t y to the
surface of the structure or other forces, such as
cell-cell interactions. For exanple, cylindrica
nol ElEAMRILRS cel | ul ar body may be created froma
m xture of snmooth nuscle cells and endothelial cells
to create a tubular structure, such as a
t r anxRVITLEAD! Prepdra@sh of @RS@cHuldRgRs Bt fidseednlgitedring using pig
bodi es may then be placed into position (e.g., as in
Fi ggmopsh misle cslly- owed to fuse into a tubul ar const ruct .
Thepogrupt hel i apigGalobh MERRITINE! P?é%t@ﬁuicﬁb%eﬁ@@ﬁ@é) Glere grown
through its lunmen may be expected to nove to th
cenf i samA ceidiigns s‘%ﬁdfl%tE@V’@flS yepdes: (e rsdivgoistoptiden was Dulbeceo's
whi M@dtﬁ@@h&?@%&u@@ﬁh@‘vﬁﬁ%k‘«] ﬁtt&@éﬁu@?%@mﬁt@@v& ﬁ?ftl@r/ Qfcine serum,
As anot her ‘exanple, if ticellular bodies f
i nci%dbmanerﬁewu P8 mufL efiefolitvelG @b/ Lolelasingntd me/L of glycine, 50 mg/L
{1 DHOBLASE Seig {5 ANAAABL! Bl e LS, TRYBEREXRSEE S8 B Lt of
c ontsctstmttmutpomn pemfmsmom% 3, Bl e QOMSTUSKIG .6 1y OﬂQEPMe Buttu and
Iunfﬁ whi | e fi asts dom pate the exterior
anothist” é‘?‘éhlpl" ponicg g ﬁ WEPPPEER dharelbstresown Ph étlat&b@elaﬂn
a NMrth Y6Rin@kkigN@ate0 1mé§1qieﬁ~1 Gistlck andmeutaicl rapbt°@szt°/% ,cdzh &he SMCs
snoot h nmuscle cells be expected to mpve to
cent§rapubichitwpd t0§at8ﬁ%tc7ebeé‘?retbﬁlég P%?Slf?ra(fmlﬁ%f‘rlﬂé‘taf h@cty (c.g., cellular

Whi ) btl'éﬁarﬁthctﬁr @%}ﬁ'&h%oﬁﬁﬁhﬂiﬁtﬁ (1teh@ell%ft§1€j @fhes Aeredhecessary to
further exanple he multicellular bodies 1 include

a nirsivaig & @tlulemmts ﬁéql f sbec@piskle digmstsr O d &) emg pide diameter

anqrhy. @%QBBaEB )hgc dothelial cells may be expected
to sort to an ger of the construct upon

per f usi on of the construct through its lunmen, the

fibto y be expected to sort to an outer |ayer
quhgk%gﬁégggct and the snooth nuscle cells nmay be

expléttdd to Sib)Pteptr@tlcal afia@t ezatay erlutemn dw d@hidafvet e Nelting

th ndothel ial | ayer d, t outer fi.b

| a%onﬂ?ﬁ.&mg agargss vas glcs)shoél £ é@; néleortgl tra'Pllﬂ)e vi/ater/b Eto Sr SO?%IOH gl 1, v/v).

[ OO uffEhe hitiow emt bedBS 1 Diutbeccopy phesides bafferex sdtipk éx of HRSS=

cel ﬂIanks ancel%ll s%{t soclu‘uosnt lrxu C[the agarose solution was placed in a beaker containing
warm water (over 80°C) and held on the hot plate until the agarose dissolves completely.
The agarose solution remains liquid as long as the temperature is above 36°C. Below

36°C, a phase transition occurs, the viscosity increases, and finally the agarose forms a

gel.
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engi neered according to the invention nethod. FIGs. 13

and 14 show actual tubul ar bioconstructs built by the
wWperwomseswes descri bed herein. FIG 13 shows t hePGI/ts209648530

twodi fferent tubul ar bio-constructs, after the

mat urati on and renoval of the filler bodies. FIG 14

shows the end of a tubular construct after all filler

bodi es have been renoved. [00126] One enbodi nent of

sucfo 4 onst f1HC1t’re4)a§atio|n Jtsh LBt KM nﬁ)‘l:ch e&'ﬂi&ga%é h¥1d WasFbGhed using a
15, and is genera e3|8nated 01.

t h r Baslog lpﬁéfr(si? ofn“é¢ﬂqnuml} @HOS 5A0EE Lithat fswtq fidqtidish (Hrcm diameter).
t \,

e a\?\% E‘?’ (i;[lreg&é 12( i e%trl & ﬁxgas glﬁgft'tﬁhéd h%n%(ﬁnt%ﬂgl a}ng Gbout 40 ml of a
f 0 rmﬂgrraect aghrok@wasstoutedtin the PS@I dishsthtysplambolalid the Teflon print. After
sur ndi ng. er Ier
bo d\{?l%gylg% %1?}%& Blgbebzesatlhg gs%é g r\]x{as Bia cd at QQ?%BF lea%t I ur. IAfter
t hactompwé giliﬁcmogroﬁthecagarasredthe ﬁgﬂm\pﬂnt ofas celdved arrlﬂtgnodthW(ere
mat er. h resists r
a0y pRjn A Reedits ESariisRe MRIRERPS Aol P8 it M aadea v
pertheablde to nutrients. [00127] The three-di nensiona
tubul ar structure suitably has a |l ength of at | east
about 1000 m crons, nore suitably a length of at | east
aboult Peepafsfibh bEhe himlt{celdar,botlids.t he range of about 5

centineters to about 30 centineters In sone case
t helOPhSbedi mERsmefam waspematicd Somrop fiyeat E?Hltdasswnﬁé@ cglls were

| engfshePfith €6 M1 baBsPouiv 89CKE ek iR 8 Suin AN$%Wrds t§p1‘é£lf“evenly to

mul ticel lular bodies, there is no theoretical up

| i rdefach fhetcrlds frem &tewumcet heal phipedivmn frensMorasil Wwﬁﬂ%& to the Petri

St ry@t Hhe celPRGhenfibS isicknthifi b €5QB0L F£ 4 ntuﬁﬁ’ttes | A ftdrSemoval of the
possi bl e to make a threedinensi onal tubular structure

havingdgura (il eerﬂgﬁt fupematets desced pelBO weerssispetded ;1 309rul @hyedium +

ar t ffer ent forom. 30 centineters

t hke)irrél{é[g(%a)eél Hgﬁmpe \pand, 8\ﬁln (1Se 5 SOR orous Iy S'pl%ette(ﬁ seve)ralltlmes tdbreak up
\MIdeﬂmgunasamﬁdnmmESmgbmbmmmbmﬂxﬁfThwkmn@avassm@mamdmnoznﬂ

o S e ATt Y B b Rert ke | Sy s 2elTh was

nul fotrael Hyl.deﬁtﬂhﬁlg@ﬁd)rﬁﬁ 19610 gctor mynub@h m’ﬁedﬁdiuinm Spdaperantadt) was
a structur 00128 e the In
mul EPEd 4 él}e CB 8% TsWay g ﬁeﬁi’ R HPHRIOSIIYR ﬁ?Plﬁ%mbSSr (OD 1mm, ID

st rals b @nﬁ@nns*éﬁe&@monﬁla@s ﬁfouﬂte@ bingd ﬁnpﬁiﬂendomﬁpet@f The
can include nultiple cell types. The three-dinensiaq

t uEPHRTYShey corfpiing dhe 95t PRsitRergdiaHBrtethip nedivnn s 2y Pa@lg for 15
cel hintdeP 8S3 76t 5041882 ATROGY R i Pite FATexBYRARM #n thh |(’!ﬁ)lllary tubes
tubul ar structure can be substantlalg¥ honocel | ul ar
(i .with thg plypger ingp thegroqviaeof gntrgseaold Sillpgy with amediypy[FEps. 3C). The
ST I UGl WS pRE&! if Bile! 1§cu@5to@ox%hﬁ@lt eThEhdxt LP e nSMBE BlltickRular bodies
sone tolerance for low |levels of inpurities, Includin
a retranipiieled (smahdked badie mamfallrz @t sapofary s (FEG.eY)_and|placed into
ty : g re than a negligible inpact on the
na?ﬁ?%@?gﬁhg¥ﬁ¥%g“¥3bular construct). Mre
specifically, the cells of the tubular structure can
sui . ssentially of cells of a single cel
v PR RYaEy T he

[00136] Ten ml of a pre—warmed solution of 2% agarose was deposited in a 10 cm

diameter Petri dish and evenly spread to form a uniform layer. Agarose gel was prepared
at 4°C in a fridge. Capillary tubes were filled up with an agarose solution and rapidly
cooled (using cold blowing air or a cold PBS solution) to form the filler bodies. For

lumen-forming filler bodies, the agarose concentration was 4%; for all other filler bodies,
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cells of the tubular structure can suitably conprise

living cells of a first cell type and at |east about
wOipesssent of the cells are cells of the firskCTEF1009/048530

type. [00129] The tubul ar structure can al so be

heterocel lular, including two or nore different cel

types. |If the tubular structure is a vascul ar tubul ar

structure, the tubular structure will advantageously

| nohuge rGebbnckyPesn WiPbGaluned aod%ﬁ&ulaf‘m‘i/@c?s%ﬂeaﬁ fillrIHE was

(e.g.,endothelial cells, smoth nmuscle ce

fi brendedam thétceplﬂary mlpe oRag émt?pl%wnie lred ¢é ICITlsﬂg@PS@t e (i.e., filler

tu t

of bﬁ;&d?j’ \;‘vist lglgeH’Hl Strdi EIIBU . a?ér 1ﬁs¥de(ﬁflel ]!’é\‘gr?{ Hgg cé%})&ﬁd filler

of wdgeeendtapedel ta 15hp érst Dmeardeg on dntdél fillet gheshedraideposited that

g;(;t%? | ﬁ{yf %éay('%}e}'fh 6f él[e?hocﬁ?s thatlcé{i%%% tér t@g %:3%5]?1 e weLe, degosited as
pl uqhabvn hryFI@‘ 11.i Vwoguiteklhdardiodias vereskpaatd 1nttlyqyﬁh a@ 5th positions to

B: ﬂ'f:b%ll :ﬂ{ei/ﬁr(%;lay:e% éﬂap{[ beg :‘:'Qezhigci la aer?x%% &mgfi?{f gt%p)gf)lgon ?thuigller bodies

f orand@saulticdlulatibadidrin ﬂieBl:ttztrlde@lSpostth)ﬁs CEiel fSunt‘rﬂlﬁyer was composed of

ws{fﬁerg)gl 1F§'(|1n %I rpl)llggeh]ﬁ%ﬂo%glle Ifhg|36(£ d54S lépmltlons ”Phe fifth layer was
fi goahpbasites s ﬁ(lllei bodic8 eIt bel Trabugheht s @P@klﬁdnmr@&hsaahal amounts

or (iv) endothelial cells, snmooth nuscle cells, and
fi briewidis 60 uipttbeime) worp addsd on therside g thegpnsipt e pyid dehydration
t he,endaibel %aro%@&rldsmulﬁg@lgfapbéﬁﬂéﬁ:l @5 &Pl WP of IRMH acarose
flbroblasts can advant ageously formlayers m m cKing
t he(37'&yrdr40°6h waepouredgyeundfapd nu taprof Higtoansilurtyto owéntein itngtegrity.
tis I

st r o o LBon. bR EXATRY Byt R BB Bl MnBlcd. The
musohgroewhsplacet & be dmtlljm@cbrl alftec4d h@rsadmalml‘é@émlasquies had fused
If g;n}t‘d?ognﬁlegﬂnt [rarl ﬁ%géﬁ&%b“ ?etnqt%olvaeld n%g%ﬁlllﬁn%u YR oef nl%:e u?elé gur?atce of the
advamilageoetsicyand by pmlhng thy Eilersholdg tvithifaled ;heSmnafrmfnlmH tobular

b | .
7 or A B e Bl i B s PRar e Reisreacor o
I N farth@seathradont Wiylcamnitdidligtavsiiblaidrédciir 0gh B@ded fue klicahaturation.

cells and fibroblasts, the endothelial cells
advant ageously form an inner |ayer substantially

SUrERAMINY2 S AltenatvelpeRsdur® AL pldphdig milaeyuRRBodi&k&nd for tissue
fibrobl asts advantageously forma layer substantially

suriSlifititég said at |east one filler body and the

I nnergrhbderontifiol®fbr BY¥Id drevgindothrt i al cells. As
anot her exanple, in a vascular tubular structure

conP813i ng skbier Hamsr Ovar (CSONsellstanplagiedisits N-qaerin were
SMOQL N HSEb&GEMoRifRE ¥aatk %%%%{D’M‘E% %@%rﬁeﬂ{éﬁ withdY®] Fetal

substantially surrounding said at | east one filler
bodovatecSeryre (FBr @bb@gtﬁlmmmg@dmsmgppfmymn@nﬂ 3y eg/mL

sub I S

bo O%jeﬁlg%én‘ff‘) aléM |4§$ gé/ﬂ‘{il gglgﬁgi?orghsg%p"é‘geﬁt %Insa?rlghglpﬁohés%ire purchased

cel frgn Ifvitregaot her exanpl e, in a vascul ar tubul ar

str e wh i L -
uslP L, 1 M OBy S PO s i SR L g grumen sicn

S ui FibiobMsth @ﬁsﬁWenemumhadedﬁem B stdoi Bk YuBwe IColleutiion CRL-

sal f4z§gta§ci Sﬁft%%] respecjuve?y) l%ﬂ%}f\?[Cs \rx]lgre ?ggoowpnt 19 IJMENH w1thCI-ell1rln’Ss F12in

sui
ratio of 3:1, 10% FBS, antibiotics (100U/mL penicillin-streptomycin and 25 ug/mL
gentamicin), 20 ug/mL Endothelial Cell Growth Supplement (ECGS), and Sodium

Pyruvate (NaPy) 0.1M. Human skin fibroblasts (HSFs) were grown in DMEM with
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forma second | ayer substantially surrounding said at
| east one filler body and the inner |ayer forned by

w0 baomeosdes hel i al cells, and the fibrobl asts suPCHEIDE2009/048530
forma third | ayer substantially surrounding said at
| east one filler body, the inner |ayer forned by the
endot helial cells, and the second |ayer forned by the
snoot h nmuscle cells. [00130] Also within the scope of

therpd et 1ORGREES: T MSErsl, 'Iﬁt‘ilﬁbtfé@ al ool an phgdiiii¥h®mycin and 25
structures. I'n one ‘exanpl € of such a structure, a

pl wgamleyntemicin)\glygmine RmLINAPH0a Mbr anched t ubul ar

st r[:dg{rﬁg)e Su??&:&\ﬁ? %g?alté ﬁo fcl['ﬂ'er a%HECgh{&gth | @r %D(Eiexgg/szs Q@re grown

fil odi es umen-torm ng I es
Thein|lewrghedse DAY iill 1086 FBB.di0spaciee grumadgedobe acid, copper

o IR BT St P P9 ALy gt and

el O[IO@HIOQE spaad cel lla@kj (evepit CHO pivale cdfuréde GEG@aldtin (porcine skin

el on 131 The. c nt _pi o atible ..
G AT SRR oA BT T of P Bymg L ainspfBge contining

fr os%% Cog. gr oup conS|st|ng of agarose, agar, hyal uronic
acid, and pol yethyl ene glycol. The at |east one filler
body is suitably separable fromthe tubular structure

by ImuwebﬁgudnhﬁMdlﬂldeﬁmabp&uesout of the tubul ar
structure. S EXAMPLE 1 : Preparation of

mul PRI | ul ape% 6‘6‘?%%? veme vashed tdcewh Rasphatrgbulisredgakijjegolution
S ”D(I@BB) nésed or¢e |1ﬂ11$w1tf1 @qg/?’l?ﬂyf)im anﬁ’/gsﬁ)réﬂﬁﬁtg Qelesﬁérﬁlon was

snmoot h nuscl e cel wer e grown
the‘36§"éﬁ‘$e 8hbirQ0 BRI ferseaing ey Weé@%w@p%li. ia mlﬁﬁéell type specific

e d L7 5 QAP RS Hate@ M Y\@ﬁll Bul,b @ﬂﬁﬁ’e fashbglishbe d«ltﬁ@gd @Oz on a gyratory
Medi um (DMVEM | ow gl ucose suppl enented wth

porSélalrfé @ ene hpur1igadiesphEcevsriy ﬁlild then eagtrifugsid ap#ép(? RBM for

as cor @#SQQT(;}%@” ‘g&e t}%ﬁ &Pépﬁug{dea %B@ﬁslz g% t@f it 2?6 ul of medium
Facind redBBrifiRDGR B‘B)O RPIV forg) hingfes. Bé@i rcsumﬂgrcglb pam (the cell paste)

F / f..
b f\\?//\ére trgl%‘f; &1%% 189 c%@'d%%bgﬂ% l'nrg%glﬁlll 0| %PO an 1 rngl d&lgé?g?and
st neptbamtat JeCith CeC0s fond S enigr own on gel at i n (gelatin
fro ci ne Skl e 10.¢c di,.sh nd
| nalbBREa ot rmeblafRl Sheta St i e BUBRT PG Sl ver
to @%&&@&ebaﬁ@ﬂﬁ)fc&leﬁﬂ Icéllgpasﬁ:eﬁhsfnﬁl—’rchafﬂlﬂally eahldod ard badiyto equal
(e.g., | ular unit) preparation hteen onf | .
Pet gﬁgnteflts dhat ¥ aﬂSYfF‘i (9rr ey Py 8‘?137%?% %&@%%‘?%Pr f“g’%@&’ 3% CO,
gr eID@feﬁdlﬂérOICﬁhb ldtaln@ker giht Salﬂlgﬁy ghbéil Hﬁ§pr6é(25dtu;‘elp@(ﬁ/1ded regular
I a r i nsi de dianeter (1D): 0.5 nm
n%*? l(dﬁ))%)@neqlﬁlze qnd celpguplEe Mol d. [00133] (i)
Er e[m%ﬂ] I oNn 0fr oYV REElaSI itk | RASMEs, HIIMEL, toF ABHE Rere used,
ow In
and the part?ally cohered cell paste was mechanically extruded into specifically prepared
non-adhesive Teflon or agarose molds using a bioprinter. After overnight maturation in the
mold at 37°C, 5% CO,, the multicellular bodies were cohesive enough to be deposited

along with filler bodies to create a three-dimensional engineered tissue as described in

Example 1.

