SPECI FI CATI ON Tl SSUE ENG NEERED MEAT FOR CONSUMPTI ON
AND A METHOD FOR PRODUCI NG Tl SSUE ENG NEERED MEAT FOR
CONSUMPTI ON  FI ELD OF THE | NVENTI ON [ 0002] The field
of the present invention relates to producing and
harvesting neat products for consunption. In
particular, it relates to tissue engi neered neat for
consunpti on. BACKGROUND COF THE | NVENTI ON [ 0003] Meat
products such as beef SPESIRICABION poul try, or fish
are desirable products for food consunption. Meat

NSSUCENGINEERED MEAT FOR CONSUMPTION'AND A METHOB FOR
which is a highly inefficient production nethod

becpReDHIFCNG méSGErENGp@EERETD MEAY FORICONEUMPTION
produced grain Is used tor animal rather than human
consunption. In the United States, for exanple,
livestock feed accounts for approximtely 70% of al
t he wheat, corn, é&ﬁzﬂgigguﬁb&giﬂgggced. In
addition, to pro f, thousands of
ounds of water are required for the aninal, to drink ..
0BR "t o Jhevieider RIS eRinaTSan reiatis e iTadudng Jugianiesting
the world, by sone account, over 800 m|lion people
meatrrogusta derrsansumping. Hopadiculasdprelatas o tisguesenginegred meat
every day. [0004] Current neat production nethods are
for edrsmuntptiomf ul to the environnment. Rain forests are
depleted at a rate of approximately 500 square feet
of rain forestBACKGROUNDOFTHEINVENTION be grown.
Li kewi se, nodern techni ques

[00835367 - 8Qfat PrORMAESAEH 89 BESP Dok, 1dmb Opolir irT@h e idesirable

| ife have becone so efficient that the oceans and

proli @€ for¥b6d g&ﬁﬁmﬁioﬁh eﬁleatSPr%‘aiu@f% ArBRUridRlIf pRItiRe8 TP Whole
ar e xtinct .

now endanger ed or e

animals, which is a highly inefficient production method because a significant
portion of all agriculturally produced grain is used for animal rather than human
consumption. In the United States, for example, livestock feed accounts for
approximately 70% of all the wheat, corn, and other grain produced. In addition, to
produce one pound of beef, thousands of pounds of water are required for the
animal to drink and to grow the livestock feed. Meanwhile, throughout the world,
by some account, over 800 million people are malnourished and 50,000 people die
of starvation every day.

[0004] Current meat production methods are also harmful to the
environment. Rain forests are depleted at a rate of approximately 500 square feet

of rain forest for every pound of beef to be grown. Likewise, modern techniques
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[0005] Current scientific efforts to address these
probl ens have focused on increasing the effectiveness
of breeding or growing |livestock. For exanple, growth
hor nones have been used to nmake |ivestock grow faster
and thus, consune less grain and water. G owth
hornones are typically injected into the |ivestock,
but new met hods of introducing the growth hornone have

for fHifg Atkine IS HEVOBEELHS 50 @ffiserithat tao@icoans ang lakes are over-
technol ogi es such as transgenics or cloning of the

ﬂsh\é’ﬂ."'S%e@‘@s"fﬁét- wéiedl §riRet cdmiAbn RiF® Ab&idriangBidistSextinct.
nonet hel ess, require water, grain, and |and to raise

[00%5 vest O‘éﬁrre[nqggi%htiﬁwgff&fsr to@@?éﬁé‘?h‘&é rGdlEmE HavB88used on

roduction mnet S 1nvolves contam nation. Every
. ear n_aver age ric i 000
incrb8Shp 4R e BYAMARes AEB R e BARRORER ock: b BmBie
control foqd cqntam nation, the vern t e t
growflt Berggeshavg hesaised thamkaiesik arondasten and ik,
USDA and the FDA, however, rarely regul ate the armsh
congHEedesn iy and Watery Grandh hgepanesareHypicallinieqied into the
regul atory powers over the farns. Nonet hel ess, except
livestock, Bt newi metsis: afimtratiueingr tbegrowtit kemongr kavesq)se bgen

consi dered "inherent" to raw meat. Two of the
developedrusing dendtierénginecningdeehnolegiesrpgh ab ransgeriesior cloning
sal monell a - account for 80% of all illnesses and 75%

of thé whble giiaiahsClifrem meat paddciioniiethodss aosethpleiss Tequire
[0007] In the poultry industry, for exanple, as nuch

watef ofain hd Rirfdl toGhiseGbstbeRS and 45% of ground chi ckens
are reportedly allowed to test positive for

y . .
[Ooﬁﬁlatm) 2 :LAL@F%%Q)E?QEH{ \ﬁ{lré%gl;rem MEAEH5oHaRid nefidds TRV dives food

o RRR O S U SBRe r Ld ehoPRE Bk o 000
peo%lieg ig;ff{org iga{g{gt eg@&%&?he}cv%\r/igieista ®Hd cdntrol fcixg]d E:gn ar%?rkét%%, the
government's present strategy is to inspect meat during processing. The USDA
and the FDA, however, rarely regulate the farms where pathogens originate
because they lack the regulatory powers over the farms. Nonetheless, except for
E. coli 0156:H7, dangerous bacteria are legally considered "inherent" to raw meat.
Two of the "inherent bacteria," however, — campylobacter and salmonella —
account for 80% of all ilinesses and 75% of all deaths from meat and poultry
consumption.

[0007] In the poultry industry, for example, as much as 25% of broiler

chickens and 45% of ground chickens are reportedly allowed to test positive for

salmonella. The Center for Disease Control estimates that campylobacter infects

54367-8001.SGOO/LEGAL16956895.1 -2-



results in about 800 deaths. Infections with
canpyl obacter may also lead to Cuillian-Barre
syndrone, a disease that requires intensive care for
several weeks. The incidence of serious illness and
death fromthese bacteria may increase as nore
anti biotic-resistant strains devel op. This has caused
some scientists to question the continued use of

709 nd BDYOb1 alisciickensi Sampylpipdaterinfections tavsstranips, bloody
[0008] Thus, there exists a need to produce neat

diaRPhésl lHHdeef/@rr yEBt ihQAe Unitabl Stéte%%é?npillf)bédzt@ﬂhfectlon
safer, and healthier than the current nethods of

resGI’isoﬁilUéHdu? 800 ﬁQE(M%RYn% JﬂiE\NltWENBPQNa[:@Q% y 186 lead to

resent rnvention Is rected t I ssue endi neer ed

t a I
ngfr?aﬂ ﬂfé) %rgrgﬁeg% %E%%E‘iﬁ‘ét rggplr%ﬁ\ rl]\{/égcn%ggﬁr §$@?al weeks.
neat, product co ri ses are_grown. ex
The ngigehen at seridHaotessaand deth roms tisSe eler Hal IS o
a support structure and pay be derived fromany..
mokgoantihipherresistand strﬁwsaiedﬁpper HNERGBIGAFRME SOEAists to
invention, the nmeat product is substantially free
quesstionrthmgorttiaugt wse qf @ngmphq:s 8% agaedisupplement for livestock.
contam nati on. Anot her enbodi nent of the invention is
[0008) ect edhus, theneeaxisisraneed to prodpce siead pnedustsfor ebhsumption
and other cells such as fat cells or cartilage cells,
thatois rherehefficiélmtabafer,cargr ivaithiae thary thet gedrit esetiddshof preduction.
muscl e cells. I n another enbodi nent of the invention,

t he nmeat produciSUMNARY OF THEGNYENTION t hat have been
exposed to an éTeciric or oscillTating current.

[00%55";J@%ﬁ%%v‘@@a&@é%@@?@%ﬁ%@w
gt PSS RIS R et

fish
mv%ﬁ\oek&% @PS&WU?%WW&S@U#% el 130ere Gonh §hlke, These

et c.
muscle cells may be grown and attached to a support structure and may be

derived from any non-human cells. In a preferred embodiment of the invention,
the meat product is substantially free from any harmful microbial or parasitic
contamination. Another embodiment of the invention is directed to a meat product
comprising muscle cells and other cells such as fat cells or cartilage cells, or both,
that are grown ex vivo together with the muscle cells. In another embodiment of
the invention, the meat product comprises muscle cells that have been exposed to

an electric or oscillating current.

GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
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products al so include neat-product derivatives such as

ground neat that may be processed into neatball

hanbur ger patty, fishball, sausage, sal anm, bol ogna,

ham etc. Meat products may al so include nuscle

tissues or neat that has been seasoned or dried such

as jerky. [0011] One enbodi nent of the present

i nvention involves a nmethod for produci ng nmeat
[oOpOpduct Geérsrallyrayedtrodiets dertakem fonptheanusclésohatimads.

may include culturing nuscle stemcells in vitro and

ButehéreWahe bitesorrespbhding @utd it PIURNE larb] BsH REPbFK 1© be
types of nuscle cells such as skeletal nuscle cells or

so|&H£’%¥é%g\!Tyﬁek&1 bicgkt, $arR¥ chHQ:fiszLfﬁlﬁt oﬁ@bﬁo}s‘)%)b. bfeat

derived’ from any nonhuman ani mal's consune y hunmans

. | B |.Q, ~Ri
progce oM BITH sfeckrdgudt Bk fiueg tuoR 8 B A meaF Bt may be
turkey,, pheasapt,. etc. fish (e.0. _swordfish,. | mon,
propfsuieieaBan haribifiabt ety BahBal safais oy, FbHRE
nan 8., Megt RTOGiots Tiav;aish e (RuHe tisuieb or nedtghaignas Been
turtle, etc.), and anphibians (e.g. frog |egs)..
seappeedpedIigd sughsas ekl | s are derived from pluri - potent
enbryoni ¢ nesenchynmal stemcells that give rise to
[00fiiscl e €1id embbdiment of the freaent inwdrition invalvesma mathowd for
cells. The muscle cells may al so be derived from

prodiwding pat produetdthponmiay kst esedcfel tensumbticns Tied nettiodomnay
the bl astocyst stage, fertilized eggs, placenta, or

includ®clititlg maséls sedm icBRs A dinb BRH KoY Rbsd/BERd © difféledtiate
e growmn in culture into nuscle tissues that are

may b
ogRAE o otnaufecely Shatsd Wdealithegt sl B sRot e

cotf SRR o RN iRl o) AR g Sheumer
etri -

o SRS et s oA TS e QYRR B B
(e.g.acrr:i%{(el%e ,Xdabc ls,egstr(i)cf:h,ttmeg,i Sﬁeréséiaﬁ{f aeltc.i l#s)ﬁ%tg swordfish, salmon,
tuna, sea bass, trout, catfish, etc.), invertebrates (e.g. lobster, crab, shrimp, clams,
oysters, mussels, sea urchin, etc.), reptiles (e.g. snake, alligator, turtle, etc.), and
amphibians (e.g. frog legs). . Preferably, muscle cells are derived from pluri-potent
embryonic mesenchymal stem cells that give rise to muscle cells, fat cells, bone
cells, and cartilage cells. The muscle cells may also be derived from toti-potent
embryonic stem cells such as cells from the blastocyst stage, fertilized eggs,
placenta, or umbilical cords of these animals.

[0012] Muscle cells may be grown in culture into muscle tissues that are

attached to a support structure such as a two or three-dimensional scaffold or
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structures may include porous nenbranes that allow for

di ffusion of nutrients from culture nmedia on one side

of the menbrane to the other side where the cells are

attached. In this type of culture conditions,

additional layers of cells nay be achieved by

exposing the cells to culture nmedia from both sides of

the nenbrane, i.e., cells received nutrients through
suppiott steicturef Mhe moscls cdis wiay thiesgrowniomethe tandiimehsionélrsupport

the culture nedia covering the cells growing on the

struBbiiFer sueR -as| HHAA] didh! setheng SéVeralmayeralof eelrethat may e peeled
around, or inside a three- dinensional support

anébfdéegéa@forzbﬁs@ﬁﬁm tofHer @s‘(hmp%srmwe%u%ﬁé@hadsup%a

ferent sizes, apes and forns, desi red
i DA Pty R g o

oS et ofe e SOHE methBieng s oy SRRt cets are
attagheh A %@?éf@ftfléﬂuégnu éﬁi@F R iresn e b RPe

so that they may not be harnf i f |ngested Nat ur al
acfuﬁ\mahxeemsmwﬁy celle t gelture @aedﬁ fiop) othsidesefdhe membrane,
fibronectin, lamnin, or other extracellular
i.e. nealisi ree@'vedsyutrhets' tbmgbnﬂff@iparfrgrma@e Bidelqidie ntepabrane and
exanpl e, hydroxyapatite, alginate, polyglycolic acid,
alse froy thetdultuscimediaocoviehiag the ogltd grnowirg off thee mepyoane.
structure may be forned as a solid or semsolid

[0038PPOr t .MUt 4¢lisTiRapa®d Begioin eRtdromnd,eelinsi@e d thiegsue
growt h, the support structure, preferably, has hi gh

dmﬁ%ﬁﬁﬁi é/urﬁp%rt@tﬂié'ttﬁ@ el SilpoftWiidiRe ABAbd SEulsRllinto

at t achnent A three-di nensional support structure may

g 25 TR0 R4S AT Wi e stove o o

ey cafduafiviovofle ol Bota Ttfleilisa bR
the neat pro

Stedindengeaih SHRSE. e eandiaEr i AFTy St it Py o AT, obster

non-t oxi c
tail, etc. The support structure may be made from natural or synthetic biomaterials

that are preferably non-toxic so that they may not be harmful if ingested. Natural
biomaterials may include, for example, collagen, fibronectin, laminin, or other
extracellular matrices. Synthetic biomaterials may include, for example,
hydroxyapatite, alginate, polyglycolic acid, polylactic acid, or their copolymers.
The support structure may be formed as a solid or semisolid support.

[0014] To provide for optimal cell and tissue growth, the support structure,
preferably, has high porosity to provide maximal surface area for cell attachment.

A three-dimensional support structure may also be molded to include a branched
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natural or synthetic biomaterials as nentioned above.
Furthernore, the support structure may al so include
adhesi on peptides, cell adhesion nol ecul es, or other
grow h factors covalently or non-coval ently associ at ed
with the support structure. Exanples of the peptides
i ncl ude sequences such as Arg-dy-Asp or Arg-d u-Asp-
Val . Ni klason, L., et. al., Advances in Tissue

vasicaRir netvork providiBy doddaliresedfnidrients Gitb and Bhattlireg out of
Transpl ant | nmunol ogy, 5(4):303-306 (1997). This

metaofite8Tfoin itife cAIRI R e intep hikRsalfeike Meat piciueICI tAls pdrticular
fully set forth herein. [0015] On the other hand,

emBYdiiEne thE %?éﬂdh%ct,%% nERFSTR NP6 BdBf by uSRY nohitbkikde
static, stirred, or dynamc flow conditions. For
natffefof Syifieft G fhe e of BentiBhEH SEESE. PRGNS, £ 4ipBort
r ,control_ oyer t|§1edfl ow of nuﬁri entfcH
9 or other

d all
strilrsdnay iBamiiicadicsion BraffieR bl oneih foudlics,
aroth e SPVAIPBHEPE RSBV AIS B RELIFA A 1S SHRRATbgucture.

cells to produce specific bionolecules. Vacanti, J.,

Exasapleg jof thetpepiides indudrsequancesisicinas ifge-Glyrisp or Arg-Glu-Asp-
Fabrication of Living Replacenent Devices for

ValSivilgasen, [ReetoaktAduarices irnhisse angpieeringiof Binod Vegseét and
354 Suppl. 1, pS132-34 (1999). This reference is

Othee Tédsyes Moranppiaat letmbyology fH4p8e 368 (1997 ulThys éérence is
forth herein. [0016] In another enbodi nent of the

hereby RitbipDtatedaii reRsrefes s ifday sétdorfti BBreintuscl e cel I's
grown ex vivo may include fat cells derived also from

[00F5Y ”O”dTEf%rbthéPlHéfﬁJ,%ultE@ &drifitionBbr thes@ PALRCR ¢ells may

tastier ut wth greater fat content cones

inclgéggyétﬁpgirg g gg#%mggﬁdﬁtior#.'@orggc%?etdeugq éto?sﬁgﬁ(f)n, the

verse nsequences such as hear

prefeig meli h & s & bPruticn Reodiga oo T afene
opti mal flavor and heal % h effects, Regul at i OB Irmg be
andl|qwsgrgaigy control over the flow of nutrients, gases, metabolites, and

regulatory molecules. Furthermore, bioreactors may provide physical and

mechanical signals such as compression to stimulate cells to produce specific
biomolecules. Vacanti, J., et. al., Tissue Engineering: The Design and Fabrication
of Living Replacement Devices for Surgical Reconstruction and Transplantation,
Lancet, 354 Suppl. 1, pSI32-34 (1999). This reference is hereby incorporated by
reference as if fully set forth herein.

