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produced by in vitro cultured and eygggied self-renewi ng colony formng
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ti ssue-engineering therapies; particularly, methods of using and/or
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Field of the Invention

[0001] The present invention relates generally to the generation and use of in vitro
cultured self-renewing colony forming somatic cells (CF-SC), and compositions produced
by such cells, for the treatment of a variety of diseases and disorders. One example of
such CF-SC are adult human bone marrow-derived somatic cells (hABM-SC).

[0002] The present invention also relates to manipulation of CF-SC cell populations
during cultivation to modulate (i.e., up- or down-regulate) production of various soluble
or secreted compositions produced by in vitro cultured and expanded self-renewing
colony forming cells. |

[0003] The field of the invention also relates to cell-based and tissue-engineering
therapies; particularly, methods of using and/or administering CF-SC, or compositions
produced by such cells, including administration via incorporation in, or mixture with,
pharmaceutically acceptable carriers (such as a pharmaceutically acceptable solution or a

transient, permanent, or biodegradable matrix).

Background

Cell Based Therapies

[0004] In general, there are two major options in using cell-based therapies to manage
and treat chronic and acute tissue damage in which the overall objective is the functional
and/or cosmetic restoration of damaged tissue. These cell based therapy options include:
1) Cell Replacement - Use of cells to replace damaged tissue by establishing long-term
engraftment; and 2) Supply Trophic Factors - Use of cells and compositions produced by
cells (e.g., growth factors) to stimulate endogenous repair mechanisms through release of

factors delivered or produced by cells without long-term engraftment.



Background Cel | Based Therapies [0004]1n general, there are two major
options in using cell-based therapies to manage and treat chronic and acute
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i nclude: 1) Cell Replacenent - Use of cells to replace danaged tissue by
establishing long-termengraftnent; and 2) Supply Trophic Factors - Use of
cel | s [605] conpoieli-oased pherdposid bptians| ins nfasaging yrdodeRting disshes flapage also

stinmul at e endogepous r | r. mechani s t hro r f t jpered
or produced’r?fﬁgtcﬂﬁel gos\ﬁi%ﬂﬁ&lfpr IUB?IS?tagﬁﬁ) Oﬁlérogg{l lr%ﬁ{‘quscg\]&o ol edtohdt
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managi ng and treating tissue danage al so present the possibility for use of
gut oljogous fagtorglor paemeiais:icel | s. Each of these have certain advantages and

| sadvant ages; f. gutol ogous cells involves the follow ng factors or
parameters: Pa:f%iglﬁlgtllsgl%t Og8gonor; Requi res manufacture of cell product on
a pati ent]:by-T)?tRequgei)ﬁnah@factuMadﬂcahipkdduyt oma phent-tegntatient,bapisy i t y and

pot ency of ce roduct; and, . . Lag tine between clinigcal decision to
treat and avail a qa,btlsty&théﬁq%ltx,@préfyrg}%mt%qyp Fggﬁ@fl}lﬁ; trast, the use
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second party (i.e”, donor is not the patient); R sk associated wi th donor
vari alppooe]y; In contrast, the use of allogeneic cells involves the following factors or
parameters:

»  Donor is second party (i.e., donor is not the patient);

»  Risk associated with donor variability;

« Multiple patients treatable per manufactured batch of cell product;

» Increased consistency of identity, purity and potency of cell product; and,

s Decreased lag time between clinical decision to treat and availability of cell

product.

Organ and Tissue Repair

10007] The regenerative potential of certain tissues in the mammalian body has been
known for centuries, for example tissues like skin and bone are known to repair
themselves after injury. However, a number of conditions and diseases of the central
nervous system (i.e., brain and spinal cord), peripheral nervous system and heart
adversely affect humans because of the deficit of regenerative capacity in the effected
tissues. These conditions and diseases include, for example, spinal cord injury,
amyotrophic lateral sclerosis (ALS), Parkinson's disease, stroke, Huntington's disease,
traumatic brain injury, brain tumors, Fabry Disease, heart diseases (such as congestive
heart failure and myocardial infarction). Clinical management strategies, for example,
frequently focus on the prevention of further damage or injury rather than replacement or
repair of the damaged tissue (e.g., neurons, glial cells, cardiac muscle); include treatment
with exogenous steroids and synthetic, non-cellular pharmaceutical drugs; and have
varying degrees of success which may depend on the continued administration of the

steroid or synthetic drug.
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I ncreased consistency of identity, purity and potency of cell product; and,
Decr easeawbaglrisnasbet ween clinical decision to treat amdTasailiabissity of
cell product. O gan and Tissue Repair.40007] The regenerative potential of
certain tissues in the manmal i an body has been known for centuries, for
exanpl e tissues |ike skin and bone are known to repair thenselves after

i nj ur 0008 wev er ,Foa exampler thefmajerifyliof ispinel eaid injpdessae §oppresyan éféWt“Tfsa‘f’lﬂhg’Fvous
system (i.e.. brain and spi.nal r: 0US4S rt
adver sel y é?qlglﬁngnﬁ??ﬁ%énvgg\glé%g 8 gw% ﬁrgg%g#lﬁplg:sf %%ef E@%%e%@?’a??%émctg%ggﬁs in

the eff ect @gatmh&S4IRS spihilesed &g ihtlads thepdedhteastadditiaialidginalfcord axamblye,
spinal cord_ injury, anyotrophic lateral sclerosis (ALS), ParkiAﬁson' )

di sease, sthhgieallHgiabilizgiothessring dyeugh SPEgiGRh 130 Il‘ﬁna‘flﬁf_)glF?llj proge ‘E‘Fsafl?fl by
tunors, Fal}ﬁ%})ﬁn%‘?ﬁéﬁjﬂaﬂ%?ﬁ%&yqéﬁ)%ﬁ&e@itﬂ SiFdlaAsnégngestive heart failure and
inta n Nt c

myocar di al retion). al” managenent stratégies, for exanple,

frequepsd®yy f ocusAdditiéradlyprgingnisi ommajbr negither calapaget oo neajlyreveryatoremonhan

repl acement or repair of the damaged_tissue. (e.q,, neurons, glial cells,

cardi ac nugksease a %Epaﬁémﬁét%gaﬁ%e\ﬂf the %%@iﬁ@ggnist(éfuratgf%smﬁ‘r#&g%?ﬁ?tf?&q%c,

non-cel | ul gﬁm@hggsﬁ@q&ﬁﬁdiﬁglm&@ ki HnB kR, badiy, MerIRANEE hek, FaCIafise,
epénd on the ¢

whi ch may ntinued adm nistration of the steroid or _
synt heti c dnusgle, ¢\De20d.1/ AEUROBPET/hiS20¢ddy0B8U1E B§BOIBEFRPaciRanplcetainhe

majority of. spinal cord. injuries are,c ression injuries wth t .
remai ning ¢H3 ?#\ﬂ?ﬁ VoY ljéot;&ﬂv@ gotqeﬁﬁggp‘f"i &5 t]tS% 3 gbainhtglilang?)r%‘? i ent
t her apeut i GuddheALAE M Snfodf ev2B e A8¢1FhelRELINY cbitgt BER(L he prevention of
addi tional spinal cord injury 2% physically stabilizi n% t he spine through

sur gi §@010and norFhsisr gieralis pr meedivp edevalop bowi mmprsived mpdt pEegtive methedy

negat i ve coBBREREoRd sty B ma ek A i B TR R R and
one of the apeirflgieBldegdiRpiiive @6ndifio@binMniafs.a degeneration of nmany tissue
i ncludi ng those of skin, bone, eye, brain, liver, kidney, heart,

vascul ature, nuscle, et cetera. Furthernore, the already limted
regener at i VEViPEgRESESy of certain tissues of the body is known to decline
wi th age, tissue nmaintenance and repair mechanjsns in alnost every tissue

decl i 1801 er t hdlapaipraetiss calls i a hegthydyumansor qthesrammakdg,pfprigagiyhayve g
new, i nproyed d effecti . t I :

conditi onstﬁn?lﬁe%gglrl%{tecu %I}ft!r%rﬁ%%%% %[?lcélr Ig(ﬁgé\{:ggfﬁh? hg{egﬁegggggagéséﬁgﬂw loss of
age-r el at ed]stROERERE | otBerdRdior | 0BgpleméntatesupplyEsty bloodpoombingd with limited

E)?g}ﬂi# rstsggp?lli;%;fcdo%gll‘ Ibisoold,n elﬁai?seﬁllaE gl%th%%g%‘gr glghag}:igg,r mggl%lngfj gr geonterating
red blood supplies in vitro are quite desirable.

[0012] Blood is a highly specialized circulating fissue consisting of several types of cells
suspended in a fluid medium known as plasma. The cellular constituents are: red blood
cells (erythrocytes), which carry respiratory gases and give it its red color because they
contain hemoglobin (an iron-containing protein that binds oxygen in the lungs and
transports it to tissues in the body), white blood cells (leukocytes), which fight disease,
and platelets (thrombocytes), cell fragments which play an important part in the clotting
of the blood. Medical terms related to blood often begin with hemo- or hemato- (BE:
haemo- and haemato-) from the Greek word "haima" for "blood." Blood cells are
produced in the bone marrow; in a process called hematopoiesis. Blood cells are
degraded by the spleen and liver. Healthy erythrocytes have a plasma half-life of 120
days before they are systematically replaced by new erythrocytes created by the process

of hematopoiesis. Blood transfusion is the most common therapeutic use of blood. It is
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2011/ 150398PCT/ US2011/ 038445 usual |y obtai ned from hunman donors. As there
are differéiin bl ood types, and transfusion of the incorrect blood nay cause
severe conplications, cross-matching is done to ascertain the correct type
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red blood cell supplies. Skin [0014] There are currently avail able a nunber
of di ff er edipidarewt Rewlpeement P s of the skin such as epider nal
repl acenent products, dermal replacenent products, artificial skin
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treatment of burns. Cells are co-cultured with nouse feeder cell line into

sheets of autaddgnyegpidepnider nis. [0016] According to the manufacturer,
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ti ssue of individual patients. MYSKI NTM cor}ﬁrﬂ{dses a |layer o] ker aéeitdgft?c tes
(epi der mal wesrs 8nd ethenponrdhgalingeyowutsy MY SKIREY coninsdiipg ol Sopn t he
transfer of,cells i . e I{ﬁ}’mc L-pidd gt i ~ﬁ@@§{gl\rl'M
uses a rrediﬂcizgllll%lrl%dge}{ g?‘*%g%%lgggﬁ%lgréﬁg ayer%?rgbgllsj%pgr ?ayggﬁﬂ ggﬁa}lvery,s
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manuf act ur ecreIls IiEnI?l) ?Eg(l-v“c(lugclivb vxgh%)r(e Elggrc%g?gittig&asheléhgg. Wﬁ’uses a medical grade
silicone substrate layer to support cell delivery, wound coverage and allow exudate
management.

[0017] According to the manufacturer, EPIDEX™ (Modex Therapeutics Ltd, Lausanne,
Switzerland) is an autologous epidermal skin equivalent that is grown directly from stem
and pre-cursor cells derived from hair taken directly from a patient in a non-surgical
procedure.

[0018] According to the manufacturer, CELLSPRAY™ (Clinical Cell Culture Europe
Ltd, Cambridge CB2 INL, United Kingdom) is a cultured epithelial autograft suspension



Switzerland) is an autol ogous epidermal skin equivalent that is grown
directly fromstemand pre-cursor cells derived fromhair taken directly
froma pawvDent1/ism9a non-surgi cal procedure. [0018] Accor @#Cm@ S 1088345

manuf acturer, CELLSPRAYTM (Cinical Ce§l Culture Europe Ltd, Canbridge CB2
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The dermal DeplbReecdmdnayesdics made of a porous matrix of fibers of
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(chonqo®igyi n- 6- sadchatiey tbhae rmanufanudescINFEGRW Y hDarnead nR egenkmtiopcFasplaty and
defined degradation rate. The terrporar% epi der pal EUbSt.iftHUte lln%%% i% made
of synt het i(ntema fifieBeignges Gosparaden. CLamsberh Nevalsasey) ia PisT 1§ Sgirem

noi sture | ! . I g t Y @F fib&kVes
as a matri )%8 1?5013;115? é&({éﬁ}ﬁ:ﬂfr@l gtdleg);ﬂ%o 811?1 %%?%EII stIi rérga hﬁgﬁgggﬁ’gg@g,mﬁ hocyt es,
and capi | | aficessdked dvihe aendoheollagemdanided gly[comhcﬁgiwmnonchgldroitimgsulfate)

f act . DERVAGRAFTTm (.Ad d Bi oheal.j . Jol |
A1 ogene o BoPRIFREREH A0t Soroirlish RororBad ddhrd Sabelon il Jhe
i ndi cat ed ft%p%ﬁ&ﬁ%_rﬁﬁ%qﬂ?ﬁﬁﬁﬁk@ﬁ%@ﬂ i6 mki6 8F SynthQRZIAGIE R4 pidyrhér (slicone)
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Bi oheal i ng chfiflariedderidRll Fdm G6 wirHd bd. TRANSCYTETmM i s a human
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synthetic epiderm s when the product is_applied to the burn. The hu
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fi br of0@RH - der i eagordingtsr the yaskfagtuseroBERMAGORTS (Tigwe Seianggbabogatories, Inc.
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RENGRANEXT Mefeais WHREK, RerelvtiliglantddHia tirelaendn waly, islnon-alle)gembtdbdMdhg-labihgd is a

Topi cal wound care product made of reconbinan in a J .
P [0022] Accopding to the manufacturer, TRANSCX}TPFIQ %Acivancedgﬁloheahng Inc., La

Jolla, CA 92037) TRANSCYTE™ is a human foreskin-derived fibroblast temporary

skin substitute (allogeneic). The product consists of a polymer membrane and newborn
human fibroblast cells cultured under aseptic conditions in vitro on a nylon mesh. Prior to
cell growth, this nylon mesh is coated with porcine dermal collagen and bonded to a
polymer membrane (silicone). This membrane provides a transparent synthetic epidermis
when the product is applied to the burn. The human fibroblast-derived temporary skin
substitute provides a temporary protective barrier. TRANSCYTE™ is transparent and
allows direct visual monitoring of the wound bed.