ITI. Preparation of Filler Bodies
[00144] To prepare agarose rods, liquid agarose (temperature > 40°C) was loaded
into capillary tubes (300 or 500 pm ID). For lumen-forming filler bodies, the agarose
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Poi nt (LMP) agarose was dissolved in 100 m of
ultrapure water/buffer solution (1:1, v/v). The buffer

W@ 010008905 can be PBS = Dul becco' s phosphat e bubP¢BEDE2009/048530
saline I x or HBSS= Hanks' bal anced salt solution IXx.
The agarose solution was placed in a beaker containing
warm water (over 8Q0C) and held on the hot plate until
t he agarose di ssol ves conpl etely. The agarose sol ution

r enhBSitrhdi HUL A 485 hOMDRS fill e URIARY k€ cdreRAYRwas 2%.
360C. Bel ow 360C, a phase transition occurs, the

vi slewded gapillapt tebesevere inmeerfadnatp c9ldPRS (Aar dsegdroserdid rot adhere to
gel I r ' r

age e SR bl o ERALE chahull A R AR I uddity e
Tefbigmintaekipg aeitl@Es prigmed€)d.t hat fits into a Petri dish

(10 cmdianeter). The assenbly (Teflon print + Petri

di sh) was mai ntai ned horizontally and about 40 m of a
pr eMaar rmachuaglestodemmas poured in the Petri dish

t hr a hole in the.Teflon print. After Vi L :
e OB o O Rl btV iR A Fhppd F IR LTk Beyaration,
| eatibuct wealroccAfel €or paoiifal @firageh arfd aetictlding. Of ortghubal aspect, 5 um
agarose, the Tefla rint was renoved and. gr poves were

oD aleBigs prre e g R st R e S R ectons were
4D) incubtetrwitdfthd Wb winy WashoaldstedtilcRatddeatpakeds (1:40 dilution of a rabbit

Preparation of the multicellular bodies, [00135g The
me dtrRlSRNe! Gaermsté @Ol oMl epiiody Bt repsds With gousread hngan feaved

cel dagpades £ avashissih Wubdle d@in 1 :46Y dildBSSotta AT GRGhumdn Snooth

m of trypsin 0.1% was spread evenly to detach the,

cel nuscleraghia tIne)-stacpadagy amibpgieEnNisgingng horseradih@gigxpase-labeled
Ve s, AHEE Aot RedidiByitedifhbr MiiSHousd BRartiEhbbiBHSiBENS) RRrel visualized using
centrlfuge& at 900g for 5 mnutes. After renoval of

t heDABAR udnrpinokenzidingdetahpdpetdaradel. Sectione weiglcpugerteiaed with
Wasy bt R n! a{ﬁd(%gxoermppgcf fopﬁl@dr&ﬁ% Sic %@ﬂll%l%\ %D@’Bjj

punped up and "down (I .e., VI gorous f)plpette severa

times to break up cells clusters and obtain a single

cel i . : | i . into 2

o SRR s T SRy SR kAN LGS PREE

t ubl@0144] hi ghTdesssmbly tieedubstpastle sphascd owitiedldar bodies into

centrif i,0 t 1300q for i nutes, ..T di )

7 o3 1y ShefifRad o Blea Sl e e e Bt waggesiened

It r aﬁSﬁchO’ngﬁéSiuéa)bf ﬁﬂgﬂ bodich (. bgﬁr&g@@b hd t:iﬁlyling bheks. (\ian agarose rods
mm . r . I nhser.t Lnto | unt e .

o e STt pey R ice Bl s Byt a1 o b gt e Geposited

C ONbRdribly Mgyet, AEcueRd donprasdfeubstlifndtdtCwaIBth@Undsh ai&BiadRiry pattern

2mM CaC for 15 minutes at 37C, 5% CO2. The shaped cel
past® RsbleGilul8d from the capillary tubes with the

pl Ulﬂﬂﬁﬁ] i nt OUtsfﬂ%é}ﬁé’ %Y&@h,@frai@ﬁ‘t e Reen ARIEb it hla@Ghlly, according
w th nmedi um ( FI Gs. ). The nold was placed in_ the )
i ncakarsergy gromingh FIG. Bh & ha epllcgtybe witesipgbladgising substantially

MUl $rh&GRlal MhREIROH bSSes made up of HSFs and was 900 pm in diameter with a wall
thickness of 300 um (FIG. 16A). Once assembled, the substantially spherical multicellular
bodies fused with one another within 5 to 7 days to result in the final tubular construct. To
study the fusion process in more detail, CHO cells stained with either green or red
membrane dyes were used to create the substantially spherical multicellular bodies, which
were then assembled according to the scheme shown in FIG. 8. Fusion of alternate
sequences of green and red spheroids is shown in FIG. 16B and reveals a sharp fusion

boundary with little intermingling, confirming earlier findings.
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were aspirated (i.e., sucked back) manually into
capillary tubes (FIG 3D)_and placed into nmedi umunti
wo erpiesdoiise. |V, Tissue Engineering. [00136] HERUR1009648530
a pre-warnmed sol ution of 2% agarose was deposited in a
10 cm di aneter Petri dish and evenly spread to forma
uni form | ayer. Agarose gel was prepared at 4Cin a
fridge. Capillary tubes were filled up with an agarose
sol [@514%;@ and Irf ARitdhYo AOGLiRY ih DL AANRR) gncp\klﬂl’\fhﬂﬂné%b JthOfresented
a cold PBS solution) to formthe filler bodies. For
| urethéd pitieniquel feasyre tigenides a vaydo eqpatres brapelied arpcroasscolar
was,, 49 r e t
Coriedinek Hor it S o bhkeor Rt ERet lfin AL B iterent pranhes of
fi Ithevasbdaytresasresssamidethimnigmeously. dapiahdhad yubtilabgrugsiraigeving

bo@ ?&cﬂgs %rdls%gtgila%ger ?P%G C{?C% 94l ?lﬁlﬁ aEcogdng%to%ﬁle a%atte}nl iff FIG. 10

i nsusthe 30D enﬂhamete@ubhantlmlys ﬂmelnmhl fnlulticeli"uleht.’mdghemsde up of HSFs. The

Ju taposed to.the first o so.on unti
BRRETart f 20 ool B Sl S A e e By itmisgiiris. 160
f [ | Tlersubsditielby §ﬂhatﬁcatmnBlbdzlhﬂﬁr®odlbﬁqu@km ook dmyter inetod days to form

deposited a n . Jwo mul ticellular
bo§1 ‘ﬁ%?@ﬁﬁi ‘QQF@H“PW%%H%%QPH and 5th positions to

forn1the first layer of a tube. The thlrd Iayer was
formed by deposition of 5 filler_ bodies

mul Y} ceiie Fagingssag sCrepfe piglesng DQH@G%MGY%XPW]%@““?H@“%

f ougibRuakcaMBRicMRSr BROROSed of 4 filler bodies and 2
mul ticellular bodies in the 3rd and 4th_positions.

fi flOP149%yer RasmpgrpBsed PesFismnf gndrerodysiility al(cttil@;ebszadapt the

Thr,aughiost p$tgﬁ1afi§lﬁﬁb%l 3ipRPatRRE @&%ﬁemﬁ&ﬁ& buRTRYA hﬁ'ne‘ﬁglonal delivery
medi um (10 he tinme) were added on the side of

t hedegisa ter,dpeqprlmr)a%mda pthe denspition of ﬂé@rhadloa&(negl, agarose rods)

( a i ; .
g AL A sy Al e
t oprbefe (e 2const ruct to maintain |ts integrity. After

gel | Lation t

totop y subnngggh“$ﬁe congﬁ§ﬂbﬁ) la&ﬁgé%@%&h@ﬁgy@ﬁ&wuimr
in Cthbeﬂrmmlled%malﬂtalﬁﬁuhdnpbstlort dfehafiilr bc(hbd (alga Iagetﬂmélreds) and

had . f sed e ther e.was re

o iR el PSR RR P e e E Ry R ERRS) KBS R YR Sk

St rtemplates agiedorb YFIGU Qj ID@Oilfi@l Fad dagried odysingtu éprintdr k@dpped with
the | unmen f t he tub %gg{ struciture out of . the tubylar q
st rierartsal Yr‘ﬂ%“’f‘%ﬁrém S+ S Ao TR GTSRasgt o g fitpisign of agarose rods,
bi ahea@tofor e defouitibh 6f mABbaIfudk tAMdeATadi@F R aGbdhddyextrusion of
avai |l abl e blgﬁpgptor can be used [or t he .mat ur ati on.

EXAWPIES P45 toaf plarqised fyly prtepaleliivsler Ghe prndlipay pigfte-cartridge

mul difagiRk k@ HrikQth @ VaPidt theWedttd 8 SdBn BOOH REBSL NG fdr loading. Next,
Gowmh Conditions for Cells of Various Types [00137]

Chitnelew feitayapid eplatign gickoeatss-Ithe lppdeA spdedge o apimppersed in a cold
N- caghebis. Yhhfy, the resulting agarose rod was extruded into a Petri Dish. When the

deposition scheme called for the delivery of a multicellular cylinder), one such cylinder
was drawn from the agarose mold into a capillary pipette. The capillary pipette was then
loaded into the second print head and the multicellular cylinder extruded similarly to an
agarose rod. Simple straight tubes of HUSMCs were printed according to the design
shown in FIG. 2. The computer-aided motion and coordination of the two print heads
assured the reproducibility of the pre-programmed pattern. After assembly, multicellular

bodies made up of HUSMCs fused within two to four days into final tubular structures,
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grown in Dul becco's Mdified Eagl e Medi um ( DVEM

suppl emented with 10% Fetal Bovi ne Serum (FBS),
wW@a1008903 cs (100U L penicillin streptonyci n BEUZH09/048530

ng/ m. gentam cin) and 400 ng/m geneticin. Besides

gentamcin all antibiotics were purchased from

I nvitrogen. [00138] Human Unbilical Vein Snooth Miscle

Cells (HUSMCs) and Human Skin Fi brobl asts (HSFs) were

DU%’E{@&%@R Jr@xgg 4 Fos@maﬁ WERMen¥RE. ﬁuéeh WiRs otk @iameters
CRL- 248 respectively HUSMCs wer e

gr dwtsida d@mmwftlﬁowmm@w 9@<hrmcmns,de~°@pctyely) arpebgvARs FIG. 13.

PGP L T DUt U B
Su ppaoemmula(nﬁe:@)l a naadleh Bd dil verrtifRy were abws trided?yhor Ghis hth HUSMC
Fﬁﬂ &Eﬁ%?{ \ﬁgrlcre glsetdsas gﬂ%g&%bl&@%%%@@to tf[i]e I%‘F%M shown in FIG.
( 1007l.ﬂfmshcpelhe cerkdtility sﬁtheembt!hh@/ titres ot 4BG engihedred by alternatlvely
Sol RP a2y Pl bR e el B RGP patem
wer tatdiaoielini vivd dpivglebtc dfenalIVEM-suks iniHREY(FABS, 17B0%GF) and smooth
0 e Hgingar oM i G, AR bt fpfordary beoween
[ OGR4 M fbedblast lafi@S o r@X6Rh tHeHdakinv@EEcdhbtictrB@r Days of

5% gel atin (porcine skin gelatin) coated dishes an
werf@S%.G%@%ﬁS?] gaiginggonsaled aéth ERAPHALE celly 18 theoablid the tubular

COoNduatiicNGIGRYa 852.7H).| ThEhERAbAPIL ﬁo&:ﬁe—%ér&d GRlctidd @own in FIGs.
Bodi es [00141] Cell cultures were washed twice wth

pho]s7b¥r9cr§q15{ﬁﬁﬂ’@rf‘éﬁm§éq fuffe sol ution (PBS), treated for
O [@bis2M th @pddpdic ya‘ﬁﬁ l4Bubl el{a@ﬁlesel%hp’%/le'ffb% %u O 9 mm to about

sus ension was centrifuged a
Cel %mmm@uﬁééwgﬁ@hded in 4 m of cell-type speC|f| c

nd I
e, IEHELEc Tk SO G P Ay
ad hesitortsraecioyle ﬁym cakisdont h élre leghestrriofsilg)e oelbdendity5@ @chiRPigl. This is
I”ogo% ﬂitltase 1§at1v ?ssegg %Je?eé%%ﬁe rﬁtlv@le Qi ggnlég Hl%glg ?ayela wﬁih overlapping

r ecaiiyﬁcentfswgéﬁd ﬂlb n&x@ﬁﬁoﬂ%%@lfemnt Rvention igesmulfibadlular three-dimensional

resu cell el

ol e Sg BT bRk bR ik B A8 sotoget dgggaction has
nm predieushebeetl qeumetial sy aatbgl itk kblqmadyﬁéms’,% 4d mpctrh:dk'b%t SUs

for 15 mn 142 r subst ntl al S her

mul EPERN} ‘ﬂﬂeaﬁ[f q’t? L%ﬁ'lz ~GqBpsLvee @F%GXEyOIbE E%‘éa&?gy Detyveen

th anmgé%iuadr bytc@bIns hedli@edd plr@‘fﬂéﬁédel YRS aﬁaﬁl’@tamlﬁg:\bﬂ syme of the
extrude an cut into equa ragnents that were

al | GXElaP R RpsRhogENeHE BIORF g FrtcmptPysd BVP aReyaping ps asionpt

37 Gaulad61&58 spheroids and cylinders described in this study are consistent with the

physical understanding that, on a time scale of hours, tissues composed of motile and
adhesive cells mimic highly viscous, incompressible liquids, a concept previously

exploited for tissue-engineering.

EXAMPLE 3: Use of gelatin and/or fibrin in preparing multicellular bodies and a three-
dimensional fused tubular structure.

[00154] Human Aortic Smooth Muscle Cells (HASMCs) were purchased from
Cascade Biologics (C-007-5C). HASMCs were grown in medium 231 supplemented with
the Smooth Muscle Growth Supplement (SMGS). The HASMCs were grown on uncoated
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Dependi ng on the dianeter of the capillary tubes, this

procedure provided regul ar spheroids of defined size
w@edooedods nunber. [00143] For el ongate multi cePCTIUS2009/048530

bodi es, PASMCs, HUSMCs, or HSFs were used, and the

partially cohered cell paste was nmechanically extruded

into specifically prepared non-adhesive Tefl on or

agarose nolds using a bioprinter. After overnight

mat W41 abige dishestal@ waRl hifthindy & 37&%n%1&1@@d atmosphere containing 5%

mul ticel lular bodi es were cohesi ve enough be

depeQi-ted along with filler bodies to create a

th
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i iR eaktas Berbien seficiently ehicpiypgo thatrtheyi souldhsagtedimmedipfely,

f ol D Beed M ARBLINE ShapBidstepCr §RYBHd HRINBAE 5tSp. ('ﬂhquulncellular
dilution of a rabbit anti-cleaved caspase-3 pol ycl onal

antbddisgyvercieposited togather with ﬁﬂtm Sedigtathureagiviak senfase as described
Cas’c{%@\s@meE)xamﬁfétl' to FOROE J%sﬁréjcﬁﬁlleg dﬂﬁ Ifsfcl)nél:lmo‘}pg?caﬁj Etk;é{dre?(é g.,a

of a nouse anti - uman‘ smoot h muscl e act
Se ctobidarsyruetnie). b dirembif Eolvtign GA-+/mi ves rddadadiestach layer was

pe rc?e)l%sqt%g & Jo%ve%’l t?tg ﬁ&%%)%ig% fnt§ ﬁlﬂ% gﬁie%@eéMdmnSOEal?g cture was then

nouse or an were Vvi sua ed
us [ p‘l@eﬂ)ABm(lﬁéubdloafnr mah&xtmlndnah éistoatof dieydrdidchtlor bodleeﬁ .to one another,

Sections. v&rbe cO Lﬁwterfﬁtlai ned with Mayer's hemat oxyli n,
anoascdsv P 10yed F8PPKiler oscopi ¢ exami nation (1X70).

