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In the United States, millions of people are affected by tissue loss every year.
Current treatments include tissue transfer from a healthy site in the same or another
individual, use of medical devices to support the function of the lost tissue, or
pharmacologic supplementation of the metabolic products of the lost tissue. Problems
with these current treatments include potential tissue complications and imperfect
matches including the possible dependence on immunosuppressants, limited durability of

" the mechanical devices, and the inconvenience and complexity of pharmacologic

supplementation, Current approaches for developing living tissue substitutes make use of
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Over the last two decades, LTEs that are completely cell-derived have been
developed. However, to date they have been very thin and taken a long time to grow,
generally on the order of months, whereas collagen gels and fibrin gels can be developed

in only a few days. There is a need for completely biological cell-derived LTEs, and

living scaffolds for use in wound repair and tissue regeneration in vitro and in vivo.
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tissues, organs, or combinations thereof, The cell-produced autogenic living scaffold as

herein disclosed is smart, such that it is capable of adjusting to its environment, and it is
living, whereby it is biologically active and all components except seeded cells and tissue
are naturally formed by the scaffold system itself, making the scaffold autogenic, or self-
produced.



The Autogenic Living Scaffolds as disclosed herein are
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In another embodiment, the Autogenic Living Scaffold may also be grown into
specific shapes by molds, and may also be reshaped to some degree. For example, a sheet
of the above example of a Fibroblast Autogenic Living Scaffold, seeded first with
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Fibroblasts (especially foreskin fibroblasts) secrete numerous growth factors
including nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), and
neurotrophin-3 (NT-3), as well as fibroblast growth factor (FGF), and platelet-derived
growth factor (PDGF), all of which promote neuron regeneration and survival. The

embodiments of ALSs described herein more closely mimic the extracellular
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Another embodiment provides an autogenic living scaffold that has been seeded
with cells, tissue or combinations thereof, including any of stem cells, progenitor cells,
precursor cells; cells or tissue of a connective, epithelial, muscie, nerve and/or glandular
origin; and cells of vascular and/or non-vascular organ origin such as neuroblastomas,

myoblasts, astrocytes, cardiomyocytes, skeletal muscle myoblasts, hepatocytes,
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of vertebrate neurogenesis that is expressed shortly after neuronal terminal mitosis
(Marusich, MLE. et al (1994) J. Neurobiol. 25 : 143-155). The marker is observed in
nerve cell bodies as reddish brown spots; cell nuclei are blue. The ALS was allowed to

grow for 4 weeks prior to seeding with human neuroprogenitor cells.
Fig. 4 shows another cross-sections of a 17-day fibroblast ALS system about 50-60 um
thick containing neuronal cells/tissue that are expressing anti-Hu MAD 16A11, an early
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expressed neurogenesis markers are visible.

Fig. 10 shows a cross-sectional view of a positive control system for the neurogenesis
marker experiments of Figures 3 through 7, using human brain sections. Positive
indication that the marker anti-Hu MAb 16A11 attaches to nerve cell bodies is indicated
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Fig.afs% shows Living Tissue Matrix (LTM) fed with the same serum-supplemented
media that the CG and FG above were fed with, 110 pm thick, as measured by digital
image analysis.

Fig. 15D shows Living Tissue Matrix (*LTM) fed with Matrix Media, 465 pm thick, as
measured by digital image analysis.
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o o 106l el gl
matrix (CDM) fed with serum-supplemented medium; and cell-derived matrices (*CDM
and **CDM) fed with Matrix Media, compared to human penile skin (HPS).
Fig. 16F is a graphical representation of the results in Table 1 showing the ultimate
tensile strength (kPa) of fibroblast-populated collagen gel (CG) and fibrin gel (FG), and
cell-derived matrix (CDM) fed with serum-supplemented medium; and cell-derived
matrices (*CDM and **CDM) fed with Matrix Media, compated to human penile skin
(HPS).
Fig. 16G is a graphical representation showing the % collagen of fibroblast-populated
collagen gel (CG) and fibtin gel (FG), and cell-derived matrix (CDM) fed with serum-
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Fig. 17A shows a TEM 12,000x; scale bar = 1 pm) of the distribution of collagen fibrils

(arrows) in the collagen ge! (CG), wherein most (from the collagen gel) are about 565

nm in diameter with a small number (presumably secreted by fibroblasts I the gel) about

46 + 5 nm in diameter. The collagen density was 81 x4 fibrils/pm?®,
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correctly spaced, prevents overcrowding and enables cells to communicate between each
other, transmit subtle biological signals, receive signals from their environment, and form
bonds and contacts that are required for proper functioning of all cells within a unit such
as a tissue. _

“Resembles™ as used herein means there is physical, functional, compositional,

structural, phenotypic or other similarities between the materials or systems being
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fference,
living tissue matrices, ex-vivo cell-produced tissue and cell-derived matrix.

“Cell-derived” as used herein means that the source for the material, body, or
component is a cell or a collection of cells.

“Bx-vivo Cell-produced Tissue (ECT)” as used herein means, a functional tissue
comprising one or more types of cells (or entities) and the ECM (or matrix) that has been

completely produced and arranged by some of these cells (or entities). For example, an
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“Glucocorticoid” as used herein, means dexamethasone, hydrocortisone,

corticosterone, cortisol, cortisone, prednisone, prednilisone, methylprednisone,
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fibroblast cells non-viable. For epidermal growth factor (EGF), such equivalent growth
factors include, bﬁt are not limited to, basic fibroblast growth factor (bFGF), fibroblast
growth factor 2 (FGF-2), and transforming growth factor-c. (TGF-0)

“Concentrations supportive of fibroblast growth and production of extracellular
matrix” as used herein, means concentrations of growth media components, whether
determined by molarity, weight/volume percent, weight/weight percent, volume/volume

petcent or any other standard means for measuring concentration, which allow fibroblast
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with surround cells, entities and materials.
“Cell or cell type suitable for production of extracellular growth matrix” or

“sroduced by any suitable cell type” as used herein means any cell, cell type, or cell
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The fibroblast produced matrix of the ALS, or “ce -derived matrix” (CDM), is
composed of a number of insoluble extraceltular matrix (ECM) molecules including
fibronectin, collagen-1 and collagen-3, possibly in ratios resembling those in vivo. ALS
could thus provide a more “natural” environment, or an environment more closely

resembling that of native tissue in vivo, for both fibroblasts and other cells seeded onto
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"Cell or cell type suitable for production of
extracel lular growth matrix" or "produced by any
suitable cell type" as used herein neans any cell,
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Nomeaaliows'thg fBsient praduction of high-strength, high density, fast-growing ECM,
while simultaneously keeping the growth of the fibroblast cells themselves sufficiently
slow so that the fibroblasts do not over-run other cells seeded into the system. The ALS
Medium allows the proper production of an autogenic “living” scaffold (ALS) system for

producing cells and tissue of interest in vitro, for later implantation in vivo, wherein all

components of the system are entirely defined, free from non-human components, and the
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least partially, especially if the cells composing the Autogenic Living Scaffold are from a
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at sites of tissue damage. Furthermore, the LTM can be transformed into an “implantable

22



that are high in Collagen Ill relative to Collagen I
(as is the case with the secreted ECMs from nost
foreskin fibroblasts), then scarring at the site of

Wociodd/aprsand i npl antation may be di m ni shed. pdtieB2005/004091
cells of an Autogenic Living Scaffold nmay al so produce
ot her useful and beneficial conponents at rati os that

g?éni} W itaRsdiffGentiioh
onn@ﬁtgssﬁ% ceﬁo{sﬁna{r;e exposed to in vi vo Thi s
dedﬂﬁi-qnmﬁbhefﬁmdiwmww@mdl@pm and develop into

§ignds W@%ﬁs émgg&gpbgggfsgﬁpﬁggﬂﬁivxgi&eﬂﬂdcm skin

ﬁbréBlis@éJat% mwgerbomuegt cﬁﬁsifyfm lad:omleﬁelp ehdmdaﬂylcﬂleﬁnghpltp@am (no
over tine e (L] a
serueaddad e 36 MiE R HaARE IR SAPRet (9651 it eypepicpiisg ithour

M&%f’e é&%ﬁecmld:bﬁmﬁom the
mgn#léﬁt mverqﬂlﬁgg’ﬁssue or organ t PWgevel ops. fr d
fibroblasteat inducedioquoliferats rapidly anétamw wetheing, afowe

to a{% .gfg,ae;lgs &ﬁ% SR gae'%Q&Efed &%ﬁmx@mw

ns or tissue nay be produced
markédly g:omhm tgnexu Ebirohlasteultates andmorq elesely resemblenthe ost |

st SR ot dencrofiRe BRI AURUHA BB, Theicn

hxglpﬁﬂs beg@e THRbIéen cahipareditactypd Mong)wglahghannbemrm of of
%/ may al so be produced by seeding the ALS with
hyal“ﬁ@l‘éiﬁ‘& deBfit or tissue type. Autogenic Living

SC i (S ee‘iﬁ?:?&ﬂcmub Bnﬁxagmmw tRériselveb, |thd I/FBls appear to
t hus be used grow - npl antabl e tjss and th
momm@ﬁig resempile mdtvomefﬂ%‘leérfﬁgﬁfnﬁﬁﬂé{ﬁF%‘t"Fﬁh |"ﬁf‘lf}"5ﬂ‘ fry otaer

mattik V@afbitiGr stribedE @ﬁﬁ'é}lﬂg INBE B RO BENTMs Qe difdflar in

IrnVention conprise thé cells and scaffold t

he

conmmﬁun & the hﬁaenﬁﬁbmbmt-l)@uiﬂéﬁdeqqﬂéwuﬁ’% tigaye Q\ﬂtﬁ# fis the wound

Scaffol d. or an
bed,ip m&'@'&?ﬁco‘f%}ml S SeggL@g&t@ n'oh“s s °To %E‘%ghgvgﬁﬁ&tﬁ%%%%@ﬁa
regﬁi’eraﬁsgﬂﬂaouamngsle ldppused; tmhoundhm m&tﬂl qrjadpl megmmaly et

o .

e i, R 6 BRGRR G e 200 s
s1grﬁﬁe(5j:hﬂy gmélﬁﬂaﬂd g&t@bcxahmhuhmbsdmeﬁ usinglhlqimlmrglebawcb es

| hduced to roguce. a Xt S| V. ru
colbBeTae s SV PRUIF LIVF& T BFHIED (P B LG can lso be
madeeé Pl WG RALAEES, Etius PRivestalg hodeteiceash mmamng €Bdnpletely

t hat or a grldllkeor mesh-1i ke matrix which
immgenogompatblé.aci [ itate and aid in the formati on of ‘new

cel -fhqu%mg%ﬂ (8 df ri[ FoviRs h bptitéiallenVirdtinehi 5ot de-

trIrX sts that_  produced the CDV
dlffbtenﬁatad ogmamdﬁﬁerwam&mdnmmdw cellsqwithin thediTMplopgeate a

sl SRy P SRRl o [l ol
fibroblasts within the LTM (the cells that produced the LTM in the first place) are de-
differentiated or transdifferentiated, the LTM effectively becomes a structurally sound
implantable blastema for multi-tissue type regeneration.