[0023] According to the manufacturer, RENGRANEX™ Gel (Ortho-McNeil
Pharmaceutical, Inc.© ETHICON, INC.) is a topical wound care product made of

recombinant PDGF in a gel.
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and dernmal conbi nation products) [0024] According to the manufacturer,
PERVADERMYO 20 Gzwsiavex Bi o Sci ence Wal kersville, _nc., WalPk&ruseoi1l088443vD)
PERVADERMImM i s constructed from aut ol ogous epi dermal and dernmal | ayers of
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nmanuf act ur eirty’mbﬁmﬂre@ﬁ%(@pngf@lmidsmql COR&WWFIPMQ%‘?X?E | ayer edg

construct nmade from al |l ogeneic epidermal cells and fibroblasts _cultured in
bovi nd0@d] | agen chnnﬂlla&t@d theyr memtpeturehi FERAALHURMS fambrgk u BA t MFEACT

reports no.gv e ctaderiye A ents
treated wit 1?5?88@& ‘n§t’ é’lﬂ?rsygﬂlg M@ g?@g%@??% y?4 %88%%‘?%3%@#1?] r%lg olst he

nmanuf act ur @pide iehll fRATeTYAI(1S6r§ Bf the Neiphed,is Lidivas, fol\Bi2Nreatrdertiof sedrdbugdom

Al'l ogeneic epidermal cells and fibroblasts cul tg} red .in bovine coll agen,
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Seal ant (Baxter, Deerfield, IS in at ed for unc
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at 2 or 3 weeks, respectively.
[0026] According to the manufacturer, APLIGRAF™ (Smith & Nephew, London,
WC2N 6LA United Kingdom) Allogeneic epidermal cells and fibroblasts cultured in

bovine collagen, indicated for venous leg ulcers.

Wound Dressings

[0027] According to the manufacturer, 3M™ TEGADERM™ Transparent Film Dressing
(3M, St. Paul, MN) is a breathable film that provides a bacterial and viral barrier to
outside contaminants.

[0028] According to the manufacturer, TISSEEL™ VH Fibrin Sealant (Baxter, Deerfield,

IL) is indicated for use as an adjunct to hemostasis.

SUMMARY OF THE INVENTION

[0029] The present invention relates to the production and use of stable cell populations
and compositions produced thereby. The present invention relates primarily to treatments
involving use of allogeneic cells. However, it would also be equally possible to perform
these same treatments using autologous cells. The present invention also relates in part to
treatment of dermotologic conditions, such as skin wounds and immunological disorders
and diseases involving the skin.

[0030: The term "stable cell population" as used herein means an isolated, in vitro
cultured, cell population that when introduced into a living mammalian organism (such as
a mouse, rat, human, dog, cow, etc.) does not result in detectable production of cells

which have differentiated into a specialized cell type or cell types (such as a chondrocyte,
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during in vitro cultivation. Hence, self-renew.n on arm n
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"ext ensively expanded as used herein refers to cell populatlons whi ch



have undergone at | east about 30 or nore cell popul ation doublings and
wherein the cells are non-senescent, are not imortalized, and continue to
mai nt ai n wobeonarsnaB karyotype found in the cell speci esPoff/useigioss44f 0034] As
used herein, the term"substantial capacity for self-renewal” neans having
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term"substantially no nultipotent differentiation capacity” nmeans cel
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A " uni pot efte;CElIhrO vessl R} %Il &flﬁg@'ﬂagﬁgm‘ée blhen theaBanSX PRI calnge! |
whi ch has su stantlally no nmultipotent "differentiation capacity. [0036]As
used herei mondmbmreaiahﬂtameé)nsﬂmsw dxaomplaced 1ssbq&0‘$®bwaﬂl@’ foresclf-a¢rienitt iy t wo
properties: for self-rene he..abi
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undi ffer en@bﬁﬁ £ f ahRt & at 30t aBout 3544, %@%teo% I70%, 506,095, yﬂ%@h 1068% dtethe

capacity t ange into one or nore kinds of mature cell types and, upon
such changeéimewsqhiovdyor Suddl@ﬂgmubglowblrleg early edll rultiirg depklingg (sichas éﬁ{wﬁ‘ea
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pl uri pot entmeag&ﬂetdf F’@lﬁl%ﬂintlapéap&dﬁt}pﬁir%@lf-l@ﬂi@%’nistIﬁﬁln&(ﬁhh& offa Comsisdt baytemlf
stemcell"” is a stemcell of this sane definition but wherein said cell has

been der i vedpeatiobrakblers fimsmomedehehysieent audiaclpdvdh rapid g ofxpappladon pone
mar r ow, adi or cartilage). See, Horwitz et al., "Clarification of the
nonencl at urdgoﬁlorg MSC. The International Society for Cellular Ther apy

posi t i[eBs3t at eney usedQydréibNeeaRym "$abstantiallpmo ﬁult@ptenﬁ@ﬁf&&ﬁl&(ﬂ@ﬁ&ﬁpam@hd
references cited therein. [0037] As d@% ed herein %tﬁent nmea 1ﬁ:el S
whi ch can @&?@ﬁﬁe]éwpﬁl?wsowhléhlcpl% 9‘65%3"? %Hdn@(‘}‘f’ en% TRt SiPay OF GFLS
devel opnment in the organismof the cells origin. Totipotent cells are
typically produced by the first few divisions of the fertilized egg (i.e.,
foll owi ng fusion of an egg and spermcell). Thus, totipotent cells can
differentiate into enbryonic and extraenbryonic cell types. WO

2011/ 150398PCT/ US2011/ 038445 - 10 - [0038] As used herein, "pluripotent™
means cells which can differentiate into cells derived fromany of the
three germlayers (endoderm nesoderm ectodern) found in the organi sm of



[0039] As used herein, "multipotent” means cells which can produce nultiple
types (i.e., nore than one type) of differentiated cells. A nesenchynal
stem cel IWD20mmsesoanpl e of a nultipotent cell. [0040] As PUSab2018/0884n5

"uni potent” nmeans cells which can prodgyice only one cell type. Unipotent
cells have the property of self-renewal, but can change into only one kind
of mature cell type. [0041] As used herein, "normal karyotype" neans having
a genetic ethgomi vitrororciznyve.siAmy exampees sels vdfich He Asupisubstantial grultinpgent
structure typically found in nd .consi.der ed l. Is om
whi ch the ddfsrettiatbn GAPRYEG atey gﬁﬁ%j’ﬁ%w i Sty sPily %lc%ggr‘fhé@?%‘?@pﬁs‘@ﬁe‘%&i s
one of the piQydrcelly PRSI, B-bARUBlatistaldid/ eithéeiange dr imvivo adiroiten akample of
classifications (the others bei n? epithelial, nuscle, and nervous ti Fsgf%e).

Connect i ve ctlls sibechi doilaye|subsiantial sresinptent differentighan Separdy e MARTEHHAr ¢

and is usuall erjved fr S S j olo]gl j j "
i ncl udes t ﬁ%gb?“(el[jsi i§lﬁ $% gme r%‘eagéj’r%é &rT epdg’tlg%agﬁé%ég?@’e%f (Ssdgxeg (Rapsue
P_r oper ", [%gi%o@g)oé%s cantsid)ve Ihi sontest,, calsd itf earhyetlopbpulatiom extiitly ehave
i ssue". "Connective tissue proper" inc|ude | :

connect i ve "substgtallyyap drulipetgat éhf@gfi’i‘élg%% C@ﬁc{tﬁ'ef’"iig’%; ﬁ%&aré&??%%g?@@)’%(e
variety of pn I : } 1 i : | 1. vifeN tive
{Tssue prose ST R e e e A g g e ot ve
tissue) whipgdfefret n@nbddgasmnios thadinvemitonsa ¢ei0popligpeni with z&ubsganiiedyt noe

ti ssue" includes blgod, b : L .. adi. d j Gl '
{1 Seue. ReTFUUPaRBHIREVIS epadive § Srtindiiborikient 2Pt fF % SBRSR ne
col | agen, b!éﬁse ok 110094 hat thE Ofdhs@ins el caK§loptiafon TaBAPBE tindilted! tnpétedtsbly

organs (lynp noples, bone narrow, and spleen) [0045]"Enbryonic connective
tissue" i ndlifficterstiate s mithy walin covmautimeret thas wacagell fyreoud cwinsdent| gell or

tissue. Mesenchyne (also known as enb i C.connectiv i .S 4k SsS
of tissue tH@P‘”éBR,@#’S‘f}EtOﬁﬁ&% g al“rew{%&nr?e%%ld‘gﬂ‘ﬁﬁ?‘%%u r#aé@?ly %‘%@rﬁ}gﬁ “The
trilarni narg;@gtmadion chpLityan enbryo. Viscous in consistency, mesenchyne
contai ns col | agen bundII) es and fibroblasts. Mesenchyne later differentiates
into POOBSH vesselssysed| heoelny ditem egllbmpans a esHoorceshls erossesaing the (RIOWIRG dWRis

connect i i Do - :
ve ptrépse%?e%: (13) rc,agyc(i\'t(})futsor self-renewal, which is the ability to go through numerous

cycles of cell division while maintaining the undifferentiated state; and, 2) differentiation
potency, which is the capacity to change into one or more kinds of mature cell types and,
upon such change, no longer undergoing cycles of cell division (for example, capacity to
change into an osteocyte, adipocyte, chondrocyte, etc.). As used herein, differentiation
potency means the cells are either totipotent, pluripotent, multipotent, or unipotent
progenitor cells. A "mesenchymal stem cell” is a stem cell of this same definition but
wherein said cell has been derived or obtained from mesenchyme tissue (such as, for
example, bone marrow, adipose or cartilage). See, Horwitz et al., "Clarification of the
nomenclature for MSC: The international Society for Cellular Therapy position
statement", Cytotherapy, vol. 7, no. 5, pp. 393-395 (2005); and references cited therein.
[0037] As used herein, "totipotent” means cells which can become any type of cell as may
be found during any stage of development in the organism of the cells origin. Totipotent
cells are typically produced by the first few divisions of the fertilized egg (i.e., following
fusion of an egg and sperm cell). Thus, totipotent cells can differentiate into embryonic

and extraembryonic cell types.