V. [00E®ye EngFInIEeB kligvsds b gbBlab sth@firésatkrdayed Sping tHicakthod, 12 days
Mul t c | 1ul.ar E gg%c, 001411 To assen‘olg t.heh. hod ori
sub@teé gPogfipt EhOMvS iR SYYTS FropiG e e thigyrethod prior to
Custemova the u@ubs@rﬁu@t bodeds UdndSFigd. 18BEG pigsh {uep edrn@@ites fallowing
scaffold- free approacgévvas desi gned based on the

se
of FERIoPRIemMayH; Es(Blgn éQrSB%‘%“‘rbB Eytruglirgs i atsd pging t this method
bl ogikish halb BBera@abRh oo ddinAR o ShtReiha Bk ol Jf YusfRRfwWeeR the

and substantially uniformmnulticellular bodies were

der}@glin@@]@lar bodies. Figs. I8E-18G are transverse views of tubular structures made using
this method.
[00157] While the invention has been described in connection with specific
embodiments thereof, it will be understood that the inventive methodology is capable of
further modifications. This patent application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the principles of the invention and
including such departures from the present disclosure as come within known or customary

practice within the art to which the invention pertains and as may be applied to the

essential features herein before set forth and as follows in scope of the appended claims.
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| ayer-by | ayer, accurate control of tube dianeter,
wal | thickness, and branching pattern was possible
W@ BEl1@Gooskey . [ 00147] Using this approach, strai BEE/US2008648530
were initially built manually, according to the
patterns shown in FIG 8. The smallest tube was
assenbl ed using substantially spherical nulticellular
bodi es nade up of HSFs and was 900 mmin dianeter with
a waidat R ekogssp f: 300 mm (FIG 16A). Once assenbl ed,
t he substantially spherical nulticellular bodies fused
wWith one another within 5 to 7 days to result in the
final tuyQu - '
' ror o oy Qs BNy ool KRG S T R RERSRY fsue
r echu&tewbnealngn dyhesivibe ecllyedcohered roeae @ndthe and the multicellular body
Su bl?ats ?Ii]etnl ( Sféte lr%}gﬁl? glgcpugg(iogiﬁgilcllon‘s: ?ﬂe 1#%1{’}&1111%%0%%/ }ﬁ% %H average
FI G:r0£ sedfiogalarcaafonglitt Gmpthtie theemge € duol, S eeme andonsetd about
hﬁ{ngs IS shown in FIG 16B and reveals a sharp
us 8 gﬂﬁ&ﬂ? "Wth little interm ngling, confirmng
earller flndlngs [00148] In addition to flexibility in

tube di ameter and wal | .C S t he pr.esen ) ..
rret:ﬁod eﬁg%erﬁg f’la’&ﬁé‘tef %‘E‘flfﬁmﬁr E?@lwaoal@ S1g8 9\/8{" ‘"S‘&»V of living cells
COoNglidrélf theREM D EcheRGH OYCmOthbPdndShd MEki R%r b&B hak Bildgth of at
pur pose, to ensure correct |unnal connection, the

di fPet aiout FO9wuipees. e mylicaliglepbadyrhayipg an gsrage ssinsiig! arca
si nbdoaRasiss M thAraREAITGHGA 71880 W ke itFodS IibBut 3y '()O@square
branches of distinct dianeters (FIG 16C) was bui
accBICHithg to the pattern in FIG 10 using 300 nm
di aneter substantially spherical multicellular bodies

made up of HSFs. The branches were 1.2 nm (solid
arrdw) anaonoingerpgied Mdorasarditagmagy clprgatt raytaecdiplag Fydg comprising a

r

oL TR AR ARLI SO Bk Sl BB
br drdhdes ¢ laingth af atdeas tabbutrl@0Q Fic®ns 1GOMultigkllularibody baving an average
En .

ag(!gg étqﬂ %1 asea&o%g i€ Il._j%g%ﬂq}l eal’%e??%g u ZJ g()r/ s%gorg Imelcsr.ons to about
[Oaﬂwgmommmunpkume speed preci sion, and
reproduci bility and thereby adapt the nethod for
potential clinical applications, the specifically
bui4. t t e exutticarilsi bkwdalbof 48l dne ef ylaidei-8 &héricingthe multicellular body is
bi o qter) was adapted for the deposition of filler

BEME8. 9., agarose rods) and elongate multicellular

bodi es, keeping the sane conceptual approach as
descri bed above Fi g. 00150] The . conp
rapi-d protBtys 5is ﬁmlﬁlﬂehw@r fod¥ RABPEE aa@Li d>f lzsang cells and
t hejss@ult@lel R@iuns WReliPAE BMR aflefdASkd toddhe Qhothdt@nd theln@iflticellular
bodi es (e.g., agarose rods) and el ongate nulticellul ar
bodW@%h%%“@“g”h@ﬂ?ﬂ@éﬁ@hkﬁ?a@ymgnders) according to

t he sane

6. The multicellular body of any one of claims 1-5 wherein the multicellular body

has a length of at least about 1 centimeter.

7. The multicellular body of any one of claims 1-6 wherein the multicellular body

has a length of at least about 5 centimeters.
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tenpl ates as before (FIG 2). Deposition was carried

out using a bioprinter equipped with two vertically
wWOoreoa0/esps | nt heads, one for the preparation apdI/US2009/048530

extrusion of agarose rods, the other for the

deposition of multicellular cylinder. Loading,

gel ation and extrusion of agarose rods took place in a

fully automated cycle. The capillary pipette-cartridge

at t@chedyf (ﬂlutltrb%lhﬂﬁﬂ ‘tﬂ)tdy BF@H} dﬂ@%f ElhibR b m\ﬁ%mtﬂ?e ﬁuﬁ\f@élmlar body

liquid agarose vial for |oading. Next, to allow for

t hehap apingthgdless them alyfut Bheentiggicsse, t he | oaded

cartridge was imersed in a cold vial of PBS. Finally,

the resulting agarose rod was extruded into a Petri

Di sh. WHénnmmeewdwdghybbmwsmheﬁémomﬂkédhﬁ@mihhmuhmemﬂmﬁwdy

g)e/: I}aﬁgréérhggv\{&g ?%0&’1% %gentlgr}é aerg] tg)%{)())ut 3@ @gntl‘t?ﬁé?el?s

caplllary plpette The caplllary pi pette was then

o 0 cerd BRI SRE0 B iPhIRERCH RN ghifs: 18 vijprin the

ag &hﬁiﬂﬁelm&d bodsi Hap hle agtdgaicghd-sdctibhes arod albhiShddsngle nethe range of
prlnte according.to the de shown jn FIG 2. The
265 Sttt S e D R SRBI he £ wo

prlnt heads assured the reproducibility of the
pre-programed pattern. After asseanY mul ticell ular
bodiles énwe@wlarm@éwe&am@e af Glrimsiln1q wherei thegppltieehiylar body
| Nt bh B@ra ;%léf?&i}s -dctiSdal bieh Hlb%@tt@l@ﬁ’g’[ﬁ kethS HRAROSdbBE 31,400 square
agarose ro wer e renoved Used tubes of two distinct

di aifstesp & gbout W98 sgyasmdicers. of 1200 mi crons and 900

m crons, respectively) are shown in FIG 13. [00151]

Next double | ayered vascul ar tubes simlar to vessels
| n the ndemaliestursiody ef siiyidne af eleigisd—hhwhereiv éliet lfigellular body is

Wer &b ﬁﬁﬁhg\gﬁhﬁgcalglﬁha% Ia' S I%ﬁ!ﬂl &Hg SELS%I hg to

cyl i nders re use bl ocks accor
the pattern shown in FIG. 17. To show the versatility

of th I

al tfe?’r ﬁl’ht : Vu&?c%lh&érl‘tgog on% f& %‘F Fg\rvflegrgllnl?lye dmul‘ucellular body
conposss eﬂﬂéntiall].&SbfﬂSpl&IﬂﬁtyHSP&Sm@ lebls. of A2 nyle call patt ern t hat
has no in vivo equivalent. Hematoxilin-eosin (H&E)

(FIGs. 17B, 17F) and snooth nuscle actin staining of
HUSMCsThe tu@ice L&, bolly O aryrnughe 0 &tleithsa $h@h¢re1h@hmdalnyellular body

bet h S fi brobl ast
© he MR SR GAL SeSn P 1! ORI QLR e el ofthe

Casfagsigpe3 Staining reveal ed a few apoptotic cells in
the wall of the tubular structure (FIGs. 17D, 17H)
The nore conpl ex doubl e-1ayered structure shown in

FI G, 17 Riul@amiibesbaper sytdndef Ei8indsUse2 whQOh il plﬂ_lﬁﬁtg of living

si ngl e- and doubl e- Ia¥ered t ubes ranged from about 0.9
nm §eds edspitsee usaity; of ligige sellsf adistt epll typo erdsaluphity o Eiving cells of

t'%ﬁ%@nﬁqgh%%%Hh@&xHEIQQQﬁmQ%1%Qﬁﬁﬁ&ﬁ%%ﬂhhéﬁ%?&ﬁm
engi neered constructs are fromcells only, he

hi ghest possible cell density is achieved. This is
16. The multicellular body of claim 15, wherein the living cells of the first cell type are

endothelial cells and the living cells of the second cell type are smooth muscle cells.

17. The multicellular body of claim 15 wherein the living cells of the first type are

smooth muscle cells and the living cells of the second type are fibroblasts.
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i nportant as native vessels present a relatively

cell -dense nedia | ayer with overl appi hg adj acent SMCs.
wabaomesobdds of the present invention use nul t PECEUB200H048530

t hr ee- di nensi onal spheroids or cylinders as buil ding

bl ocks. Ti ssue cohesion through cell-cell interaction

has previously been quantified by analogy with liquid

systens, and reported that SMCs represent one of the

nosfg selfiz GRRIIVE: ‘tﬁ)ﬁ&/ br d1¥iRe1 £ V\I%Erefﬁk{ﬁ@ﬁ\){ﬁgcellyaﬁthe first type are
analo@£dbetmeen mul ticel lul ar assenblies and Iiquids

pr cdrideiaelizh clls tané the difhacelisai dharrgeant! tensrige Bfrolplpsss.

devel opnent al nor phogeneti c processes enpl oyed here.
Roundi ng or fusion of multicellular spheroids and

cy| 19 dée snudtas Buldwdy iohartytting of ¢leighy lai%Wb@rnisitm rwrelityiof hiving cells
the ' S

hol§ al ?éls lljuerglnt g?r%\gs gélfg%f 5 E%& ?ellot g d:gﬁlt 8131 V?négl c{ells ofa

m mecoridioglh ty;pe \,and epusality nClivipy @dls bHd ﬁlrti cejuiyds, wh:erem each of the

congcept pr | oj t r.ti - en eri

e tee B ERgRR e FR Bit it By B PR B PP end v
mul dellegleb.ul ar bodi es and a threedlnensional fused

tubul ar structure. [00154] Human Aortic Snooth Miscle

Cells (HASMCs) were purchased from Cascade Bi ol ogi es

( G0 7ho @ultld@'ﬁﬁ%dﬁ@f Slaigl DMIhdréln BRAiviiE idBslof the first cell type are
supplenented wi t Smgot h Muscl e Growt h Suppl enent

( Shadythe %eelmmm%%ﬂé of hwproBh clheBat e saeth HEIEHI? ghlls, and the
di ah@%@ngi o8¢ GhildREIN AL BRAIAIbIAKC i N a hum di fi ed
at nosphere contai ning 5% CQ2. [00155] The HASMCs were
trypS|n|zed resuspended in tissue culture nmedia, and
cenyr i f ugedh @elRSBIaPBHaBRAY 6r élﬁn@ﬁaf@)fu%etjcoﬁﬂgmgg one or more
Fol 'owi ng centrifugation, 'the tissue culture nedium
(i .extracellnlar mafsecaapeanents oF sne @meve derivativrstohencainiee gxtrpcellular
coqggHg k& dish) were resuspended first in 100 m

IS PomBhe, 9L o1). nogen (50 ng/nl in 0.9% Nadl),
and then 70 mM of a solution of gelatin (20%in
gzg%gﬂgﬁglﬁ ?val\%tlsc%fluelgr bsoﬂ opgﬁlglpﬁs&/ﬁer&?%e%%g 81dm0r-|e—r21%r1\{a%1ves of one or
remnmedxuanmnmhemnemhmumugecmmhee$gmnmln|ng t he cel
pell et was placed in a 370C water bath (a tenperature
at which the gelatin remains liquid), until the cel
pasile cdlk cuiichspi bodl eficlhini D @ 2Qayietdiathy ohddranord baracellular
cel | Paste was then. asF|rated %%ﬁo a capillary tube
and™ P8 CUBPGINNS CYRRISEH I O8FLY Biihof  PBS for 15
m nutes. During this step, the gelatin gelled and
rendered_ t he nultlcellular bodles suff|C|entI

cohdsi ve hs guitiegtiuipnhady b g el grimstled Wharey fllstceﬁleylon of the cells

Wi tlh%btmlﬁlﬁ&ﬂilufapf)og i$ QFRAEhtSNAPAG a8bR PheOhulBcIRRP DSy to retain a
i ncubating step he multicellul ar bodies were

dep8EsEdEacs wgatshane whicn thepmyltiestlulgpds ds wiperted by adlst wirfage. said
S urf RE QirdSsidfs %ﬁdp@%ludmg a width and a height, the height being at least about one

half of the width.

25. The multicellular body of any one of claims 1-24 wherein the cohesion of the cells
in the multicellular body is sufficiently strong to allow the multicellular body to retain a
three-dimensional shape when the multicellular body is supported by a flat surface, the
three-dimensional shape being configured: (i) to include a contact surface on the bottom

of the multicellular body where the multicellular body contacts said surface; and (ii) so a
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above in Exanple 1 to forma desired three-di nensi ona
bi ol ogi cal structure (e.g., a tubular structure). A

W@ botomtsons sol ution (50 U M) was added after eBChUB2Y9®048530
was deposited to convert the fibrinogen into fibrin.
The three-di nensional structure was then placed in an
i ncubator for maturation and fusion of the
mul ticellular bodies to one another, as described
aboyg_difeSX A8 edion 0P Bk Fke-Finfensid §1ﬁ%¥"§f BO R It HRAHAAody onto
structures created using this nethod, 12 days after
depibe flatisoracehiagan arggxhatipepsatar aredrhiman aseq efcid centeqt serfasel
using this nethod prior to renoval of the agarose
filler bodies, and Figs. 18B-G show such structures
f ol 26owi ride agdticoBdartedpvhiny dai gbclaitB C-2nghct@Dths lvokesion of the cells
tubul.ar st.r uc es . . i this [
vl "Bt bR iF SRR E BaRP Al REhRRL By co suppor
of thegkight dfehwbemuiltiellniat badyehdt il sabstiidileslentfealys the multicellular

AR e e T AR g

has been described in connection with specific

oo 1o BubhShSRg® et BB T PRt Rohnor e con
Mo dih frlk Gl tiMslar BitiySis REt@Bitlyapphd ©allb®Mhd MultibdliRRE BEly!te be picked
cover.  any variations, uses, or adaptations of the

i NV BAMPEMEBW ng, in general, the principles of the

i nvention and including such departures fromthe

present disclosure as cone within known or custpnar¥ )
pratt i cet WrEthpd af Rraduciieanelpngge exlticpliulanhedy, equgpiising a plurality of
perfaid\Rnantk AsthiBdbonlfisApP! i ed to the essentia

features herein before set forth and as follows in

scope ofshapig g @atie doreprizings. ATty pSlidhgsalsmte &1 clengamyshape;

el opgate mul ticellular body conprising a plurality of
living cells and tissue culture nedium wherein the

cel | s arecubghgrtekshaprdonk pastron hepntandd eimaromykettite ell¢wathg cells to
bod 0hQr%§ 8}6' a%&%&{}o? rmathe lelgg Satte 1%1?185‘éllui'a999d mcrons, the

mul Treel] ular bo y havi hg an aver age cross- secti ona

area along its length in the range of about 7,850

anghoor B Ayap B R mas iR P ERGo TRES PErf of e cons

pl uhahiethyd ofmprisighg cel | s wherein the cells are

cohered to.one another and the nulti.cellular body h
a | engt ﬁﬁﬁngaat Cqﬂé)ggf COIPY e Ha]rlﬁy elf ﬁﬂgf’g gqlﬁ dna ge\Xce tl?afc"[ holds the

nuhkn@FhéuhahmbﬁmMmbﬁM@@QWﬁnnﬂveragefcrgss-s$cgggna
area al Qng Its engt | t e range o ahout s L. . .
square TPy ﬂ@eoshsmfé&eﬂ BHY G ORERISH enviioamgRgvhilg it inheld in said

noﬁhkeﬂﬁﬁaﬁbﬁﬂsﬁgﬁfﬂﬂﬂmﬁﬁﬁﬁﬁﬁﬁghﬂﬁﬁ&m@h%ﬁgﬁ&ajmsmﬁﬁdmﬁ
mul ticell ul ar body conHr|S|ng a
cohesion to support itself on a flat surface.