[0016] In another embodiment of the invention, meat products derived from
muscle cells grown ex vivo may include fat cells derived also from any non-human

animals. Fattier meat is generally tastier, but with greater fat content comes
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controlling the ratio of nuscle and fat cells that are
initially seeded in culture and/or by varying, as
desired, the concentrations and ratio of growth
factors or differentiation factors that act upon the
muscle cells or fat cells. [0017] In another
enbodi nent of the invention, cartilage derived from
chondrocytes may first form an underlying support
grehfereisk of adiérde theaith cogsédquasnces shch b teadplispase. Thus, the
structure. Afterwards, nuscle cells or fat cells, or

ratiB & PaustRycdIB to %%‘ﬁg Nt e EdtRiIBe Nl VoMb @rdduc@rthe heat

interaction of nmuscle cells and chondrocytes may

proﬁH&t‘éh@fg d&étﬁﬁél%v&h&n&‘ﬁ&é’lﬁ?é‘ﬁé’c& eﬁt‘égﬁfaﬂ ﬂ?@béhleved by

ul t1ssue Tormati on

corﬁ{g@ﬁ@:}ég éﬁﬁﬂ?‘é a%ﬁeas %treceglglrtbgt ﬁgqnlﬁ?yoi%?i@? in Eﬁllturé and/or
by Jarding 65 SeSha (e oneiraigne Nt rte SR LS ar: <

resulting in nmeat products that are substantiall
dﬁe%@%%&@m mq}IaCEPE%H@smé'ﬁ%‘ﬁ cells patat epllsy, funél
viruses, prions, protozoa, or conbi nati on of t he
[004Bbve. Haranpther@nmo@nagntrmwhe meoé@n,parllﬂa@%ﬁﬁequ/%@m
m cr oor gani sns such as sal nonel | a, canpyl obacter, E.
chonodrocyddsbmialiTirstdomm ahmndedying isupponHmr or stelictgregtogeaiherr with
culture may be substantially free fromparasites such

theatippoanewacime.t Afterwartie ahusele celis oofat vbits, @r bothralay kend
that are transferred to humans through consunption of

seeld@attfrftda ﬂk—%ﬂdrﬁdr@@@é RjefEThe iMERINIDA of ARIBBIeWENS andRY
al so be enpl oyed i n packagi ng the neat products as

?c?( %a?furtﬁé?jaroﬁb@kﬁ@hé@éss@@%ﬁﬁdt&? C[Téﬁ’% redhfirBd for

uranc be nonitore

LR R

the art. . " statlal y.free" nmeans that the
cells includg F'%ff"l‘?ﬂ]g Py ég) or parasites is bel ow a

clinically si fqnl ficant |evel of contam nation,
[0048] ow a In@wsefasiedrambodingat of #ig invention, aseptic technlques may

be used to culture the muscle cells resulting in meat products that are substantially
free from harmful microbes such as bacteria, fungi, viruses, prions, protozoa, or
any combination of the above. Harmful microbes may include pathogenic type
microorganisms such as salmonella, campylobacter, E. coli_0156:H7, etc. In
addition, muscle cells grown in culture may be substantially free from parasites
such as tapeworms that infect muscles of whole animals and-that are transferred
to humans through consumption of insufficiently cooked meat. Aseptic techniques
may also be employed in packaging the meat products as they come off the

biological production line. Such quality assurance may be monitored by standard
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woul d | ead to disease or adverse health conditions.
[0019] In another preferred enbodi nent of the

i nvention, the nmeat product derived fromnuscle cells
grown ex vivo may be exposed to an electric or
oscillating current. Unlike nuscle tissues derived
fromwhol e animals, nuscle tissues grown ex Vvivo or
in vitro may have never been exercised (e.g. never

ass69§ for m@&%r?migm%%r@hbﬁ@als tHatiare ek Krpwrhia theael e
cells, nmuscle tissue, or the nmeat products in vitro

"Subgta?lﬂal‘ﬁ} fi&d: drh@aﬁé tHR e ééﬂdeﬂ&aﬁé’ﬁ bERicroBYs Bt Parésites is below

exercli se an Increase t e siml arlty in texture

d:
= ol i 1 SR By et oestor
muscl e cells ex

ease the f
won@pv%ad f?ahcgs%qs&q ‘?de’e %%%hl(?oaﬁ ltﬁ)glj‘st:urrent may be
lied to the cle st t phe scl e

o8| <5 Spothee praiaued Sbedkienaf dhe liveli dhE Mgt product

cells. [0020] In another enbodinent of the invention,
deriye dionh Musclergalisgiewn 2% viva MaibeLxPraed ke 8n RIGCHA 9ty

| acking in neat products from whole animals may be
oscillatieg curent ddrlikegnuscle tissuastdesived fram whols animalsnsayscle

This may be achi eved either through straight addition

tissaés yhevmax viverdrsn vidrathay gavevnbverdseamexarciséd (aighnever been
genetic engineering techniques. For exanple, the gene

usedlto98\RSa fed)). Thay "@FposkRIaBThidde céil, nilseldlisssgnohibeiraeat
of a particular vitamn, such as Vitamn D, A or the

progg&g% Ft‘% to\é'ntél&!:tﬂc Br Ggémlétﬁ?@e&rre’mhd%ﬁfnlrﬁ@ré&feﬁﬁéeeﬂnd n

e cultured nuscle cells to produce” the particular

mcr\é'ag smﬁ%ﬁgﬂnq&%refsg?(% e meat gﬁﬁ%x]vmfarﬂ@ﬁ%]al dbfved

ano her ment o regul ato

oy Pl i 1o el enstlgd @ﬁfrsﬂfﬁ‘év %us%d'ﬁé’e%sgﬁ'?‘%
groi\rlli1 O %q%és cel Q%Ww\%s 'Pl¥e0 glec{rlc or o%%hlghr?é rfrgr?ttrgay be
applied to the muscle stem cells or to the muscle cells after they have
differentiated from the stem cells.

[0020] In another embodiment of the invention, other nutrients such as
vitamins that are normally lacking in meat products from whole animals may be
added to increase the nutritional value of the meat. This may be achieved either
through straight addition of the nutrients to the growth medium or through genetic
engineering techniques. For example, the gene or genes for enzymes responsible
for the biosynthesis of a particular vitamin, such as Vitamin D, A, or the different

Vitamin B complexes, may be transfected in the cultured muscle cells to produce

the particular vitamin.
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stimul ate and regul ate the growth of nuscles in vivo,
but may not nornmally be produced by nuscle cells in
vivo or in vitro. Thus, expressing nyogenic regul atory
factors in cultured nuscle cells may increase the
production of nuscle cells in vitro. [0022] In
anot her enbodi nent of the invention, the neat products
derived fromnuscle cells in vitro may include
[00@1] f er erlh atether @mboziiment ofethé inventiontregulaldrg $actors, growth
derivatives may be prepared, for exanple, by grounding
facfrs, SOHREEH dithe! predudis $Ra\ealbd BeUfmetitAWNntrodiddd intcathe muscle
m xed with appropriate seasoning to make neatballs,

i | i I. jn y
P ORI B e S S A b R e
aniced | I f ’
stiifpend fcBiate fe SR of muREES i1 bl bulAgy nob R EIg be
i,nvention . used_ t. negat e _any ki f oo
propsit by TR el in §Bitu i B i oRP Sy ot Heguiatory
%EOZS In certajn enbodi nents, non- human  neat .
facloys N R4Ues MUSASLRRIITGRY INFeasR e RERUCHAR PLMHSElreala g
_product is produced by a process that includes co-
vitreul t uri ng non-human nuscle cells and one or nore
non- hunman cells selected from fat, cartilage, and
[00B3he cellhanetheriembodiroent ofghe irvention,the uneat pseducts derived
a two- or three-dinensional support structure, and
frorg mowgotey céliseinadiesiathydrtllde differdrd devipatives ofsheatqiradects.| n
certain of these enbodi nents, the support structure is
Thd¥eeddVaativés Hag bef prephreie fir axanmhis;tby gvouhding or @hheiding the
enbodi nents the support structure is renoved fromthe

mubt1BssiBEGroMOAYsHo ahd nlikeS itk EEBFBS?EEE §ed§b‘hirgj5ﬁ rhBke
support structure 54367-8001. SGO02EGAL16956895.1 -9

me%gbgﬁé,%ﬂ%llg, rllla}rh{% 6&%{}?&“ iSe e PTRY Pgti}%t[\}élgsrﬁé)ra ?‘%E ;bga?pr'bﬁared