Living Tissue Matrices (LTMs) have potential for being used as soft tissue

substitutes since they are produced solely from cells fed with a chemically-defined
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be aligned in the same direction as the native nerve celis in the spinal cord. In still
another embodiment, a sheet of ALS with the seeded neurons may also be rolled into a

cylinder prior to implantation to produce a structure with layers of neurons aligned in the
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axons to elongate up to 5 mm within a month, and provided functional recovery within 3

months of up to ~12 on the BBB scale when implanted into injured spinal cords in rats.
Still others have shown that fibronectin mats have allowed axons to elongate up to 4-5

mm and reach diameters of up to 3.5 {m within a month, and provided functional
recovery within 3 months of up to ~10 on the BBB scale when implanted into injured
spinal cords in rats. Implanted fibronectin has also been found to aid in the proper
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main promoters of cancer in the central nervous system, Unfortunately, neural progenitor

cells differentiate only into astro- and oligodendro-glial lineages when implanted into
injured spinal cord, or when cultured i vitro in the absence of ALS systems according to
the present invention. When neural progenitor cells are seeded in vitro onto an ALS in

accordance with embodiments of the present invention, however, the neural progenitor
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animals). Another clinical trial involving the vaccination of Copolymer-1 into patients
with recent (<14 days) spinal cord injury is about to start in Isracl and the United States,
but this treatment is designed more to slow down and possibly reverse the degeneration
of nerve cells in diseases such as Parkinson’s disease rather than being designed as a

means for regenerating injured spinal cord nerve cells.
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factors on the development of the functional neural networks in the ALS may also be
studied in this way. For example, FGF-2 and BDNF have been shown to support the
development of extensive and spontaneously active neural networks from primary
neurons within 3 weeks (see Mistry ef al., 2002). Preliminary results with ALSs seeded

with primary neuronal cells in accordance with the present invention show that the
carbohydrate source galactose is favored over glucose by neurons, and that galactose also
significantly retards the growth of the fibroblasts in the ALS. Thus, in embodiments of
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may also be layered on top of each other to form different parallel layers of neural

32



the 3-D matrix (ALS) is produced, the ALS is seeded
with primary neuronal cells. The 30 WD 2006/ 048783
PCT/ 1 B2005/ 004091 ALS with the seeded neuronal cells

IwobbiadRs W th anot her defined "chem cal" ”%%2005/004091
(again, a mediumw th no serumor ani mal conponents)

t hat supports the gromh of the neurons and retards

k%%k%e cﬁ\%ﬂn %?%hg ghi e RbIfe b in c@ﬁﬁd&@ P6HrieR idto s&h@ other

rimary neurona i's maintained
shape. Altermgtivg fonﬁmdeatnum f ARS mma%meemwwﬁéo gixe better

“’Wgta ?’hg]t | nu apl ca %F%Mlgjp; (ﬁ%m%‘%k@mjﬁg §nv\%1 fydinel,

trahﬁvferfeeshaaﬂ etmdrﬁ:e reqiicenmbat for imment-supipressdnés ey alsabe

neur al twark jn vitro nerv. v af
defpmpnesoBoRSH sich Gashircrs PahseRReet O e AeIrEd PRt der it petlp age mot
attdéked Hy'iBe inifuRfishReh iwhudinisfaga ﬁbfoblastsrdmafoﬁm madtcet an

agentS and nmethods on the in _vitro P neur netwoi)apsed

iminsune wesawel ddtenativaly.dp pthenpareular eﬂihS’dF%’r?&% RUGE TS 3y
as Hodtls ffer niplstille gﬁkﬂﬂﬂ hdrte BAHE 1O a8Hy ﬁﬁllcﬁodapré%&ver%l ﬁromotcd by

I mplanteéd Into a host due to
thé ARSInegvecgraftstie secordaneeawvithy emh@dmlgnts of; the\psesentgpeensign.

];Lgllﬂgtﬂg%%ﬁ Qﬁ%)dﬁ:?apah% e%f;g gﬁfe&%&ig&g#sdg%sedlmbe

behiéctingirkdd dpainst othdr chrrent agproeches edy. { deasrdngav ildextegb ol fanetional

recBiILe PR Sort PLiREIochRed Hiut Grnecie BB SR « fhafeid. or

ac&irdink té ﬂ:eeaeneammmﬁéudmwm uﬁpl@mmeaerated nerve cells (as
64- nm_cr oel ectrode array, alternativ

deipemingg elesupRIVEipIpEIcals R AegOTing do Hhp SRiFaet Sokiplitiqng e time

to FiHefibhd Ratbobdry foRT BE BAE Whe thedfrbdeiireROiRd, ahdfromnd
connectivity (presence of phasic bursting patterns) of

costffeasihilityrpgrapeqtivee M sty et al ., (2002) Proc Nat! Acad
Sci USA 99(3):1621-6 and Segev et at, (2003) Phys Rev

Lett 90(16): 168101, both of which are incorporated by
EXAMPLES e herel n) in the ALS. In th|s way different

» ! i - o Pt
MM t_z_qgg "Mafﬁ.ﬂwmrate and produce t he nost

favo rFé‘ﬁl" unctl&%e aﬁg?&ﬁ%&ﬂ%ﬁf" "la;_lhe Igartlmp&%lth

th@ﬁ@ggj.tmeﬁ@ntobﬁmﬁ.@f ects of different nut r| t| onal

I t d wh fact t I t.. of
e A 51 R IVIERLPLBE IuecRs (Aol AL RS B

Yﬁwn z Hbimtd¥12 riftfum S 1%?9@' ith fiFolfovanslcdRneay

own to support t devel opnent of extensive
and sponm&wmmmrmh Factoetmbuien sernalbrmin) v

o 2.8 x 10"°M Basic Fibroblast Growth Factor

8.6 x 10°M insulin

1.0 x 10"M dexamethasone

3.2 x 10"*M L-ascorbic acid phosphate magnesium salt n-hydrate
2% 10"°M 1-3,3',5-triiodothyronine

10"*M ethanolamine

3.9 x 10"*M selenious acid

4 x 10°°M Glutamax™

3.3 x 10°M glutathione (reduced)

* & & & ¢ 8 0o @

a3



neurons wthin 3 weeks (see Mstry et at, 2002).
Prelimnary results with ALSs seeded wth primry
neuronal cells in accordance with the present
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is favored over glucose by neurons, and that gal actose

also significantly retards the growth of the

fibrobga Lficilling b di nments of 31 WO

006, o4 8 3 g perieit LBy M EphorE bresent invention,

onc s : : :
%E@ﬁu&%%&?%ﬁ?&ﬁﬁ@ﬁﬁ%%&%ﬁhﬂbﬁvﬁ%@% %W?gy

media I's chang romone t supports
contain additionpk compoaents; suchas ahy greoonthora wfithe following components:

di fferenty ation.. while th time retards the
gr owmt h ﬁfﬁé&%‘@ﬂ%ﬁf@’@r‘ﬁ@ﬁt s the fibroblasts
from oVerd 9P GRRURPLENCRE ErRAMPeand ef fect i vel y

prevent i kfyf&®eonal devel opnent in ot her enbodi nents,

t he fiprd‘mla!;ts may be genetically engineered to
secrete nore growh factors such as NG, BDNF, FG--2,

and CokGRtmtiomshaynaey saaquired, asUlong asthe total oteulatinuinet
me%ﬁ m{iu?{){ &el Stcr cfg%ﬁillef - ngﬁ%r ng{ thcg1 : ?rfsgg %Ja%]pjé} ?, ~ascorbic acid
phosphiiite Bhaghesiirh 231t n-hfdratt 2ay ramiedn ROXcRhE@&L0ANrdne 0.2 BMGS 3 mM:;

@erel n) npy be used to differentiate neurons from
EGH B pngs incopesniration, o 0.002 il 14 My bFGH tnay rangedough
corkatratitSrort 005 &84 &f ovet 3 AV MR gﬁf raigh Bl Alibg fofi 10

neurons on ALS can be determ ne

1 Mitor K060 M PRGH may wanga i enpcentration fromyG/1 ngfod en 0 sgfmdidh) |
' NS+ Ll t \ LS
3303 Bl onli il Apndd 1 cBikBRTeiof R0 G k4 R, b fiine
., mageange imconcentratid0 Gidim 1 pMotot10©00 gMitsklenious acidkmap sdngt e
.l he, ALS the .ti f .
- cordEHEEHER AEI W oty et B e e afion from O
mMmJlr(met ;a@lmnad' ':Iabioﬁnﬁ)ﬂ;:ri:hﬂraﬁbﬁ @till %%Q&ﬁ&a?b)?&hyb@ be
| anpt.e s prior to the ener at i ,
sueplePReae HLRUR e A PRBacier F3e5 matraleing 90
mMD eprblifie} ideRiiadthdsond ddRcdh@atiéiaahdyoriry HomaiNIes 1066aM; L-
chances for, neurogenesis. |n_ addition, histology and
CyS{elia RORPRRL AN B e URPIAmEed wish poqitieny OrkgMise 1 mled 1t o

observe the arrangenent and connectivity of the

neurons (Jin et at, (2002) Exp Neurol 177(1):265-75
side 3% < Sexutry FreetChsinically-Befined MedtwmdonGrowike Neuronal
C sk -8l 0h, » of which are incorporated by
ere i the ALS. It is expected that

Oneembodimentrof 8 chtrgically ddfinedimiedie femhuldtion im aqzardaheswithi the
L ent f an ALS nerve graft is inplanted 2 weeks
presg'p?@?elg%f‘ﬁ%&@g'rd injury, since this is when
BDYE23xatie s S DMEM/RI2 aipNerbba3sl MbditA(bdeTGibaS InvRidgem S

erj_j- wound spr.out i n% around t he .
Corporation at www.ihvitrogen.com, or www.invitrogen.co.jp/focus/161006.pdf)

supplemented with the following components:

3 x 10"'"°M Fibroblast Growth Factor 2
85x 10™M D{+)galactose

6.0 x 10"*M progesterone

6.0 x 10M retinyl acetate

34




site of injury, begin to reach significant |evels.
However, in particular enbodi nents, the ALS nerve

graft contains active neurons, including primry
ReELARRMadBAt have begun to differentiate and g@iBoosmnod001
active neural connections (see Figures 2-4, for

exanpl e), so p03|t|ve results are expect ed regardl ess

of when e t is inplanted. In other
enbodi'neéla Jﬁ%él\?/eg graft has the flexibility
of tak‘ln 1 non-rigi d shape and may be
rolled®u Q’h ﬁa’rt‘l‘mor cylinder. Several thin nerve
graftse s lineleicAtd ed on top of each other to

form dqfﬂér:etﬂ"l\ﬁhndbmemubyers of neural 32 WO
2006/ 04843 RCM bRHEAOS/ 004091 networks, which in turn
may agai Booe1gimeslotp into a cylinder or fornmed into

some o hgg, gee%ﬁﬂﬁlméﬁtbﬁma&inpﬁot&m‘mn and structures of
ALS nerve afts are expected to give better results

- in ternms of functional recove fqor each type
Tn aqditiod, othwr dmbodiments andvagiatioes ?gahe ab WP&H@G@%@@‘“ Wy gpntain
The r ssants may
adgiﬁlggglﬁg pﬂmings %c{ét%s% Pﬁ% ﬁ sujc geﬁ are not

expected to be reqU|red S|nce nerve ceIIs ar e not

i mrune response.
particul ar enbodi ments nude

r ‘ d&ﬂ;ekg&g‘iibfr&ﬂam lwierd @o6lated ffonnthi derntis ofmewbory e
rafts, to stu uncti on Ve L

e foreikin % Wiro PIPIeaH S e e Dt M

witd £6%8 Nu-$ of BCS) fo sevetal Geel@ TG HEY passigee, the- S

nerve grafrts as erein described, may be ben ‘F“g 1ls
itmtictsellaavéro conrifugeht 103G REMn 08 Suprriptan decioiedh F e

polo%ﬁu ﬁ;f} 3&88%8 (ﬁb%ﬂsk 1R bwerd RERYEIdEd i ABBINIGiuif QF Beseribed

anlna S (using e BBB scale as a
absveiadenathple Drthensseederdittn g‘ransWeﬂem@tth?l Falpgn™@ipGeat™ Cell

PSSR & b Ry R SRR S84 55 g
R T b ?‘T’:“““““%“é’ e
grester mm%oatle%wm@aglm?hﬁw%@% GE T masgpedal
h@&%&n}: nditffs PaRERS Wdheglano A/ng%?md mm Egaghan
ltrmeke);r’dmgmhlch timehestiesre ebserypd de produee el hus
orfa Qi Bl ALS @A 516 et PScelels. PIOPERNPigh 2413} fob
example, showing clearly visible extracellular matrices. Other embodiments may include
Extracellular Matrices that have been produced by the fibroblasts resulting in ALSs that
are 50 pum to 500 pm thick, or even up to or greater than 1 mm thick.

In one embodiment, the fibroblast ALS is grown on a circular porous
polyethylene (Huang et al., (1993) Annal Biomed Eng 21(3): 2890305 and Uysal et al,,
(2003) Plast Reconstr Surg 112(2):540-6, both of which are incorporated by reference
herein) or ceramic support that exposes both sides of the ALS to media. This allows the

ALS to grow faster and thicker due to the shorter diffusion distance for gases and
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A 3:1 ratio of DMEM (high glucose (4.5g/L); wth
L- gl utam ne and sodi um pyruvate) and Ham's F12 nedi um
suppl enented with the foll ow ng conponents: 4.2 x

500 2efokgrggler mal Growth Factor (in human ser umgeramao0s/004091
al bum n) 2.8 x 1040M Basi c Fi brobl ast Growth Factor

8.6 x lcf5Minsulin 1.0 x |0"7M dexanet hasone 3.2 x

! ! ! t et ha
muel o) S84 SeBRGNR BRGE JRHRFShe MRS Rlnke botom e
culatré swell Alernatively, the ATLD Bdrawh emDdpum FrensWells® (Carfling)\2003),
A ut amaxT 3. x 10- | ut.at.hi o duc 3
ateisgh BB RS e sipsbates sodafhass piner Salftybds T8 HEEGae sidkor the
CDMt ﬂma dsﬁﬂgpﬁcalsmt au@wmﬂla mt Eiove ]yp ttthHoﬂtb 2664 flilcmt?u éuzro
(0] r 0|rrensan rratli ons o e apove-l1Ste
du %ﬁ%ﬁﬁ?ﬁ saeaml&pae qugrﬁv&theg altemative dntp
useMINOCEIRS® 2id mmsmce WHAGH! he constzh e?fu?ﬁm of
PDG-) 100: 68

derived growt h factor ( ratio cl ne

mediajang ogygendo thejcells/anddisaee offmdh@AL&Ham ﬂﬂam mw;sm or

cenfetfellGehf Gtk Benc b Wldslibede i 330D S e

metliado B¢ Gsedfeod pematxphec;el]ls to bescloseb tu:am@i sburqethaﬂdnhty of O,
| t dr at

ey B e Efoed el R O OF G0 o et an

inside @fthe.cOire ¥hdstoare exﬁdsed)iBG?hW i drﬁhsfpwfeﬂﬂﬂld’nébh' on

fromO0.03 nMto over nM |nsuI|nma ran
cererpit CURRRLRIDLHS AdeGHatE oS AEGM Siieiment opde A, ColingS | n

pre@élﬁ&?ﬂ&rﬁ%i-dvﬂﬂ bh 88 Wellk 208 tH outsRieScRUF e pdrows polyethylene or
5- tr||odothyron|ne may range in concent ration

cermrwreports teatingthpgq aress Rt nowrhieding spstangegach ps SigmaCote
(SigR0R ST bco e LSO ?’2#‘9?%10 e B g S S pffided ALss
may-he¢ indneed Tivhavemorgrdgadritic fihsoklest trospliokegyf thereb allowing more
flexibility in modifying the characteristics of the ALS, for example, through the use of
mechanical stimulation.

Example 3. In vitro Protocol for Generating Neuronal Cells/Tissue

In one embodiment, a large number fibroblast cells (Cambrex CC-2509) were
centrifuged, at approximately 1000 rpm for about 8min, followed by removal of the
supernatant. The resulting fibroblasts were then resuspended in ALS Medium and seeded
into TransWells™ or BD Falcon™/BioCoat™ Cell Culture Inserts at superconfluency
(between about 1,000 cells/mm>to greater than 200,000 cells/mm®), and fed with ALS
Medium every 2-3 days for about 2-3 weeks or longer at hyperconfluent conditions until
the desired amount and thickness of ALS had formed.

At this point, the ALS containing fibroblasts and extensive CDM was seeded with
neural progenitor cells (Cambrex CC-2599), and the basolateral side of the TransWells™
continued to be fed with fALS Medium while the apical side was fed with Neural

Medium every 2-3 days for another 2 — 4 weeks or longer.
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mMto 10 mM glycine:L-proline concentrations (still
at a 100:68 ratio) nmay be supplenmented with fromO0O nM
glycine: 146 mM L-proline; to 2.675 nM glycine: 1.965

WoloosRa®ks Ne; dexanet hasone concentrati ons NeyCMERIS/004091
from1l nMto 1000 nM L- cysteine concentrations may

be supplenented with additional 0.1 nMto 1 mM
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or ww. 1 nvitrogen. co OCUs,
Prgamm ﬁ@ﬁtl@alamgefi ifitp FiAmTRAian FpiR Hﬁ%f@ﬂ%’& in the aPsteﬂce of an
b %P&ii’fé’é{m& 91% both 86ive telfs andiial esna :QhN\bnly

ga act ose .0 x 104M progest erone 0t 10" 7M

diffetentiste into ghdtcellss zBub@s cay(ny soaBindigre 2/ mz@ emesviasells,

grﬁwg o %‘i car hl é}%ﬁ?te)]‘(i l%?@k?%‘g#g?c é@c@%" cells.

Addlﬁouam:OF@tel lishove nwﬂaylhm'e blue sthirfing oflfeufaus thad hiave diffeientiated
10SM Trol ox. 1% en| cilli ci n/ anphotericin B
?W%ﬂ@[?ﬁogﬂ“ top %W%Wari ations of the
aboVEighres § @toughdi W@e of fibroblasdallLs syztms containing neuronal
con‘ponent s, and conceniratj ogéémay var f&;l red,

ceﬁﬁlaﬁwe 25 aio ERFENREANUORD MAY L3ATY, g SIS patkes Ot priebraie
cﬁ ithht 1%5&@&5&&%& ﬁ&ﬁbﬁa'l‘ %nnﬂﬁl Hi!itSSIQf TREWRRE s

u ores arge nunbers of fi | ast cells were
obsm@ure@rvqr esthbotlies ateddish bmwnéwéﬂhe cell nuclei are blue. As can be

seen, varying-sized regions (different cross-sections of nerve cell bodies) expressing the
anti-Hu MAb 16A11 marker are indicated, ranging in size from 4 pm to over 20 um.

Example 4. In vitro Protocol for Generating Muscle Cel

In one embodiment, a large number fibroblast cells (Cambrex CC-2509) were
centrifuged, at approximately 1000 rpm for about 8min, followed by removal of the
supernatant. The resulting fibroblasts were then resuspended in fALS Medium and
seeded into TransWells™ or BD Falcon™/BioCoat™ Cell Culture Inserts at
superconfluency (between about 1,000 cellsfmm?® to greater than 200,000 cells/mm®), and
fed with fALS Medium every 2-3 days for about 2-3 weeks or longer at hyperconfluent
conditions until the desired amount and thickness of ALS had formed.