30. The method of claim 28 or 29 further comprising producing the cell paste by

mixing a plurality of living cells with a tissue culture medium.

31.  The method of claim 30 wherein the producing comprises compacting the living

cells.
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plurality of living cells wherein the cells are

cohered to one another and the nulticellular body has
wa@201e/008905 of at | east about 1000 mi crons, the PCT/US2009/048530

mul ti cel lul ar body having an average cross-sectional

area along its length in the range of about 7,850

square mcrons to about 360,000 square mcrons. 4. The

mul ticel lul ar body of any one of clains 1-3 wherein

thesymul tripg %eltﬂd)ld%'f clRREY1 WvRerbiH I?If‘erﬂoié‘n_%§c_tiné -corﬁplliéégné‘&l!tl%gin a cell
el ongate nulticellular body conprising a plurality of

| i wuprgngien fanprisingtthespiwelia@f tiving cesdi um  wherein t he
cells are cohered to one another and the rulticellular
body has an aspect ratio that is at |east about 2. 6.

The33mul tTihe mickthol af amyoehy obflammy28etevlgfei thaishapink-d®mprises retaining
wher ei he . | lul.ar. b has h;,0f .a
0SELOUAE VLSBT ! STl g ong e

anyinoieefirefshaliad dayick; teanvfesringitine pan@llyeblidraisdell phae¢ tobodyond shaping

has,a. |l ength .of at | east about centineters. 8. .The .
nadies P s By rsfRRl o AR oo PRI I EER Ryl Fvice to form
t hethemutticeladldroay. body has a |l ength of |ess than about

30 centineters. 9. The nulticellular body of any one
of clains 1-8 wherein the nmulticellular body has a

| engt h iThe nktehotl dREIRINOS3 Rh@eih ti fﬁ@trshié}jmg &fviee tOmpiRYL caffillary
centineters. 10. A nulticellular body as set forth in

anyPipsils 2p¢ thesehopd shepireREF ARG adsiice def pitpmgmutsisaly and oxygen

hasto ®8 s@pRERRDENELNS VilS Bfel aRNBhiInI A& LB dhbSind &REh
in the range of about 31,400 square microns to about

250, 000 square microns. 11. The nulticellular body of
any3sone 19t nfekidld 8 cidind §3 Werneieheit e s@Bdhd iapinb Ubake KRG Vises a

has an average cross-sectional area along ifs |ength '
i n mpld nragdp gea bibcaningtible Imtaagbwhigh epsists muigiapersandangipwiitof cells into

9quggh§g¥§%ﬁg¥%§5%?%ht@%. The multicellular body of

any one o 1 wherein the multicellular body
is substantially cylindrical and has a substantially

ci rgul arGr.oss- ' . Jul L€ . f
AR, AL P Py e
congbgt ®@neistienifipallyteyratbforaetipllanc 4P TEE), ofinlkesswiaaly hgairosic @fid,

a single cell type, 14 The multicellular body of any
one™s S%F%Fﬁ?df¥§@qw&ﬂ%g¥?ﬁ‘the nmul ticellular body
includes living cells of a first type and at | east

s, are cells of the fi

abo ggfper ent .of . t cel st

Cypb: 19 MBS Plisb Tt Doy o i e el e by

1- 1dixwhper @iddlity Re lipihe edlsivith ablutiby Ef@prising about 10 to about 30 percent
gelatin to form a cell suspension and compacting the cell suspension to form the cell

paste.
38. The method of claim 28, 29, or 37 further comprising producing the cell paste by
mixing a plurality of living cells with a solution comprising about 10-80 mg/ml fibrinogen

to form a cell suspension and compacting the cell suspension to form the cell paste.

39.  The method of any one of claims 28-38 wherein the cell paste consists essentially

of a plurality of living cells of a single cell type.
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cells conprises a plurality of living cells of a first
cell type and a plurality of living cells of a second
W@ 2010/0089p2, t he second cell type being differeP€T/U82909/048530
the first cell type. 16. The nulticellul ar body of
claim 15, wherein the living cells of the first cel
type are endothelial cells and the living cells of the
second cell type are snmooth nuscle cells. 17. The
nul 4o c el"[th InR6h 0B @8 ¥nyodne O Bh iR LR - WNEHEdiR (e REN f)eisYe' iRfudes living cells
cells of the first ‘type are snooth nuscle cells and
t heoflaj fwtm‘:gll ok perd ijlea{sq'@ogté)@mq@em)pé thegelds are cells of the first cell type.
fibroblasts.18. The nmulticellular body of claiml15,
wherein the living cells of the first type are
endblt helTihalmethwid lo§ agnahetol elairristSFﬁ@ Wl@lrdis thefcell pasteswoprisks a plurality
typ r S hcel |
o%gnlengo Fflg) {f%qjlrg %ﬁ Elfg: Qlurﬁl hoef 19! (L—,}l]ll f a%ggg%fl Ig\%l} tl){Be, the
cehh&nﬂaﬁmnmsbangdﬁkumaﬁomymnmxmmumng ceIIs of a first
cell type, a plurality of living cells of a second
cell type, and a plurality of living cells of a third
cel42. t y fthe nwited eif tlagathwbdreib e dell hadte cmgenenth [gmdlitdy if etlothelial
cel | X pes arﬁ different fromthe others of the first,
secEHYA AR URRY 0 ettt Muydes!Soo. The mul ticel I ul ar
body of claim19 wherein the living cells of the first
type are endothelial cells, the living cells of

t ﬁe43s ecdna medhod of gyeons ok claims T 2ntsedie s haing ghe cgll gasiqgomprises
|'i Véhﬁl_‘[%ng@lle lesi ﬁgstetlﬂt% ah tt‘,lolhgaté:ﬁlabe R a%raeerﬁgcbcrré’ﬁls@c&foﬁal area along

e nulticellular X ny one of clains 1-1
f urifsHetethe Brips fe8gaRy 2B 7&—5 HrRE ras@fqnawbpwq 34P. Oﬂ%ﬁqqas@ microns.
conponents or one or nore derivatives of one or nore

extracel lular matrix conponents. 22. The multicellular
boddt of Tk aethod of apytaeoff plamieScidavherciniaping dlic ogH ppsjeeeomprises

8fo ns%?]]ﬁsggle gge)lr gas{::e)ﬁﬁ{ogg %io%%t@ghap'@fldygr% agllcﬁgag%ecggg S?Cthflal area along

2 litsdengpinthereagariehent dhd0dsquapmecors toalbellltl2d1) 800 sgaipreindcrons.
conponents conprises fibrinogen or fibrin. 24. The

mul ticel lul ar body of any one of clains 1-23 wherein

t hedic ohddic aethofl of iy @eloff slains 28K whekrdin stebing ltigerceb tpab]e ¢gnprises

?:Is Iflﬁlngﬁl% hgl%%aslé?oﬂjg ﬁltg I%lé)ﬁ%a}te éﬁg lgav\liraugleaitg %%rl%geucrgsrs sec%o%al area along
mul itsi et 1l thd rabgecyf ab&JtSlu,lép@ﬁqueﬁ rhiyroas fol adbut90J0DAERIare microns.
sai d three di nensional shape including a wwdth and a

hei ght, the height being at |east about one half of

t :’1946Ni dtThe nthod D @n}fﬂﬂﬁto&“ Gleirr]ﬂsuZISafS \ﬂ&%if rr1] §Hap B YheQR B p@sl;t]e comprises
clainms 1-24 erein the cohesion of the ce in the

mul YRRIBS fhe |C%1rha@@d9t0 28 clongqts Hhepnawned IP%O{%?G&MHBWHIH%O

mul hicek! ul ar body to retain a three-di nensi onal shape
when the nulticellular body is supported by a fl at

surface, the

47. The method of any one of claims claim 28-46 wherein shaping the cell paste
comprises shaping the cell paste into an elongate shape having a length of at least about 1

centimeter.
48. The method of any one of claims 28-47 wherein shaping the cell paste comprises

shaping the cell paste into an elongate shape having a length of at least about 5

centimeters.
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t hr ee- di nensi onal shape being configured: (i) to

i nclude a contact surface on the bottom of the
woreiessds ul ar body where the multicellul ar boRgT/US2009/048530

contacts said surface; and (ii) so atwo-di mensi ona

projection of the three-di nensional shape of the

mul ticellular body onto the flat surface has an area

that is greater area than an area of said contact

surfoace.The fnethbd @ f MY dle G Lih it @qqyer&ﬁ sIfAP% %eceﬁfpaste comprises
clains 1-25 wherein the cohesion of the cells inthe

rul $hprieg tha lcelk pasteditoias clongdte diaphhavinggy leratly OEIGSSalnqn@hplttHQ
nul&%ﬁﬁkkglar body to support the weight of another

mul ticellTul ar body that is substantially identical to

t he nultlcellular body when said other nulticellular

body, i s 0N

ml 0. CG'I?IU lrﬁéeﬁl%g aﬁy cfgﬂlag %851? o#ér%]n sﬁaf?gly%:[h%%ell Va:iglé]tg comprlses
t heshapnhg&ue ool pnefstetmte an elolngate shapdizavimg] « leggeh 1nuh<amngﬂﬁyibms 5

ff t |l ow the multicellular body t
e ransbeny MrhBefhont. 26, A metnod of

produ0|ng an el ongate mul ticellular body conprising a

pl urali living cel t hod co

shapi ngL%‘ e @efhod of eoneaﬁﬁl.aﬁnas@%gﬁ%e sy a% ﬂzﬁceﬁ PRiiGgmprises
cel dhgpihihe canpRlcan@alsebstMaRS; cydindridaNdhdpehdvitg of SBstantially circular
shaped ce]l paste in a controlled environnent to all ow

t he""8815fE1%Po cohere to one another to formthe

elongate mul ticellular body. 29. A met hod of producing

a nulticellular body conprising plurality of living

celi%, tlhe method 082wt of slpimy: 28sﬂamerfgn shapig (thesgl paste comprises

C Orgﬂﬁ 1§$ Qgelﬁpa@ﬂe léBﬁinllstllyg aplglu}ahfﬂf' CH@IVEI%'CEI% dnll offe 9191}{61‘8 €xtracellular
ds the cell paste in“a three-di nensi onal
s h ap@rlx aordpinqeis baerieriy moredesivatiies otele|or prst extragrllglar matrix
co L &4 environment while it is held in said
hrees 8|nen5|onal shape for a sufficient tine to
produce a body that has sufficient cohesion to support
itsgl f t Q
or Y9 f 3[;111 %‘éegﬂog 8f §llr£|{n{8 Iif] wherg 9 aha;g}% tf{%%]ehl p%t? Forgpi%r?seg%héémg a cell
M Xparig campilidingd plm;ahtyfof Ihmng mgllmbl Igslam th a tissue
culture nmedium 31. The nethod of claim 30 wherein the
produci ng conprises conpacting the living cells. 32.
Thesdret hdd nethodlofbitheBclaimnbrEsred3vichsn ﬂﬁﬁi}ﬁgdiei caly paste comprises

et BT PTG BTNy BB o S3PETs ATROSSH any

one of clalnB 28-3 1 wherein the shaping conprlses

retai ning the cell past first shapi device to
al |'dw t ﬂg‘ ¢ gefhod of anypo(glpto‘fglmngﬁ Roererepths pg],gd:toH@Flses retaining

the cell paste in a single shaping device to form the multicellular body.

56.  The method of any one of claims 53—55 wherein the incubating comprises
incubating the shaped cell paste in a single controlled environment to allow the cells to

cohere to one another to form the multicellular body.
57. A three-dimensional structure comprising a plurality of non-innervated elongate

multicellular bodies, each multicellular body comprising a plurality of living cells cohered

to one another, wherein the multicellular bodies are arranged in a pattern in which each
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in the first shaping device, transferring the

partially cohered cell paste to a second shapi ng
wa@leo00e8%03aNnd retai ning the partially cohered ceCT/URNSY/48530

in the second shaping device to formthe nulticellular

body. 34. The nethod of claim 33 wherein the first

shapi ng device conprises a capillary pipette and the

second shapi ng devi ce conprises a device that allows

NUt b jERLR1LR Bé’d}ﬁ%}{&@t@ al 1BasPEneHRR In{u%%ethﬁalt ‘tﬂ)ﬁy Gl fhe n’)’éﬂltlc@llular

they are retained in the second shapi ng device.

Thebogies Bgdobgoheted ftqerg3ngther34 wherei n t he second

shapi ng device conprises a nold nade of a

bi oconpati bl e material which resists mgration and

i ngréowt M\ thteeexﬁlmblzsidnnlt scuui:mreandlpris'sg splradighdieegioesraf clongate

geg%lzl}%%e(ﬁtuia%"oocg gs achl. am?clegﬁgre dg {%rglglmm&% (}/l’ﬁr%ﬁ él orf 11V1|ﬁ§ cells cohered

consiost arwgleufwlmﬁuyﬂletrmmfdelmdmdmﬂi@y heneafdedRE) pattern in which each

ool YRRyl BSGl puBH SR04 ey B0 4Ry ARG gBEgur

f urdddes acapedhsicdgo @eadomeng t he cel |l paste by m xing

a plurality of living cells with a solution conprising
about 10 to about 30 percent gelatin to forma cel
SUSPENSsiOihr@nEmERNRaACkubErdddgpaghd a Fm&m@n@ﬂ' @6ndaf th@itiéBllular
the cell paste. 38. The nethod of cl|aim 28, 29, or 37

f uradiss. caphppitiss il bréasnainriging Aeledlty opladrgecelly cohesed g one

a Plodthet dddd¥is@fe chittt AR, Wheintthe AuRiSdldr BOiEOHP hrrdlgBPin a
about 10-80 ngy/m fibrinogen to forma cell suspension
andPageipaihich gachHaultiegllplag bedycqgipehattlenst gierpihich mugtispllular body and
Pashe muRellullt®oliRl 110 o QondBY 1oUn€ affthé! ai s 28- 38

wherein the cell paste consists essentially of a

plurality of living cells of a single cell type.40.

Theggret '7:9\% fdu% LB Rt lC%H#SﬁSlg -38 wherein the cell
paste inclu |V|ng cel 0 irst cell type and

at | easta pé%bwlu:v ogmorplenmed wflticdlulag bbdiss, each npdtideHulaf body
the y one of

cl ai® %@g%@hﬁ%%i@ﬁhﬂ (EHS %?Eﬁayﬁg”%oﬁgg i ses a

pI ur al i twheodin the ‘mulltg:ektldilﬂ t&dmﬁ ag aframget] icepdttetnyipevhiahcht East one of

CecbRblube Rl yislOdniEh o R ARSFABR L b Bongaytncctarea
t y pewvind 2. lenBftethams frdehsodboed @OOmdcrdnswher ei n t he cel |

paste conprises a plurality of endothelial cells and a
plurality of snooth nuscle cells. 43. The nethod of

anysione Aoﬂlreﬁlcame@&ﬁks!ﬂiactlwfé&fompﬂmﬁ@api ng thle cel | paste
corrprlsessaplngt e ce pastelnto neo
shape h&AHg4 AT Eedteage mutissSularhofl] oA BRI ﬁ@dyl qognprising a

I erygﬁﬂamgra)fh{n@g E@REBh@Ed BRALANoMhBD0 square microns to
about 0, 000 square mnicrons.
wherein the multlcellular bodies are arranged in a pattern in which at least one of
the multicellular bodies contacts another of the multicellular bodies along a contact area

having a length that is at least about 1000 microns.
62. A three-dimensional structure comprising:

a plurality of multicellular bodies, each multicellular body comprising a plurality

of living cells cohered to one another and tissue culture medium;
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44. The nethod of any one of clainms 28-43 wherein

shaping the cell paste conprises shaping the cel
WPaEne0s9ns o an el ongat e shape havi ng an aver ageCT/US2009/048530

cross-sectional area along its length in the range of

about 31,400 square mcrons to about 250,000 square

m crons. 45. The nethod of any one of clains 28-44

wherei n shaping the cell paste conprises shaping the

cel | pasiirdihe nﬁlﬂlc%ihgﬂ%hfés %%H@ng%@\(ﬂ NEat@fh i# WAL least one of
cross-sectional area along its length in the range of

abobe mglticalbderdgdiar eontactsrapprsenad theoulticediplapbsliesglrag e contact arca

of clains 28-45
é%g@%alﬁggPﬁgqs e céﬁOQQQQQénggﬁhrlses shapi ng the

cell paste into an el ongate shape having a Iength of

at é3eaStTh% qge dl%%gsq%@ %1%91?6 0t4c m-gt? Sr ﬁlilt(l)lgr p%lé%% O €or more

of Clains C srei n Sh api ng
c onfiilicir bediess b&ab ifillgr bddg ca@pilisinpaesbiecanytatbla maezlrlal’tgatreswts migration

10 PR RPROR b BTy B O bs bgaRH T R i

s hagalhexgndechoé celBlih tlﬁ&ﬁﬂt&eﬁﬁiﬁﬁddﬁe@ﬁio sbapertgdicheviesadil the filler bodies

oAt it PRI LPS TRGIRES BN BEERGH T oB s o

cl A4 o BmdlBcIMIRF BodY ¥haghddillhisodgel | paste conprises
shaping the cell paste into an el ongate shape having a

| ength of | ess than about 30 centineters. 50. The

et fod Qstth@ééydlﬁénsfdnall simcteR-dhpwhigs.ei n shaping the cell
paste conpri ses shap |qglthe cell paste into an

el ongat & Phyalie ohaw|tisefludar badigt. Rachinyltigelplanbrdy spmprveg a glurality

Cend i ARRERs Jo@ler%@%ne%gotﬁ@rnéddnﬂefs 51. The nmethod of
any one of claims 28-50 wherein shaping the cell paste

conpr i séPlypipiohdiserefe fidlel hodm@@h filker ody eoutpsisiag e bmicpyppatible
cyl Lagdsd %It reSR@ mggllaﬁ%ﬂ 4N i ﬁ% ?‘@ms'ffb'rﬁ e uﬁtfc@ihﬂﬁr bodies into the
cross-section. od o

any one o
28-filet bosheyamid messs‘ltsaqdhwgnqelméceiblm the asﬁt@eﬁldnrqum@ the filler bodies,
iglalpls ngn ege%l he c%lhﬁgqu%ﬁ e? 51{%1?% Bl)(Hgsaaré £r¥ang£d nla\éola{%cgrn in which
or e{anleml‘tlcﬂthﬂzﬂf bdéy cona{cts\aeleax‘bbn@mheronuln@ﬂlelar body or at least one filler
extracel lular matrix conponents. 53. The nethod of
clé? 52 wherein shaping the cell paste conprises
shapi ng a ceII paste conprising a plurality of living
celég and t|n 54. The nmethad of either claimb52

@Hgﬁpﬁﬁm?ﬁaméﬁFP“ﬁg%te conpri ses

a plurahty of multicellular bodies, each multicellular body comprising a plurality
of living cells cohered to one another; and

a plurality of filler bodies, each filler body comprising a biocompatible material
that resists migration and ingrowth of cells from the multicellular bodies into the filler
bodies and resists adherence of cells in the multicellular bodies to the filler bodies,

wherein the multicellular bodies and the filler bodies are arranged to form a
plurality of spaces in the three dimensional structure that are not occupied by the

multicellular bodies and that are not occupied by the filler bodies.