WO 2011/ 150398PCT/ US2011/ 038445 tissue) is a type of connective tissue
found during fetal developnent; it is nost easily found as a conponent of
VWhar t on' swpebiwyi1s)®sgel at i nous substance w thin the unbi PCTaiS2@an8844hi ch
serves to protect and insulate cells_ijg_the unmbilical cord). [0046] As used
herein, "imortalized" refers to a cell or cell Iine which can undergo an
i ndefinite nunber of cell doublings in vitro. Imortalized cells acquire
such #0038ity t hrisugedgberetn, c"pluripogens” whdanh asils mivhigh ecanr didferentisiee fito tqgls

natural limt on. a cell bjlity ta continually divide. _In t .
"non- i nmor SlilYeije%"mc?é‘Vlozﬂier@I 8¥?TEE%’§P$?“’M%§RS‘ T &gtef %%@nf%%ﬁ Iélct%l Py
fromthe oggg%msﬁ{rbiatﬁgcgyg (;r;g*lﬁd invitro (producing a "primry cell
culture"), can undergo a |imted nunber of cell doublings before

senesE#30] ng (| dsiusgd abiein, 'yultipating] mednsasedls ahiehycanrprpdeseanpitiple BpPesiéey
| t f t t f | i - t i
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doubl i ngs pegpsngitrglion the primary cell type) before differentiating,
senescing, or dying. [0047]As used herein *long-term engraftment” 1rireans t he
det eci[@ﬂﬁ%la pr es éwcescdhegamoruninatens” meangrelly Whichi Gn(gpdus guy ongepll fpcyet
tissue to which (oOr;i ' j 2 e IV afid ShlvBcEkiha P
about 4 weekdP (}Q?Iétﬁe%gawﬂln%%?ﬁ %&%ﬁ%ﬁ%ﬁ%gghwﬁ%rg{a?gean abgm};@z V\I/eeks"
i ncl udes tinweurpeell 6ge. of nore than about 5, 6, 7, 8, 10, 12, 14, 16, 18,
20, and 24 weeks. "Mre than "abm 4 weeks" al so f’lncl udes tine peri ogls of
more 1004d] about A5 mesft Hisrels, e | kapotyBht Hacang Hhaang s eeRgIGSRTRgsiigy,
mont hs, 30 i , MRMEs AddAtheBRichfe tyRRABR] Thimdpine st
i nvention & sgflglggac?lg%lﬂ?%h{rﬂr&an?fgﬁleatl on of CF-SC and e.id&ﬁscg]cel I

popul at i onsombiddrednaual forathespedics find whatheth¢ icelds gre dprivask  down- r egul at e)

production of various sol.uble or secreted.conpositians produged b in
vi t ro[Q,Qj'!zl ured %?duﬁaplé‘?ﬁ‘a‘éd %‘EﬁantfvtgnéWﬁglsc&q%r@ t#‘%? n pgsepf {Ss%bs_ﬁfgﬁ%he
present i nygathom B SifichaRBRsitilatfonl §ikei ofedry bempapUREiLehbsdgpit ateions

whi ch are characterized by loss of ability to differentiate into bone cells

(ost eocyt esisyue).FEpnmectinp tissuetish mvphved émprganisanaridorrgam ptagcsre 2gd SYRROFSIDALS y

expanded cel |l popul ati ons which are,characterized by . w Ak i
gener at e C&F‘&lﬁn&ﬁb"ﬁgsﬁgi’@ RARACER 4P éﬁe‘ﬁﬁlﬁlgﬂn’oscto %%Cﬁ‘éiggfsf‘gge %glﬁlgﬁ ?ﬂ}?ﬁg,
i ncl udi ng ishdas Qonmitdag Ulefegréldt {0V at i"eBnriedtivd1@isflee prypes’, Obpdcittizedi pohasueint al

bone not phogen Noggi n (see Exanple 16)."(Nbuse and Human Noggi n: See, e.g.,
the U.S. NéssussiakhnCiembyronigreomiastise sy ogy PubMed Protei n Dat abase

Accessj Nos. NR 032737 .and NP 0054 r iLvel v :
Vval eni@fg‘:}&, et N&ﬂ%ﬁ? i‘éﬂ?g%rﬁe% Ugg%‘#ls/ %%@@glg& E’fgé)- c%ﬁg(ftﬁ)ﬁf%gﬁ%’?wlggt i on
of mammal i ARIdRQBEHN MAkpithsli€kPpRES had hada tvidtetychfl froteatacens fibred, endlydihg

Neurosci. 15 (9), 6077-6084 (1995)). [0050] The, present inventi.on al S(z
rel ates toceltasshgindelatiax Sonaedive dispueiipperatlicoingludes dense connective tissue (or,

fibrous connective tissue) which forms ligaments and tendons.

[0044] "Specialized connective tissue" includes blood, bone, cartilage, adipose and
reticular connective tissue. Reticular connective tissue is a network of reticular fibres
(fine collagen, type III) that form a soft skeleton to support the lymphoid organs (lymph
nodes, bone marrow, and spleen)

[0045] "Embryonic connective tissue" includes mesenchymal connective tissue and
mucous connective tissue. Mesenchyme (also known as embryonic connective tissue) is
the mass of tissue that develops mainly from the mesoderm (the middle layer of the
trilaminar germ disc) of an embryo. Viscous in consistency, mesenchyme contains
collagen bundles and fibroblasts. Mesenchyme later differentiates into blood vessels,

blood-related organs, and connective tissues. Mucous connective tissue (or mucous



characterized by the loss of ability to differentiate into bone cells
and/or loss of ability to generate cal cium deposits (as described above),
but wher evo 20di/1d0398! | popul ati ons continue to secrete, @CTBRMABSI4E he
ability to secrete or to be induced tqjsecrete, at |east one
therapeutical |y useful conposition. [0051] The present invention also
relates to cell-based and tissue-engineering therapies; partjcularly
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phar maceut iviiabh Yerd®ag pk@bétend @;hsulat@ébm lin ehetunbiticAtrbrd)per nanent , or
bi ode radable matrix). [0052] The Er esent inventj ongﬁg‘g ggﬁt es tqQ expanded

(i . e. [0046lvi t r o Aubsedrheeeinn ammses. gkl yrefertoen e€hey frigo an
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their nore differentiated progeny:. a caonparat.iv VeStlglftl on i énlsw t.r.o"

Cel | Ti ssudo Restimpyaiicdp; In30ayashe Rogymmgitaliz ag e SHEER 1+
mar r ow cel | t I T M préf&e; cell
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and/ or therapeuof celt oiqubh&gﬁt ¢deppading ene thenptimarycrelbeyps) sfore. didferangiating,
exanpl e, ABM SC or exABM SC) and col | agen may be conbined in a
phar maceut |SE%QSFI§‘ga‘?:rC Hi&bl e solution to generate conpositions in |iquid,

sem - 390474, or 9 iigkdl Hek@in f'UnFRefiRhElagR RNt T BEadSBe détébtabbéqmadeﬁce bfi doive
treatment, repair, and regeneration of skin disorders skin unds

such as burcals reshting wathin (araasepast olriargettissae 0 thlbﬁqulaﬁﬁl)lfh)[%t&f}l hwere
resent inveptio el ate f [ b red
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cells (exCF-SQ | es of such cells are. adult hunman, mar r, ow erlved
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i schem a, trﬁ@un@mamtd{tl@srandrxfshamhm on (such as, for exanple, heart failure
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prepar ed a§3 g@@&ﬁ%&gﬁnﬁ%{,}@aﬁgﬁ%?@dﬁlﬁ% Rii |ugn0%\lo%“gl0%§005 1§1mgb%rb
Appl i cat i orvabous @956 @y Rdoteted nbmdo&cpns pradyce@®ythe anwig. ®ltuF@1t@|dteXPanded
Publ i cati onelgjo 200400584 P’é Application No. 10/251,685, filed Sept.
20, 2002) THYING ﬁ%‘é’@yfj;‘ﬁ C%\lﬁpl i cations are hereby incorporated by
refer jt | o gyl n t h:ﬁ’}{ S}ﬁ'?s‘ehf ﬁf\%ﬂtldnnalﬁfifelldt@suﬂoaé'xteng:w@cé)d At & fopamisnsahiche

popul of ¢ for exanple, from bone marrow, fat, skin,
pl acent a, s charactaribid b}zdbsscgff abikityo 6ul diffarentitm énfpi honet gedls eyteegyiesyul Kair ed

under | OW ox gﬁpf %gglﬁﬁt‘?l f IQt{(Wge@ﬁesgs Sextterqggel? te%m%hg Lhif %0&“&1&1@%&?&e at

| ow cel |

aryoti

characterlzed by loss of ability to generate calcium deposits when cultured under
osteoinductive conditions, including with or without cultivation in the presence of the
supplemental bone morphogen Noggin (see Example 16). (Mouse and Human Noggin:
See, e.g., the U.S. National Center for Biotechnology PubMed Protein Database
Accession Nos. NP_032737 and NP_005441 (respectively); see also e.g., Valenzuela, et



mai ntain an essentially constant popul ati on doubling rate through nunerous
popul ati on doublings. After expansion of the CF-SC to an appropriate cell
nunber, twe 2CH/1ISG9say be used to generate the conpositi @a3/uskoiiioss4ps esent
invention. For exanple, after expansiqp_of the CF-SCin vitro for at |east
about 30, at |east about 40, or at |east about 50 cell popul ation doublings
exCF-SC may be used to generate conpositions of the present invention. In
one enbodi méntldSRifRGtiandf exe@Endien mgginsad itsrexprassipn ég Bietadub\isHHoUs AYSiER e

derived frombone . w (and ar erred to herein as ABM SC and

exABM SC, r]gyfjfgé’tv‘f’\% W’. 64@0@%‘?(@?@1}0& ment of CF-SC and exCF-SC (such as
for exguseje, ABMHSCHREhtXABMORCalsh CRRAES ity &ix¥ansivaly es@thded delie pprasiams
invention, is an isolated cell population wherein the cells of t?e_cel I

popul at i on charaeterizeskley R4 ofrtnltpondiffesentiate iatobansecelaprd/poloss at 3ty to

mai ntains a doubling rateg of. | ess, th 3 af . about
S0 a1 eaderstia, PR Epdits) ESoLGRR MR e Bt Wi 8 gl pRfludkoy
[ 0057] Anot RehtigrEhedicsr opalHtaibGhantsiliaxorseSEtd stwhbeamdiicnd toxacmptegat 1Bt SC

and exABM SC, respectively as used in the present invention, is an
i sol at ed c@nﬁtwpﬁﬁﬂlbﬁlmﬁ@pﬁw%-cel s of the cell population

- CD49 f : ifSrigg! -f
R (T3 %e%@sgpt @gﬁt?a@g& KIRee 1§ Ebil-pakh aﬁagﬁgﬁ%@g A tRGhRes; f rom

t he group’consi st s-1 anti gen,
2011/ 15039 R&@tL14820 1ivethivd4 461 - usidg - afdiet addnZnisteringg|@bECI mndard CliHEr.eion t he

cell popul ation maintains a doulli rate.of less than about 30 hours after
at | east alsempogiponsprodugas b&%@} ceg%; “'éfﬁudal’tlg PERLYSLANOT: V1&g AneOEP YA T &F i on

doubl i ngs. M%@%ﬁ?ﬁ%ﬁfé&%@ﬂw@&pt%le Chirets @Béh ?gg\]ﬁ?a%gaéeiﬁ@ﬂlya&céﬂéble

exanpl e, A respectively), as u n the present
i nventi on, sblitian ot s thatied, pehngwper kaedegradablemedtrixt. he cel |'s of the cell

popul at i on co-express CD49c¢c and 0, ,but ,.are negative f.or_.expr I f
cel | $U¥2ce pr E[E‘Si Rregest 1 Bventinn %r Eslafes fe %apg%orgh‘f'atl? oﬂﬁﬁaf‘ﬁfuz"f‘ﬁs% ng
doubling r E%agéd)lﬁﬁseﬁéﬁﬂe%b&w&@ SQUpolatRins avhitieasd pRIZaHbly IHgatirte foeast
about 40, or at l'east about "50 cel| population doublings. 100591Anot her
embodi ment eppreGiorsal thed THXGH- @ susfacchmarker.o Sea egwphtewanphrbC ke -4 xHBYF sc,

respectivelyy) u in invent i LS. i
opal at i on 2GR SRaon ad SBR 2ot ERAF Af Pl Bl b EbEtaiytomal g
and one or B &nd Shdir flérd AErBItRERI Pogel):er tedpirave idvestigationp isomse'sCelhg of
CD44, HLA dass-1 antigen, and 13 eta) 2-M.croglobulin, but are neg

bé@: A

ive
for expresdisne descePP3 Sgp:Pa2E) B8 ennisy g6 Ao Hes § TR L& apgrrow tel
popul ati on_nmai.ntai ns_ a..doubl.i;n t .30 soal:ter,;at
| east aboutpogbl?ﬁ%rf 15 Igglgpogggééﬂt %B?trgsrs Qg’astd)%égss} tzﬁg%(:l)z@&%goﬁg%%%g’ogﬁj gfﬁi %n
doubl i ngs. 47] 0068khtidMoiddercharoreizamk of HimaBC chmdgeniCFoSeblflssic prapsnit@s
exanpl e, ABM SC and exABM SC, respectively), as use 'in t he gr esent =
i nventi on, imguaasqlegivdiren el bopmmaray Srotihesing RTRRs! @qnoglogel anfibody) §
popul ati on r ! akeins selected fromthe group consisting
of sol ubl e%’?ﬁgthgﬁlr%]rsﬁg'é%g %@g@ggiﬂ 1B and 1C, and wherein the cell
popul 30033) nai NtRhensresend darzntioy alset elads toesmntfaatrebodiisS0f phamsacaiticatly at