e 'froma non- idmat'eri a

ror 554 5P oehl S8 0 A ERRSA PRE: By sk Rp B BRE rtm
bolggr?ar] %ra%%if gtsc'. 'Il'hnus?%hr(]aer%eat products of the present invention may be
used to generate any kind of food product originating from the meat of an animal.
[0023] In certain embodiments, a non-human meat product for consumption
is provided, wherein the meat product is produced by a process that includes co-
culturing non-human muscle cells and one or more non-human cells selected from
fat, cartilage, and bone cells ex vivo, seeding the co-cultured cells onto a two- or
three-dimensional support structure, and growing the seeded cells on the support
structure. In certain of these embodiments, the support structure is present in the

final meat product, while in other embodiments the support structure is removed

from the final meat product. In those embodiments wherein the support structure
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enbodi nents, cartilage cells are positioned between
the support structure and the non- human nuscl e cells.
In certain enbodi nents, non-human muscle cells are
derived fromaninmals selected from mammal s, birds,
invertebrates, reptiles, and anphibians. In certain
enbodi nents, the non-human nuscle cells are skel etal
nuscle cells, while in other enbodi nents the non-human
is piesatitén the! firtal ateat pootuch thastrovtsicd 5 madenfron & sonitoxic
t hose embodi nents wherein the nuscle cells are stem

biofRitdrial tHdl & Pafegesingbstion)i laleitam mbbdipienislthe sBpport
produced includes a step of differentiating the

strumeh L e%ie?%&?ﬂdn*?nb%%n@heclﬂfnd i fhf thent
typ es non- human cells. In certain enbodi nents, the

emgb&ﬂle[r)l. %‘artﬁé]g?éjgél %rﬁ (gﬁ)‘éﬁﬁh@ﬂtdeﬁbéé(nt ﬁ.gzpfoﬁ‘gi?daﬁfrﬁfa% the

certaln e I'ments

R N sn‘ffr%'&'e@&%ﬁ@gwmﬁﬂsuiﬁ”eﬁhﬁﬁ?fﬂ fiftisblel G4 are
o L D SVEE 15 Lt el MSichya

neat. In certain enbodi nents, the non- human mnuscl e
amphibjansa e cadaniamediments, tha pen -Bymangnusde calbharecelaal
are exposed to nechanical stress in the formof shear
musdiewelis, vdile infother erletimgnts the non-humaemuscle cells are non-
enbodi nents, nethods are provided for producing a non-
humammuwbaétemcelllsctln thosecamisadipientswhé@in theahusiele chls are
steps of co-culturing non- human nuscle cells and one

ste®f callB! eRbcdys mNwhRh|the ida predlict Isoprotiated meludes20step of

and bone cells ex vivo, seeding the co-cultured cells

dlffé’l'éhﬂa gdﬁ‘%en fih Jhéﬁ ?ﬁué?:‘lé@t@ﬁ{ SAR! inRHRROS mdkd Hiffek types of

r om n cells on the support structure,

norg ﬁ%ﬁéﬁ% b Lot e e “% f'"%P"%gg Fﬁmﬁs{%‘t’g?%'a"y
rosfipiiag lf@ﬂ@lcﬁﬁ%cgnﬂagﬁmg ol in el ffa‘a"gg‘:@%ﬂ)%»
one cells to electric or osci atl ng/o Brrent

hurgar, Buiscleccells @pd non-human fat, cartilage, an one cells are exrg)osed

to an electric current during growth, which gives the final meat product a texture

that is more similar to naturally occurring meat. In certain embodiments, the non-
human muscle cells and non-human fat, cartilage, and/or bone cells are exposed
to mechanical stress in the form of shear flow stress after seeding.

[0024] In certain embodiments, methods are provided for producing a non-
human meat product for consumption that include the steps of co-culturing non-
human muscle cells and one or more non-human cells selected from fat, cartilage,
and bone cells ex vivo, seeding the co-cultured cells onto a two- or three-

dimensional support structure, growing the seeded cells on the support structure,
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meat product a texture that is nore simlar to

naturally occurring neat. In certain enbodi nents, the

nmet hod further includes adding one or nore nutrients

to be incorporated into the final neat product. In

certain enbodi ments, the nethod further includes

exposi ng the non-human nuscle cells and fat,

cartilage, and/or bone cells to nmechanical stress in
and feendvinignhefsupper stiucture $d pexsiticatthefinaleneatrpgodiict. In certain

certain enbodi nents, the support structure includes

emb&difnehed ehalpiathertfuHheMNeRies RixpBging s et @sils and fat,
ot her enbodi nents, cartilage cells are positioned

carﬁﬁ?%‘%/&%r@“&ﬂ@ b e?écﬂﬁl?é#’és%ll%‘ﬁﬂ% thReh® W%H@Qe@'t’rfecfu%l

In certain enbodi nents e non- human nuscl e

me%teﬁ éﬁu&raete%{ré %ed id IR @Wﬁl |t§ nﬁﬁjrglﬁi &%ﬁﬁﬁrﬂ;}negﬁnme?tam

invertebrates, rept
oniit b, LSE s SRR e,
[ 1
oS S B, A B HE i)

are stemcells, the nethod further includes a step
furtherineludes Puposig theenorshumandRusale eelis andiatcarilage rﬁrw'/or
one or nore different types of non-human cells. In
bonearellaitm mechauicaksttass in e farmadf shear flow stress aftesseeding. In
substantially free from harnful m crobi al
cerfaimémbodiaients).thé 80@5Bdrt biiuctard imcludesicactilagnderjveusfrdrodon-
are provided for producing a non- human neat product

hunhd clieHiFoERES O dthat emBebintnts heartihgd seld apayitidned ng
non- hunman nuscle cells and one or nmore non-hunman

bet\ﬁéérln &é e;gfibheéirtfchﬁ@d‘n%tthe%htﬂdrﬁ&?muséfédcéﬂgn% eshé.ﬁ ex

VI VO, ng the co-cultured cells onto a two-

emlSJUn%%n 5ﬁfér i c’? RQE%%G%@Q@G@%EH froht aflini%8 §bfé%f’éd from

por ure ma non i'C biromateria
R D g B b e
the %ﬁ{m@{aoqd%@tgqalgg %,%E)egglfeﬂ%tarb%%kpece Is, whlre mn%er embodiments

the non-human muscle cells are non-human muscle stem cells. In those
embodiments wherein the muscle cells are stem cells, the method further includes
a step of differentiating the non-human muscle stem cells into one or more
different types of non-human cells. In certain embodiments, the final meat product
is substantially free from harmful microbial contamination.

[0025] In certain embodiments, methods are provided for producing a non-
human meat product for consumption that include the steps of co-culturing non-
human muscle cells and one or more non-human cells selected from fat, cartilage,

and bone cells ex vivo, seeding the co-cultured cellis onto a two- or three-
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the nuscle cells and fat, cartilage, and/or bone cells
to electric or oscillating current, which gives the
final neat product a texture that is nore simlar to
natural ly occurring nmeat. In certain enbodi nents, the
met hod further includes adding one or nore nutrients
to be incorporated into the final neat product. In
certain enbodi ments, the nethod further includes
dimxBRpianguppoft staueture Midade froisicd fon-edxic bimnthtémdl that is safe for
cartilage, and/or bone cells to nechanical stress in

ingé4tRnf ahdgréing Measeddedcalfe iFtheaiuppbrt $BBILG to prdduce the
certain enbodinents, the support structure includes

ﬁnagerég'rt 'pgc%:cg.em i BB NRE nﬁé‘tﬁﬂ&‘ Irrti?f%){=,tr_‘?l‘?'c_Iudé&)dexposing

odi nents, cartilage cells are positione

e h r - I
e T8 Bals R34 RIS AT B
nmuscl e cell s ,ar erived .fromapimls.selected from
curfiriaiich Syes 46° FndlTard Gpave R E T4 g siar6
anphi bians. In certain enbodjnents, the non-hunan
natyially oscwEing neate Iy gertaip ambodivents. the m?hqd}ﬁﬂﬁeli igcludes
ot her enbodi nents the non-human nuscle cells are non-
addingrane eumgre nytrigntsctol hesincoiporaied dnterthe finaleneat Ripdve An
the nuscle cells are stemcells, the nethod further
ceriairc enthedinaents dpe ofiettod furthentincudesgexpesingdhe memelruman

nmuscle stemcells into one or nore different types of

mu$cle celisrand ext) tartilags, asd/dbabone esltsoldi mectiamjcal breés imethe form
meat product is substantially free from harnful

of SHe&F AGW dtres€ AAEPLBHHJ. O cdrd@PEMbblrndras | tAwisipport structure
exanples illustrate how one skilled in the art may

. e of ' ' .
ol BAE o | S T 1L oo

oot R TR e A R bl S o mar
SR ShIE e BSREe dhe EPcfhf BRENRERE AL Bbvea
from animals selected from mammals, birds, invertebrates, reptiles, and
amphibians. In certain embodiments, the non-human muscle cells are skeletal
muscle cells, while in other embodiments the non-human muscle cells are non-
human muscle stem cells. In those embodiments wherein the muscle cells are
stem cells, the method further includes a step of differentiating the non-human
muscle stem cells into one or more different types of non-human cells. In certain
embodiments, the final meat product is substantially free from harmful microbial
contamination.