66.  The structure of claim 65 wherein at least some of the plurality of spaces in the

three dimensional structure are filled with tissue culture medium.
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shaping a cell paste conprising a plurality of |iving
cells and fibrinogen. 55. The nethod of any one of

W@ E01088982- 54 wherei n the shaping conprises rePEI/OB29g9/048530

the cell paste in a single shaping device to formthe

mul ticel lular body. 56. The nmethod of any one of

cl ains 53-55 wherein the incubating conprises

i ncubating the shaped cell paste in a single

cong ol & st QP4 Yne chlﬁhls QW.gl5 %efé@ﬂ 'Jh§ nﬁlﬁlcgﬂ’tnﬁr BRdie@each

one another to formthe multicellular

t hrisse g seerask orval-sostionaberog doroihpir ioslgxﬂgh@l mlmmahfr ltaygecﬁf about

no t bodi es, each

nurz?%E%FM?hﬁggﬁégQ%%%ggﬂgkng&géhﬁ%@%l|ty of living

cells cohered to one another, wherein the

mul td cel [ I N. .
één ea’\[lgﬁ éﬁlctqugf gy ol oAt 8{)8%1m%§g§? a“é:ht% a{%l%]ft égtil? mcl)lﬁlecellular bodies

ot hes ahanigthi af et least alsoul b@DP rmmxzbn!;.he mul ticellul ar bodi es

are not cohered to one another. 58. A

t hree-di nensi onal structure conprising a plurality of

engineermdd sehourgaf enyrounk bi daihls §7 &R iethiresich efithd multicellular bodies

Cel 14 St Lot Bl A AR ner of m tho

mul ticellular bodies are arranged in a pattern in
whi ch each nmulticellular body contacts at |east one

ot heh  mufibe SEwnyrg Ph3nyeg ot %lwals ALY it each pubiceliieribedy consists
ar esQ@tialfoRERG dib1ORBe aNRIther . 59. A

t hr ee-di nensi onal structure conprising a plurality of

el ongate mul ticellular bodies, each nulticellular body
comr i Sihg s@uddlrt bPhdyiote BF clhiln '53%9%@4&6‘?{1 &eh ﬁﬁlﬁfé@ﬁlﬁ&l‘%&y includes
anot her and tissue culture medi um wherein t

rrul iviiegedel 1y Pl filsoslbeandat lag pba §@ gercent af tbamlbrﬂm eqch multicellular
whi ] 1 body contacts at |east one
otﬁggynﬁﬁ?}QQ# i &%tﬂi and the nmulticellular bodies

are not cohered to one anot her. 60. A

th rpe- di e cgur}gl olﬂ(F‘ FP {I%m%% stnef%gﬂ 01% o lm%?ea&‘ tﬁé/ mglftlcellular
non-innervat e ies,

mJI Hadee kdbmprases bpkﬂyahc}omfpmrgl calls @t arﬂrstrcall tytpy and a plukalitygof living cells

h
mal 1RCBRT Rl vbpdroes AR e Rk REBRU TRl Bip i ope
mhlch at | east one of the nultlcellular bodi es
t th [] ul bodj
oSt Tu SN pReiy Palrein Bt a2t b el e Bre

100€91d6ﬂ1_§l[a® Bélls afd theAivingiceidr- dfitesinarall typt béGidb@ muscle cells.
conprising: a plurality of engineered nulticellular
bodi es, each nmulticellular body conprising a plurality

of 14 Vi NGeGRhdFe PASHET WiRraR theaRficheNs ofWheiel thpd 48 smooth
mul ticellular bodies are arranged in a pattern in

whi Eesclstcellgngithglianggells of the second type are fibroblasts.

75. The structure of claim 72 wherein the living cells of the first type are endothelial

cells and the living cells of the second type are fibroblasts.
76. The structure of any one of claims 57-69 wherein one or more of the multicellular

bodies comprises a plurality of living cells of a first cell type, a plurality of living cells of a

second type, and a plurality of living cells of a third cell type, wherein each of the first,
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the nulticellular bodies contacts another of the
mul ticellular bodies along a contact area having a
wo enghbsddhat is at | east about 1000 m crons. 6RCT/BS2009/048530
t hree-di nensi onal structure conprising: a plurality of
mul ticel lular bodies, each nulticellular body
conprising a plurality of living cells cohered to one
anot her and tissue culture nedi umwherein the
nul L &Rl aln&' ki PR HpeSar@ifrent #OYSKE dthkrdoMAl Pn%f Recofd, and third cell
which at [east orie of the nulticellular bodieés
conye&st s anot her of the nmulticellular bodies along a
contact area having a length that is at |east about
1000 m crons. 63. The three-dinensional structure of
cl alm 57Thestr@ure uf ¢lier 7 copimpein dieniyingreellsorf thefiret dell ityperare
bod]
énﬁgth?l?a? %ﬁ th(l: 11V11’1% Q&fg%f ﬁ%g@égﬁg celH y? zpre 81\%{?%9 ﬁ‘fu gé %HSS’ and the
fr(ﬂnmgnaﬂnufmedmhkamamem@dma$kwmto t he f|IIer bodi es
and resists adherence of cells in the nulticellular
bodies to the filler bodies, wherein the filler bodies
ar e7gar r amgegdture bflﬁlyn)ata bE(EliiimNiSU%%threﬁﬂJi ibjostyl afltiércells in each of

bodi es so ch filler b cont ast o .
9 QB MR AieyBY C@.ulaaﬁ%(f s gy P i f&b%ﬁfl Vg nd g majority of the
t hr @6s fi JABNSH A6 dF mSierddieh HuRiceMITRTHoGich i callstifulkédond ¥elPdype, the
mul ticel l ular bodi es, each nmulticellular body
confsPandicaty e Bring diffefept Gem thafirigel 8ipes cohered to one
another; and a plurality of discrete filler bodies,
each flller body conprising a bioconpatible naterlm
t hat?- r edlihg ﬁ@uqﬁwr@ phelrign SaneTsin diesatrfdhe s qcl tne grp andethelial
MUl 6 61d il @it BPAE Sohdtd dReart Lhb ik P gisand
resi sts adherence of cells in the nmulticellular bodies
to the filler bodies, wherein the multicellular bodies
gill
a0l 1) B (AP A2 ARRR)LD il EIIN s
nulmbﬁeﬂhﬂ?amﬁbmdyﬂ@peat | east one filler body. 65. A
t hree-di nensi onal structure conprising: a plurality of
mul ticel lul ar bodi es, each nulticellular body
co nﬁir is ilﬂng s@uqlre pfdnytope of clhimg i6Ag0cdictesn tho filerdddicoaonebstantially
anot h @p a plurality of filler bodies, each filler
bodi’11 8ﬂﬁ}ﬁ g a bi oconpatible nmateri al that resists
mgration and i ngrow h of cells fromthe multicellular
bodj into the filler |es resis erence, of
cel %25 rjrn I EuqiP Pf (3= P ‘E o] @Sgﬁ ret“h‘i] cfi ﬁ?rl wlics and multicellular
bOdicﬁSes atbhi@bsednfiallynidedtiehtih €lIpk.ul ar bodi es and the
filler bodies are arranged to forma plurality of
spaces in the three dinmensional structure that are not

occgapi edrnBY¥iridd@e of any one of claims 63-82 wherein the filler bodies are elongate in
shape.

84.  The structure of any one of claims 63-83 wherein at least some of said plurality of
multicellular bodies are arranged to form a tube-like structure and at least one of the filler

bodies is inside the tube-like structure.

85.  The structure of claim 84 wherein at least some of the multicellular bodies are
arranged in a hexagonal configuration surrounding said at least one filler body to form

said tube-like structure.
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mul ticel lular bodies and that are not occupied by the
filler bodies. 66. The structure of claim65 wherein
w@eoibmeessds sone of the plurality of spaces in tPE/UROE048530

di mensi onal structure are filled with tissue culture
medi um 67. The structure of any one of clainms 57-65
wherein the nulticellular bodies each have an average
cross-sectional area along their longitudinal axis in

the range of about 7,850 square mcrons to about

360, 000 square mcrons. 68. The structure of any one
of %1 ai FhesTuare aherial ¥ waé hhsfeir ¢aeh aiihe melickiilzrbodics

bo I t
o hERER, il NSO el AP A QOGNS s o
eaqﬂm@ﬁWKﬁemnmhnh@@¢t@kar bodi es has a length of |ess
t han about 30 centineters. 70. The structure of any
one of clains 57-69 wherein each nulticellular body
C O n&si. st STheswentre af ¢lyimof6 wlgdrdis cachsif g Ineltiopfielanfodes lsbrrounding said

h f 9 wh i
g g T S A S R R SO

first type and at | east about 90 percent of the cells

in ach [ ticellular od are ce e first I

by 72 v pliofin s Jigreibe SuRor lioosts efidt fiscand

wheyeednd soR ef MiltiaBlfugar ®bditd) @adkLthiliice@llat by iPQEd 88t set comprising

conpr.i ses a Flural ty of living cells of a first cel

t y pdatfiefiah cqlis fagh mplficgifularibphn i saidispeond pet gompritipgs npqoth muscle

typRils, titemeIacmthr 66dids IryReirRabn@iddidhhesans rhhamiddRLlayer

first cell type. 73. The structure of claim 72 wherein

t hesumt@qtliargy fTquadipg saidhe legst ane fillsy lpodyytb@mg}t@ellular bodies of the

en ds%&t}ﬁl SE%GII&%%&G@Wf&B% skdokl m&elcs%b&te%ltﬁﬁy LHRURGRO A at least

cel | pe are snooth nuscle cel he structure

of Qﬂe illgy trply whd the et lager| fppied dy éleel ﬁrst sef Oftnrrétheilrlglt badyggewherein a

ar eraﬁmhgnﬁmgt:?l f 1@% hle?al @Qg tb lﬁlg nh@ééﬂg nG& Ieh(ﬁ)t}feilaltclaﬁs in the first

second type are robl ast s. structure

cl aicms ZRatwhthaep mattohné ther nmmbgr dehdaghabifil aeHetofthe lsumhey pénon-

are d the living cells of the
nﬁ&ﬂ@%ﬁ@hk Aﬂ%§ asts 76. The structure of any

one of clalns 57- 69 mhereln one or nDre of the

mul ¢4 cell ul ar bodjes ¢ ri ses ra Lvin

cel E%ds of'ljhg ‘ﬁn[lclj[%r? tczinfn erenéaﬁa[nﬁ 5#1 53%{ q‘% S(P]O?]té mu%cle cells to
cel thsnahbed calBaku dretrtybpﬁnoo@lﬂﬁhuﬁ:lepdelllﬁ al thé %cmfd det ¥ igfe@ter than a ratio of
ceI s of a ghlr ceI t ge gach of the b 1

£ r'ot "UBRERESEE S edtO “m( Py @adre 1 F‘é‘ﬂ?t g cells in

t hehetikegss of the first, second, and third cell types.

77. The structure of claim 76 wherein the living cells

of the first cell type are endothelial cells, the

i vo0ng  aelb kSudfre bh@aisERand9 Gleteid 4O SuRIcBINSATHRURs & iclude a

cells, and the I|V|ng cells of the third cell type are

fi btihg@, e F multicellular bodies, each multicellular body in said third sét comprising
fibroblasts, the multicellular bodies of the third set being arranged to form a layer
substantially surrounding said at least one filler body, said inner layer formed by the first
set of multicellular bodies, and said second layer formed by the second set of multicellular
bodies, wherein a ratio of the number of fibroblasts to the number of non-fibroblasts in the

third set is greater than a ratio of the number of fibroblasts to the number of non-

fibroblasts in the first set or the second set.
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78. The structure of any one of clains 57-69 wherein a

majority of the cells in each of one or nore of the
woreiessds ul ar bodi es are cells of a first cel PCT/YRpm09/048530

and a majority of the cells in each of one or nore

other nmulticellular bodies are cells of a second cel

type, the second cell type being different fromthe

first cell type. 79. The structure of claim 78 wherein

t hey Cedpl $tr@fturk BECEitd S or®8 Whele¥iPRe RuBicEMIRHIG L ﬁllcluﬁg FiksBand
and the cells of the second cell type are snoot

nmuset@desets pgmumellﬂ%ﬁéOél@m aeeﬂlumétwlulah@/odan@saeﬁ fn@t 1 pagnprising a
27' lgra“\{{)}i%g J&tﬁehﬁ c@ﬁg a{ndcé%l &'1 tzrof %T(%'t u?cjie cells, each muchellular

ubst an uniformin's e structure o
anybadpen gdd st@b(mdnsst ®3»p8®mg\ﬁb1roelasts,tthmlnﬁlutlbetlbliar bodieses ﬂm frst set

Su q?egn%nag'llaﬁéed yoﬁig‘f%g‘gpﬁ.% %y%i?sganﬁlgl?%suﬂfgu?cf 1‘% s%gcf g leeclst one ller

nu I liaddg.eh¢ mubicelhiaibedicasfahsichatdant bealg ayrangtend fomla layer

shape., 83, The st.ruct a ne of ¢l ainms, 63-82

bt Rl Bt deelo B MO Bhd ik B8t tifnea by he

Thefirst sl‘emﬂrmﬂﬁceﬂﬁlaﬁlbt)mds n\eh@ém @ ra@ions tie3ruBBemdfaibaibiasatto the number
of multicel]ular bodi

Ly ST AL ST O S iseeheerae M el Gl e oroblass t

| eait n@higer of ndnbBbrbblbdtein tRoglk®st. i s i nside the tube-1ike
structure. 85. The structure of claim84 wherein at

| east some of the nulticellular bodies are arranged in

a hexagamakue@it bodia 447 88 WheRUNEE RRlItRAIITardodic@RASkude first and
one filler body to formsaid tube-like structure. 86.

Thesegandsets gf wulsieelplagibadigy cenh ngaticgHulapbady dngard Gist sehgomprising

mul dhhGabtdpkark, Led hﬁﬁlC@lﬂﬂéﬁ%H@)?in@%d%@éoQid aly cbﬁ?ﬁéné@ﬁurality of
filler body conprise a plura endot he

andszpofl musgleicells aid aggelith ofrfieieblests dld multigsflularhedies of the first set
st r%ﬁ{gﬁ;ﬁ%u d & Ecﬂ M &he ?&%h%teﬁﬁgﬁ‘y & otnlikﬁ g sald at least one filler

mul ti i es surfoundi ng sal 1%ast
filbody, tb@nhyltlfc@lhtldré)pdlcmfpha sseoral spi herireg] arltaygedfto form a layer

Fi bJuBQLIQ%Ey Sur180|u{1d1I€ﬁ1F Sclf foi¢ éHéﬁlG?%O%c%ldgﬂ 81?fne(% rlaty%g t;?gned by the first

wherei it ITsS
secenof mdtisllofar badidsi Whaéréiu la autiolod’ dheetﬁlmbeaﬁhzndothelial cells to the

nult eII | ar
s vifoMeaetial Gk B BE S P BBy i G gperamber of
S e Ccﬁnﬂdthslelﬂ céBAPthe almbersfaoi-tndrteliilecltsh kg, seédnd set.
mul ticel lular bodies of the first set being arranged
to forman inner |ayer substantially surrounding said

at 93eastTheReudtirk bLinyleyf clhifis 68183 twierid éHedi nldadbfeBe Miier bodies
L B e DR haT Bt Qe R SIS BBk

prevent ingrowth of cells from the multicelluar bodies into first and second elongate
spaces, wherein an end of the first elongate space is adjacent a side of the second elongate
space, said lumen-forming filler bodies being substantially surrounded by the multicellular

bodies so the multicellular bodies can fuse to form a branched tubular structure.