Lgﬁ;f i ﬁgg?tacge%tab?é cl)r%ggstitigl%oggmzﬁgihgOéF-%tC lar? Se%C?—%%J t(fo?%xgr%lple, B\%l-é’é 'and
exABM-SC) with additional structural and/or therapeutic components. As one example,
CF-SC or exCF-SC (for example, ABM-SC or exABM-SC) and collagen may be
combined in a pharmaceutically acceptable solution to generate compositions in liquid,
semi-solid, or solid-like forms (matrices) for use, for example, in the treatment, repair,
and regeneration of skin disorders (e.g, skin wounds such as burns, abrasions,
lacerations, ulcers, infections).]
[0054] The present invention relates generally to use of self-renewing cells, referred to

herein as colony-forming somatic cells (CF-SC) including extensively passaged colony-



[ 0061] Damaged tissues and organs may result from for exanple, disease
(e.g., heritable (genetic) or infectious diseases (such as bacterial,
viral, amof20ng@b3gnfecti ons)), physical trauma (such a®COrSREL1/038445

| acerations, abrasions, conpression arngsi.nvasive tissue and organ injuries),
i schem a, aging, toxic chem cal exposure, ionizing radiation, and
dysregul ati on of the inmune system (e.g., autoi mmune djsorders). [0062] The
pr esent iné@mﬁhgﬁmenﬁbﬁﬁ§é§é§¥§ﬁé-@@émékseﬁﬁgé<§H83§%@PH§@“@§ﬁ@HSH?HP3F

exanpl e, ABM.SC and_exABM SG...&spect i v Jan GBS, . td figd
protein frdEtiohs" Eiper %ﬁgxrﬁl\é%g‘f% %‘—’E@Uﬁét”g&&éQ S%QL’ g%%ﬁ%& Mr%d}"logl? and
fractions efaerllicsSupeinatiantss deriBMMEEy 6m GE-iSGamenexChaStschndidisoded
medi a. In one enbodi nent of the invention, the above nenti.oned corrp_oqf,rgts
may be contsissedrsi pAtticslacdyndissaigs ethd WIFDETE/ TYOBOBPCTHIEYB1 1758844890115 -
into, physi.ologically ats bl.e biiod labl.e st i,  WRILENC bl
addi ti onal n&i 'ﬂ%gf%\%%i{ gﬁuggg% ’ ggélb%o‘ﬁbggg’eﬁ&{arﬁg?%lrm foii[ﬁgrti(}n&?1 OWQE%%F’S%@%‘?? Ff i ed
natural or (aR€9ERE fedke).human, bovine, or porcine collagen or fibrin),

and/or polyglycolic acid (PGA), and/or additij.o ructural, or, therapeutic
corrpOL&Wgﬁj ConbiSHtEBHVRELO B sOBTES %’é"‘aﬁlﬁ&?gs Egésffe) e "“‘ﬁiaéiflgé]éﬁ“f‘om@ﬁe

site of tissue oh.er l2MRgE: {03 L ONPELusel M ARGRescANBN Ok FeS Y blephRtdrgpal I
and/ or regzﬁgﬁé"t ?tgﬁ\%@?ﬁ% gﬁsaie t?g}s)ube SSriorggn%ﬁs [ 0063] Errbod:?ngnts of

t he i nvent idescribad intieS. (Paeeno PulilicaBon Alod 20300588 4GS hApplichben deafpPel.29BMm SC

and exABM SC, . respectivyely)., i.ngor .ed.into Ical v bl e
compos: 11 ondediRnE g Betlid S apdtadirion e PDPROORETY (U3 ipprgfieania
sol i d-1i ke 19}l &8sEmhesi g@at 30.00004)e i FueANbT AReseByatbst apiplicatisisentd hbyeby
met hods routinely used by those skilled in the relevant art, such as for

exanpl e, byndoopiretatl bypefarenceiioheinsntingtyaynoperieulare (S5 8Fi isdlated dippd dise1shs

by injection, and i l.ant ati on 0064 e o - n - f or
eianpjl e, ABRPYRIAH BFE‘“?J%%W%GS’ fo‘g[seggtgp ie\l;/JiIiO% {’OI%%EIP%:O ah%t’%%gg}g? rlﬁtg,ﬁ[gﬁsc"l’e?
produced by,igigse Bfd bfoods oflesaidcRed tissue) hee plSedtuniday Biw ioapgdnocorditisne

regenerative therapies may provide a nunper of benefits conpared tq, .
previ ousl y (egs dessbidan tatmespheriey and passeged ehégvasel sdengiftigs SB‘F}bglj’éttg‘? %#‘fﬁc

exanpl e, use.of.the CF-SC a - u S f I amnd
exABM SC, FRUPRM 11 &Y VI}@QA&?}S@%@ %t{%ng&g %ﬁ%gg{ettﬁgﬁgﬂ pr{r%ltr)ncjaced&& Ner eby
provi des a JaBBIszsOfA fiéresxpgnsicoehe TH-S€ tb heapmyprilite chll maynbex hd CF-S(&thag ed
adver se i mmune responses (such as reduced, i nflammti on and_T-cel l

acti vat i on:besesedetoggeneria e egmpasitigps of the gresgpty MMSNLIRR eRFeFXampls, cafter
ABM SC and exABM S 16 { | ' »at3eRE 8688 4800 Rt lese 8600 be
HLA- mat chegxg?nsborne&(s:tggg’ﬁ:t IS%SB{)%%&?&?{I%% ?dgg??fg’n%t. y‘%&ae, Exa’mcz))l e ?LO, Par t

I'1; see al 30, cdfi gopdatioh doWimp EREFS@amat be nisedittd @enedatocompaiteamnstaf thhe

use of CF-SC and,  exCF-SC _(such as expande nd .ext ively expanded adult
human bone PigFROWVERYIY e dn BBt ROLRINS 8?2%@1%‘?‘1 ARAFSOC it ety ?%Presen'%
respect| Ve'i%‘%]&ltioﬁ‘,n%et&ﬁiéffg lrﬁlonP HORY GlaSroRe N34 FefR¥reldl N6 IRrGE lak ABKOSC and

i nduci ng, enhancing, a mai nt al ni ng hemat opoi esis (in particular, for
the in vitreaABMSGrespactaretly)pr oducti on of red bl ood cells (erythrocytes)

from henmat opoi etic pr nitor I in a e cal L.ed ervythr i &51.8).
Thus, @Qﬁﬁﬂhgrl eré‘&?dg‘ﬁgﬁ?fﬁm:??t Pﬁ@%‘%@@lﬁ‘ﬂi%‘%ﬁ@fﬁ%&%setort%g"% 2’0 ég(?:lha%%:iel l's
and/ or - COMMOSIENIARS r%gﬁwaguﬁﬁ(m tl&ChreSont irvehi6GE an SoNAGT €l Fopdlbion

mai ntai n the generati roducti on of red bl ood cells (erythrocytes).
wherein the cells of the cell population co-express CD49¢ and CD90 and wherein the cell

population maintains a doubling rate of less than about 30 hours after at least about 30, at
least about 40, or at least about 50 cell population doublings.

[0057] Another embodiment of CF-SC and exCF-SC (such as for example, ABM-SC and
exABM-SC, respectively), as used in the present invention, is an isolated cell population
wherein the cells of the cell population co-express CD49¢, CD90, and one or more cell

surface proteins selected from the group consisting of CD44, HLA Class-1 antigen, and B



WO 2011/ 150398PCT/ US2011/ 038445 - 16 - [0066] Anot her exanple of the field
of the invention relates to the prevention and treatnent of immune,

aut oi nmureQ 2andisp3vBl anmat ory di sorders via use of such eerits201a0B8445
popul ati ons, and conpositions producedgt.hereby. [9067]1n anot her exanple,
the present invention provides conpositions and nethods for repair and

regeneration of wounds of the Skin (i.e., epiderms, derms, hypoderms);
i ncl udi ng t(hetanMicenglehubinaand whereisf the icglliipapulation mgwiains a dpeblug raig-qfiless

AR SO b Brialt LAt e et ab ! SRR B IQEERL ol B

or therapeyobtlafionBOHASs. Exenpl ary Results of Preclinical Studies [0068]1n

vivo preclinical pharmacol ogy studi es have denonstrated the be j gial
ef f ecti80%8 ABM Smdtherenbedimnt 9f 6&=3¢ rRd exGF Dcsrethasien e%%mﬂﬁeixﬁ%'gb and

exanple, in I hgat i . e dnt:ras e i Tl ihan of
AN SC i 1 AR AP AL B 1 e Ra} Rhubif'if B ROLAECall kiR
det er mi ne tfieréh fihecetly of thehdBNopGlation ceskprebn@Dd e didCDOONmttiapmngEasve Lyl

acute ocardial infarction) and eval uate distrcihuti di it f
é\ABll\J/_# 9. ieﬁpwla%% kém?ltwgﬁa?%amlséﬁﬂ@d%ftf’e&’fhgfeg‘: &‘% I?ﬁgaﬁguq?tﬁ’b‘f BOMIAIR 2
cardiac fungfj i o8 1 Q0 fdnCAHBLL ¥0 rh%Qlu&ﬁéjr E{E'lpa[s?ﬁb&lt Fouiat RASEYRt 40,16 at

hABM SC were not- observed to remain in the heart four weeks after cardiac
i nj ection, lewt about dgelbpopieiqnetouphegsal or gans exam ned ei ght weeks after

of porli and. ieeraedtndhy SR TR SHERRT PRI GRoLeoR St cRPAFSCLE”

eval uate t%ﬁé‘b‘%@?@'r&é EdtivebB! &1 YseBRE RS preSe InvRhtiRE S b dRMBcell population
NOGATmM gui ded endonyocal di dl” adm ni stration of cells through a MYOSTARTm

catheter) ivthereis tilepdissifrthe ecll phptlatien so-pupressciD4Pc, PP eang apstas daorgeLsl]
well -tolerated and |led o significant inprove i ardi a r anet exs.
Li kewi se, iSHI&CCTIRISHIS: Sgt?ﬁtegff%c%@eﬂf’%ao%sga%n?@ﬁ‘% B R E SR B
recovery ( '(ﬂeth"i-MiEH):gﬂfbulihprﬂ%@ﬁé@aﬂ@e efrfdxpRs¥oRbf BABMIfie ipfotBialD10,Rad

neuronot or ‘recovery fromischemc stroke) it was observed that |.V. or
i nt r a- cer ebwlakein tieatakieprpulatioulmaitaing asdapblifig cateof lasp thonabent 30 hepralieraitot or

activity. SCRI PT THE W 1/ 150398PCT/, US2011/ 038445 - 17
2\ hbm e dreshaiont 23 Fapbart T oL Aged sl ROBRIOR OB o

repr ejmo? a sepote eAHddfha bPCF-$T ah@bXCFSaN@idtad for Skaeplé,f ABM-SC and
approxi mately 5-200 kil odaltons (kDa). The X-axis shows proteins separated

accordi ng tesABMEG cespedivelines ssH i s presenpjnvertien, ys aix iselatatosm]l pAPSIEPRAS

ccpar at e S5ESLS 08508, TOLER oINS RS PR, BHER G om o

di fferenti ghdgcdnBisBng6LsoMiBle YEdtélfls shown in Table 1A, 1B and 1C, and wherein the cell
population maintains a doubling rate of less than about 30 hours after at least about 30, at
least about 40, or at least about 50 cell population doublings.

[0061] Damaged tissues and organs may result from, for example, disease (e.g., heritable
(genetic) or infectious diseases (such as bacterial, viral, and fungal infections)), physical
trauma (such as burns, lacerations, abrasions, compression or invasive tissue and organ
injuries), ischemia, aging, toxic chemical exposure, ionizing radiation, and dysregulation
of the immune system (e.g., autoimmune disorders).