[0026] The following examples illustrate how one skilled in the art may

make use of the current invention to produce meat products in vitro. Methods in
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EXAMPLE | [0027] This exanple illustrates the

i solation of pluri-potent nmesenchymal stemcells for
use in producing nmeat products in vitro. Mesenchynal
stemcells give rise to nuscle cells (nyocytes), fat
cell s (adi pocytes), bone cells (osteocytes), and
cartilage cells (chrondocytes). Mesenchynal stemcells
may be dissected and isolated fromenbryonic tissues

cequolagY e euhuwenanaihmhokigtucyiemisthynthatiite reot explicitly
exanpl e, enbryoni c nesenchynmal tissues that are rich

des'bﬁb?& H\rthrsQ%&Béurth%% Qlre8 8P BLER bhiplRFepoptedfir irrbsolentific
I solated fromenbryos at day 30 to 40 or earlier. Once
Iiterghfr ect ed, the enbryonic tissues may be minced into

pi eces about one mllineter by one mllineter

mﬁ_ig in phosphate buffered saline ("PBS") pH 7.45.

ten pieces of the mnced tissue nay be

bat in 30 5% S and 1% E
025 'For Thin Pramle licbateiths ﬁ'w%ﬁofgvﬁwgteg&mesﬂ‘s,@mé"
Afterwards, the tissues may aIIovveﬁ| ettle
Stemm@"é&rt%'BPFQ%'QQJ%‘@abVOngt&\/PtV{f’%r geergymal Stem cells
cenhtrifugation. The supernatant containing th
give rigetd mUEDE Aells onyecyies)nia) ceﬂﬁe@du@m,rwweé!ﬁdosteocyt%)
replaced with 300 pl of 0.1 %collagenase in PBS for

and exntilage chlls (chronducytes).aMe3gachytoal sterarcetie miyges dissected
may be repeated for several cycles as desired.

andiepREd femPmiirpenicitisswss ofyarmf nérhhusahumnimal dmbeose Intattle,
DNA rel eased from danmaged cells, 40 pl of DNase | at 1

forgﬂé lel 8mBRR n'i@h‘\eﬁénc ‘ﬁsé&béih%t 86 fidRNAGE psRInt ustle
et ween cycl es. 54367-8001. SGO01LEGAL1L 956895 1-13

sterL'n c%ﬁlé]arér E%é%/lr%ﬁﬁf |§ﬂ§$ﬁﬁ¥?§h ee?%rgBQ gggﬁv 39@6’“.?9){ gtﬁflig\" Monce
o RN N o 5 o
millgret@oy fee sufiTistet) s RhasBriegrTeled Felpe PRpary 7.45.

Five to ten pieces of the minced tissue may be incubated in 300 pl of 0.25%

trypsin and 0.1% EDTA in PBS for thirty minutes at 37°C with gentle agitation.
Afterwards, the tissues may be allowed to settle on the bottom of the tube by
gravity or gentle centrifugation. The supernatant containing the trypsin/EDTA
solution may then be aspirated and replaced with 300 ul of 0.1% collagenase in
PBS for ten to thirty minutes at 37°C. Colleganese digestion may be repeated for
several cycles as desired. Depending of the viscosity of the solution because of
DNA released from damaged cells, 40 pl of DNase | at 1 mg/ml in PBS may be

added to the collagenase solution in between cycles.
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penicillin at 100 units/m and streptonycin at 100
pg/ M ("conplete nmediunf). Cells may be conpletely
di ssoci ated by gently pipetting the tissues up and
down followed by washing the cells in conplete nmedium
once or twice using a centrifuge. The cells may then
be plated onto an appropriate-sized petri dish which
may be coated with natural biomaterials (e.g.

[0028] | agerThefrehttsrediy be stepped by adding atdutum such as DMEM or
extracellular matrices) or synthetic biomaterials

Harﬁ% 912hdﬂ5&ﬁ¥@ﬁ’aﬂ 1ati6, |f§|T@CHﬁbI@g|eI§0R}zSGIk\MI¢é)|Mé‘r%@ﬁd)1|that is
polylactic acid, or their copolyners)

Bt el SR S
SR i Y i
porfitet LG T o it f AT Byl

Usi ng _a 60mm etrl di sh cells may
Celfs may bs@omni%tsb/t FdigsoGaed gmeet% prP@Hm%ﬁPé\SS?%UIP and gigwn
hours. During this tine, ithelial cells wll tend

followediby saishigitbe icglls i qqn@plp medignsangeer Wwigegsing a
myobl asts renmain in the supernatant. The supernat ant

centrifugé.h&he loells oldyeber be piated loatagm bppropsiatensizéd pptrediek
on a different petri dish coated with natural or

whigly Midyethe Eodted Wathatdtala bidnederdds (dgs eollagen, ifiorarectin, laminin,
Exanple |I. Myobl asts nay be enriched by suppl-enenti ng

or dth&r &&l%%fhlaﬁﬁ%ﬁke%?@ﬂsyrﬁ@ﬂ%ﬁ%@r@%@ﬁ@5hﬁdm&ﬂa;ﬁmﬁé a

with growth factors such as skeletal nuscle growth

algn‘ﬁfet ?BWQB&EE& Q&haﬁﬁy@gﬂ; ct, %ld{Oﬂ%@Op?lyyf@F?Oor b?th and may
be 55“9%?% 37°¢yaq%§oi4 B IR % EFi i ng the nyobi asts. i n
EXKRELENT ccs the fetal calt ”""'”ﬁ;’ Suppl ement od v th

ppl ement ed wi
[Oogg]scl © After mesenchymal stem cells have been isolated, they may be
enriched for myoblasts or muscle stem cells in culture. Initially, the cells may be
differentially plated on different petri dishes after dissociation and washing as
described in Example |I. Using a 60mm petri dish, the cells may first be incubated
in complete medium for two to four hours. During this time, epithelial cells will tend
to attach quickly to the petri dish while the myoblasts remain in the supernatant.
The supernatani may then be collected and the myoblasts may be plated on a

different petri dish coated with natural or synthetic biomaterials such as those

mentioned in Example I. Myoblasts may be enriched by supplementing the growth
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specific growh or differentiation factors such as

PGF2a at concentrations ranging from24 pg/m to 28

pg/mM, and insulin from10-5 Mto 10-5 M To nore

closely mmc in vivo nuscle cells, which are

normal Iy innervated by neuronal cells, the culture

medi um may al so be suppl enented with appropriate

neurotransmtters such as acetylcholine. EXAMPLE |11
medRORith grdvith factbisvalch, assi@idtabiasciagrdwthefactoe, rdsthglamdin Foq

toti-potent enbryonic stemcells. Toti-potent cells

(“Pmuh) afi@risvusialiiké growth fittbr p("feFi4").i zed eggs of an
animal using in vitro fertilization techniques, from

[Oo?bgm celd G &% StSIaé Erigybé'd rent é@ﬁn&é’%p@&ﬁ&ﬁi%gtes%

m Enbryoni'c tem S |so ate rom cel

mu%glﬁlceﬁ% gtcﬁ é(ﬁr{q ﬁkﬁ‘qg obiksts i ébﬁis?lefté) hemlr% taﬂﬁ%apﬁledla

SoCl ate

cultured in vitro rec kem hi Qry
(o4 et brglin 5s e sl Gon %ms@&@ inpste
such as growth arrested enbryoni %lbroblasts cells.
SPOREarOMT PL BUPEIiaben FACtompULR 36 Rak ch GPDRETIASIA0R rafging
factors such as PGF2a or IGF-1.to induce the cells to
fromi 34 g/a t9 38 @gimt enehjrsuilin Sros 18XMia E0T V. [ Do gmre olasaly
standard i munohi stochem stry or in-situ hybridization
mirhiedhnivguessclegells, adtich are myrowjly smefdated byaneurenat gells, the
nmuscl e cells) may be identified.

culfedid mediiin ndyR166 Ibeipp M 88 with-abprdisriaté Ingurottanishittdrs
or myocytes grown in culture may be transferred into

sudh &S 8cetgbhélfe. coated with appropriate extracel | ul ar
matri x as descri bed above. These cells may be grown

thﬁ,t'@"pem red nunber and differentiation using the

ns described above. After a sufficient growth

o0 Gk S el P ot oo
stem celils Srowport]gr?t cee ts n(1jay be derived from in vitro fertilized eggs of an
animal using in vitro fertilization techniques, from stem cells present in umbilical
cords or placenta, or from Embryonic Stem (ES) cells isolated from cells at the
blastocyst stage. ES cells, for example, may be collected, gently dissociated by
trypsin, and cultured in vitro with recombinant leukemia inhibitory factor
(Chemicon, San Diego, CA) and feeder cells such as growth arrested embryonic
fibroblasts cells. These toti-potent cells may be treated with growth factors such
as PGFy, or IGF-1 to induce the cells to differentiate into myoblasts.