94, The structure of claim 93 wherein each of the multicellular bodies comprises

endothelial cells and smooth muscle cells.

95. The structure of claim 93 wherein the multicellular bodies include first and second

sets of multicellular bodies, each multicellular body in said first set comprising a majority

60



one filler body and the inner |ayer fornmed by the
first set of nulticellular bodies, wherein a ratio of

wo haomesber of endothelial cells to the numberP@f/US2009/048530
non-endothelial cells in the first set is greater than
a ratio of the nunber of endothelial cells to the
number of nonendothelial cells in the second set. 89.
The structure of claim88 wherein a ratio of the
nuni¥ehd RfelRNRAL, Qaéﬂ*’tﬁﬁ’lh@elﬁ%‘r B§dytlﬁ s4i) SecOHIRGS co‘ﬁﬁJr sﬁg%lﬁﬁaﬁonty of
are not snooth nmuscle cells in the second set
gr ewnceth mpygle cally, #iei rmﬂmelltlhébqﬂmwérheé”frstw@@tnﬁ arfﬂ@@ﬂ ¢o fopm an
th

%n n%%{ sglggtarﬁﬁhl/ BLSI‘JE@E gggﬁ%rlﬂg%nuﬁgﬁog%llﬁgl?oﬂ tﬁcehlluglﬁellular

vvhelmdlea of the serahd je¢ btihgiraanghibdifersn 4 lwtri$ebsta,nn@1ﬂ3us:lleroandlng the
thir I eII r. S
bo dlul%ﬂl?] %osrgﬁ)% ‘rr[Lé B$ Ch% I’%%Ife? lay & fb¥n$%r %1115{ &F %tjhr}fulagellular
nquﬂmellular bodles of t he thlrd set belng arranged
to forma layer substantially surroundi ng said at
| east one filler body, said inner |ayer forned by the
first sdtheefruditt bf @8ldntbidlaibn @B O3, whath thaplirdiecaaulticellular

| aye d t he second set of tjcellul ar
b et dndR g s o R IHBEP AR | br abl ast s

to t he AnyTAEKicOulaBHTiES iR FRIFirbtast Bving 1dndRudidl bebs S84 béisg
greater than a ratio of the nunber of fjbroblasts to

t hePHitkiRpekecgsralnaipigidsonagtogher fp supgud spikfirgefonggte pipgge, the

secigiduamht X&s ofthematitM i bedief inGhid it 84 veihg SoncIg Bk d with

the nmulticellular bodies include first and second sets

of SH#l firptecdangafe apachiifles, each nulticel lul ar body in

said firgt m§1§5€:lﬁ194?95d1§s' iR heBeRnH 5@t Me R fRGRT ek 'al% being

cells and a plurality of snmooth nuscle cells, each

rul Rosiiengd geaerathodlgngside 9a¢ ehothet origrreetd seidrspeand ieleggate space, the

fi bl%ﬁ’éi Wb Baxed Mh%hftl'cglﬁllldr %B@Es 113(3915 %écoﬁé ett B&n% lﬁ&ﬁtal@ %flgned
bei ng” arranged t orman inner |ayer su bstan

surwitlusid] segorsizlangate spasast one filler body, the

mul ticellular bodies of the second set being arranged

to forma layer substantially surroundi ng said at

| eaﬁﬁt Thngrutiukd @ranp ookyofaiuims e 83 wherinlaaleest séroe ofsitle ylticellular
q? Lrst sthﬁfOFul%jgellular bodi es, wherein a ratio

q% APbapecst BrdBf4sts to the nurrber of

non fibroblasts in the second set is greater than a

ratjo of t he number of f] robI s to.the nunber of ..
oS D e B Anye bl PR s 3R Vs Rinhe mi ey Hadigt are
cl ajuBtBdialy cAdME bR vk l@hﬂ)sﬁudwtllly@&hhlw @bsshedioss

include first and second sets of nulticellular bodies,

each multicellular body in said first set conprising

endgt heltinglktré@lrk 8 ar§mB ofMhitds 6@10k W dFeiP®E YaultkeB@arthodies are
second set conpr|3|nala plurality of snooth nu

c el reanggddn 8 PptR &Y which gleasy qy@@mhﬁglpgtlce{lwér bodies corlltacts another of
ul thé ﬁl%lticb‘llhﬁa[r b%@l@é ﬁ@nf&f cdnp@t dréd 1%111%%“61%%{ Gk i@hN&ROARut 1

to forman inner |ayer substantiall'y surroundi ng said
at qeatgeteione fill er

100. The structure of any one of claims 57-99 wherein the multicellular bodies are
arranged in a pattern in which at least one of the multicellular bodies contacts another of
the multicellular bodies along a contact area having a length that is in the range of about 1

centimeter to about 30 centimeters.
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body, the nulticellular bodies of the second set being

arranged to forma | ayer substantially surrounding the
wa@eoibeessds one filler body and the inner |ayer POF/I8M09§48530

the first set of nulticellular bodies, wherein a ratio

of the nunmber of endothelial cells to the nunber of

non-endothelial cells in the first set is greater than

a ratio of the nunber of endothelial cells to the

nunkRr  afhe ARBsGRAKLARE LRlcts e Ay bie &%lﬁ? §RMN6h ®idrein ABteast some

The structure of any one of clains 63-83 wherein one

or ¢fshemylficaliytar bodigsdiavperbgseect stie in thewange of sHonp2( tolabeyt 2000.
bodi es, said lunmen-formng filler bodies being

arranged to prevent ingrowh of cells fromthe

mul t02¢ el Thg ghredadidicagonahstoicfure gtanp ok sletams Sell @hghdrein the

SPaGSive IM?[)&;{ e%}f:h 1? Vg a‘fg gtﬁe r£11§ e o algoug "fl%centl%?e?? Ab%ut 30
adj acent e el ongat e space, i &
Iunmnmhammlng f|IIer bodles bei ng substantlally

surrounded by the nulticellular bodies so the

mul ticellular bodies can fuse to forma branched

t ubLi3ar Tt thied-dif@nsi@hl stilairsdfrang bk € dfimeFai102 98erein the cohesion

wherein each o lticellul.ar bodies c

b e e i ChES 1 StHICr D Siors 0 ATg theiaticlutar

st ray@icdierediin aCihﬁdeIHuﬁ&lsiMﬂ@lrsﬁhﬂé witkg tiehltiediulay b@gﬁesth@@g@ported by
i nclude first. and second sets of nulticellular bodi

eachildfsyifaceeridihge dinsgyonah shags frefudinge veideh apd aBeight &1?@ h%%ght

8] Rty Rhst@BElRbREhdIBf thekidt. each multicellular body

in said second said conprising a majority of snooth

nmuscle cells, the nulticellular bodies of the first

setjaei NG ﬁ{rE@H‘i%gm&ﬁl SRR 85F a'n? BRE of BMAE 57-103 wherein the cohesion

substantially surrounding the |unen-formng filler

bodifdke cetlham themplitieejulagbadictis giféisicaty stioag telonwdhesaplticellular
being: I r

o PR RBREEH R B0 ot S A ALY bodios e supported by
i nreeflatsajase, thothmedlibgnsidnel Shapeslitmr@@pnf&gur@ml(t) ite mclud¢ agontact
bod] T tu f e 0 5

n e B qitne St ey B g iyl Holequuaces

f i rsatd sarfaces aaumbjscsaeﬂ\xs) d)fnemmdrml mejebtwlnauf t}ieomeemmdnhenal shape of the
mul ticellular. bodies.in t

orh EEaEPg e R heRul G Hab o bl BhEPups hon an area of said
al cvgatcderfasee anot her to surround said first el ongate

space, the longitudinal axes of the multicellular

bodies in said first set being generally aligned with

Eaidﬂ)Sf Mhe thr?—dlﬁ@@ﬁ@aﬁ@@@t@ae dndy bllﬁlsﬁofiﬂhlnhéd sel164ivAsgrein thedcohesion
odies in the secon e avin ongi tudi nal] axes an

bei HPGET t %ﬁe@uﬁﬁaﬁ%tbpély ‘éls‘t‘)f%@@P%VeS“i?H% thﬁ%lI@Wé?h pgltcellular

SUrgdgayl Ws%@dn@th% edo RdnoMeiah S1tiSHRES bodynBat iORBEtMEIIP &lentical to
axes of the nmulticellular bodies in said second set

bei thgMybiseliudgrbpdyuvhepniail aipar pudticelulaidogn é ) teimgithe multicellular
SPagRy.

106.  The three-dimensional structure of any one of claims 57—105 wherein the
cohesion of the cells in each multicellular body is sufficiently strong to allow each

multicellular body to be picked up by an implement.
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97. The structure of any one of clains 57-83 wherein

at |l east sone of the nmulticellular bodies are arranged
W@ 201h00899%H sheet. 98. The structure of any oneP@F/US2009/048530

clainms 57-97 wherein the nulticellular bodies are

substantially cylindrical and have substantially

circular cross-sections. 99. The structure of any one

of clainms 57-98 wherein the multicellular bodies are

ar r gpgedh iBihdd BArb&lcthel At MRldfhkn@bnd B ei AN EneHeelel Bissue, the

mul ticel lular bodi es contacts anot her of the

mul m¢thed ¢ampaisingodi es al ong a contact area having a

| engt h oy . . TR .

st gt uraanghSa Phush AT AR iR IRk Chceorfi o Tt sueh

mul thitcedH ofltly mbltidéletr hodicsanonaeigededshom gl meittivellwlar body, wherein

whi t t e e . cel.l ul bodi es

con%g% ghggg§%£§&%9g%ﬁégﬁ%@?%%gfﬁEV% %%gdies al ong a

cont act aHoemghakas gneofltiengulicdlivét bodies tn fish evithanlpest ofie other

abouﬁfllﬁgngi ter to about 30 centineters.101. The

t hr'B'di WehsPOnal structure of any one of clains

57-100 wherein at |east some of the nmulticellular

bodj es ve an aspect io in the range of about -
o UBout 36580 2B K s RaGTBRGRE Se5 dabip Slgroodies i
anyth@piteaf wizh fhic il éHdiOdbodRe E&ihdt dablefindHbbil €nkddtsak least one

bodi es each have a Iegg%g in the range of about

1
cenPiltiggiufar pedys gnethes dillspbrdy neael filler bpdgcompyising a biocompatible

t hr @1 RN RS 9R Migdtis i 4dUE o wih ROMIsTRS AF nfllieMBar bodies into the
57-102 wherein the cohesion of the cells in the

nul filice Bpdieh 2 resise adBerpree ofi £4lks & g muticstylarihpdics toghe Hlher bodies
the nulticellular bodies to retain a three-di nensi ona
shape when the multicellular bodies are supported by a

f | at09sur’f mebod giprgduchyeadhigp-tenpapiond bioddeagsberngerigd itiprge ghe

mﬁqhﬂgﬁpggﬁﬂgﬁ%ght, t he hei ght being at |east about

one wi dth. 104. The three-di mensi ona

st r uct ureandingnyluehty dimudticg!iwer Bidics 081 ablaradiyrofifitler bodies

cohesi cel ' h | 1] I | ar [ ' .
SOTERLRReR) o BAGRERE Fal Qob BEnTHubcERl: Boftes PR oy one or @
t o anethar multic¢lhutae bod)i oreinsd Bliabodh athercinheach mhkicellular body comprises
mul ti.cel.] ul.ar. bodi es ar.e su rt.e a flat surfac )
et Rty R SRR BRRTEE et 6 Syt BitborRfifote material
I Ncthatdesisds Migtiaa bndinpfoadieoforlls frem ot haolfivadiulag Bedies into the

mul t.i cel | ul.ar ba where the mul ticel. |l ul ar . bo .
ot freirraat BN ot it (s RN gies o te
pr ofilee bbdies, afd t he three-di nensi onal shape of the

mul ticel |l ul ar body onto the fla urface has an area

that is2gpPeiaearicay ao Qfﬁ%%nglﬂceéwi@é%%#w%ai%we%ﬁhtaé@ﬁst one other
surf@geelluk®bedyThe three-di mensional structure of any

one of clains 57-104 wherein the cohesion

110.  The method of claim 108 or 109 wherein the arranging comprises arranging the
multicellular bodies and the filler bodies to form a three-dimensional structure having a
plurality of spaces that are not occupied by the multicellular bodies and that are not

occupied by the filler bodies.

111.  The method of claim 110 further comprising filling at least some of the plurality of

spaces with tissue culture medium.
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of the cells in each nulticellular body is
sufficiently strong to allow each nmulticellular body

wo 01808905 t t he wei ght of anot her nul ticel | ul aPCTUR009/048530
that is substantially identical to the nulticellular
body when said other nulticellular body is on top of
the nmulticellular body. 106. The three-di nensi ona
structure of any one of clainms 57-105 wherein the

cohgsi orrEindtg of @A)J SheloPci8RAGN 0L ltl' @ﬁ‘érélﬁ ltlﬁrarlka{?gﬂ fe§ults in at least
sufficiently strong to all ow each nmulticellular %

to e ofihsketigsHulsybogiesicanshasing rchi0ier alangre eondast pea having a fengh
prqﬂ&qéﬁg @u%%ﬁ]% §ifieRsi onal biol ogi cal engineered
tissue, % 8 conprising: arranging a plurality
of elongate nultlcellular bodi es according to a
patfgrn eac | I
con{ gc t S"[shg%ﬁ heogsga noenlgo?%lamgelo Iltgéf Fth(%rl{: %Brl ée%gratmg the filler
whebodien fieacthe fiséd inclabdlnlaabodiedy obuanq}aldseagmaerqsd fisd. i t y
of living cells, allowng at |east one of the
mul ticellular bodies to fuse with at | east one other
mul tiidc elThahethododyny d@df cliing 108t HOdwbdreia hrhiipinedHie filler bodies

further. co one or nore filler bodies
| AR 5 DOHEY T MEGPTIRAR [LBHS co ¢ hat
each filler body contacts at |east one nultlcellular
bod or another filler hody, each filler
Pi silig et sEBnpaeiobrainteér v ierrat arfaélgingﬁlge multicellular
m WAtds ompids ARGERMNNLIRI1GI8! bodlick FWABhtchen MMb bt SRkl bAks-
bodi es into the f|| er. bodi es and resists adherence of
cel Jegtiqnal arerenlong theilongitndiel sddn dhs repeerdh @byt 43¢0 sayatsi reigrons to
109ab0@t FB0bO e RicRdyCi ng a three-di mensi onal
bi ol oglca1 engi neered tissue, the nethod conpri sing:
arranging a plurality of nulticellular bodies and a
pl ural it I c@er
Fha S et B L PR P ek Aok Al il
| eamxdics nemprfiseg af,rangmetrwétnceﬁuimt bocl@ls lheniag a lsoghy obat I¢dsi gboat 1000
fl|+» I]%Jody wherein each nulticellular body conprises
urality of living cells, and wherein each filler
body conprlses a bioconpatible material that resists

t| i,n HWWh f cells fromthe nultice
pod 2 e Ehos BB oL e R Tt el i el ntar
adhﬁm&@e@mmhecﬁhmgmgmmﬂmﬁummﬂmm&sm&uh@akhgﬁussﬂbmamhw3o
filler bodies, and allow ng at |east one of the
mul €PUBFFS ar bodies to fuse with at | east one ot her
mul ticellular body. 110. The nethod of claim 108 or

109 wherein the arrangi conpri ses arrangin e
118. T%e method of any on% of ¢ almsnlr())7 117 wherein ar?angl%g the multicellular

bodies comprises arranging multicellular bodies consisting essentially of cells of a single

cell type.