At this point, the ALS containing fibroblasts and extensive CDM was seeded with
human skeletal muscle myoblasts (Cambrex CC-2580), and the basolateral side of the
TransWells continved to be fed with ALS Medium while the apical side was fed with
Skeletal Muscle Medium (Cambrex CC-3160) every 2-3 days for another 2 — 4 weeks or
longer. With time and appropriate growth factors, secreted by the fibroblasts in response
to the presence of the seeded skeletal muscle myoblasts and so present in the ALS (but
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human foreskin. Cells were proliferated in cell
culture flasks fed with DVEM Medi um w th 10% Nu- Ser um
(or FBS or BCS) for several weeks. After a few

pRe3a@ass7ss he fibroblast cells were centrifugadaboosoos091
--1000 RPMs, the supernatant decanted, and the cells
pool ed. These pool ed fibroblast cells were resuspended
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allows the ALS t0O grow faster and thicker due
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an@titqe, the ALS. Using 0.4m TransVel I sTM or center-wel |
organ culture dishes (BD Bi osciences # 353037) al so
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Exfi i d Gn Qz%ogrg SLfd %n&% LrfeFatin I}\eeu%/n%& h@.pdel ﬂlstny In

ttro ALS Systems Seeded with Neural Progenitor Cells

Rat/Rodent Spinal Cord
In one embodiment of the present invention, the lower spinal cord of an adult

e

S-m

nude Fisher rat is partially severed under general anesthesia (a complete and full 5Smm
long spinal cord transection) such that the rat is paralyzed from below the point of injury
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may be further enhanced by increasing the partial
pressure of 02 (pQ2) that the cells and inside of the
cul ture vessel are exposed to. The pores in the porous

RO yaishydrgne or ceram c support provide adequatmaees04091
sites of ECM attachnent for the ALS. Cells are

prevented fromgrow ng on the wells and the outside
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intp the g ig/ 1 GERIYr cal stinul ati on. Exanple 3.
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continued to bé fed wth fALS Medi um whil e the api cal

side was fed with Neural Mediumevery 2-3 days for

Raggcegﬁggsenlci gf t he seeded neural progenltor cel I s and
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een | Figure 2, neur progenitor cel
transdifferentiating the fibroblasts within the LTM into neurons (by placmg the LTM in
Neurogen media with cytochalasin B for 60h, followed by replacing the media with fresh

Neurogen media for 2-3 days) are next implanted into the rat spinal cord at the site of

injury.

H_.

The neuronal cells within the LTM grow and form active neural connections with
existing nerves on each side of the implantation site over several weeks. Remaining
neurons on each side of the transection site appear to also start growing into the LTM

39



grown on a fibroblast ALS, have differentiated into
both nerve axons and glial cells. Additionally,
Figure 1 shows nethyl ene bl ue staining of neurons that
ey 8oododdey entiated fromneural progenitor celdysma00s/04091
grown on a fibroblast ALS. Figures 3 through 7 show
sections of fibroblast ALS systens contai ni ng neuronal
cells/tissue.that ar ' ' an
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7. In vivo Protocol for Generating/Regenerating Cartilage Tissue Using In Vitro

Systems Seeded with Chondrocytes

In one embodiment, a large number fibroblast cells were centrifuged, at
approximately 1000 rpm for about 8min, followed by removal of the supernatant. The
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correlated to the fraction of very stable collagen. In addition to closely approximating
native generating/regenerating tissue, LTMs also support significantly faster rates of cell
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morphology than reconstitated ECM. The extracellular matrix (ECM) portion of the
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proteoglycans, sulfated glycosaminoglycans, hyaluronic acid, and decorin.
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10. Methods for Preparin Ivzing Living Tissue Matrices (LTM3s) or Autogenic
Living Scaffolds (ALSs) and their Cell-Derived Matrix (CDM) component versus
Fibroblast-Populated Collagen Gels and Fibrin Gels
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D. Collagen Gel, Fibrin Gel and ALS/L.TM Preparation

44



Any desired shape or size nmay be nmade by creating the
appropriate ALS nold, and the resulting cartil age
tissue fornmed within the ALS nold nay be used to treat

ayo 2@ejosess 1 ncluding a human, suffering fromper macosnosoor
cartil age damage. The sane is true of bone damage,

V\,here ost eobl asts are used i nst ead In such

¢ oAE Ry oqeh e rolfafP gsoR) wedipklals ;BEGUEH o methods

knoﬁ#nsiﬁltl% art 1y ;baee0l2 nﬂ@ébﬁlh!gen stotlosdhitina(A inghinl of § wiMiHCI-

excitel ot gLsendRB ol s ciintenl 0% S IolpH yebaieSh,

os§g§ mmmy a@&hpditﬁeemb 1ix81 fefAPFoviRY seivdh (FBS, amrt:C) 1so Hg

erved for several weeks and nonths | onger,
zend{)#

L -asengbic agid phapphate magnesivr spnigdrate (Wake Fearti | age

l$ﬁ$ hg%ﬁ One milliliter
pﬁﬁc?gﬁﬂ&@é% et ié‘?t%%%nt ec n es, and by observgtel on
of tné residying sltition wasiadded intseash 24 nus djagieter wellnThe isitial collagen

| evel.s of in tr t,
cong 1o ?@nnﬁqm;fg&ﬁ%llg%'ag%gﬁgg%é& Eergé(oqu’%s(lo"r ocy esc%ir%?a,mIm
10FRRrformed, to increase the cartilage regeneration
seen ependi p on e . severity of .the Jjnjur r
cark lh“g 5 @5&4@’5’(“1 quFﬁi i/'ﬁ%‘!e tbf'ffdlt?élltﬁ é‘&&'@&s
knowhGH i £, BEREY EFFEY stifd4a SshudFsupplefiBhied nicfivim iWEie@dded to a
hunmans, sufferi ng froma wde-spectrumof carti]a

fibrg@ggmgql@ﬂqnj& drich F4753 type RY)- -pphsg&gles were xmxcg with 4
g%@ bl lh%}ﬁﬂﬁ gﬁgﬁ?%ﬂﬂ& "I'?Sﬁ)eat Ffnd) ﬁagel‘aﬂﬁé @Heﬂﬁﬂlﬂltgr of

nees, ingers, in the spi col umm
the muhilg solgtien wesadded intoeach 24mim diasesigrovell. Fhe initiel ﬁ{gmogen

conlf L L M T gl 6813 ot S8
10% FB8e weeks, nmaking it a viable and attractive

|t t t ut.ed h

cel RLSTEIVE e prppp o PoNSH gy Bl HFEs wion
staﬂil@fmmﬁJs lérhéntidaniediitn or tH%a:hemxcanﬁ-ﬂtﬁrmﬂeheﬁmm described

d d ECM h I
abotg 15m BC0 TISH oGy CLIND 45900 eprastanis it a Sl Wodurme, of Lt per
sani \t*hwuﬁm{bﬁ béHeektfifion $iak 2W00 Aof-Ealls/miiTh 109 FBBOTHe i ml .

ghly correlated to the fraction of very stabl e

santv&ﬁswé gellagen gelsdibrinigsls, gl EPMsarepe Bippied animt g dl%&‘% e
rr S 8 RS 80 o v Sl ASGn RSt
abone gtmlardaﬁ-Wqﬂrmms; encallowved tolsit msdistaibid ot repm tempprature. After a

B oo Vol BB RSN, by e

mediomt(fea O, *CDM a:idl' MCDID sias ta-efnﬂy addedtalow; embd nd added

such as coll coIIa I ect
aboye, sAelb Pe the, %ﬂ“fl’é“tsé’&er@ et 33, E{}Eﬁ d‘ﬁ?ﬂaﬂ% fohPe
condftiofls. SARfHed SR fell every other day (3 ml below and 2 ml above each porous
insert) with the same medium for 3 weeks.,

E. Mechanical Testing
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42 WO 2006/ 048783 PCT/ 1 B2005/ 004091 Extensive
prelimnary studi es have indicated that these matrices
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where t is the initial thickness of the specimen before inflation. The actual
thickness at the time of bursting was less than this value. Thus the calculated UTS
(engincering stress) is less than the true stress at failure, since the thickness of the
specimens decreased as they were being inflated.

The ultimate tensile strength per collagen density (UTS / Collagen Density) was
calculated by:
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phosphate (pH 6.5) (Fisher) overnight at 60 °C. A 100 ! aliquot of the digest was used
for determining sulfated glycosaminoglycan and proteogiycan content (that did not
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digest was then used to determine DNA content, and thus cell number (assuming 8 pg of
DNA per cell), with Hoechst 33258 dye (Amersham Biosciences, Piscataway, NJ) on a
DyNA Quant 200 fluerometer (Amersham Biosciences). 100-200 p:1 aliquots of the
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assbBﬁtlSl%&WEéH &Q 1ddér§endent and dependent variables (SPSS, Inc.).

Results and Discussion

Experiments were designed and carried out to determine whether the extracellular
matrix (ECM) produced and assembled solely by hyperconfluent cells is mechanically
superior to ECM generated by allowing cells to compact and remodel gels cast from
purified solutions of collagen or fibrin. To reduce experimental variability, all groups
were grown in parallel with two million human foreskin fibroblasts from the same batch,
fed with the same standard serum-supplemented media at the same time, and grown for
3-weeks next to each other on the same 6-well plates. The collagen gels (CGs) and fibrin
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analysis. Scale bars = 100 pm. The values for the CGs and FGs are in line with
results obtained by other researchers and indicate that cell-produced ECM (i.e. CDM)
can be made stronger than reconstituted ECM within a relatively short period of time.

An embodiment of the presently defined invention also provides a relatively
simple chemica]ly-deﬁnéd medium for promoting high ECM synthesis by multilayered
fibroblasts, Embodiments of the resulting minimal serum-free medium are similar to a
serumn-supplemented medium, except that in place of supplementation with serum, the
chemically-defined medium is supplemented with basic fibroblast growth factor (bFGF),

epidermal growth factor (EGF), dexamethasone and 1-3,3”,5-triiodothyronine, and a few
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Although it is known that fibroblasts entrapped in purified collagen synthesize far
less ECM proteins than in monolayer cultures, while fibroblasts entrapped in purified
fibrin retain their ability to produce ECM protein, our data also surprisingly demonstrate
that fibroblasts in self-produced collagen-rich matrices produce an even greater amount

of ECM proteins such as collagen than in purified fibrin gels, Moreover, although the
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collagen density (R? = 0.73 at day 21) not just in fibrin gels but also in collagen gels and
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conbp = SO R i il At R gh 074
Int@@idungb'eﬂne r*ERMsetadistgnificandytivots: tatal @Jleggrgmmf_@?mmwgh
the FCDM 6 e Biod T ot kTR s 8 30 CbRG tobis 14 e

lﬁwm‘mbaaﬂﬁgémmmwﬁdaedhﬂarmmmmm dnmag'ch,etﬂe a

cgzg{fuglar anmoun of c&i‘*gg S"tgggﬁc‘ﬂfaa 'g‘?nﬁiﬁp ﬁﬂf,gverc

alsd ﬁﬁl@bﬁtwhd% @lﬁtmigfﬂaltﬁa *@qufatﬁ@l/hnﬂ?@fm. in the
derived matri ces. ecifically, the total proteln

syr@%g?%e CFﬁE""“@efP’F nger peFieds(Bp fo ¢ wesks) firihsr sontin

to i¥?éase E:B!i‘ﬁélm&@ hd YreXBhYdhtd A6t ShGm) B is b&é&ﬂﬂé‘ﬁﬁt e **@bﬁis _
protein in ecollagE)ﬁrstels and fibrin gels (see