EXAMPLE IV

[0032] Using standard immunohistochemistry or in-situ hybridization

techniques, myoblasts or myocytes (differentiated muscle cells) may be identified.
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probes are to be used, the cell nenbranes may be
perneabilized with 1% NP-40 or Triton-X. Antibodies
agai nst markers specific for nyoblasts or nmyocytes
such as myosin, titin, alpha-actinin available from
Sigma(r) may be used to identify the «cells using
standard fluorescent imunohi stochem stry techni ques.
Al ternatively, single stranded RNA or DNA probes for
Brigflp epgoblasisarsnyotytesl growndn eaktarefmay batramsfeured into glass
hybri di zati on. [0033] In addition, when the nuscle
slid6eLb BB RRPOpTe BXBEEeIRaramiikes dedbABASABOR. These

support structure as disclosed bel ow, they may be

cell§ "B Grofli to thE Qﬁéi?%lfﬂuﬁ\ﬁgr LA¢ BifctdrRfatiga uSMgaRE icBAGiYions

ers-such as ant I es agal nst myosin, titin

O op
desgfioits dl%béJe R fododf %ﬁ%%“%ﬁ'ﬂ@@“ﬁ*%éﬁﬁhe Sgfls may
or orts b I d f

L e e
ot her extracel |l ul a t het

o G e e S e ey B PAT5 RPo
Tp ylactic acid, and their copol ynmers), or both.

or Trast-¥r ditipodien @Qﬁmsé@aﬂkﬁféﬁﬁﬁéﬁéffm r@t@h‘@%ﬁ&g mytogytes such
scul pted with branch pathways for nutrients and

as mypsin rtitinpeipha-actininravadablefom @igma@ Imampbe useéd thigentify the
form ng nuscle tissues. Exanples of materials and

cell€ asing steridaed flosrics oskst ifmpriuridhistectenaibrp tathnimues p Adtermively,
by U S. Patent Nos. 54367-8001. S0/ LEGAL16956895. 1

single-StrandEPRNAlor FRA gfrbl@é& fopitsteahagkel Mayeasmbéasedrdrlin-

ranspl antati on” 863,984, entitled "Biostabl e

: s erial Con'prl si ng Conposite Bi opol ynmers";
Snu@%@@ ﬂ@{ entitled "Three-D nensi onal Fi brous

o021 S Sl o5 e il S 0

ik Pt e
sectioned and identified using antibody markers such as antibodies against
myosin, titin, 12101, troponin T, alpha actinin available from Sigma®.

EXAMPLE V

[0034] Two or three dimensional scaffolds or supports may be sculpted from
natural biomaterials (e.g. collagen, fibronectin, laminin, or other extracellular
matrix) or synthetic biomaterials (e.g. hydroxyapatite, alginate, polyglycolic acid,
polylactic acid, and their copolymers), or both. Preferably, the three dimensional
scaffolds are sculpted with branch pathways for nutrients and culture media to

reach the internal mass of the forming muscle tissues. Examples of materials and

construction methods for these scaffolds are provided by U.S. Patent Nos.
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I mpl ant. " These patents are hereby incorporated by
reference as if fully set forth herein. [0035] The
support structure is preferably sculpted to different
sizes, shapes, and fornms to allow for growth of
nmuscl e tissues resenbling different types of neat
products such as steak, tenderloin, shank, chicken
breast, drunstick, lanmb chops, fish fillet, |obster
5,686.001, éititled EBRYdBYRaddbld PO&0E FadiQaiicTrarsplanthtion 6B63¢384,
and osteoblasts are all capable of differentiating

entitIe@ "BRstible P@Fﬁ%tMaﬁuﬁﬂGBWbln?tm &dileSBiBpolymers";
toti-potent enbryonic stemce he stemcells may

5,77 4H?°é:flft|%8 "Rfir e@ﬁﬁ%ﬂ%ﬁ%dl ?;tﬁé@é*‘@h&ff&ld%n‘télhrngﬁwached Cells

emcell's may tured in

for Echﬂ; r‘%y?%%aﬁq{[z%'ﬁssu-g nyi @dém % JoB EHIWEQGWW&’ of

ornone, t errin, rhsulin

Proaaeﬂs@ e Babc 'ﬁﬁ“%’%%ﬁﬁ??faﬁa?nsu'éfﬂh%?%? g SRgioa and

owth hor none. [0037] For adi tes dlffer at i
bEheRaPaGRE a§ Nerelt el ¥rrefereiqesas) ?LH"V forth
n_orphogenetl C proteins ("BW) such as BWP-4 and
hergRP-2, which are known to induce commitnent to the
adi pocyte |ineage. Ahrens et al., Expression of human
[0088he noITecappettistruptuse és prefarably sculpted taudiffaeent sizes,
54367-8001. SG00/ LEGAL16956895.1 -17 nmesenchynal

shapes gt fonns €3 HEN Ior2groatt of muddledissded fezemitling tdifferent types
Into distinct nesenchymal cell |ineages, DNA Cell

of nﬁ’ésﬁ'predd&s 8udn 88 kO Aer¥NshAik, chicken BRI, drumstick, lamb

Mor phogeneti c protei n-2 causes conm t nent and

chogbffsq{ﬁ"lfé& @éét%ptglgn?@HlOTl/ 2 and 3T3 cells, Gowth

These references are hereby

ﬂmﬂated by reference as if fully set forth

[0036] Adipocytes, chondrocytes, and osteoblasts are all capable of
differentiating from pluri-potent mesenchymal stem cells or toti-potent embryonic
stem cells. The stem cells may be isolated as described in Example | or lll. The
stem cells may be cultured in DMEM, or Ham's F-12, or both in a 1:1 ratio. The
medium may be supplemented with thyroid hormone, transferrin, insulin, as well
as other growth factors, such as insulin-like growth factor (IGF), basic fibroblast
growth factor, and growth hormone.

[0037] For adipocytes, differentiation may be achieved by treating the stem
cells with bone morphogenetic proteins ("BMP') such as BMP-4 and BMP-2, which
are known to induce commitment to the adipocyte lineage. Ahrens et al.,

Expression of human bone morphogenetic proteins-2 or -4 in murine
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[0038] In addition to BMPs, the differentiation of
adi pocytes may be enhanced with agoni st of peroxisone
proliferator-activated receptor gamma ("PPAR ganm")
such as BRL 49653 (rosiglitazone). Sottile and Seuwen,
Bone norphogenetic protein-2 stinulates adi pogenic
differentiation of nesenchymal precursor cells in
synergy with BRL 49653 9 (rosiglitzaone), FEBS Left,
medéhdiBimal progéritot ZIPADT 17hedstintigresrdifferentitiéoreinto distinct
i ncorporated by reference as if fully set forth
meBBh&yMmallceFfbades, DNA 8l Bidlt, U2t IN880 MO askAg @BYal., Bone
even 'be induced to trans- differentiate into
Mo?@%a&%%ﬁé bﬁot@fsﬁé PAFRESS rﬁﬁMbﬁP{aﬁa dtérértRabh MIC3H10T1/2
obl'asts cells or nuscle satellite cells wth
' : . ( . . U Lanes.
and P8 GEIE, ol ERaRR. 71585, Thele reftrdicis L IRICST:

. obl.asts tp adi pobl s:.triggering effects of fatt
mc%oagtei éfr?%’%%ﬂp?%\fﬁa&is@ﬁi@rgg’?rg&agl andi ns Leukot d
Essent Fatty.  Acids, 57(1).71-75 (1997); Teboul etf.