119.  The method of any one of claims 107—117 wherein arranging the multicellular
bodies comprises arranging multicellular bodies wherein each multicellular body includes
living cells of a first type and at least about 90 percent of the cells in each multicellular

body are cells of the first cell type.
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mul ticellular bodies and the filler bodies to forma
t hree-di nensi onal structure having a plurality of

WG pHoessdIhat are not occupied by the nulticel | BCHDS2009/048530

bodi es and that are not occupied by the filler bodies.
111. The nethod of claim 110 further conprising

filling at | east sonme of the plurality of spaces with
tissue culture nedium 112. The nmethod of any one of

cl ajy®  HQ& imbthbdof Wn%'o@ cltafﬂ% 7L ARG ki ﬁ%lgﬁlé them@icellular
| east two of the multicellular bodies contacting each

ot hdicg compyisgs omEmeona pragons awiltngllvlal kodigs Bompraging asplarality of
l e Ko y

of e bgRR R e ity JARAIEIOS HeofibkeRRRe e
f|Hwendbbwnesbﬁn@dﬂ&hmtﬁmséwfHMHEHcﬂkJular bodi es to
obtai n said engineered tissue. 114. The nethod of any

one of clainms 108-1 13, wherein arranging the filler
bodi2ds diwprctiedsf elaimaity wigerdin tHedivingediles thhfistty@r ae endothelial

O R R A e R e 5 O

bodi es conprises arrangi ng nultlcellular bodi es whi ch

each have an average 0SSSect i al ong their
o2t g Ao o IV RERE dr hus el B0 uesay gmooth
m Cl’ﬁ@sl&ﬁa JeIDs ARk 11380 DO Of thelbRbRI #pE40MSrobkie. The

nmet hod of any one of clains 107-1 15 wherein arranging
the multicellular bodies conprises arranging

mul 3¢ elihe nfkhold QLB MWL NGeiA tHeaRHiche B ofalic filf@SHe 49O othelial
1000 mcrons. 117. The nethod of any one of clains

107<ells 3l thy byiag el of thegeoepd BRe 2iat1bFebasts| ul ar bodi es
conprises arrangi ng nulticellular bodies having a

l ength | ess than about 30 centineters. 118. The net hod
of Ja”ﬁy dihie nisthod [0 piysont @ clainks 71 0ikhid 7 evhereat @@rﬂg inode efitlee

| hiG&lih i BEai R ﬁse%% Alr lftgﬁ 1?\?1{('1: éﬁg?ﬁ}é ée'llqg;%el BbRfality of

I es consi st ng ssen C a sin
c e I livingqedls ofld @cormiepersidropluiityafyiviog eelbfof eltlaidnesll 12, wherein

17 é’é{hﬁ Sfethg LS %9!1 ngi tilP? Jcn‘ejtﬂt)ésl ar(i ﬁé gﬁt h%%thers of the first,

npri ses arfan ere ch
nulieccmell indlth]rdd:ﬁdidypesncl udes living cells of a f| rst
type and at | east about 90 percent of the cells in
each nmulticellular body are cells of the first cel
t y PE2512(rhe hivehod®t blaih 0f4 \a]ﬁbyemﬂe liofngekitd ot8helfdyét-ckll 1ype are

o TG EB. b Mt e i tieagiond p Sl o BtF SRoGB BRIl end e

a plhviigadell§ ¥f @é thlidd\cemgpe etelfloradiasa. first cell type and a
plurality of living cells of a second cell type, the

126.  The method of any one of claims 107—121 wherein arranging the multicellular

bodies comprises arranging multicellular bodies that are substantially uniform in shape.

127.  The method of any one of claims 108—126 wherein arranging the filler bodies

comprises arranging filler bodies that are substantially uniform in shape.
128.  The method of any one of claims 108—127 wherein arranging the multicellular

bodies and filler bodies comprises arranging multicellular bodies and filler bodies that are

substantially identical in shape.
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second cell type being different fromthe first cel
type. 121. The nethod of claim 120 wherein the |iving
w@e201b®08995 t he first type are endothelial cell sPERtS1008048530
living cells of the second type are snooth nuscle
cells. 122. The nethod of claim 120 wherein the |iving
cells of the first type are snooth nuscle cells and
the living cells of the second type are fibrobl asts.
12349 TherpaetiRd ohnycdiRioft ARl W8 ef2%'\%el;etﬁ‘?ar¥dn§fn theCrilel Bodies
of the first type are endothelial cells and e living
cel qompoifestapang e bitad bpdiprethatrage ¢lpngatein skaps., 124. The
nmet hod of any one of clains 107-1 17 wherein one or
nore of the nmulticellular bodies conprises a plurality
of 130vi rAde oettod obfnyaonieiof steinmellOB— k29 peherean glangmk itheymdficellular
I|v n a 19
Vﬂoﬁ%s glg(} Ihg ﬁﬁ;r b%df Egoﬂ(";&ls%%/ eﬁ?ain%% glt 1\%%]52 roe%enéflélgey ulfa%,lty oﬁ
f i retlticdiatohoddiand férhn a dbeBkd stmlyquaﬁlaamg atiedst emcarfithd filtanbodies
rs.of.the first, second, and third cell types.
12§nm#%§ ﬁ@ ﬂ%ﬁ'gFté?aln1124 mhereln the living cells
of the first cell type are endothelial cells, the

cort? Sy enda et Rl POOM e by gﬁmaﬁlﬁlﬂegf)"fatr59(3%5%@365

fi bir@bbiag biSleasl@fne of iR Iﬁiﬁh&BDldlaﬁf)ocﬁéﬁMn @ Rexa@bnal b@ifiFhration
107- 121 wherejn arran H %€the mul ticel lul ar bodies
%I‘

conPFiPerkingidah frastgn dY foufrup saibtiberdike HECUES o
substantially uniformin shape. 127. The nethod of any

one of clains 108-126 wherein arragg@ng the fil
bodides daapicthodof amr s plginmsi 130ekd L yawrascachat tharr@:ﬂtlcellular bodies

subgiaiMdif dayi aLt' [Eagt%érﬁll& bBARSNprse 8 plu}-ehﬁy Qpénh&qelpﬁ cédid¥nd a
one of clalns -127 wherein arranging t
nuHﬂW@bWKﬁﬁ@@mb@ﬂ$@%C%hd filler bodies conprlses

arranging nulticellular bodies and filler bodies that

are substantially identical in shape.129. The nethod

of Bdy Jdie nthodlodflpen 13P8wc2@En wivd o€ ihe natticeHyglnpdids surrounding said

fil At? ast o%g tﬁﬁgr boﬁgﬁlwr{hgle 630{%)6159 gﬁlu&%‘[& %fl fié)%bfl kg%dl es that

are e any one of
clalns 108 129 mhereln arranglng the multicellular

bod;j e fi.l l er arrangi at. .

ook IR riHRa sk oy 3P PR GR POMN R P T R O Bligegutar

f ortodées b(bthphslei; kl@ngtngla(pﬂutﬁlﬁy bamuligelAillar bedisd incindingfirst fel second
filler si,de the tub e structure. 131. .The

met Sﬁ@d)fBPl tl?F[i‘fl?ﬁq’fg’ﬁs \ﬁﬁ&‘@?lﬂcgﬂﬁéﬁﬁqyrfﬁ S"P&i‘m set comprising

W}ﬂ énkiﬁtﬁbliallll tar, elkilﬁldhﬁﬁlcﬁlﬂgmfbb&}eﬁl s@fdﬁ@db@ﬂ (S5 ] cléﬁlplliﬁl@gsimcﬁaﬂi MRuscle
of the mnu tlc u odi es i n a.hexago ,

corfet iy dhetplger 8 i@%c{a?ﬁﬂf A5 fiéh St bgfngy "‘é%%%egé%@“fﬂial“ jirgyer layer
bodyib{tghtfafy mrﬁﬁh&iné s@atl bk Cor MBI Sthe multicellular bodies of the

second set being arranged to form a second layer substantially surrounding said at least

one filler body and the inner layer formed by the first set of multicellular bodies, wherein a
ratio of the number of endothelial cells to the number of non-endothelial cells in the first
set is greater than a ratio of the number of endothelial cells to the number of non-

endothelial cells in the second set.
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132. The nethod of any one of clainms 130-13 1 wherein
each of the nmulticellular bodies surrounding said at

wo easnosspe filler body conprise a plurality of PCT/US2009/048530
endothelial cells and a plurality of snooth nuscle
cells. 133. The nethod of claim 132 wherein each of
the nmulticellular bodies surrounding said at | east one
filler body further conprise a plurality of
fi bf3@b| A%k Snethbadf clﬂ?@ljﬁe&lmgn QfatRY tHRAEMBEr FHsAoHB muscle cells to
130-131 wherein arranging the nulticellular bodies
contpe hwraler af ecdlp diahgye aotsmeotl esglespllsi the seednd gptas greater than a ratio
bo [
7 P gl 138 e BB R sy ooty e el i
f|r®tﬁ§ewtconpr|3|ng endot hel i al cells, each
mul ticellular body in said second set conprising
snooth nmuscle cells, the nulticellular bodies of the
fi rs¥. sdihe bethng oficlaamn tfeitbrtld5 MEminaamrahgim@ﬁle Inaytmellular bodies further

substanti al | urr.ou east
b s e PO PG iR Boq RS Mo g Khaf g
ar raigediutad b diesrezh sediiveulhieyody 1ISMb:Bthﬁ<mEdt ablhp'rlsmg fibroblasts, the

surroun east ane fill bo
 rarray By oeGrehe B e b wrengeftodmid o o rialy

b0 diugSun AR 48 1cdstloat Filer®ody, @&dnmﬁ&eﬂﬁrn&ﬂ(ﬂ@tﬂﬁﬁfhfs@bt of
cells to the nunber of non-endothelial cells in

fi r8plicdiular Sodjpseandettidisheatd dayeniorpedly Pherchrrhiser! ralfltlceﬂular

en dﬂfdl‘b@ |1kl €kdti® of henliBbEWTIBFobREts AOIME AEAB&AIV) h&-fibroblasts in the
cells in the second set.135. The nmethod of claim 134

whethisgl pet i greater shagra retieofibgimnbep et fipllsts tileaiuaberpfngn-

to ﬁﬁ?@bl&%‘ﬂ%%ﬁe @bt el stel?@ltd & € not smooth nuscle
cells in the second set is greater than a ratio of the
number of snmpoth muscle to the number of cells that
ar e; 40 el

et G T R oFURRH By Pubehiiftaddifdhe Bithicehifodie
rrul qoimpeibdspiranginiiseadfseqonti ets efonpticdlelr bwchﬁngach grudticellular body
pl ur el l,u
set ngéld tf¥ t?gt 5%1{)111 11%;{ I{%)lull&ﬁé/ ol?%gdaogl‘aehalrﬁ%lly %gﬁ%h?raltlty 05‘ %nooth muscle
I n «Hs,dathhhuldcdletar badypn kA sggoifid dor abh@sing, fibrdbdasts, the multlcellular
mul ti,ce | ar .bodi.es of t hird. set, bei arr.
o SRS b e 6 SOBER pineb iy M b Rt R G Sunding saia
| eastlcatrvme filled tedy hbdmultiseluthr bodier 0ﬂt@/ﬁtoﬁd&émd1gbyraﬁg’w to form a
first set of. [ticell ul odi es,...and, sai d seco
| LBt Rt B e RO oBE A B Caite G5E Wver formed by
bodt'hﬁﬁrst whef ﬁhlﬂfcéllu[aablf)(ﬁ%@fvgél’leﬁ al’}bjtliﬂ)@frthéﬁlﬁunﬁbﬁb bféﬂiﬂra]ﬁﬁﬁs to the
to the n er_of non-fibro asts in the third set is
gr eHer ?fﬁgﬁ filbreblasfsdn g spqomd pei Aparetgithan agpinpiihs qumbsr of
themﬁMM&%ﬁo@%rﬁ@ﬂ£f&ﬁ@hhﬁ@%&mﬁﬁnﬂﬁ@hﬁb&st set or the
second set. 137. The nethod of claim 130 or 131
wherein arranging the nulticellular bodies conprises
arrﬁﬁgﬁﬂgnkﬂ%ébfaﬁﬁlﬁ@QQnﬁl%ﬁ&%m%&aﬂﬁ&}%@ﬁhh%k@ﬂm&mdws

bodi es, each multicellular y
comprises arranging first and second sets of multicellular bodies, each multicellular body

in said first set comprising endothelial cells, each multicellular body in said second set
comprising a plurality of smooth muscle cells and a plurality of fibroblasts, the
multicellular bodies of the first set being arranged to form an inner layer substantially
surrounding said at least one filler body, the multicellular bodies of the second set being
arranged to form a layer substantially surrounding the at least one filler body and the inner

layer formed by the first set of multicellular bodies, wherein a ratio of the number of
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in said first set conprising a plurality of

endothelial cells and a plurality of snooth nuscle
w@ei1bsgsdench nmul ticel lul ar body in said secondPGEUS2009/048530

conprising fibroblasts, the nmulticellular bodies of

the first set being arranged to forman inner |ayer

substantially surrounding said at |east one filler

body, the rmulticellular bodies of the second set being

ar r §NGRE;d Ceifs @ e AumBHLIF nS thcfoﬁ‘fahél%klllsym S ﬂrQ%QQE Qﬁater than a
said at |east one filler body and the inner

f orrmome aweber of erdothelial g¢llsry theingaberydf apn- @mw 'fﬂ cells in the
ﬁ% rati o of the nunber of fibroblasts to the

er of non-fibroblasts in the second set is greater

than a ratio of the nunber of fibroblasts to the
r |

g d T‘lé; m% I’(]>d of %gd)kﬁ %? %}%R‘{ V\ﬁ(t()e :138 k) gl?ern atﬁg geﬁa&f ﬁ%comb%ses pulling
nuhmemﬂhhu@adﬂbomanmc@hnﬁmsésohhcaMthgmﬁmnm& and
second sets of nmulticellular bodies, each
mul ticellular body in said first set conprising
endpihelTihalmeaklos ar_lye@@ fof etainisi 1081 Zle&ferdilOﬂ’yanigmg sta filler bodies
igﬁ%g%gg%tagg]ggl ' (Ig}sé:q? ogg 1 1p l}lelr %P@Eﬁ \é]&l{?lfg ar% ?lﬁiggn formlng ﬁﬁer bodies, said
mul [umeedribliff filkpBd RS tRfngtah@ndel kS pre it indRIvAR ofdellafgRdhe
to forman inner |ayer substantially surrounding sajd

at PegesliugiRodics e Fler%J@ysecan SloRgAte PRAETSH Whetpings GP%%f thg first

t he.|§R6RRFace & adpRENY sﬁfeb@ﬂﬁ@@’coﬁ@ eloREHR Pab@YAE lumen- formmg filler
substantially surrounduﬁa the at |east one filler Xl
ular

andbadise bripg élrbSHaWélw spigoupger bythe Ralticeilar bodies g the multlce

MUl § Jafe8 CAtHudd 10 296H £Bran MO BLAr @rcatd 0 of the nunmber
of endothelial cells to the nunber of non-endothelia

cells inthe first set is greater than a ratio of the

nunpﬁr Gif %f%%ﬁ% ].%.@JL 1469\1&/111 eih Qacill'&? m&é’elh%%r bo_ldhes comprises

non- endot I al In t e secon set

met dndothelfal aglly apdhemedfth puedlaeslls.30- 138 wherein the
separating conprises pulling the at |least one filler

body out of the inside of the tube-like structure.
140142Th& hﬂm‘teﬂm)d oﬁf:la'mm y400»m1®rejfl agdngingghd @ 8kitdBilanbedied cm)mprises
arran

di
o rBRfRg a b AR o R RS Rl PP St Rliicettutr
bodicﬁiés, caet ﬁiu]tlUﬂElﬂh-rﬂoni}mlan@ldfﬂrdt karcompeiigsa Mejorigy of endothelial cells,

arra 1 nt i f cells fram.th

o PEER s PE R L FHREN P oo BF gapegh muscle cels,
S gaﬁe ﬁmulti&ﬁlﬁﬂ:ﬁlbﬁd@?oﬁlr’i]éjﬁﬁf sct bénd :lirfafhgec&b FOGRdrEin &P ?Pe@/@r duBstantially
ad] acent a (0] t he C e ong te s ace, sai d

| un%lﬁourf%l}%]tﬁﬁgmfemfPr@fm%ﬁﬁq 39 i @m?éltl hqdigs|oy; the second set
su rﬁeﬂig@ﬁﬁi%éaxo T8 bﬂﬁ{ah&’dl@rsu@&ﬂidﬁ}% tBOlumBR forming filler bodies

mul ticellu bodi es can fuse to forma branched
t ubiid e igngr lpyeyogmedibyithe frsgsofat melgcdiulag pedien 140

wherein each of the nmulticellular bodies conprises
endot helial cells and snooth nuscle cells. 142. The
met Hed e gretlioghol a1ty adlsef elimsaldpakigivrhgraimerranging the multicellular

mul ﬁoidfeg ICJ)IHIBI‘?SreS Mﬁﬁ% a(f)m&&/ SfRulticellular bodies including first and second
sets of multicellular bodies,
the multicellular bodies in the first set having longitudinal axes and being
positioned generally alongside one another to surround said first elongate space, the
longitudinal axes of the multicellular bodies in said first set being generally aligned with

said first elongate space, and
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arranging a plurality of nulticellular bodies

including first and second sets of nulticellular
whodoeessorach nulticellular body in said firstPGEUS2009/048530

conprising a majority of endothelial cells, each

mul ticellular body in said second said conprising a

majority of snooth nuscle cells, the nmulticellular

bodi es of the first set being arranged to form an

i nner | W%ul%k@ﬁta@ﬂ&dlé’sl 1theSsH5canlé@[q1'a{;ﬁQg Io'ﬁgltudmal axes and being

lumen-formng filler bodies, the multrcellul ar bodies

of nqﬁ@log@kﬁm@ral&e&lom@dﬁgngﬁmﬁwg@oﬁutrguﬁd@msacqndyl@ngate space, the

Su o - .

pod Rg il defe Sithe LALLM b fes MTRR LRI Rt berfany pigned

nulwﬁkeWiumanhhnamesmwi43. The nethod of any one of

clains 140-142 wherein arranging the nmulticellular

bodi es conprises arranging a plurality of

mJ | ¥44c el Thalngerhold @f krgysonie v Elaaisni§ 7+ 1 wswhewhdarsmgmg thesaidlScellular

lticel lular bodi t he | l.ul ar bodi es in

e st RweRg of Byt il PG hodE St foncet

p05|t|oned general | y al ongsi de one anot her to surround

said t elo space,. th ongi.t udi nal axe

©helul R AN ST SBotR eL sy o A e SRng BE R Mitdcellutar

gengydak kymplidegnesgitgtnfulsilaf bddfs walddngatuesteRRANE cylindrical and

andt he nulticellular bodies in the second set having

| onjive S Rafally cueula (1o esi§osi t i oned general |y

al ongsi de one another to surround said second el ongate
space, the Iongltudinal axes of the multicellular

booﬁ 465 iThe ssthed 96 prricoEelatsi 109G eridicein grrageing thsanydfiggiular
sai %d?e@ 99{9@:15%& 8%@5\% tM&lﬁcell%ﬁ@boJ&Qn H%Et'fb?& 1nox£1h1él{‘M 1&8€ne of

of clains erein arranging t mul ticellular
bodhegubisathrirbedicaeantastyiangthertof Iﬂ@agltltl@diﬁbr bdigsiatong a contact arca
nulﬁ celly h299588,f Hofof eet. 145. The nethod
gkygong&ﬂ¥t g?n§“109£14%h§ﬁ§?eun arranging the
nultlcellular bodles conprises arranging nmul ticellular

b d b | .