' devqiamcbms?stbwa tlmplgmsefoa Pas 9 thegremsd peried fqllgweﬁ bBut

devipbnt e Srllpol BF T e DU 50 Dl Mo RRERIGRE <
; contlmuomm_f@sb gromth fan:@m%qt e@iryfeeditg instgad re@diEd inmptdiees that
worf bgfincaidBongo 5 Uy CDFA Y SRoifieM ifndy i B s
(dath autaslmmgm al‘lﬂjaffebﬁpgt:delg atﬂve;l]thie?.o thnfffaqé rﬂg EGIFzsunnihnta t‘n‘é:l\/l
synffgeit HofcoelipRengspbie s imb Eiis e raSscHBRGE of e
genéd) &/hile highl HAGKdoAdenttaSéi Tavor itttreabel deﬂlﬁtﬁ&lﬁ'elfaﬁbn 6¢dr leﬁh@Bm g
the basal side of the _sanples (the use of porous

the synthesisand steengthening gf the HEGM. This 4 deereasein total grgwvthfactor
actitiy Gvep ﬁ%ﬁ réﬁ?lﬁ in 19& sgﬁéxaﬁé o%n%m%ﬁsﬂo%rﬁﬁfml i aﬂ hﬁ%se in

ates (data no

Méﬁ%@n@ﬁ%bym msulunammmn@o 4g¢n smhm Many
gro@{hal’gét&sf ﬁEﬂhﬁE bbG%?&?lraﬂo%ca%ﬂate and retain their activity for
relatively long periods of time within ECM. Thus some of the added growth factors
might have accumulated in the ECM during the first part of the culture period and then
used up continuously as the matrix developed. The failure strains for the *CDMs and

**#CDMs were also significantly greater than for their serum-supplemented counterparts
(Table 1 and Figure 16J), closer mimicking native soft connective tissue.
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phosphat e magnesi um salt n-hydrate (1 week stability
versus 24 h stability for L- ascorbate). The
cell-derived matrices also had a significantly greater

@gﬁ,?@@ Qf non-acid and pepsin extractabl e gphg@eoos0o1
i NSo .(e col l agen fraction) than the collagen and

fibrin gels (see Table 1 and Figure 16K). The

non-aci d d_pepsin actable cal l.a enfractlon
* heThpe creulie petedgematy Bis {iviae Sapme cHPaIaDs dsistpates on Hicker -
whéﬁﬂ@i‘hﬁ%ﬁ—p’iodﬂc@d:-eiﬂ SthétGydids MheR ERdells arb &nwédﬂo) grow and

extraction steps over a 3- da period. The non-acid and

devglopsheir ewr meshagiabenvironmentaatherthan beingvipplierkwith a scaffold,

socf RGBS e ShotGlrlrin e, TR bl ks 5 3¢ e b

fracTiba oﬂv&y/stsﬂ;d ¢oﬂggun abd thei significantiy greater synthetic sate of ﬁbroblasts

in YRR i if gl e e B B bl B BB ocitapre 2 GOM
andm'cmm prodiicedand dgweiibedeteih b potential @ﬂ idel 23 30ft ynnective
ol o s i 8 PS5 A e

I 9:t
i e i O

exppRsdyeciemn sakes the deyelapeen Q%Wﬁa@ﬂli%li’ﬁ tissup gubstigutes

coniealy 4 i BBl 4od Y Bl S 8l copet

aerDuﬁ toj the tellative simpdicity of the ciRanically-defined mdéiyum these ceily

ur ,study. found. t a he UTS el, e
profften Tt tissfRRfiy s ola)Gspse % i3k Bibideicat Biogets for the
effef:tsh:fmtrigxahsl omentend phamdcagival grodiwtsconthsd growth and
. 006/ 04 PCT/ | B2005/ 004091, . cell -deri ved mat I &
develqprp |SP CPRRgFtive Hssya, Ior eRATaining the, purpgspps i
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+ - the deyelopgisnt andigteraciion pddi @@8& and tissuesn a spft sepAGctive tissuo
envﬂSﬁiﬁéﬂtXhatTMelo{ﬁfs %ﬁsﬂtd&nﬁn Jtir?/"l“iﬂ hlgh&:sﬂiﬁrmal and

equl val ents as descri here, as wel as native soft

enzymmpticsthiliy angd m@mqaé integrity efzell- d@ﬁ??defﬂ%iﬂe@ ayer both collagen

%L'E} Fx'm 5% YRk£n ' &'
and agg orm of col [Pg%én r eg‘?@g&%@@l ngegEF}'eﬁ n uyaf:'? e
conditidng e"ﬂm ability to growdlIMs thidkl and stronj=insi relytwe‘ry\ shost peelog oftime

in o AP S o Bsoine Gl il i ok Bt repa

and gieéus regehetios aoan attrative alpsthative tothie use offitrimggels, dellagen yels
avera&e collagen fibril dianmeter. As summarized

mdeﬁ"“l%"@ $88%bservation by transnission electron
m croscopy (tEM revealed that the dianeter of the
collagen fibrils in the CDMs, *CDMs, collagen gels
and fibrin gels were 46:t 5 nm 48t 5 nm 52:t 10 nm
and 47t 5
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run,

fibrils/nR),

respectively,
significantly greater for the CDMs (79 t
*CDM& (80:t 2 fibrils/nm2) and col | agen

%R Fobitubids 4 fibrils/n2) than for
t 4 fibrils/n2, p < 0.01).
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several -fold greater fraction of non-acid and pepsin
extractabl e collagen than any of the other sanples,

al so had a higher thermal and enzymatic stability than
any of the other sanples (data not shown). The very
whAak &.igRk! agen represented by the non-acid and

pepsin extractable collagen fraction appears to

consi st of highly cross-linked or bundled collagen

t hat 1o2GH

L ot SR T e Reh iR riing suitable
celfreandan ekixa-callobk magixamoduicedibiethe®, celds: gr aphi cal

depi t I C

Fi gur 2t Pl schARER el Il bl B BRI ) hograted
nnaﬂmuvasnmEre stronger than collagen "gels (C13 and

i ) WeRgeconsai N SR Esivitee FiderbRa ofris”

pr ot emdwwlﬁdl‘-elg utee:oﬁ.ﬁﬁ)ct proeidest hehinica? @uppoﬁlf@phemﬂ@,t ed

ot B Phaieih (e ogese] reasfosk shopr T derorprept e datlg

gl yC aspiithaathean e coistiuétass 4 BRkaad of 8ilidast 160GV En@&ultimate
o contained a significantly higher fraction

* *. |

t?Wd%%Wpﬁgpgmdﬁﬁ t RN extractabl e coil agen (Figure
16K), and were stronger per m crogram of coll agen
(UTS/ Col | agen Density) than collagen gels of fibrin
gels (Figure 16L). CDVs were nore than twi ce as strong
as

2 ndi SarpRAE AR DaRF Lt P LA T flne SOt PR enst sbopt 02
CDMs was nore organi zed for strength than in collagen
gels. In addition to collagen, a substantia
proportion of the strength of *CDMs and fibrin gels
3was Alcsmstniumemrdmg heclainECM 1 mdh&ilmﬂie eXtCioblhulanmehtii¥ Skdiuced by

S B E S PR e o B Eﬁgﬂgﬁé}mﬂfeﬁﬁw

cmmﬁﬁmslosely resenbl ed **CDM nechanlcally, and *

and **CDM bi ochem cally. The | owered growth factor
concentration over tinme that occurs naturally in vivo
during the wound healing response, mhere the hi gh

concentration of growh factors in a
42006~ G8HS Peording Ty We 2bdaimstl a2, é"[héteﬂtj‘bé pitaglegells are fed

WK QErutnl iR A Serhin-duppleR¥aberle@nd reconstructed by
fibroblasts, was approxi mated by adding the growth
factors (EGF and bFGF) directly into the feeding
nmedia at the start of the 3-week culture period and

taki ng advantage of the natural loss of growh factor
Sact i Aicoystiugt ageatiling vaain 3, mdereiinthe switabletcelisscoatplis¢ fimoblasts and

o TR0 L BB Bhokeh bR Sty i, he ' o

t hi ckness of

58



paral l el sanples (*CDM for which the growth factors
were added fresh at every feeding (see Table 1 and
Figure 16A). The thickness was highly correlated with
total protein content (Raj2 = 0.9), which in turn
gcorr gl c%ﬁﬁquct"ﬂct:&dfn%twi‘én elof E‘l'dmelr or2B8livArerdh B duitable cells are

I nterestingly, S|gn|f|cantly nor e tot al
agdlisrenirgenendens ﬁellscgmvnnmag eahls lﬁr@m conpgstivetiisse #isdhaFonsgyct resembles
i WG S- Iag,ongg‘)qg g%@' protein as the **CDMs (Table I and

Figure I nce collagen is the major

extracel lular matrix protein prOV|d|ng strength, the

* * . _'

C o lchgc‘(e)H t{uﬁgaﬁ@?ﬂ% S%%Bitﬂle o?@lalfng) rgf £ %h%{etu{ {h%gt:l:ltea%géscgfls may be
asy oifitgoldssts, heyofikibMast, Barbinal cl:llsa mﬂddﬂne(jjtufrcellé, ®Fjny other cell type that
|1 -deriv matr.ices. grown for |onger periods (up to

pg%%ggf§§m?ﬁﬁFﬂgwn§8hYPﬂUed to increase in thickness

and strength (data not shown). It is possible that the

**CDI\/B devel o nost | thi ckness for .the fi

Spar t AFPIYEL F ﬂbety g of ghsedt %] VLA ﬁﬂkﬁtﬂ ppintained
ab4 A6 & beiit 11000 Ry dLErebr thAEabIHIDODIDOPEElisAkim’. Si NCe

addi ng | ower concentrations of fresh growth factors

at every feeding instead resulted. in matrices that

QW € ASlofAfthubt £cBtHilng 1§ Ex{)ﬂfhg%'f clafd@ s, v@@p& e Eonstruct further
significantly thinner "than the **CDMs (data not

camprigey additinms! eellp.dissuens germbinatians Bereglie to the fact that

EGF stinulates the synthesis of non-col |l agenous

proteins but inhibits the transcription of type I

16.0A kargenct agamda'sg towtidimel drictptim (SFdrRran the eddirional oells of tissye are of a
inc | ferati on over enhancing the

t%pf/a % ?ﬁﬁgthees ercc:aenlgs,]t hening of the ECM Thus a

decrease |n totaI growm h factor act|V|ty over tine

7 SEENANE. RO R S T

d&ﬁsttbﬂamwtnbﬁ tra@6difTtremtition 6f £538mbihaie thagehofeyiM dreshe. either
romh factors, including bFG-, can al so

Wa@g’tﬁfdlll atltéacaw&hﬂacapt?%eu r activity for relatively

| ong periods of tine W|th|n ECM Thus sone of the

added growt h factors have accunul ated in the

1ECM duPnyigict aesordingde clain ? 1 whergig dhecapy o didtepratiatind. and

dt:dlﬁ&entﬁ‘a%%g s AR EATHEOH 8 Mly%%mbnﬁum&edf r%%{dcﬁ’ﬁﬁ@wo or in
l'ure strains for th wer e

VEHOSO SI gnificantly greater than for the| r

serum suppl emented counterparts (Table 1 and Figure

16J), closer mmcking native soft connective tissue.