[0062] The present invention encompasses the use of CF-SC and exCF-SC (such as for
example, ABM-SC and exABM-SC, respectively), CF-SC and exCF-SC purified protein
fractions, supernatants of CF-SC and exCF-SC conditioned media, and fractions of cell-
supernatants derived from CF-SC and exCF-SC conditioned media. In one embodiment

of the invention, the above mentioned components may be combined with, or introduced



nerve growth factor (NG-) and conditioned nedia derived from human exABM SC
(at about 43 popul ation doublings). A) RPM-ITS nediumonly. B) RPM-ITS
suppl emrerweow/1sh39BIG-. C) RPM -1 TS suppl enented with a PCHUSAélL0s849h of
concentrated control nedia and NG-. DysRPM -ITS supplenmented with a 1:50

di lution of concentrated conditioned nedia derived from human ABM SC and
NG-. Arrows indicate neurite outgrowth. Extent of neurite outgrowth in

panel D i s istogrphysiotngidajlymopmpatitie s biodegradablat matricpanehic gerfaig, afdigonal

| Figure 3 is a graphical representation i.nhi bi ti f . m.to < dT
cell proli F@?’Qf’gﬁﬁgﬂé’:g‘r?ﬁ CI‘?@H%W %@Kﬁr gorin {pr ?aﬁﬁgﬁﬁﬁ}eg&a{eﬂégn{%}?@%\dﬁﬁﬂ@t hat
have been $uhmnGUbb#hedort Soreie WollaGnPop Bibah), andde Walydigsliandid RGA), RmABY 06
represents exABM SC whi ch have beéen sub-cultured to about 43 ﬁggﬁ]l ation

doubl i ngs. additionalrstiuatueal Pr ghsirapeytio cpmpeerds o omEinatipnEatgesesuc e8¢ B@ wi t h
2.5 or 10 mi cr,ogr.ans/ Phyt oha | ut i nd " ) :
har vest ed ?Ftag?l%’i‘ e'fﬁdrs% It}éet ﬁ? Oggigy%g%iog%%‘ ruvaﬂ}a%e %%@%%%gg{/ﬁ/ﬁggn%# =

mesenchy malresiiedidid irk Gnvrkien B @ dmagedissut overgaont rol  (Canbrex). (Human
nesenchymal stemcells were obtai ned from Canbrex R&serélrc ﬂsggp{o uctfs; now
231 ey SY or

owned [M63lonza Enahgstiments of phe gyvenisg tnelideatg)of G5

phot om cro fai [P/ Ve . i = b et
houndi ng. AT B A -5 e e O SR
28 popul at iapeeptdlbtdmpssiticis ovticle armg | betadministecedcinasliqud vienti-selid t arasolig-like
scar. B) In conparison, Wund No. .4 treated with vehicl nly reveal s, a
vi si bl e) scatate. ggmbﬁaln}ﬁnésp‘?#&%b‘?“’é%?ﬁ K56 35 R 16{‘1?6% WW&QQ%F?/% .elgfl?sf%?ggue
sections fr%d%@gﬁlgg;iﬁ ﬁ%&gﬁ%m%owaﬁ 2R SHRPR, By Bkl §%}bl£@{ibﬂ,_a§lsﬂt@ fonGant

reducti on e number of hi stiocytes in the porcine ABM SC
treat ed wousgsol{ztiabimpbsitahs, by gmedticmamukimfdedatiomed usi ng a two-tail ed

unpaired T-test); co r bar s "Hi stiogcytes" PBSG.\v us . p ]

t r eat 4@64100731%§s§u9t28g'q%5 a ‘?&(QE%Q:& ucﬁé’ﬁr%’i@ﬁ?&? 602‘%1\4%6 %%eeégﬁﬁ%tche
extent of nreme@RlelIeLIR dnﬁ%hﬁﬂ%sﬁi%h@ﬁﬁ)dhb&i by €HeS¢ 018 asvdddetilsed AindRy present
post-treat rreﬁt. Wiunds treated with WD 2011/ 150398PCT/ US2011/ 038445 - 18 -

[ 0074 [ 0075hveption fordistBMegendrativeaberapics S1aymsevide R onmbeun] banghls oeaipated to

t hi cker epiderm han, t hose treate n i Gl ) 1 raph
in the | oneronigry RaREped B e BTy Ssthpl ol Rl LSRR 86 of 60
anat onmi cal loF-gor r gt  eREBISC Of(siche &pi d/r nédniple,t NABMMSAIS ahd e akadBMiSh
porci ne ABM SC. The photomi crograph in the lower right panel (C) shows

(hi st ol ogi @@PBV)VCM%WW@% s GOsNPaS RS Prodiiced thesshyaproxidss armeans obt

| east t iently, in.the h i 1 hi i i ;
R L e e M
col | agen gek rédictd BERNHERBAGNAAN -blucivafisre secek), Bxaagiet3A, 3B, 18 Hudal).

ABM SC (at about 27 popul ation doubli ngs) were reconstjtuted ig. | i g{.,li d
bi odegr adat¥lereewsr} sigenABMSE ArhipxABM-S¢S grecimipgn %IF@}Ynﬂfenaﬁ& RS ONGr ed

for 24 hourn%ecﬂo ?Q R X IS Yor é?é&ndﬁﬁ?xgﬁ%{ri{g)?}%ﬂgat%ﬁtt Y&, zjgﬂi';ﬂe q?’l Part

suspensi on 'Was placéd into a culture rma sem-solid collagen
lattice. THE seeaisosPigude thl | agen |lattices were maintained in a cell culture

i ncubator_ to facilitate gontraction over the cour f.three . | | agen
| at ti d@&6Shr epar ddeviresralinEatipd dreg?é‘is tootheruse to,ts(gg'%é:n @‘i‘ci ﬁf‘?ﬂ?tts ﬁsé]fcﬁ as
contraction,i s (AgPHAIERLNSRYN kPsdRd SRIBRCKiInMn 66hd rarfovBdéBred dotnadic cells
graphi cal representation of "ABM SC nedi at ed contraction of
(human ABM-SC and exABM-SC, respectively)), and the cell products generated by
these cells, for inducing, enhancing, and/or maintaining hematopoiesis (in particular, for
the in vitro generation and production of red blood cells (erythrocytes) from
hematopoietic progenitor cells in a process called erythropoiesis).  Thus, another
embodiment of the invention encompasses the use of such cells and/or compositions

produced by such cells, to induce, enhance, and/or maintain the generation and

production of red blood cells (erythrocytes).



hydrated col |l agen gel lattices seeded at different cell concentrations
utilizing exABM SC at about 43 popul ati on doublings. The data denobnstrate

t hat rat ewendiiztsse®But e nmagni t ude of contraction is rel aPea/useoiambds4nunber .
Heat inactivated cells do not contractgthe gels, denonstrating that this
activity is a biophysical event. [0076]Figure 8 is a graphical
representation of ABM SC nedi ated secretion of several cytokines and matrix
pr ot ed8e6s] (i . e. ,Addthd, eMEGH ofcthi viield AT MuPlnventind rolFs 2§ S el wibew a8 f or
3 days in hydrated.collagen gel |attices utilizing exABN SC bq

popul ati on té‘gg%qqt R§ é‘?““[“@%ﬂ?“gfnﬁﬁn& @é‘ﬁgﬁ?%%? 5iﬁ%5‘%5‘grﬁﬁﬁgog%u%u‘%g% C%%M Sc
reconsti tUf)g%gujaﬂo@é,Qg@%ﬁg&ah&swd@a@ﬂmmed media as a liquid (left
panel, A) or a sem-solid (right panel, B) (utilizing exABM SC at_ agokjt 43
popul 46861 doublinmgsther Wearple.dbo pesent e ewtios Py 1435 OTTERREPR IO IO Kel |

suspension can remain as.a liquid at far re Lhan. R4k Sqis din
a culture P& éﬁ@?%@ﬁf%‘?gaﬁg o ,0‘{1%35 %ge}ﬁr@%ﬂse gﬁg}%h%\%ﬁnlsy\ggﬁdgﬁgg

Wi thin 1-2 ;haulise 18 WREHLHLSE ahe B $ENquiplsbai-stitdjchdrelithin wancmewhich
physi cal Iy mani pul ated. WO 2011/ 150398PCT/ US2011/ o§§44§ - A9 foee

[ 0078] Fi guriecotporsowk-shebdeEFolr alsrsarpie. d5rAg-FPREShedtd s5udMrsrhedd by
cul turi ng hu%mg%fbg%gl\:{lé &‘d(&l su%g%é‘ﬁ% éi%d Q&. J(S)I?IE %i Ebtﬁ%yip{] 'Eh&g %utfcq,%ﬁﬁ%ﬁhe'@@t ed in

t he bi odegrpé ol'T'agen-based’ nedi a ree days. The upper |eft panel
(A) shows the pliability of the tissue when stretched. The upper right
panel (B) ghewpldrpRegenelrf®redimidalfedal the solid-1ike neotissue. The | ower
panel (C) shows a histological section of the tissue stained by Masson's
Tri chréom] denmonstiat proglidited phinsimceloigy soelidsthaxe deptonstrated; therhsaefrda difectshe
ABM SC. Control gels. constructed hy. the sane rrcﬁt holgl, tizut Iackirl|ngl ceISJ[usd do
not stain lﬂfuéBB/gfsphl% tigaliND YOGt S PG R 23 STk o T8I TAGRIS AR STUYY
gl yeosan nqgd kfighido Gt TREES Yof hBlARHACHnibidn@r ARABELSE 06 8] fal Gisce! Tot

0

shows an exanp e quantities of nultiple pro-regenerative cytokines
secret ed bympoantial ABMrGOMin Ipadicdlawi to histermiirtha |efficacy tof i B n In (sEEI0g

sub-cul tured, ABM SC secre tentially..therapeutic coneent rat iQn:
several gr GffHaq gkﬁ"BP’é PQHH}\E’QP éﬁwﬁe@y?ﬁ‘%% %mg%%ﬁd %Vr?glfa(t)égg?]skeﬂé%,%n%d
modul ate | nilRTBh 8F BOMISETDHE Wi UdhwiEahin ARG Groaxedbeesigsifonn o

consi stently 'secrete several cytokines and growth factors in vitro;
i ncl udi ng pmpangiregen cafdist fmstigre agd sighDicantly|rpduced fmeys. Higathengigthe

angi ogeni n),, onodul ators (e.4d., |L-6,a lardiac injecti
[ nhi bi t or S/ HIAHE QR RGE e grempin i oR el o BYS AR nipe o
Acti Vi n- A) . ndrif hes e %eriﬁﬁk@alr&%zﬁﬁ%ﬁa@fneﬂ%i@ﬂ aleckd aftdiégectionc tAdditiomlly, in
nmodul ated by tunmor necrosis factor agéé)ha ( TNF- al p%hrgi), a kn% fla ory
cyt oki ne r el gadeihvdstigatioe theesafesyirand cagy @f @OFIRSS hygpagy \«FT%Q s giHe 12
shows a modgl, 4 nju "wigs (P Partcutd> G8dgv AL | AETRLB ity SHRRLTAY @fficacy of
percutaneous, NOGA™.-guided endomyocardial administration of cells through a
MYOSTAR™ catheter) it was demonstrated that this particular delivery method was
well-tolerated and led to significant improvements in cardiac parameters. Likewise, in a
comparison of the method of delivery of hABM-SC and stroke recovery (in particular, to
determine efficacy of hABM-SC in promoting neuromotor recovery from ischemic

stroke) it was observed that LV. or intra-cerebral treatment resulted in significant

improvements in neuromotor activity.

DESCRIPTION OF THE DRAWINGS

[0069] Figure 1 shows a 2-dimensional SDS PAGE separation (pH 3.5 to 10; 12%

polyacrylamide) of proteins secreted by human adult bone marrow-derived somatic cells



and fibrosis frominjury through scar) and exanples of nol ecul es that can
play roles in inflanmtion, regeneration, and fibrosis. [0081] Figure 13
shows an weanml/®oy8 | nproved cardi ac function results i RCTAISgo1O88IEd Wi th
human ABM SC. Four weeks after treatmgnt, rats receiving ABM SC
denonstrated significantly higher +dp/dt (peak positive rate of pressure
change) values (A). Expressing changes in cardiac function over the course

of the studhBd-SEuastabaut 2 hgomilgiaskdondbngy). \Farh sROtqOWE ZeLSBReSGRP ASEPAM e t a

+dp/ dt") de st.orated that while.yvehicl g eFhh K.
cardi ac fur?gg:a%?&lm plefh danglily L% ﬁéﬁgﬁg{o&ﬁ@&t?ﬁe%a (ﬂ(/lg&%g ‘?ﬁg 'niT}rlréalﬁs
treated W tRiseihbierpréeins sep@@ad aticding howedlesirgpnpdincedt 3isnpridyefbatY-axis
cardi ac function (é)). Conpared to _vehicle treated rats, those ece'hvu;;/g
ABM SC denshews drelginsi spppraiasaaeqopding ier molagulan | weight gjla r@a@a@ss@r%@ 0

i ncreased | e] tacrv?a%irdie ul ar conpliance. Tau WD 2011/ 150398PCT/ US2011/ 038445
-20 - is t REEFREYSREt ant of isovolumetric left ventricul ar pressure

decay.[06@] peak Fig@at 2 \showatphotimiprogephs of Mg aliffedtplidion, intx preross NgiNg
changes in cardiac function qver tqtl}g, ,cou%se ofdthe S udg}é}%ﬁsﬁl\zﬁq Eﬁg 0
week - dp/ diewg) grewth fastarANfEkandgopdiioped gredip deghyed ligm X t
whi | e vehi Ghgg f4§a?‘8€u15&&§.&1%1'9§§)r eageSRPINATE ALk N6AlyON BYERPMIETS
course of the stud negative d‘e a), animals treated with cell preparation
showed si gripplematted npithy di@ht i) BRMIHES fsuppleinented Dyith[ apk@Oogilutienyed. 01

by ANOVA] [0082] Figure 14 sho edyct i fibrosis, and.e ced ..
angi ogenesi°§n?99tlléteﬂé%n%]d@?d‘ﬁf6l\é§?}ér 'allﬁj)l W@&Stspg%lfgﬁn% G gﬁaasrr? (ﬁﬁ}gp 5c
(hABM SC) . o§%h6é]:'ﬁﬁ | E i HRe8 GREINAeMAS] BBR0 htRaR VEBMASE MIdaNGES Arrows
infarct size in the hearts of rats receiving vehicle or ABM SC_seven days

after myocandlca newdtarostgrowth. HEstentpef testitsgowatovdh an paned D iseyigfipangly more

approximately 30 d fter adm ni stration of ABM SC, indicated significant
reducti on irﬂg‘fsﬁg’ﬁflgﬁa%g??%nellﬁ t$ recei ving hABM SC conpared to vehicle.