D opiFS b ftul B RHPAL AL A 2 Mo Blan B M Bicoputar

of tmdyes omepmsfes a:draalgmg tlie()ﬁulmdﬁlulm bodesrin apateamginnghitiha least one of
ot Rl RO LR RS afr AR b s songaomact area

0ndw@ﬁghhﬁgﬂthngﬁhhMﬁmge&Dﬁbﬁﬂmﬂmmﬁﬁﬁﬁsa@mmeﬁmnﬁkwm.
the multicellular bodies along a contact area having a
length that is at |east about 1 centinmeter. 147. The

mﬁt mdl afhe &lrl[bl}holﬂ RE aﬁgf odrfé|oliislﬁﬁn511©2 WGvhohet ﬁirarﬁgag rﬂ@n@h If€kIlular
t he nu ticellular pbodies conprises arranging. t

mul RIVEEE COTIPTAYS HEHIRES af 124 Sqa¢ attiRel] o ﬁheqnhaatngwe &¥ect ratio in the
onerafde drlaBoud td 48lid 20b@r bodi es contacts anot her of
the nmulticellular bodies along a contact area having a
length that is in the range of about 1 centineter to

aboty 36he &kHoaRF fdySone of claims 107—148 wherein arranging the multicellular

bodies comprises arranging multicellular bodies each having a length in the range of about

1 centimeter to about 30 centimeters.
150. The method of any one of claims 107-149 wherein arranging the multicellular

bodies comprises arranging multicellular bodies wherein the cohesion of the cells in the

multicellular body is sufficiently strong to allow the multicellular body to retain a three-
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148. The nethod of any one of clainms 107-147 wherein
arranging the nulticellular bodies conprises arrangi ng
w@eoibeessds some nul ticel  ul ar bodi es havi ng an BGPES1009/048530
ratio in the range of about 20 to about 2000. 149. The
met hod of any one of clains 107-148 wherein arrangi ng

the nmulticellular bodies conprises arranging
mul ticel lul ar bodi es each having a length in the range

of  aReMonhl 5@1@15151 WL s%ﬁp&r@nﬁ%@ffton %Qla?s%pftaéé@l@fh%ee drabhsional shape
The net hod of 2%{ one of clains 107-149 wherein
&

ar riaelgdinga pikh lhaaghit,| the %aiglb belhgat leashif} poseest efithawiiging

mul ticellul ar bodi es wherein the cohesion of the cells

in the nulticellular body is sufficiently strong to

al | . t Hédie mekhtold o hityudng of bleidys 103 kS@tveiereimarranging the multicellular
th rtgo%gel EI?IH%IJIS%Q ngflll% %?ultmgulr%sl%ogpo é‘l%lleﬂ‘ﬁ[hé Eo%% 151’11 gf:}tlh(% cgellgl in the
WI divinltieadiolaa bbby ig hlfﬁcwlhgf drengjtotalloe It]ntgnmltlcdlhilm bod (o retain a three-

per ent .of . the t ho f,an ne

O afiehuic 58 Vhedls minfouhE SalTs AEPadi FLRRRLRE. the threc-
booulmSnmmmpﬁm@rdoaﬁgnﬁg (b tncnﬁb h dbmaict bo€licesn the bottom of the
wher ei.n .1t he cohesi on of the. multicel | ular
boo‘i}“lflgel%‘gf P?‘g" WY (e gtu.ltzfﬁﬁuler OSY F%chﬁféldr?ﬂ’fft“iec%ﬂdi (i sgya two-
bodyimt@idnal @bfecteontITIRERlcIMInGi0Rd| sEpapethwhRrifickilgar bod onto the
mul ticellular body is supported by a flat surface

t hrféaéavrif?éﬁé?w&reaém&egr%?rﬁ&aémﬁngma@éSalfé ?9ntet°bsurface

i nclude a contact surface on the bottom of the

mul ticellular body where the nulticellular body

contdct sThe arehod 9f prycane oARlAING [0y -1d veheraipTanaits rtmllﬂtlcellular

Pr ol Rk 'c&ﬁﬁ)l%fes E%gingrnﬁﬁtlééllﬂiﬁlrﬁddfé@ AneRARE c HesibSF the cells in the
mul ticellu onto the flat surface has an area

t hanulfieeliyfag é@cbfrls arfﬁ@zelttkymfroamtoaadl@a thgf mulgipdlugas hedycte support the
S ur\i/ég I ‘of Wher MﬁlcQE& aﬁu%ld? Eha ?glﬂl %rﬁn%f dlﬁén@l'cﬂ"io %gﬁuﬂt%llular

wher efn arrangi ng the I ce I es conprises
ar rizodgivihgn said otherehilti¢cdiplabbaliyas omtep oéibn niuiteccidhiemidpn  of
the cells in the nmulticellular body is sufficiently
strong to allow the multicellular body to support the
wei giit - dthe aredtod @f arm.tbrteiotﬁ elhimsl lﬂﬁ—lﬁd&hetdftairrdnging the multicellular
subst.anti a I dent i cal t he nul .
sai d)dbets ﬁ%rpprrl%f %rfa({lg}nlglﬂuét[]ce ]618€b0|d§es gﬁe&eglﬁil%?o eﬂgn ofythe ceFfls in the
mul hilded!ulal 8odybiosyfficiddB. strbhetorBibwakt miiltiesiylap bedyad be picked up by
cl ai ns é 7-152 wherein arranging the multicellular
bodi"é®PEGIPY i ses arrangi ng mul ticellular bodies
wherein the cohesion of the cells in the nulticellular
bod ff|C|entIy strong tq_al the nulticellular
bodfﬁ“ Ht?ﬂ’c?ﬂ SHRPEyT AT € elr?émvﬁerqrst he affgiEdt prgmated.
of any one of clains 107-153 wherein the arranging is
aut omat ed. 155. A three-dinensional structure

conp¥i si‘hfregtdimeanalgactire comprigpgyt leasdons fﬂlleul?%lmawa furality of
| ' Vﬁ\nﬁ% &8l {Vﬁlcm}e%h@}[%@tocdﬁg ShfkriBe &6 f@RNNELbulb\Bructure

ormng a tubular structure
substantially surroundlng said at least one filler body, wherein the filler body comprises a

compliant biocompatible material that resists migration and ingrowth of cells into the

material and which resists adherence of cells to the material.

156.  The structure of claim 155 wherein the biocompatible material is permeable to

nutrients.
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substantially surrounding said at |east one filler
body, wherein the filler body conprises a conpliant
wWheroooeses i bl e material that resists m grati onPErRES2009/048530

ingrowth of cells into the material and which resists

adherence of cells to the material. 156. The structure

of claim 155 wherein the bioconpatible material is

pernmeable to nutrients.157. The structure of claim 155

or {36 WRELEhdhk DECIAHPsE 156 LRGEHTR HRFardrh&MYhEs Plength of at

at | east about 1000 m crons. 158. The structure of any

onelewst akup] P9 migBns 57 wherein the tubul ar structure

has a length of |ess than about 30 centineters. 159.

The structure of any one of clains 155-158 wherein the

t ubli8ar Tt stnetture ef dnyng of dmigisH 5511 57 bercarthetubfilanttimaturehas a

ce . imeters. 160. The
nk%ﬁﬁgpl%tﬁﬁﬁég%%gcgglé%%%ns 155- 159 wherein the

plurallty of living cells consists essentially of

ceI single.cell e. dhe str

onel Bt B R B §E gt BEims 1oha sERGe ST S by Ry fhes o
cel lesgtle s taggsofl abvitigeatrhdtars of abauf i0r@htiaabk. t ype and

at | east about 90 percent of the cells are cells of

the first cell type. 162. The structure of any one of

cl aigus 19estudae Whakyind of &18inRl185-alsh theRfn the WiuRgtyCclliving cells
conprises a plurality of living cells of a first cel

t ypensirdesseiatly af Getly O single iRl 1's of a second cel |

type, the second cell type being different fromthe

first cell type. 163. The structure of claim1l1l62
whel®di n Tthe striGiyp atpnyene ef Jrims 485-£115p stherey the phypsditygfdiving cells
en d&%ﬁkés@fvn&eclehssofaaqﬁsttcgﬁ t)pr \ﬂld"ﬁ 1&1@4 alb%ut@co JeREn &R ARNLILs are cells
cell type are snooth nuscle cel 64. The structure

of Qﬂ&ﬁ 1Y txfiger ei n t he I|V|ng ceIIs of the first

type are snooth rnuscle cells and the living cells of

the second type are fibroblasts. 165. The structure of

cl ai6d 162ewheatwt nf anyenk pf/¢lpigs d e5+1§9 ofhetelngthd Dlrl@tlityt qf;iieing cells
2rego%g)g?ésrl§3|lurglllty%? i\lrfi églg toglg %}fk%@ﬁl a%%la ul,g?‘flt}/ in%%ex}ls ofa
oneseodndcclemyps thS el cligrediemg tdiféergit fnoaﬂthet grrsocfellltypei ng
cells conprises a plurality of living cells of a first
cell type, a plurality of living cells of a second

t y DH')B armthe atrypdtutt af ¢lhiyh 0L Whewiimge tieink selbfof shetfivitrcll ok bre

h of t first econd and third I
Y PSoiEn Gl aBF i1 Vel drute e S R p Al Smopbgmmuse cers.

second, and third cell types.167. The structure of

clajm 166 wherein_the |iving.cells. of he first cel
t yptiar ?’éﬁ‘a%ft“ﬁ% Pf ﬁ?lﬂble@l@er%@ o fivipg ﬁ@l s fedingfyierqge smooth

secandlccelld atdYREIBAEHIBOME se¥bsElyBe 8 libfoblaRd t he

165.  The structure of claim 162 wherein the living cells of the first type are endothelial

cells and the living cells of the second type are fibroblasts.

166.  The structure of any one of claims 155-159 wherein the plurality of living cells
comprises a plurality of living cells of a first cell type, a plurality of living cells of a
second type, and a plurality of living cells of a third cell type, wherein each of the first,

second and third cell types are different from the others of the first, second, and third cell
types.
71



living cells of the third cell type are fibrobl asts.
168. The structure of claim 163 wherein the
wepdonsshs al cells forman inner |ayer substane@EIUBE2009/048530
surrounding said at |east one filler body and the
snooth nuscle cells forma |ayer substantially
surroundi ng said at |east one filler body and the
inner layer formed by the endothelial cells. 169. The
structure of claim 166 wherein the endothelial cells
forman inner |ayer substantially surrounding said at
| eakf¥/. orldiepiridtue obdeiyn 100rehcembbe ving seliseof ¢hel first cplbiyive are
sec I
One&p%%@ 8{%152&1?1%@&%@ 0:f ﬁlﬁé?goFlggg?tlyﬁﬁga}rﬁe é&gg%ﬁ%u%&élééns and the
endoﬂhakﬂabf@eﬂmgcdénmeahéﬂﬁﬂbﬁmblasts forn1a third
| ayer substantially surrounding said at | east one
filler body, the inner layer fornmed by the endothelial
cellas, dihd strimeurs eﬁdaidl léawdreraimﬂmemuomeliulrvellsfmmam inner layer
ruct ur one
o S e roh e 4 o it B Ry A8 g e B fom o
tu bluﬂzea I‘Sutstahtﬂﬂlywﬁﬁfoﬁmlh@tsafdtat Rhdt ynsfilldr buddindghoimeerddiyer formed by
ﬁ F 1Ier bodi es which are | unmen-form ng
filfef ‘@Hﬁ ieellssai d | umen-forming filler bodies being
arranged to prevent ingrowh of the living cells into
first and second el ongate spaces, wherein _an end, of
t hel®i r dthe é‘i“&fﬁ‘ﬁ%?%“l%lﬁ]a]éé whereipythg sedptheljalgeliplogp ap fwer layer

secQpBdafla oy %ﬁn&i@@% atddabt on-ghﬁlelsﬁcfd?)cﬂlé‘ o h nANNe QM€ form a
of clains 155- wherein the co I ant bi oconpati bl e

mat eeeng|layes S@éﬂa@t&ll@dumwﬁﬁng pad @?lé%fbm%?ofﬂlﬁ B¢qyrigpd e inner layer

ag %Qﬁ&l bﬁﬁ@éndoﬁ%ﬁah WEIRNAG RE ﬁg’oblgﬁéjfoﬁﬁlaXﬁWlﬁl/é? Ribstantially
gl ycol he structure of any one of clains

1559u1rmndmge&aéh ah lepstenafillerdady. thmiandrilayiceforestigy the endothelial cells,
]{q I Qy& h iRy pulling the
f|| r %ﬁgdo d ﬁ?m&ﬁe tglnﬁ%rﬂg%gigigre 173. A nold
for producing a multicellular body conprising a
pIu [i II t.he
ol 0z o ety s B e e nEi R o b SRR R Fan it
r esbrsltchext tubwlamndtrgetatel sobstaamdlly nugroondite @fe ot @lorsofiting Hlldr bedies which

substrate nd r nt t. adh ence

SupEt PR e ST AR SRR HeRREea RS Rt BoibertyEea o
CoqﬁﬁﬁmthMWﬂomhhemeguﬂkUﬁ@ﬁmtMmaéamﬂbkﬁgﬁwqﬂg%awhmmnanend
rel | ower cohesion an Id the, composition in

o B B LS e A e 8 PSACDEH PO PTG

whi ch the cohesion increases to form said

nultlcellular bod t he eS|red shape of ﬁhe . . .
mul ilc el Thg SEyctys 4l L0F A C%mséﬁanlﬁo cigin thegruppligpidigcompatible
100QatBiid iR RcR toR&hOEoGPEnkidtiM e aSHoRY BlaY, h«}ah}onw el dhd
the nmulticellular body is no nore than a out 25

m cbréhvieneglysel- ext eri or of the body. 174. A tooI f or
making a nold that is suitable for producing a

pluraligy of multicellular
172 he structure of any one of claims 155-171 wherein the at least one filler body is

separable from the tubular structure by pulling the filler body out of the tubular structure.

173. A mold for producing a multicellular body comprising a plurality of living cells
cohered to one another, the mold comprising a biocompatible substrate that is resistant to
migration and ingrowth of cells into the substrate and resistant to adherence of cells to the

substrate, the substrate being shaped to receive a composition comprising plurality of cells
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bodi es, wherein each body conprises a plurality of
living cells cohered to one another, the too

W@ tpodedg: a body having a top and a bott onm PERTUS209/048530
plurality of fins extending fromthe bottom of the
body, wherein each of the fins has a wwdth in the
range of about 100 m crons to about 800 m crons for
form ng grooves in a bioconpatible gel substrate
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grooves into €longate multicellular bodies, wherein
t hemgtpirgompgyied [domies wiigh tgicokpties ingrgsestto fosmestid gnpdtiostlular body, the
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being configured so every cell within the multicellular body is no more than about 250

microns from an exterior of the body.

174. A tool for making a mold that is suitable for producing a plurality of multicellular
bodies, wherein each body comprises a plurality of living cells cohered to one another, the
tool comprising:

a body having a top and a bottom; and

a plurality of fins extending from the bottom of the body, wherein each of the fins
has a width in the range of about 100 microns to about 800 microns for forming grooves in
a biocompatible gel substrate configured for forming living cells placed in the grooves into
elongate multicellular bodies, wherein the fins have longitudinal axes and at least one of

the fins is spaced laterally from the longitudinal axis of another of the fins.
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