155A VisB 00 0LABTIS R ABEDE LIBRGOSROUDBY prd'm@sseanyeﬁ" otlt growth,

pgo?ltf&%tbo&[ r%t eaﬁt{qu?ﬁtn l?}é%/dq\lxﬁg{?hféﬁgyvnéq, like. {nﬁﬂ?}? 6 oAy combmatxon

tlekdoé eithid wikkin artre conttdeewitke tHezomtactal | ovved to grow and
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devel op their own nechani cal environnent rather than
bei ng supplied with a scaffold, such as gels or other

bi opol ymer materials. This strength appears to be due
to a greater fraction of very stable collagen and the
18] ARbAstib@ntloidigs RAdIAM BWHdgh the célﬁ/g@vﬂﬁ, prdliBs@idra figration and/or
in ALSs/LTMs than in gels. The LTMs and their .. )
apqisitienentiin wiyo ke morphelngy gh#iit copbisapipn thegok mappgeur in vivo or in
vWfpduced and described herein have potential for use
as soft connective tissue substitutes since they are
produced solely fromcells fed with a

hemi ) ; , 1 hat . .
(G PR A DBy TR b or SR i qchipsfadiionsl el
tisspensemisngmnsitherrakes t he devel opnent of LTMs as soft
connective tissue substitutes comercially nore
vi abl e, and opens the door to nminstream acceptance
1and capypracat accditieg tooaryhvae bedlaitnsuer i I¥pWhekinyhafonsthet is an
chenicFLl%-dﬁfgned medi um these cell- produced |iving
AE T EREFFHPENt s may al so serve as in vitro
bi ol ogi cal nodels for the effects of nutritiona

conmponents and pharmaceuti cal .products on t.h rowt h .

nd A GV BFRSIRING 206 PRe LTRSS o0 & 15 Wakgeln regonstiuct is a
IR%RAMsRieNshtdixie nunmerous in vivo conditions and

processes such as wound heal i ng and connective tissue
formation, and for investigating the devel opnment and

18NA @irvﬂ'x?_ttisaﬁ ifri i deh RN cGfth 1 # wABHin'thSSS SvithTh t8e AR tissue
connective tissue environment that is devel oped

neadie bty tinsdiffareritiatsd finfo peurpns by Thasing thihbiving espe@ptrixder several
BBl S Rl M VA TERBREY O B B ffomgd by pacing
threlixangressuamsipix antb diesit NemltMedigtiai n t hei r struct ural
integrity longer inin vivo conditions. The ability

to grow LTMs thick and strong in a relatively short
1PeAiconktuatt detot@ing tnanytvaeiof élhimg-1ce 2+ Ife dvhecidiht cansguct is an ex vivo
provi des.a commercially viable option for wound repair
C&&d”?‘?@ﬁB“P%generation as an attractive alternative

to the use of fibrin gels, collagen gels and even

native tissues. 56 WO 2006/048783§E%j7+€200 / 004091

2ot |cansiructaceqifing 19 ¢lgims ted ARk SRPTEHRS BIAURGNEHTCEC S Hissue or
RABINY SIS tRredt %{@gnd?lﬁﬁiske& Sk, prégeditorGeild, pekiirsdeRlls; cells or tissue

matrices (CDMs, : ),. fibraoblast-popul at ed

of 8 cpritgetivegeititeliglqnuselepharye efealandulaneriginiang ol pascular andror
eoiin £ _ o ey

AR PR R S IR BIS St Ffomcoys,

skefolahmuscieohyobipsts, dpblopytesd Flapmdtasytes, ostaeblasts §hroblagts.ksraginocytes,

i r.oxJ [ 0 L f G

il SEYR th muscle cells,
g@??@%‘%ﬁs’& gr/@ IE?%JI’ nahéglfs’ ‘E&ﬁﬁﬁa&%ﬂ 5 Wﬁém Fle %E?on rsele cel’s
skeletal muscle cells, cardiac muscle cells, stromal cells, mesangial cells, mesenchymal cells,

hematopoietic cells, dendritic cells, immune system cells, neural tissue, hepatic tissue, aortic

tissue, venous tissue, capillary tissue, cartilage, bone, muscle, glands, and hair follicles.

21. A construct according to claim 20, wherein the construct supports the growth of cells,

tissue, organs, or combinations thereof.
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Utimte Tensile Strength 168.5*43. 1 133.210.6 223.2*9
314.5*72 697.136.1 713.0*55.2 kPa Thickness (pn) 83*5
2185 125*6 39526 2257 651*30 (2,220 pn) (2,220 pm

(-30 pm (-30 pm (-30 pm Failure Strain 0.130.02

0.210. 03 0.180.03 0.330.03 0. 310 06 0.88*0.28 Total
Protein (ng) 1.08 * 0.03 1.58 * 04 1.25 0.06 4,4

26). Agonstrpef accagdipg toslaims 4 0694‘21‘1“?1&&6 Cﬁ@ﬂ)tfuetlpfe“ﬁif)num%ﬁl support,
d@&élé@%&l &Jﬁ)m Cbr%@mﬁmﬁhc% tfrept *0.03 0.85 * 0.03

1.40:L 1.78 .98* 0.37 (1.0 ng) Non-Acid
andPepsi n 1.5*0.1 1.30.1 2.302 12.8*0.5 13.1*0.3
16.7*0.7 Extractable Collagen Fraoton % Col | agen
Density (mg/cm 26.51.5 5.20.2 16.1*0.9 7.8*0. 2

237A geptrict agcosdiog © clams/! @oP) whesein Brerpohstgpcigpravides mechanical and

%§t$ ﬁm%é 51.1 40.3*0.4 40.01.9 62.913.1 kPe/mcm
ﬁ age xti Diameter 52 * 10 . 47 * 5 46 * 5 485
nm Col | agen Fibil Density 81 *4 28 4 79* 2 80 * 2
[1brii n? Total Proteoglycans & d ycosam noglycans
(pg) 38.4*0.7 45.40.9 31.30.5 64.30.6 38.4*0.4

283. OAodstridedcchéinghé Llaih 33, Wetiegrir thd Gorditru@ poovades dihpért for cells in
13.0 * 0.6 19.50.2 20.30.6 21.70.4 Cell Number

e fOPFUSh) 2.80.1 4.0%0.1 2.80.1 6.1 *0.1 3.6*0. 1
9.80.4 (2.0 mllion) (2.0 mllion) (2.0 mlIlion) (2.0
million) (2.0 mllion) 57 Wat is clainmed: 1. An

aut ogenic, living, cell-produced three-dinensiona
construct conprising suitable cells and an
extra-cellular matrix produced by these cells; wherein
the construct is seeded with additional cells, which
grow and are integrated
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into the construct; and wherein the construct is

conpl etely produced and arranged by the cells; and
wherei n the construct provides nechani cal support for
the cells; and wherein the construct provides cues for

28 Ne cSlRu Bl aRiBRithg RfcldiR®), GRblel thediftably céihe&bmphey ftirtblisheand the
construct has a thickness of at |east 100 m and an

additiongheedls cenaprise|callsaf caprpetives epithelisl agusclep pryve glandylar, yascular,

n&?OE‘sEﬁlF Qﬁc I dhBhalidhsGhdldp 1 having a failure strain
out 0.2. 3. A construct according to

claim1l or 2, wherein the extracellular matrix is

produced by seeding suitable cells at superconfluency

and mai ntai ning the cells under hyperconfl uent

26.0% drtsirori accofdingdtocdaims i wc 8, vlseen thersgndtwctzngynposes ngronal cells.

clains 1 or 2-3, wherein the suitable cells are fed

with serumfree or serum suppl enmented nedia. 5. A

construct according to claim3, wherein the suitable

el]ls conpri flbrobl St
28 BB A BeoaT o by g By GHea REY Dol extended at
1B biitURb-fald ComParbdtcl RuRDYell0 itethe hbseh@ dTthelconstrudt. 5,
wherein the suitable cells are adherent-dependent

cells conprising cells fromconnective tissue and the
construct resenbles in vivo 3-D connective tissue 7.
A construct according to any one of clains 1 or

20 penshugtigecosding AlEmAS) wherpinyhselragility obthe ppyspea) F%lk“'ﬂ%feduced
c gzirécp{o%llﬁ\%éfls ithb nggghcec\c@ltﬂesconﬁﬂlgpt helial cells, or

any other cell type that produces extracellular

matrix in vitro. 8. A construct according to any one

of claims 1 or 2-7, wherein the cells are maintained

at a density of about 1,000 cells/m®B to greater than
2808 Mtet}ﬁ’)ﬁ@‘orﬁﬁﬂlgcthﬂ dombtmuBof @y ofe olrisitns Uc2-2 hoc2R-24, nepntpoising

i1 2- wherein the ¢ t I
"?03¥][“}$e"’reh“n2;a8%ﬁﬁ?%l‘éa§ cggxiqr tSY%% Pr téséil‘f sgrstelt'n or Sc’:gtgﬁ%lgtlflo% thereof in vitro.
conmbi nations thereof. 10. A construct according to
claim1l or claim9 wherein the additional cells or
tissue are of a type other than the suitable cells.
30.1A nfiA RSt i tod M6 Uioh g9, twheadiy the belll atd f¥8 withQeruthr-ft€: media.
that pronotes any of differentiation,
dedifferentiation, transdifferentiation or any
conmbi nation thereof of cells or tissue either wthin
or in contact with the construct.
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12. A construct according to claim 11l wherein the any
of differentiation, dedifferentiation,
transdifferentiation or any conbi nati on thereof nay
occur in vivo or in vitro. 13. A construct according
31 % ARMho®hedokdhd® claifB302wAdeih BRlseRORTEY A&di2 Bomgises el |
gromh, proliferation, magration and/or acquisition
of in vise mRE2or phol ogy or any conbi nation thereof
ei ther Wi, B MinRiblds e 6RH @Gbr (BFER) $1J"éﬁuﬁ79[_@§tt%r&9ﬂrfac'§(9f; 14.
A construct according to claim13 wherein the cell
growt h, phsllinferation, migration and/or acquisition
of in vi Vé?ﬁéoi:&'ﬁcm'raﬁﬁm ogy or any conbi nation thereof
may occurin vivo or in vitro. 15. A construct
accor di negeleoivemy one of clains 1 or 2-8, further
conpy,i Sin dditi. I cells tissue or conbinations
Cher Lephadeftt iR o SRS o R 3Ry one of
claims 1 or 2-13, wherein the construct is an