[003B] | Thilaf@élt@nﬁe@%Fr’]%éﬁﬁﬁafzq*%@fﬁﬁgaaf@)éﬂpoe apay bé
myogeni ¢ cells into adipose-|ike cells, J. Biol. Chem
enlEroed withoaamust od peroxigones pioliferatosactivated speapiorgamma
hereby incorporated by reference as if fully set forth
("PRARegamma0s1ah S&hBR| 49648 (rosiglitazonen ShttilehandiSeuwed, Bone
anmount of fat content may be produced by seedi ng and
moggshogénbtic prgeimEsireulatds sdipogermd tiffecoritiatior bf meaenahymal
certain 54367-5001. SG00/ LEOAL16956895.1 -18 rati o.

preflifseF Balid medyherdit with BRIL| 206589 Resiglilzavks), FEBS Lett,
differentiafe initially into nyoblasts and then at a

4754?*:?6112&?20 FAH rdrBieadelid H%r{é??iir%b‘?éorg%ﬂ BPrtsidfde Ak if

erent ‘concentrations and erent exposure tines

t -di.fferentiate the nmyoblasts into adi pocytes
fuuyage%%gﬂ;%@gé'awrtherm)re, the gromh of mnuscle cells

[0035 c;ﬁ: rlﬁ%:ebaingq%@ﬁgn% ?%tﬁéég a’r?é’y é:\?er}]t be {nldiuggd thﬁans-
differentiate into adipoblasts (adipocyte precursors) by treating myoblasts cells or
muscle satellite cells with long-chain fatty acids ("LCFA") or thiazolidinediones, or
both. Grimaldi et. al., Trans-differentiation of myoblasts to adipoblasts: triggering
effects of fatty acids and thiazolidinediones, Prostaglandins Leukot Essent Fatty
Acids, 57(1):71-75 (1997); Teboul et. al., Thiazolidinediones and fatty acids
convert myogenic cells into adipose-like cells, J. Biol. Chem. 270(47):28183-28187
(1995). These references are hereby incorporated by reference as if fully set forth
herein.

[0040] Thus, meat products with the desired amount of fat content may be

produced by seeding and co-culturing muscle cells and adipocyte cells at a certain
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differentiation factors. For exanple, if less fat
cells are desired in the final neat product, |esser
concentrations of BMP factors may be added to the
culture while a higher concentration of PG-2a, and/or
insulin may be added to pronote nuscle cell growh.
EXAMPLE VI1 [0041] Chondrocytes or cartilage cells nmay
al so be isolated froman aninmal's knee or rib cages. -
ratidJs Altgrnativell sste recdiisinaelse atiowed to diffeceritiatebnitiatly intd
di ssected tissue fromthe knee or rib cages may be

mydBIaRs dnd Ih&reat 8 thtdd firffle, ICOFA 20 Bflaglidirationgesiay beiddded at
conpl ete nmedium The cells nay then be differentially

Ry e e
myc%bi%ﬁg ﬂﬁng fijg’é)%g & Rajy c?égécifefig Suﬁtﬁ%rmg{ég \;?\t/\e g(&ftﬁ ro?gﬂldécletéé‘ﬂs

j ec ear stress a
escrjbed in U. S . Patent : 928. 945 entitle
and 55 il b regttasely rytiisertog EangentiaiBiel s Brawtp ancl
.. Chondrocyte StemCells to Praduce Cartil age," ich is
differeptialipni fAetorpof at @@weflgfeéﬁ Aceligdire dopieq {n tBEdnaDmeR!
herein. [0043] Chondrocytes may initially forma first
produgfelesesr congpotratians| qfsBI\%Fn‘ factotsinay bgiadsedite thg culture while a
scaffol d. Myobl asts or adi pocyte cells, or both, may
highereonbentratimadd P Grizpandier insulinimayyhecaddgbio pramote owscle
to the desired size. As such, the 54367-8001 .
cell g®Oth EUAL 16956895.1 -19 chondrocyte | ayer may
provi de additional adhesion or growh factors to the
EXAMPEEeviicel | s. EXAMPLE VI [0044] Muscle cells grown
nvitro differ fromnmuscle cells grown in vivo in

[ooAgggat i ”C%bﬁ%&ﬂjéi?%aﬁilégé@e@ﬁa?%l@d‘&é fdobRte® frohPSY

vements. es ar
animal's knee or rib cages. Using similar techniques as described in Example |,

dissected tissue from the knee or rib cages may be minced, digested with
collagenase, and washed with complete medium. The cells may then be
differentially plated to increase the purity of chondrocyte cells.

[0042] It is known that chondrocytes differentiate in response to mechanical
stress. Thus, preferably, the cells may be subjected to shear flow stress as
described in U.S. Patent No. 5,928,945, entitled "Application of Shear Flow Stress
to Chondrocytes or Chondrocyte Stem Cells to Produce Cartilage," which is
hereby incorporated by reference as if fully set forth herein.

[0043] Chondrocytes may initially form a first layer of support cells in a
three-dimensional scaffold. Myoblasts or adipocyte cells, or both, may then be

seeded onto the chondrocyte layer and grown to the desired size. As such, the
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used in vivo, nuscle cells, in linbs for exanple,
contract and relax in accordance wth the novenent of
the linbs. Hence, to nore closely mmc the growh of
nmuscle cells in vivo, the cells grown in vitro may be
exposed to an electric or oscillating current, or
pul ses of electric or oscillating current to contract
the nuscle <cells. Electric probes may be i nmersed
chondirecytd ayen hiayrrowediaaditiond hdhesiomar growth factors.to the muscle
Al ternatively, the support structure may be coated
celdi th electrically conducting materials. Exanples of
el ectrically conducting materials and a nethod for
EXAMBLE Yl hem onto the support structure are described
—Tn US. Pa 5,843,741, entitled "Method for

erin t Rﬁ\;\;ﬂ.g
[0 1Is ogr;!\/l&&eF Péc%g ’r%ﬂ@a'(ﬁg |ng g&@)@/%eelrl FNNO n
cor por.a ed by referenc f f
thaf 1 G pell oi‘zk%{f*g%e%?eeef ﬁ?fvg@éxéwsﬁt% A ﬁﬁ%?'ﬁata e
useﬁslﬂt&;)O y o?g?qdqlﬁeggej(gglrrbl% el g\% r oduc Fqlﬂeg%( mvaccordance
intended to limt the |nvent| on to these exanpl es.
with the meuerseabel thadimise dieriaenép mede closabyiminig thengrowth of
exanpl es above do not depart fromthe spirit of the
muscie eetls dnvivo, 316 6ZHSQEWN BOGIDE NEGAE 69B5Sd30 BN-electieiar

IS CLAIMED I'S: 1. A non-human neat product for

osdilfatiag wpirent) op patdes f elactric g esvillating campnt i comttabtthe muscle
steps: co-culturing non-human nuscle cells and one or

cell8DEediAe pFobERMay Bk liMnfeRs&s inksl e QUMurd e ttpdeliver mild
consisting of fat, cartilage, and bone ex vivo;

curﬁﬁﬁ rﬁéﬁ@e oﬂﬁLQJp?Bﬁ%tﬁt%{dré ndy Be @o&fé@‘wnﬂf electncallyh

I mens onal upport structure; and grow ng t

con%@ﬁ&r?éj miefriats OB xhiBIeR RS dtrichify Loht L il mBIREHE Sndta method
for coating them onto the support structure are described in U.S. Patent No.
5,843,741, entitled "Method for Altering the Differentiation of Anchorage
Dependent Cells on an Electrically Conducting Polymer,” which is hereby
incorporated by reference as if fully set forth herein.

[0045] The preceding examples illustrate the procedures for producing meat
products ex vivo. They are intended only as examples and are not intended to
limit the invention to these examples. It is understood that modifying and

combining the examples above do not depart from the spirit of the invention.
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human nmeat product. 2. The non-human neat product in
claim1l wherein the support structure is present in
the final nmeat product, and wherein the support
structure is made froma non-toxic biomaterial that
Is safe for ingestion. 3. The non-human neat product
in claiml wherein the non- human nuscle cells are
skeletal muscle cells. 4. The non-human meat product

WHAT IS 6LAIMEDBHSr ei n t he non- human nuscle cells are
derived fromanimals selected fromthe group

congi st iAgon-AlinAAFBASproBLEIdSr constigstion! pre@udePbyh @Bocess

reptiles, and anphi bians. 5. The non-human neat
comprisigtheisieRs:ai m 1 wherein the non- human meat product

| s substantjidlihy nbhfirtdrPMuleietetb afti Uneirdhore non-human
g jT[ﬁ"e hon- d

cont am nat 1 on. uman neat pro uct in claim
cells sefested fiomitbe goouhconsistingsafifat, caitilageapod hone lexneivo;

nmuscl e stemcells, and the ste f. grow,n he .

non- hund 6%93‘1% °8f°é‘ﬂPEeJ ?esl,lsscoéﬁ%%t‘ggég'\ggh@eép&ﬂ%sé?q%g
suppBf shature@iy muscle stemcells into one or nore

di fferent types of non-hunman cells. 7. The non-hunan

nmeat pr GaeWingithe spaded eelifRt hesuarRertRIHICIHE AR RTAAYEE &NoN-

hurﬁﬁﬂ hﬁgaflgpgo(g,@g or nore non-hunman cells selected from
the group consisting of fat, cartilage, and bone have

been exposed to an electric current, wherein exposure
to sai d2el eciThedosdiyraan mgal @sodist in elgim A whateindae support

s B ko AR A AR AN RO sl S0
madéd ronpa nbpHtexic biombatprialthat isisafe farimgektioher ei n t he

support structure is renoved fromthe final neat

\%2?:::;3( ge gﬂgﬁﬁ%?ﬁuhrhjgﬁ hed %trocpuranugltairr'l 1 v%eariem the non-

human muscle cells are skeletal muscle cells.