Accor dp@gt o a HigsR! 356al EraphidkiSrepasentitisiy oh ABlbiGon hefdnhbgdneindgiedal slor es

approxi mately two points |ower than vehicle controls. This figure shows an
exanpl e of prolpferasionusingr beman ABMeYfercthd it Wlﬁegﬁﬁ@ti?éwﬁg\é tP@gEﬂVFs

obt ai ned from hi st ol ogi;cal o PEQW; Bhdek t
admi ni st r at®sh Y C}E\EWL%%d% abﬁ"glgslgré%%ft%%f &%ggéegh?nﬁ?hﬂ ﬁeart structure of
rats recei \dxABMST GlIEcIOradBMEE abvaiituesaly so abber 48y poadaionl dowflgst i dn.

[ 0084] Figure 16 shows that allogeneic humgn AI?M(SC.(,}RESBSO%@) and exABM SC
(RECB906) stippated aelt prdremiion cadtunes e 1pPAHteE ™t 6n 9! bRESRE

(m xed | ymho el Ye ' lh@ganetc
porci ne A%@E%‘g?]{’g@gﬁ‘?ﬁ?.%@?ﬁ geelhoglfgrlgjcf?g?g F%%@%%ﬁ@e@j n a 2-way
M.R chal | engi¢h €RBePCTeMtibodf Biuriasimesehciyenal viam adls cveratsed a @rposidivp cersrol

L o i CRAEE o (HHGTCFRESei RBTRGA B b KT THU B PG CO TS Rl M
fromall arﬁigﬂoau@[g;f@%%\??ég nAGHep LEBMSaseeIdwit8higd). were stinul at ed

w th ConA was" si gni i gher than the division index for PBMC cells
from JeoT2l e andripdRMVEGhbwe gthetbraiciagephs atf pigt shimpedays eafterenrgienly-indesed psy

T
Wi th measurgnieid SRRt @ubiflss) Ahéwy SoBRte WoBRd BRREreWvith vivhBMyS( scar. B) In
comparison, Wound No. 4 treated with vehicle only reveals a visible scar. C) The graph
represents histomorphometric scoring of tissue sections from both treatment groups and
shows a statistically significant reduction (p = 0.03) in the number of histiocytes in the
porcine ABM-SC treated wounds (statistical significance determined using a two-tailed
unpaired T-test); compare, bars for "Histiocytes" PBSG versus pABM-SC treated.
[0073; Figure 5 is a graphical representation (top panel) of the extent of re-

epithelialization across the incisional wounds 7 days post-treatment. Wounds treated with



WO 2011/ 150398PCT/ US2011/ 038445 - 21 - [0087] Figure 19 shows the changes in
cardiac ejection fractions neasured in three patients by conparison of

basel i ne WBLp1wvsesvsr enents wi t h neasurenents obt ai ned 9®CHAR2011/038445
post-treatment with hABM SC. [0088] Fi.gwr.e 20 shows exanpl es of quantities
of erythropoietic cytokines secreted in vitro by hABMSC (i.e., IL-6,
Activin-A VEGF LIF, 1G~-II, SDF1 and SCFli. ABM SC | ots were tested for
cyt oki ne saorané MBNMSSG (pt Rbye 28rnenalation dopbires diad: thiskey epdergyis than those

(RayBi ot ec C. L1.s re firs Lt i r f e M
(@ BCOTM R@PJ‘ hY\%etB %Oezglrée to\é\l?%en@}eap %Ot§%hcéﬁér§ neng t?lrgc}lgg;?ﬁf (IWE;@G%O\%SE
then concenhisfiescdIB @Gm@gr&mﬁfmﬁhﬂﬁc&@e@éﬁaﬁﬂ Sfuhalepidietrhigrin thd weunds
(MI1lipore) prior to analysis. [0089]Figure 21 d_em)nﬁt r at ,eg?mt haﬁ é)xABM SC

i
reduce TNF-teeatedwitls pprging IKBM-SG- d hgdhetorgerngrpbrin the right, ps! e c
(at about . ul gt hon bl iAGS t fohed t uce
TNF-a | eveﬁglsm(ggﬁca(i}m)t B?rglglléaé g\}gﬁ%\é@ﬁg&ﬁiﬁgd&g{s@t I seraf Zgié’]' éﬁlegj 02180regsq
cel I s/ cn?, 12@s000y,d8 tHeHypolernainat AR, 00 taed psihtn?) . Cel s were cul tured for

3 days i free Ad d DVEM (G BCOTM ei | one. l ted
it NOWGH . ThPEiERraBats A rapieal EpeseReonar AT FERitk SHRPERE R e
control . 8{%%%& g(g%gg% gél 14tEed s%eémh&ﬁﬁ Eﬂ@r itk shstifu¥ioAX HRnkMPABSESL'S

concentration ces in media which has been concentrated 100x).
[ 0090] Fi gur(et @At acopaRtiderionkling) esrd reavnstidetad in diquids bivdgeradaglspesdlegero be

popul at 1 on tecgibmPages: | Bast cFINBE) and et b 2R ApRmaiRe. *°
absence of &P folitd Ofiéﬁ%ﬂl RAU GREpeinéibn WY placciTiNio & dultufe dih @6 tfexch at

appreci able Tevels onl'y when first prined with TNF-a (B). These data reveal
an inver se semii-aolidrshigenHettine e Thehwmisalié cobigendpttices svear maganehal Sl s

of both sTNF: Rl .an TNF-RL]. detected, suggesti t S :
receptors tngHﬁee‘PVg’sa%(ﬁﬁg} f"f)céhtﬂfjen@ﬂqﬁ@ch& Rt g %ﬁacsokl?%gotf?ﬁl{ge 'FEN% a.é&? %Eeg%ttslces
represents éﬁ%@cﬂ{vﬁﬁ&ﬁt%lwﬁid&w@%bﬁtﬁ*&@,sdeinfbnﬁﬁéﬂ@ thii entraesonbie elepamlantauponat ed
100x). [O0091]Figure 23 denpnstrates that secretion |levels of IL-1RA (by

exABM SC atthapwestncg®f pelpul ati on doubl i ngs) is dose-dependent. Basal |evel
expressj of IL=IRA gccurs_in.the foraa BhRs N | ca®e dcNGNGET
ot w3l rea kA a4, wefp by sPRESRREo o PABNESCE bIRRL PhlRNA
(Y-axis r eﬂfé/ﬁﬁﬁéﬂ SolReBs ealt Ik Dikedid subifftrncas] doncemthtianwhiiliting esABMeSC

concentrate 100)21) . WD 2011/ 150398PCT/ US2011/ 0384%145 .
at about 43 population doublings. The data demonstrate that rate and absolute magnitude

of contraction is related to cell number. Heat inactivated cells do not contract the gels,
demonstrating that this activity is a biophysical event.

[0076] Figure 8 is a graphical representation of ABM-SC mediated secretion of several
cytokines and matrix proteases (i.e., IL-6, VEGF, Activin-A, MMP-1, and MMP-2) when
cultured for 3 days in hydrated collagen gel lattices utilizing exABM-SC at about 43
population doublings.

[0077] Figure 9 shows photomicrographs of human ABM-SC reconstituted in
biodegradable collagen-based media as a liquid (left panel, A) or a semi-solid (right
panel, B) (utilizing exABM-SC at about 43 population doublings). When reconstituted
using this formulation, the cell suspension can remain as a liquid at 4°C for more than
24hrs. When placed in a culture dish and incubated at 37°C, the cell suspension will
solidify within 1-2 hours, giving rise to a semi-solid structure than can be physically

manipulated.



- 22 - [0092]Figure 24 shows expression of IL-1 receptor antagonist (IL-1
RA) and IL-18 binding protein (IL-18BP) by exABM SC. Human exABM SC express
basal | ewsb=20mf1503981 receptor antagonist (IL-1 RA; Fi guPeTa®2)11a884435 L- 18
binding protein (IL-18.1112"; Figure_34B) even in the absence of an

i nfl ammat ory signal such as TNF-al pha. [0093] Fi gure 25A, B, and C show t hat
human ABM SC reduce | evels of TNF-al pha (Fig. 25A) and |IL-13 (Fig. 25B)

whi | e [8078]1 t anediighre 1thshesisrmhotdmigeneaaphs b raotifdikedgreotissug formed byogtiring

M xed PBMC.react | say., (R = Responde f.= ji ted
M xed, PR e A AR i 2 RSNl SR el oM dnrdaipt o
i sol ated frgmgntidbéementa BPH¢e days 008 uppues pafielhAgekows Greauiabidiag of the
representation of inhibition of mtogen-induced human peri pheral EI 0 %

€ solid-

mononucl eatissus WherPgnthegr ditierunpat risht Rrsph@rbaws txpsenseal tetesgy 1

represents parti cul I (e . : : out
19 popul at il%ﬁ nﬁ%’iﬁsﬁfl?'ngfshealﬁg'eﬁ’ %@g&g%o&g%r%gggo é&?{)&grﬂ[{%u atﬁglﬁgtg ait(I)lf9 d ﬁgl\fsc
that have b@RoSs DFridhkdie,ederhonsabnng tHS rivhpentedceibulad dttix raystheigeds by nthe at e

PBMC proliferation, cultures were inoculated with 2.5 m crog/nm_ .
_;I)_Eyt pgaerrag’gBMtWﬁi (onfipt aels sgnsipiged t?yng‘EGPF‘ﬁrI%?tL%‘élzh"él Mg Sl D05 THD

ym di ne- [ et byl - d \ j Aty WASich matri
quantitat e%’ &{%Mhléﬁ%%%ﬁ’ Crlré;[%%%sgr @%F&g%@%&o@l@%n&ﬂ?ﬁéﬁgﬁx)ﬁ% e i 1ncclr?ftljreué as
a positi veliflgpmﬂnéﬂd.bl}{tﬁé)eéi]sl?i gure 27 depicts the results of a nedical - grade
porci ne-col | agen, _gel contraction assay; nonstrating an.effective do:
respod@®@urve dfigees |1§ “gef? CERTP cf’fg eaﬂélagltfeﬁn8€i 1ﬂt1% PIRSF %136?%38
hurran eXCFg KAROSE U8, HREHEABMIG CCRIth A8&RvidRht TNFCAPRA @irh@Btion. [ DAL6]
Figure 28 depicts quantities of VEG- (Vascul ar Endothellal G owh Factor)
produced wistibicnlteradl ABM-SKU serete poRntd] e eapsutiacercentrajigiscoineves] ggyeh gel
neoti ssue; denonstrat | i ncreased VEGE concentrati 1L hi
function pffa‘itﬂré_r N T‘ﬁ?lslnk"t? i‘?f.ugf’ﬁﬁb9?&96%631528%?3}%[%? {slﬁ?lglglhﬁ?rgsdna
obt ai ned i ny@RoteNwilhd %em%{‘d ABMISSC 61236 TR¥n WhEWn Cloncirsisaonelyl seerdien several
cont ai ni ng factors produced by human exCF-SC are conpared to r lts
obt ai ned wicytokines -aod gtivwthdawersrie dirze; irrdeding Proangingenip Fctary (g t g@ﬁéldalﬁlé"di a

significan LN ased t.he rate.an i und_£I ex\C dto
mon- cond ¢ 1hh FRAFIE ot Gl hBRHREbERE (B IEC RS e el o
of secr et eqdufiBRéQIPOURAGRERAE mbdulators (e.g, MMP-1, MMP-2, MMP-13 and Activin-A).

Furthermore, the release of several of these factors is modulated by tumor necrosis factor

alpha (TNF-alpha), a known inflammatory cytokine released during the course of acute
tissue injury.

[0080] Figure 12 shows a model injury-response cascade (inflammation, regeneration,
and fibrosis from injury through scar) and examples of molecules that can play roles in
inflammation, regeneration, and fibrosis.