A3k R a8 pestlold AT A mopet el BEE it o

mogeaf: living tissue matrix. 18. Aliving tissue matrix
according to ¢laim17 wherein the. cells within the
i vi W@Iatli‘élg@@merﬁﬁ’fequibl}éfnet{‘? Foam)g (A¥RPEt i at ed i nto
neur gNsidRpnal g@&;btﬁQac&&?eﬂidéﬂnﬁ%&dvﬁ%’&oﬂ‘@@k‘h,>i31aftélét derived growth
several hours to days into ural Medi um suppl enent ed
fagfor PRRG¥)oeKal asin B, fol l owed by placing the Iiving
ti ssug ki fothRbfiné;," €Sh Neural Medium 19. A
construct according to any one of clains 1 or 2-16,
wher &lipid ptesunseniselnding ethanolaminxondquiyaleniel 4. 0- pr oduced
. .O . . O . .
ohdgPR Aetgbia G BEhOH Shid HFERLAI el ANOHR of L-athobio acd
plosplitembgresismt her eof may i ncl ude stem cel | s,
r ni.tor cells, precursor cells; cells or tissue of
Szgt [gg'ﬁlﬁg@%ﬁ’ve, epithelial, muscle, nerve or glandul ar
or i ginyntiaxidart &ukls aflutdthictie (@dued)ddrdirolox)on- vascul ar
or gan ori%i.trﬂ i ncl udi neur obl ast omas, nyobl ast s,
FREING

ast r6& caray 8 ytes, skeletal nuscle

My 0 bdngSlitfer nEIPRTP EattcR Shat BROMPEIMIYWRE cel DELRIDh@ABT S,
fibroblasts, keratinocytes, Schwann cells, nerve i
cel | &Y offjer Bptrigndjor factag Hiat jscpmpptitieyith prodpciiop o€ pytrpeellular matrix.

cells, snmooth nuscle cells, skeletal nuscle cells,
cardi ac nuscle cells, stromal cells, nmesangial cells,
Irds ARG Assording toglaim A ehespn thetspramciipd medigiRvidier qomprises any

ofhB! dufrient M?IS% St g(ml}ﬁﬁbie%vitmﬁ rg?dwtfn b PEretibF Qfaérbxgth factors

tissue, aor
and/or other compounds that promote the growth and development of the seeded cells or

tissue of interest.
34. A method according to claim 30, wherein the cells comprise fibroblasts.

35. A method according to claim 34, wherein the media comprises fibroblast Autogenic
Living Scaffold Media.
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ti ssue, venous tissue, capillary tissue, cartil age,
bone, nuscle, glands, and hair follicles. 21. A
construct according to claim20, wherein the construct
supports the growh of cells, tissue, organs, or

36 04ThRienRl lasaa;sdlﬁgw@rcmﬁ] 296@hatdin s caRfkt i¥6éedad ¢ith diditoriabeells,
cl ai ns or. 9, wherein the construct provides

“ﬁﬁ?PFFﬁ@%%ngﬁﬁﬁﬁP% devel oprment al support, or
conbi nat i ons thereof 23. A construct according to
claims 1 or 9, wherein the construct provides

3ett meiiod apcosding tosldm SOy hgreis lﬁfpfp"élfitmﬂ‘é&eusﬁ\“%ﬁ 8§ gogpbination
1o E&hﬂ'?se tsf%mc%eﬁh 'i'i‘n?g%mt%@l‘ise praciB& eI %élfslb? hsﬂé Q¥4 SfiSective,

suppor t 'S im the construct. 61
epigeiels muscla oot didie dandulanprgin andeelisel T ——

0 (g%h%ﬁgﬁ%gg{ %s%%uxfo B&t%h@ﬁ{yﬁbﬁ&? ag‘ﬂ%ﬁte?’i a d?dn%‘gge% ,%i(éiectal muscle

se cells o connec epi t
myeblsts, hgpaoxitdsachondrasytes, astgoblastsfibrolyasty, keratimagaies Schwann cells,

combi.nat,i t he onstru ' t
ST AP AR o L0 s
celeycandiad maglld lls, sﬂ%ma]ﬁceﬁﬂ; Mt ANl ceilscmesréhd'gmtabceﬂls,diematopoietic

ere the |ifespan of the .neural .c
ol aSHEHS sl e RBR= Pups P e e S EohoRig g venous
tiefike] @pillwdseu@bﬁﬁmg@ b@lﬁe riuecl @hmtls, Wad haiPllicksconst r uct
accordlng to cl ai m 26, wherei n t he fragility of the

neuronal cells is reduced conpared to neural cells in

3§ h& nfRRARES@hg {1 8aimIESIvhéteih theZAditDdnMREID Hssue br ebwibightion
he construct of any one of clains 1, 2- 21 or 22-24,

ﬂ@ﬁ@?ﬁé eppisg marp theh prRytyae piaddiiopdlseldyi cal cel | ul ar
systemor tissue systemor conbination thereof in
vitro. 30. A nmethod according to clains 1 or 29,

3 methodtabeording fosclaime? 8 whergintthe additionalfceliss tipsiig oBC omigation

tlg’e]’eof %{Iﬁﬁé@%&@ﬁﬁ%ﬂhi‘a@m%@oﬁia m 30, wherein the

r'a co ase nmedi a basic
flbroblast gromﬁh factor bFGF) or equivalent gromﬁh
ins

4@0};\%%5}{09 &fﬁo(sﬁgg Eoucilggs (Iig or 36, gv‘él eui the ?(?d[l)tlo * Br tlSSl\.}& gre from a

particular individual and the biological system bemg modeled i8 umque to the particular

individual.

41. A method according to claims 23 or 36, wherein the additional cells or tissue or
combination thereof are from a particular biological source and the biological system being

modeled is unique to the particular biological source.

42. A method according to claim 41, wherein the particular biological source includes a
source of connective, epithelial, muscle, nerve, circulatory including hormonal, immune,

vascular or non-vascular organ origin.

43. A method according to claim 42, wherein the particular biological source further includes
a microbial agent selected from the group consisting of viral, prion, bacterial, fungal, and

parasitic agents.
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32. A nethod according to claim 31, wherein the

serumfree media further conprises one or nore of:

extra L-glutamne (preferably in the form of

G utanmax); an additional growh factor (epiderm

4@ rA;) Yife{hoﬁ @é‘ctoﬁfm{l%@ﬁ)im 48] RhBLiR kheGRFticMRE bﬁ[o@%fboufo@ffd ¥patocyte

etc 3,3 triiodothyronjne; lipid

C‘iﬂ’sé’é br%wsqeﬁeﬂ thsi fwg“fobtah%1 i§ AheRAtEP Vg v aI ent, i.e.

0- phosphoryl et hanol am ne; ascorbic acid (preferably

in the stable formof L-ascorbic acid phosphate

magnesi um salt [pi]-hydrate); an antioxidant (such as

4§ ! zyhl%{hlah gﬂ:?; c§1ﬁgegl{:?a%q)44 ofurtﬁér%hfﬁéhsm ‘% ARES eEf df one or more

any ot her nutri &7 or t 'S

atkbtmmt agchts onithiebidegital gysem bging modeled; vdlem thf:n atler ¢remre agents

mgf&cci? b a%rfq'ix?clteutlwsah;%%% aénlzypllg% W%nr&ng [ O%Hg%lgfé:]u Beqnde Polly}gﬁptldes,

n@Aral pdocuced, Rathiab peduagrxftraets, inergdardc $altstdtier cdbpoivgesctarsyclotting
her nutri.ent or. factor t LS _conpatible with cel

I O BBt P DR PSS DG s fap AL e

gERFades) rHI’é?ctrbﬁia%neﬂE ae@tafd pilee gehenatols, andsorRwedve prdbérs.of

the seeded cells or tissue of interest. 34. A nethod

according to claim 30, wherein the cells conprise

fibroblasts. 35. A nethod according to claim 34,

wherei n the nedia conprises fibrobl ast Autaqgeni.c

464 metodehpsieg e pengiract obdlaizs] togrpiiiyig campres thg seps:

cl ai é@e&ﬁ% tﬁ@‘&%ﬁ&hﬁt WiNPadaRbRAT ddfd ajdfortg@Eded with

addi tion tissue or combinations thereof. 37.
A mefehdids a/dh medlarfqurdvl@ fon ther ga®vthahd desielopmigt of dafi scpdsd aplls
a&ﬁﬁhﬁs Jlissue or conbination thereof conprise stem

progenitor cells, precursor cells; cells or
t i ssmeingfinigg the seeded colle w1thm|dh¢ tomlsirgdt form;snbdaof timeg spdficient to

nd/or gﬁwgﬁular origin; and cells of vascul ar and/or
" organ origin such as neurobl astonas,

nyoblasts, astrocytes, cardionyocytes, skeletal nuscle
myobl asts, hepat ocytes, chondrocytes, osteobl asts,
fi brobl asts, keratinocytes, Schwann cells, nerve

4T e hgthod bf adingCLbdnStruce Bicbiiig talclagf Mb Sfurthdd delhb@ixh@maxmaming the

cells, smpoth nuscle cells, skel et al. .nus
seeded cells and/or tissue within the construct under conditions tﬁat promote three-

dimensional tissue growth.

48. A method according to claims 46 or 47, wherein the seeded cells and/or tissue include
cells and/or tissue of connective, epithelial, muscle, nerve, or glandular tissue, or include cells

and/or tissue of vascular or non-vascular organs, or combinations thereof.