4. The non-human meat product in claim 1 wherein the non-
human muscle cells are derived from animals selected from the group consisting

of mammals, birds, fishes, invertebrates, reptiles, and amphibians.

5. The non-human meat product in claim 1 wherein the non-

human meat product is substantially free from harmful microbial contamination.

6. The non-human meat product in claim 1 wherein the non-
human muscle cells are non-human muscle stem cells, and the step of growing
the non-human muscle stem cells comprises differentiating the non-human muscle

stem cells into one or more different types of non-human celis.

7. The non-human meat product in claim 1 wherein the non-
human muscle cells and one or more non-human cells selected from the group
consisting of fat, cartilage, and bone have been exposed to an electric current,

wherein exposure to said electric current gives said non-human meat product a

54367-8001.SGOO/LEGAL16956895.1 -21-



structure conprises cartilage derived from
chondrocytes. 10. The non-human neat product in claim
1 wherein the one or nore non-human cells sel ected
fromthe group consisting of fat, cartilage, and bone
conpri se non-human cartilage cells. 11. The non-human
meat product in claim10 wherein the non- human
cartilage cells are positioned between a support

textaite that iy @omnsintilae towsaturdilyroecurringaheatcel | s. 12, The
non- human meat product in claiml wherein the non-

Sl et o 11 ofremengRuY s erdiel T g e ER e syppor

strufifte RO REn NRIdEfT 61§ IS fiflaltraeamsrbdadctcal stress in the
formof shear flow stress after seeding. 13. A nethod

of produyci ng non- hunman neat oduct for .cons tion
conpri sithg tﬂgew@ﬂym%mﬂ?ﬂﬁ%g'%ﬁﬂ'ﬂh&mf?fﬂgﬁgéupp"”

strueflirk TofpisB8 Baffladd&rivearirdiH BRBndieeltes. sel ected from
the group consisting of fat, cartilage, and bone ex

vivo; seeding the co-cultured cells onto t wo-_ or
t hr ee- dilRens THA&AON-RM#H eat Pregiict eclaigh 6\)0;1}?(53'{‘%9 one or

mor%el’?&?-ﬂur‘fﬁh'céll@?elb@@gsﬂﬁ?ﬂ% gﬁﬂgu&ntnﬁfsﬁné%_f t0&utfiR g8, and
non- hunman nmeat product; and renoving Sai d support

bonet camspriseenonshigmen cadiage ealtshod results in a non-hunman
nmeat product for consunption. 14. A nethod of

pr oduci a n- . . .
54367 5001 OO0/ CECAI S Bes EPAHES if Gim 10 wherein the non-
human cartilage cells are positioned between a support structure and the non-

human muscle cells.

12. The non-human meat product in claim 1 wherein the non-
human muscle cells and one or more non-human cells selected from the group
consisting of fat, cartilage, and bone were exposed to mechanical stress in the

form of shear flow stress after seeding.

13. A method of producing a non-human meat product for
consumption comprising the steps:

co-culturing non-human muscle cells and one or more non-human
cells selected from the group consisting of fat, cartilage, and bone ex vivo;,

seeding the co-cultured cells onto a two- or three-dimensional

support structure;
growing the seeded cells on the support structure to produce a non-

human meat product; and
removing said support structure;
wherein said method results in a non-human meat product for

consumption.

14. A method of producing a non-human meat product for
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consunption conprising the steps: co-culturing
non-human nuscle cells and one or nore non-human
cells selected fromthe group consisting of fat,
cartil age, and bone ex vivo; seeding the co-cultured
cells onto a two- or three-di nensi onal support
structure made froma non-toxic biomaterial that is
safe for ingestion; and growi ng the seeded cells to

coriuaibiion o@r‘rﬂﬂiﬁtr@lﬁé@téﬁsat product; wherein said net hod
results in non- human neat rodlﬁct for consun;g}tl
Buman

15. The cmtﬂ@&ng MoRrhiman museleicells andipne range;
cellsh@ It &P 8 th@??&% Béhdidthg rtﬁrfathké éj@»‘%ﬁh ®oheldxsvigsd

one or nore non-hunman ceIIs sel ecte fromthe group
consi st isegding thatco-adfurad cajls onima twoner theeerdinegnsienal

surfogEFlchla bt ot BFiAts i AALE Sl fson; and
ms?t p:r l@imggngitpf ?ﬁédeacb Cumems?-ﬁ? a n?ﬂmdUrmn tnleat product;
n ura 0 1IN, C
o 147t Whaten S Iatssute ing SpngrmaTymeRLBiogEl B o

Cor{sgnﬁﬁohncorporat ed into the non-human neat product
The nethod in claim13 or 14 wherein the non-human

rruscl e cells are derived from anl mal s sel ected from
the grou®- corddednethgddn claimie @, 14 fyrthgscompisiag the step of

exdo@#ﬁrthgr?ﬁﬂt I?Trf li”r@fsbieec%ysﬁg GHEPSH R on- ﬁ@maﬁ'?:%lls selected

erein the non-human neat
fromghedroip consistibg toifati cdrtilagey ard booertdhan eladtricorossiiaiing
arm13

nat i on Th hod | .14 .
curfE BT SIS e RRGtReor Qb PR BBl dinci e non-
hurfiahs fledit preuice 8ltéRureathat ishofd similaf togﬁalwan? ocberring meat.

non- human nuscle stemcells conprises di ferentl ating

t he non- human. nuscl e stem,cells one or,
di fferen®-t y be rgethpdin ﬁ{gﬁgﬁl 3 1A€gurther compnsmg the step of

adding nutrients to be incorporated into the non-human meat product.

17. The method in claim 13 or 14 wherein the non-human muscle
cells are derived from animals selected from the group consisting of mammals,

birds, fishes, invertebrates, reptiles, and amphibians.

18. The method in claim 13 or 14 wherein the non-human meat

product is substantially free from harmful microbial contamination.

19. The method in claim 13 or 14 wherein the non-human muscle
cells are non-human muscle stem cells, and the step of growing the non-human
muscle stem cells comprises differentiating the non-human muscle stem cells into

one or more different types of non-human cells.

20. The method of claim 13 or 14 wherein the support structure

comprises cartilage derived from chondrocytes.

21.  The method of claim 13 or 14 wherein the one or more non-
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20. The nethod of claim 13 or 14 wherein the support
structure conprises cartilage derived from
chondrocytes. 21. The nmethod of claim 13 or 14 wherein
the one or nore non- 54367-8001. SO00/ LEGAL16956895. 1
-23 human cells selected fromthe group consisting of
fat, cartilage, and bone conprise non-hunman cartil age
cells. 22. The method in claim 13 or 14 further
hurnanpeilsselgcted drom e group @opsisting) of faé, cavtilage,rend arec| e
cel.l s angd one or,_ nore non-human cells selected from
Comﬂ%seg?%gu@aﬂﬁa@?%c%' fat, cartilage, and bone to
mechani cal stress in the form of shear flow stress
after tip sedqiiengethodin cRin 186 1Efuither bmnphahgmi’elstep of
wherei n the non-human cartilage cells are 1503”

expasingden w&@n@rpmqsc@twﬁmﬂ@w maE RYHhY ﬁﬁr?eh%%'ﬁéted
frorﬁ%é% nl:éflcon-gﬁﬁmp% éiftll baé bél?ie % n%h&ﬁx@éleétféstshﬁ the
non- fuman cel

nmusc S el etal nuscl
forra48 shed0iow Sipesy afterdihe 696@89 s.tap 24

23. The method in claim 21 wherein the non-human cartilage cells

are positioned between the support structure and the non-human muscle cells.

24. The method of claims 13 or 14 wherein the non-human

muscle cells are skeletal muscle cells.
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