[0081] Figure 13 shows an example of improved cardiac function results in rats treated
with human ABM-SC. Four weeks after treatment, rats receiving ABM-SC demonstrated
significantly higher +dp/dt (peak positive rate of pressure change) values (A). Expressing
changes in cardiac function over the course of the study by subtracting 0 week +dp/dt
values from 4 week values ("delta +dp/dt") demonstrated that while vehicle treated rats
had decreases in cardiac function over the course of the study (negative delta), animals
treated with either cell preparation showed significant improvement in cardiac function
(B). Compared to vehicle treated rats, those receiving ABM-SC demonstrated

significantly lower tau values (C), suggesting increased left ventricular compliance. Tau



conditioned nedia foll ow ng exposure of human exCF-SC to IL-1 al pha (IL-1a)
WO 2011/ 150398PCT/ US2011/ 038445 - 23 - (I Ong/ m.) for 24 hours;
denonst r avoregi13e39s| L- | a i nduces expressi on of sone faeComs2@nd38445
upregul ates expression of others. [00981lFigure 31 depicts a quantitative
determ nation of secreted factors present in conditioned nedia follow ng
exposure of human exCF-SC to tunor necrosis factor alpha (TNFa) (1 Ong/nil)
for 24 hoursthedémerenstattiofgsavehmern-deft HeniyewarRispwise destyofFos deak nagatige s

and upregul at es_expr essi h ..] 0100] Fi . '
quantitati \?%e(fl’i%elsﬁ*rﬁgﬁgrn%% (%{p/ @é@f%‘%@s g‘:’]il'éatn ?Slsl ;Cr gdslgn ?t?dng%‘%éi % BRES ke a
fol l owi ng exPRRMY b subtvdBang ax GreeRCdpait | vill@ssT 86@N4 gweaka vlubNg)de(th Gdp/drth) )

for 24 hours; dehonstrating that |FNg i nduces expression of some factors
and upr eguldamesstestgst thet while grehisiaréreated rafs defl regigpees3n caisrmfunsben 8V§'elfs of

I nfl anmat ory factorns on.h - ' r 9f, | L C IS
used to i n&%‘(’:rg‘f eOf?ﬁ]ee 8té18¥en %aﬁgéﬁgﬁlﬁﬁeﬁlglﬁ{aﬁg%gtegf?&%tgs‘e;u ﬁ‘lre@?%g hisr?t%ggg
Ca'éleg;)_r I es S@sm%nomiﬁrbeen%gm tardiac antttidh (BLt [px00is, &fH<e0] bCANOVAP =
reducti on > 2; -1 = reduction by 0. to -2; = : - :
<10; {9082} ?/ndu(ﬁigly‘ﬁ %sltobvs]_r@!@mtionyof ﬁbrc())sis and er?hancg ar(lzgqggne Gis -il-nla rat nqg&je(ft 'on

myocardial infarct treated with human AMB-SC (hABM-SC). Semi-quantitative scoring
was used to evaluate changes in infarct size in the hearts of rats receiving vehicle or
ABM-SC seven days after myocardial infarction. Histopathological analysis, performed
approximately 30 days after administration of ABM-SC, indicated significant reduction in
infarct size in rats receiving hABM-SC compared to vehicle. According to a preset scale,
rats receiving hABM-SC had histological scores approximately two points lower than
vehicle controls. This figure shows an example of typical infarct size reduction.

[0083] Figure 15 shows results obtained from histological, performed approximately 30
days after administration of ABM-SC, measurement of changes in the heart structure of
rats receiving vehicle or ABM-SC seven days after myocardial infarction.

[0084] Figure 16 shows that allogeneic human ABM-SC (RECB801) and exABM-SC
(RECB906) suppress mitogen-induced T-cell proliferation in one-way MLR (mixed
lymphocyte reaction) assay.

[0085] Figure 17 shows that allogeneic porcine ABM-SC fail to illicit T-cell mediated
immune response in a 2-way MLR challenge experiment. A Division Index was
calculated for samples collected at baseline and 3 or 30 days post-treatment and then
challenged in vitro with media, vehicle, pABM-SC or ConA. The average division index
from all animals at Day 3 or Day 30 for PBMC cells which were stimulated with ConA
was significantly higher than the division index for PBMC cells from vehicle and pABM-
SC treated animals at both pre-treatment and necropsy (* p <0.05).

[0086] ¥igure 18 shows the changes in cardiac fixed perfusion deficit size in three
patients by comparison of baseline (BL) measurements, with measurements obtained 90

days post-treatment with hABM-SC.



+1000 = induction >1000. [01021These results denonstrate that human exCF- SC
nodi fy their secretion profile in response to different inflammatory

mar ker s awo 20hersefddr e one m ght expect human Al MSC t o IraTaISAI 131085481

ef fects dependi ng upon the in vivo enwijroonment. [0103]Figure 34 solid boxes
indicate (for exanple but wthout limtation) various biological systens

upon which induction of the indicated factors may be useful in rendering
t hgr aff8eR7]c ef f digure &9 ghowy be whangesi immenrdiac reieaing rEactigns ni“?ﬁ‘ﬁ‘l‘ré%fﬁtté'feﬁ,
and wound repair ,systens an I . I GHr t hat
nearly 200 Wﬁ%‘ﬁ‘% P yic&rgp e glf E?Es(eé{rhg%kl gﬂﬂ}?aiélg%gée%ge ﬁl‘at e@é@?@%%%%&?% WO

fold (p<O. QGhys péstNeadadnakvithhreBMIRC el Fi brobl asts (NHDF) grown at 4%
oxygen and seeded at 30 cells/cn2 conpared to NHDF grown at 20% oxl)é%ﬁn. and

seeded0088]3000 dEgnrg 2shovseexamples ofgpamditiss of \ggythropoletic cytokines sec in
S 203 Nt b BAN S RAL -6 S d M ARG BLL B FGran v gl eyl taBone
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mar r ow derived s fro gul ne orsé) sources are capable of rapid
prol i f er at iSthlcandetd @hted dodenskiné seedtiondeing RAYBIAY Hwudrt Cytedinendintgwds aged

in vitro under conditions_of | oxyge 4% oxygen) and. | ow cel | i
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(gel contraction) en cultdredin a collagen matri x. L}glO? Fi gure 38
depi cts VEG@Bnéenwrated usingTENTRICQNEY PRUSaR) esarfigal Eded baits fMillipore) prior to

Pol yLactic-co-d ycolic Acid (PLGA) scaffolds; denpbnstrating an increase in
VEGF cont ai?A&¥%i t hin the PLGA constructs as a function of increasi ng cell

densi ﬁdesg[] 0108] pifhEU B dSHoRans A kABNITTS redlic/ INFOW feve 3N iBib in a dose-
bi o- engi neered constructs of the invention: A & B) human exCF- SC seeded

por ci ne_coldepgeinigmanagrt elurna exABMaRE (eF slwt 143rrdphlation dgehléngs) avese tested
ore ne o e ity sf BIRR OB Whefl HIRbieH 5 vafidus B SGHE Q5T

por ci ne col e ahd on to generatfe a non-17ving

Thin film hio@motdeMecm® i a00cdells/amd, 48l 400000veUeomP). @ellsondté olidured &6rt3 dayser
corner) and human exCF- SC seeded non-woven PLGA scaffold cultur,gﬁ]{ construct

(right | onen seroorfies Advpised BMEVE(CIBCEN) riherslons eronpalemenisd aht Be/mk o p) .
TNF-a. Heat inactivated cells were also included as a negative control. Concentration of
TNF is shown on the Y-axis. (Y-axis represents concentration of substances in media
which has been concentrated 100x).

[0090] Figure 22A and 22B demonstrates that reduction of TNF-o appears to be
mediated by the secretion of sTNF-RI and sTNF-RII by exABM-SC (at about 43
population doublings). Basal level expression of STNF-RI occurs in the absence of a
pro-inflammatory inducer (A), while sTNF-RII is detected at appreciable levels only
when first primed with TNF-a (B). These data reveal an inverse relationship between the
number of cells seeded and the levels of both sTNF-RI and sTNF-RII detected,
suggesting that the secreted receptors themselves may be binding to and masking the
TNF-a. (Y-axis represents concentration of substances in media which has been
concentrated 100x).

[0091] Figure 23 demonstrates that secretion levels of IL-IRA (by exABM-SC at about
43 population doublings) is dose-dependent. Basal level expression of IL-IRA occurs in
the absence of a pro-inflammatory inducer, but when primed when TNF-a, soluble levels
increase approximately 10-fold. (Y-axis represents concentration of substances in media

which has been concentrated 100x).



[0109] Figure 46 is a flow chart illustrating a process of the invention for
creating col | agen-based, bioactive devices. In enbodinents, the process

i nvol ves wormjiorsodseps as outlined. [0110] Figure 41 Fl ueCediseoti/0884a3 oscopi C
i mges of live/dead viability stained,BABM SC seeded col | agen constructs.
[0111] Figure 42 Collagen gel contraction neasurenents of hABM SC seeded
porci ne col |l agen constructs over tinme. [0112] Figure 43 Quantification_ of
VEGF 1j§0%®] | SA f RigmieABMsBOWVs exgrdsiporadi el cetdpsgyeantaganist dhstlR4Ot andnfle-fs n

Vabi ity nensendBedbipEBY BN HRR SRV Rl T o on
of 20mM HERES tQeftdl tatfagoRBO {12 11RA1 Fidhire o 4RI QuaBtbihdiagtpromino (ILVEEP; by

ELI SA wi t hi n | ysat es of “cul tured hiAB_ SC seeded porcine_col | agen gel
const r uct s FigeP3BFieyen in the algeh¢cefamndsBamimgtosy signalisuglas ANE-1a. viability

O T S TS AR BB RS
(Fig. 25A) and IL-13 (Fig. 25B) while simultaneously inducing elevated expression of
IL-2 (Fig. 25C) in a Mixed PBMC reaction assay. (R = Responder PBMC, Self =
Mitomycin-C treated PBMC isolated from same donor as Responder, Stim = Mitomycin-
C treated PBMC isolated from a different donor.)

[0094] Figure 26 shows a graphical representation of inhibition of mitogen-induced
human peripheral blood mononuclear cell (PBMC) proliferation using human ABM-SC.
RECBS01 represents a particular lot of ABM-SC that have been sub-cultured to about 19
population doublings and # RECB906 represents a particular lot of ABM-SC that have
been sub-cultured to about 43 population doublings. To stimulate PBMC proliferation,
cultures were inoculated with 2.5 microg/mL phytohaemagglutinin. After 56 hours in
culture, cells were pulsed with Thymidine-[Methyl-SH] and at 72 hours isotope
incorporation was quantitated (CPM). Human mesenchymal stem cells (Cambrex) were
included as a positive control.

[0095] Figure 27 depicts the results of a medical-grade porcine-collagen gel contraction
assay; demonstrating an effective dose response curve of collagen gel contraction as a
function of increasing human exCF-SC density and increasing collagen gel concentration.

[0096] Figure 28 depicts quantities of VEGF (Vascular Endothelial Growth Factor)
produced within cultured human exCF-SC encapsulated in porcine-collagen gel
neotissue; demonstrating increased VEGF concentrations within gels as a function of
increasing cell density.

[0097] Figure 29 depicts results obtained in an in vitro wound closure assay when
conditioned media containing factors produced by human exCF-SC are compared to
results obtained with non-conditioned media; demonstrating that conditioned media
significantly increased the rate and magnitude of wound closure compared to non-
conditioned media.

[0098] Figure 30 depicts a quantitative determination of secreted factors present in

conditioned media following exposure of human exCF-SC to IL-lalpha (IL-la)



[0116] Fi gure 47 Quantification of VEGF by ELISA wthin processed hABM SC
coll agen constructs. [0117]Figure 48 hABM SC viability after plating of

m nced cowbagansedsstruct with processing. [0118] Fi gur e P¢3/USa@nisg4ugat i on
of VEGF by ELISA within |ysates of vapyi.ng device iterations. [0119] Fi gure
50 Quantification of VEGF by ELISA within |lysates of varying device

I terations. 0120; Figure 51 Quantification of VEGF by ELISA wt r%i n | ysates
of varyi ng (Hing/b) far&daouey dempostretingithpt dle- 18 Indbicss Seessiondt! sgmaGagtes @Bty de

oL, L S GG B8Rl socied construct prlor i< Senyor on.

[SE) ig.ﬂf};ﬁ@)@%?]eig 1121; Oﬁ3f2&ﬁi@wf afdg]uanfitaﬁﬁé) lldet@ﬂ%xmﬁi@nsdes@deted tthetems| present in
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ooty 00 (PRFLN 9108 IMAEH 9Hh6uR dGHBRMIalihg Bk ANIR in¥hs RprcBibBOT Sb0! 1
factors and upregulates expression of others.

{3106} Figure 32 depicts a quantitative determination of secreted factors present in
conditioned media following exposure of human exCF-SC to interferon gamma (IFNg)
(10ng/mL) for 24 hours; demonstrating that IFNg induces expression of some factors and
upregulates expression of others.

{3161} Figure 33 summarizes effects of inflammatory factors on human exCF-SC
secretion profile. A numeric code is used to indicate the degree and nature of these
effects; divided into 5 categories based on the magnitude and direction of effect.

Code:
-2 =reduction by > 2;
-1 = reduction by 0 to -2;
0 = no change;
+1 = induction <10;
+10 = induction 10 to 1000;
+1000 = induction >1000.