65



cells, cardiac nuscle cells, stromal cells, nesangi al
cells, mesenchymal cells, hematopoietic cells,
dendritic cells, inmune systemcells, neural tissue,
hepatic tissue, aortic tissue, venous tisSsue,
capillary tissue, cartil age, bone, nuscle, glands, and
hair fol]licles, 38. A nethod according to claim 36,
e el of tisphe oktrinedifirpthe method of anyang of Seimsifitnat i on

t hereof conprise nore than one type of additiona
cells. 39. A nmethod according to claim 38, wherein the
addi tional cells, tissue or conbination thereof

5§ OfHRIch BBt 35L AER R WbroMAP bitSlchic 1he Ba Rl @8obiast
according to clains or 36, whereln the additiona
Agsigesic biving Smiffeldymediumoremprisgsar t i cul ar i ndi vi dual and

t he bi iGal I NGk ] ' ! .
par t T4 araror DB E G DR Giak nd QI F12 or 2.1
ratioaif MIERBF I, 36, wherein the additional cells or
tiss%e - conbi nation thereof are froma particul ar
bi ol Hpggﬁm@%ﬁ$ce and t he bi ol ogi cal system bei ng
nmodeb saigingl BOH @Uama sérivd afbandin,cul ar bi ol ogi cal source.
42. A 5&}“%% according to claim4l, wherein the
par t PEA@®EH P55 ogi cal source includes a source of
conn@@pywmmﬂ@pithelial, muscl e, nerve, circul atory

i ncl udi ng-_hornonal, inmne, vascular or non-vascul ar
or gaHPWtY! depameasone; npt hod accordi ng to cl ai m 42

wher gd0,N11 €3 PaLkiidddltdfonRtie0! 09i cal source further
includes a mcrobial agent selected fromthe group
consi@ iMgthenolgming! | prion, bacterial, fungal, and
parasitic agents. 64 44. A nethod according to claim
43, wherein the particular biological source is
hepatocyte <cells or liver tissue and the m crobia
agent is a hepatitis virus. 45. A nethod according to
claim 44, further conprising assessing the effect of
one or nore additional agents on the biologica
system bei ng nodel ed, wherein the one or nore agents
i ncl udes pharnaceuti cal agents, enzynmes, hornones,
smal | nol ecul es, peptides, polypeptides, natural
products, natural products extracts, inorganic salts,
other cells, growh factors, clotting factors,

t oxi ns, poi sons, nucleic acids, nmechanical stress

i nducers, electrical current generators,

el ectromagnetic field and pul se generators, and sonic
wave inducers. 46. A nethod of using the construct of
claiml1l to grow tissue conprising the steps: seeding
the construct with additional cells and/or tissue;
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feeding with nmedia favorable for the growth and

devel opnent of the seeded cells and/or tissue;

mai ntai ning the seeded cells within the construct for
a period of tine sufficient to allow tissue grow h.

47. by aRtLRdionf addi Ng a construct according to claim
46, further conp r|S|ng mai ntai ning the seeded cells

and/ 830 kMdsegsothia asidphoprhategpagnesivm salterbydralendi t i ons
t hat 4 LR &P%ﬁﬁﬂu&#”ﬁﬂ5'0n3| tissue growth. 48. A

met ho accor alns 46 or 47, wherein the
seeddét pewistrep/ampB.or ti ssue include cells and/or
ti ssue of connective, epithelial, muscle, nerve, or
gl andul ar tissue, or include cells and/or tissue of
vascul ar or non-vascul ar organs, or conbinations

Shik Rotpog ot Bvinéuiffrchdfa ool Mg WL ARl BB taim 1
compiding aymnevherein the fibrobl ast autogenic |iving
scaffold (fibrobl ast ﬁﬁg ni.c Living Scaffol d)

medi &ﬁ?@kﬁ-}&??%‘é’““ﬁ“‘f Cf BPSSH{/EM (hi gh gl ucose with
L- gl utam ne and sodlun1pyruvate) F12 or 2:1 ratio of

IMVEM F12; 4 MM utamax; 2.5 ng/m. EGF in hunt:an serum

al buni n; C(@tﬂeﬁ?ﬁgﬂlﬁﬁeeﬂﬁﬁﬂm@@t 2hewt pre Srqpth Tagipr such as basic

Dex aﬁﬁfoBﬁM@Mh%@orRM’@F)g eptderiaf érbﬁfﬂﬁﬁétﬂb’(’]i@iﬁ) rlﬁam déd®Rd nerve

M et hanol am ne; 66 40 nM sel eni ous acid; 320
L- as &orh facies (BPNRbsshat e magnesi um salt n- hydrate 1

g/m redy &%%%f%@&&g@?;‘mstﬁ&?w&%ﬁfeﬂénﬁ%& p4RMPB. S1. A

nmet hod of pro rentiated cells andlor tissue
fronlthe‘EmHGUm&ﬁmS@ﬁkdwqmﬂnwlwﬂbﬁﬁwpaS|ng any one of

adding growth medium with or without serum such as fetal human serum
(FHS) to the seeded construct;
placing the seeded construct in a directional electromagnetic field;
placing the seeded construct in a pre-formed mold having a particular hollow
shape, such as a balloon-shaped or disc-shaped mold;
placing the seeded construct in a simulated near-zero-gravity culture
environment; |
implanting or placing the seeded construct into an ex vivo implantation site;
contacting the construct with a sample of differentiated cells;
placing the seeded construct in a host tissue;
providing the seeded construct with appropriate growth conditions including
mechanical conditions such as stress or strain,, chemical conditions such as supplemental
nutrients or growth factors, and environmental conditions such as altered temperature, pH, or
atmospheric pressure to promote differentiation and tissue regeneration; and
- maintaining the seeded construct in a viable condition such that tissue is

regenerated.
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seeding the construct with cells and/or tissue;
contacting the seeded construct with at | east one
growt h factor such as basic fibroblast growh factor
(bFGF), epidermal growh factor (EGF), brain derived
nerve growh factor (BDNF), etc.; contacting the
seeded construct with differentiated cells;
contacting the seeded construct with tissue; adding
gr&\%ﬁlm& i m@&ﬁe whde&%t é@hﬁ'ﬁs&%@ﬂ Vi ct)ﬁl‘bﬁ.lsmg

uman. seru ( & seed construct; placing
secklmgsesectasirusbobdaimct with vertelifateayiniay asuraljcelds orpemignal tisge; and
f : el m%.nﬁﬁ {8 séelagd g‘o%?&?cq fe'uhg c'oHdlﬂoﬁ eiglgﬁgvertebrate

aving a partic om1 S suc

nbﬁbmmnmmshapndamd di sc- shaped nol d; pIaC|ng the seeded
construct in a sinulated near-zero-gravity culture

envi ronnent; inplanting or placing the seeded

construct into an ex vivo inplantation site;

ontactin e str ct Wi .t
S§iA PBHoH prkarate DS SSp T E L SriebHih Versbrytpnewral
pibeBsiftr célisSAdueal sleiQéilslioPgedrbitasikd@ded construct with
approprlate growt h conditions including nechanica
conditions such as stress or strain,, chemca
condi ti ons such as supplenental nutrients or growth
factors, and environnmental conditions such as altered
5S¢ ehrsthed aecerdipgfo caim 53t wherein dhe congrustis seeded with vertebrade lial
Mif ferentiation and tissue regeneration; and
mai ntai ning the seeded construct in a viable condition
_such that tissue is regenerated. 67 52. A nmethod for
generating viable vertebrate neuronal tissue in vitro
conprising: seeding the construct of claiml1 with
vertebrate primary neural cells or neuronal tissue;
and naintaining the seeded construct in culture under
conditions where viable vertebrate neuronal tissue is
generated. 53. A nethod according to claimb52, wherein
the construct is seeded with vertebrate neura
progenitor cells, neural stemcells, or
neur obl astomas. 54. A nmethod according to claimb52,
wherein the construct is seeded with vertebrate gli al
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cells. 68 55. A nethod according to claim54, wherein
the vertebrate neuronal tissue is manmmalian nerve
ti ssue, preferably human nerve tissue. 56. A nethod
according to claimb55, wherein the mammal i an neur ona
s518 ﬁié&oli%c&&ﬂ]@tor&ﬁfﬁ%4 WheisiH She Rrebrdl QecwtdRal Gbsuk mammalian
construct of aim1l, conprising a construct wth
nve Hsse.mapforeblyibyman nee ayle. manuf act ure of a
medi canment for the treatnment of paralysis in a
subj ect. 58. The use of the construct of claim1l or
56] A methog agdeeding t9 claim 58 ewhereih sheemarpmplian neuronal tissue is human nerve
%&gnsdlfferentlated into neurons within the living

I'Ssue matrix in the manufacture of a nedi canent for
t he treatnent of a neurodegenerative dlsease wherein

neur gener t e i sease 1S _an . .
Sheie e oo cedebem FiePREREn Lo ARbud Mu gl pervpgpe n e
nhsRase, of a wtddicanpitfenhatreaasinf paralysiv it 4 gubfecscl er osi s,

cerebral pal sy, nuscul ar dystrophy, Tay Sach's
di sease, Mad Cow di sease, or Creutzfield-Jacob's

58i BRaseof thdconttigct UESaidf | b @aifiOIFSiierdih tHefceltd lavebdenOr
claim 14 wherein the autogenic living,scaffold.is

transdiflsgenfiptef 0 ARSI E Lixme Sissug indhesmpnulgquge pha

nlcBRamBN Y53k HéBm&t ofla ARG FRIRRtivE Qfseast %&Eiﬂﬂﬂe Reurodegenerative
neurOdegeneratlve di sease iI's any one of Parki nson's

digpase issay opgipk Pankjnen's dlisggse dAwaington}s diseqspeklzheimprschissase,
s pgygﬁlgﬂﬂr@e% tla L h@er U lc&x’eﬁ]agoaisﬁrl, 121[1%‘_3121? dy&%ﬁ%g‘% Sach's

y, nuscu trop y, Tlay | sease,
dEense.dViabaew dlsgase,@tré‘m@uzztﬁeéi tcondistess di sease. 60. A
nmet hod for generating hair follicles conprising:
produci ng the construct of claim1 or 15 from suitable
5@ pitteiued dithe castract obdridet omdlaimt i4sgheegin the ahogenieliviag scaffold is

di ff ti i tab
SSHET I R OR CecnuSt PPl 1 oo e PR PEREED! Spdficaeft fo
trie@ing@theiuoteggadetivt disegseliahy dnelof Park@sortodigdases Hogtington's discase,
t he aut [ scaf fol d of

A?%f%%%ﬁ%%ﬁéo@mp%ﬂ%?' Gyt B g Bspiercbred ) musculr

B, TAd§ Shds didedselRlad 06 diREsel HECRUEAEE Takob! & ¥iséie.
scaffold with hair follicles cells. 62. The use of a

construct obtained by the nethod of claim®60 or claim

66.1A hidtroh %r@%ﬁﬁ@ﬂdfr?olh@l@s @onsﬁﬂin@arre nt for
reg eneratin hat r [icles.
producing the construct of claim 1 or 15 from suitable epithelial cells, epidermal
tissue, and/or dermal tissue;

transdifferentiating the suitable cells within the living tissue matrix into hair follicles.

61. A method for generating hair follicles comprising:
producing the autogenic living scaffold of claim 14 from suitable epithelial cells,
epidermal tissue, and/or dermal tissue;

seeding the autogenic living scaffold with hair follicles cells.

62. The use of a construct obtained by the method of claim 60 or claim 61 in the manufacture

of a medicament for regenerating hair follicles.
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