{0102] These results demonstrate that human exCF-SC modify their secretion profile in
response to different inflammatory markers and therefore one might expect human
ABMSC to have distinct effects depending upon the in vivo environment.

[0103] Figure 34 solid boxes indicate (for example but without limitation) various
biological systems upon which induction of the indicated factors may be useful in
rendering therapeutic effects (e.g., vascular, immune, regenerative, inflammatory, and
wound repair systems and mechanisms).

8164} Figure 35 demonstrates that nearly 200 transcripts are differentially expressed at
least at least two fold (p<0.01) in Neonatal Human Dermal Fibroblasts (NHDF) grown at
4% oxygen and seeded at 30 cells/cm? compared to NHDF grown at 20% oxygen and

seeded at 3000 cells/cm?. See also, Table 2.
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[0127] Figure 58 Quantification of VEGF by ELISA wthin |ysates

vice iterations. [0128] Figure 59 BT Col | agen-based, bioactive device
t ypewo 2001/468980, non- cross-|linked. B. 46001, cros®criusk@d/osdstthi 0. 001%
ral dehyde. I nmage for 46000-001 ney _available. [0129] Figure 60 Repair

rgi cal ly-induced fl exor tendon |esion using Kessler-Kajinm suture

w head) and GBT device 46001. [0130] Figure 61 46001 cut down into_a

g@;ﬁfg ox @ nm&%wrfelow«ho@s ctirmtviadlt xbope gnamewriletivedreoells | fram deauingp foese)
e digita exor don. 131] Fi gur.e, 62
ol d aFOHESY PlvERPap ?{ aiduprelCEubh ey G e, F %ng@bﬁgéi%‘en

product, GBIR82d ch@Wadsagdditinro PHddricBnditiogd siied 6:01ges C4looxyp 3l Fowueld
GBT PLGA- based devi ??iénpl anted into the thumb af)?regr % arytgflh?opl asty.

2011/ 15039 8&Ging B26ities (FBerells/cm’R6 - DETAI LED DESCRI PTI ON OF THE | NVENTI ON
G o e HightWFPLRABASIR! AR Attt thafiSh achRaP dalife (RALE Sptdfout
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cell populations exhibit bioactivity (gel contraction) when cultured in a collagen matrix.

[0107] Figure 38 depicts VEGF levels within cultured human exCF-SC seeded in Poly-
Lactic-co-Glycolic Acid (PLGA) scaffolds; demonstrating an increase in VEGF
contained within the PLGA constructs as a function of increasing cell density.

[0108} Figure 39 shows photographs of various forms of bio-engineered constructs of the
invention: A & B) human exCF-SC seeded porcine collagen gel after culture and cross-
linking to generate a non-living mechanically stable bioactive construct; C) human exCF-
SC seeded porcine collagen gel after culture and dehydration to generate a non-living thin
film bioactive construct; and D) non-woven PLGA scaffold (left-lower corner) and
human exCF-SC seeded non-woven PLGA scaffold cultured construct (right lower-
corner. U.S. Quarter shown for size-comparison (center, top).

[0109] Figure 40 is a flow chart illustrating a process of the invention for creating
collagen-based, bioactive devices. In embodiments, the process involves 4 major steps as
outlined.

[0110] Figure 41 Fluorescent microscopic images of live/dead viability stained hABM-
SC seeded collagen constructs.

[0111] Figure 42 Collagen gel contraction measurements of hABM-SC seeded porcine
collagen constructs over time.

[0112] Figure 43 Quantification of VEGF by ELISA from hABM-SC seeded porcine
collagen gel constructs within collected conditioned media and construct lysates.

[0113] Figure 44 Cell viability in hABM-SC seeded collagen constructs without and
with addition of 20mM HEPES to culture media.

{6114} Figure 45 Quantification of VEGF by ELISA within lysateé of cultured hABM-
SC seeded porcine collagen gel constructs.

[0115] Figure 46 Collagenase digestion times and cell viability within digests of
glutaraldehyde cross-linked cultured hABM-SC collagen constructs.
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| ong-termcell engraftment. In particular, the invention relates to use of
cells, and conpositions produced by cells, in the treatnent of various

di seases woaodisasdders; particularly those involving ti esuas2and3smgans
with limted self-renewal capability-@Qsuch as, for exanple, neurol ogical
and cardi ac tissues and organs). In enbodiments of the invention, the cells
of the invention are contacted with a patient_in need of treatrrelg& Tglg
term "[Btt6lent " drigeren 42 sQuanHication min H3n ERdnwahingragessed hABM-

[ 0134] Typi t cell or other early-stage progenitor cells |ose

pl asti ci ty%gg%%e&scgnéhlgc%éel | s have commtted to a particular differentiation
pat hwdg1174t t he Higoreo4® hliavi-3@ widbilitysaftehidatprgoct sEndedgiotlager construet with

cell loses the ability to respond to certain signaling nolecules (e.g.,

m t ogens afioGFd¥Phogens) whi ch woul d ot herwi se drive the cell to divide or
becomgg aaqt her GEbhvd P QualfiliSatiofSoty EEF byPBISE Withifll [l {dsCoH vatlidg deVice

| eaves t cell ¢ cﬁe (i~e., can no |longer go through mtosis) ang enters
an irrever dichtenst ate call ed GO wherein the cell can no | onger divide.

Entry into GO is,.al so ocj.ated wi | i L Ye senescenc hal | nar of
whi ch l{’ﬁc‘ﬁ?ude i?agwséﬁﬁ&a?ﬁé%m%?%ﬁf%@@ﬁ%W& 1 r%%ag‘?s@ %aﬁm%“‘ééa).
Thus, | oss Rfstehasticity (the ability to differentiate into a variety of
cell types) is typically considered a prelude to cellular differentjation
or cell0120dr senddgwrecdl Quantifieationrad, VEggsmeLﬁ@wﬂvntlysaﬂ@ &l wBying slevise| y
associated.wth the loss of a cells capacity for continued self-renewal. In
contrast, {5T40N typical and traditionally accepted scenario, an

unexpggfAq and Fpere SRNBhdtesUpl off ghit@aldeipsentrossiiakdd eoltirsd t dulagémheell
exCF- SC of the present invention (e.g., exABM SC) continue to self-renew

(i ncl udi ng ssesdefl cprsimighpriento dehydralionyel y constant rate) despite | oss of

pl astigidy. Accgsdi ?[‘5’10 '][ﬁ%[rﬂg : ' j ar e
thera;;‘giu%zﬁcal I y%{}g‘%%%syl"heongéa ageeq{(lze sm&\g/f{ﬁu@’é%?ﬁtﬁ?%&%@ﬁg%%g%% y for

sel f - qerespal (e .Kigurecs Piteapsibd660i devices seadetl withtellenewal and producti on
of trophic support factors (or, "trophic support cells")).. I n another
enbodi[&l%‘?ﬂ, t he Fgae 52 Wrmmg@‘%‘?plﬁ%fe&cé%8ﬁ@ei“ﬁ‘%gé‘ﬂ?l?'on do not
expr eggy & gni f i hidd 2 e a0 BhatiBR Auri Gliflete@niis @idd. cant
guant ﬁ@lyzg] of saiclﬁgﬁrrlgl ecu déésér%%l gﬁ%égaﬁfi ty \M?ilch iurslﬁ\?ndi cea?i % of ce% I
senesqers (wherRigures®hEamatifiention\ofr €BGFriey EUISA ovithin lpsapaseafsvanying elgwice of
p21, p53, and/or other cell cycle regulators). [0135]Additionally, nbst
experts in!CfdoPps-el d of the present invention would expect a

non-h pPoi et ig§ogde W BharkifiRSiGiof VEORLyHAISWOShiR I patds G H¥vitOitdtaehs.

' 1 O tnggé'tev\oss A VA ey US3011/ 038445 T capabi ity of
gener 40128y or prRigwtei 5% GRYdimdlagen-basedf bioagfimesderier pioseitiess. hd§00Qinmher

o Gener a €rEXTBNEL B J60ds Satints ek ICEO% hunRY bl g dfpddont Y
plasticity psehvdigb@i N the ability to generate new tissue in vitro and to
pronote regeneration of tissue in vivo. 0136] The present invention is
dr awn [0129] er al iEigunecsOnRerairdyf sofgieadlyainduasg flexeijiendemlesiag using Kessler-Kajima
rejuvenating tissues_ usin f-renew cells, referred to herein as

col ony-f or Wﬁeégﬁﬁ‘fsl?e@at%rﬁéﬁl(ragg&%%@gh exanpl e of which are adult hunan
bone nBr3pW- der IRigeeSBINBI00¢ catlidven (BN ) dpprdembtelyeh @ hgmooide 2.8 anrinng

somatic cells (CFSC) such as adult human bone marrow derived somatic cells
(ABM SC) asliaesser, prd wrapppd awpapd therfigital flsnorterdsy epar ed as described in U. S.

Pat en licati . ' [ 1Y P 4ecdby | €d
Sept . t[‘ii;‘,qlfzoon KRue2 SRR %ﬁ“ﬁ b0 iSéognHHr\%l e TR S 35%. TR tee

Appl i cat i orwitioGarhef @BILthe@py pfdduer] GBIANOI (Diver 2igH) Qudztes inadidetifesealgat ent
Poor J0Fed by FiErE: 64cEMoPbH- BFe L i o RBIken i AaF HETROBIT G ons
60/ 929, 151 aﬁ%tp@g{ 29, 152 (each filed on June 15, 2007), U.S. Provisional
Pat ent Application 60/ 955,204 (filed on August 10, 2007), and U.S.

Provi sional Patent Application 60/996,093 (filed on Novenber 1, 2007).
[0137] The invention also relates to conpositions and matrices conprising
conditioned cell culture derived fromCF-SC cells. The invention further
provi des nethods of treating nedical conditions in a patient using
conditioned cell culture derived fromCF-SC cells. Tne term "conditioned
cell culture derived fromCF-SC cells" refers to the nedia that the CF-SC
cells grewin, after the cells have been renoved fromthe nedia. In

enbodi ments, such conditioned cell culture derived fromCFSC cells is
substantially free of the CF-SC cells. "Substantially free" neans that all
the cells have been removed or a majority of the cells have been renoved.
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exanpl e, from bone marrow (ABM SC and exABM SC), fat, skin, placenta,
muscl e, unbilical cold blood, or connective tissue), are permtted to
adhere t ova20al/150398l t ure surface in the presence of an appruspoilass4iredi a
(such as for exanple, but not limtedsgo, Mnimal Essential Medium Al pha
(e.g., available from HYCLONETM supp?errent ed with 4 nM glutam ne and 10%
fetal bovine serun) and cul tured under |ow oxygen conditions (such as for
exanpl e, but not IDENAILED,DESCGRIRDBHON OFVHEORVENIBOUW 5% bal anced
wi th nitrogen) and subsequently passaged at |ow cell densities (such as at
about 30-1000 cells/cn?) such that the CF- SC maintai,n _an essent.i al .

const dM33bopul atlihsrPrazsa |1mw?§t1?%€3af€§ deAsg L f%ﬁ%ﬁ%‘ﬂﬂ?eéé}pl??uwtﬁ%w ﬁ%li}Jﬁll)( §80 to,
a doublingrate of byt UKIS) ifvehAstd RelalésBbowe HOPellsatandn
doubl i ngs (l(sslﬁgtcﬁngscgfug?é%&gﬁg?g qflgu%a%%(;lltpﬁi :ilﬁted to, going through, 158 15,
20, 25, 30coBPpsitions pdanetl by Gllspopthcatreasmeniond| varmss. disesegoand gingslersient s

of the inventjon nmay be nerated w th CF-SC.,.and.e [ I
ABM SC and Pé%&BP@F@éS{OwP?@P’ 08 A REEHR Hinited %ggf'g‘%lseqﬁg gafblty (uch
concent r at i,0ng, 2RGB1el MMM ahd 28fdidd BEsuex anplogganweliebmbbdienc@® of the

concentration is about 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 1%%;
12% 13% idvgiod,5hg cdls of2ednvensionsaroepntagied W&ha%d@ééntvt{lﬁlﬁe%i’fqttﬁ?&éﬁm- F

exanpl e, ABM SC may,be cultured.un X i.tions wherein said 02
concent r at E‘Hﬁé pﬂ‘%ﬂ/taﬁmﬂm%ﬁ/%s oghghs #a%n%%o%%h/ﬁl (?Igglg'ut 15% | ess than
about [pf aboutTyhYly] £5@nt Elinoradibet eatl§%tagetyougenttty ctlslosd plasticitycherausdy
about 6% | ess than a%out. 6% about. 5% |ess than a?gut 5% ﬁbgut % .1 ess
t han about thsellshbare @upmitiedstor arrtispiat fitkegntiagn pasioyay; 064 the, Bip 204

about 1% or,  whenein I it raResd ké @perahout
1%to abouﬁe‘}fb%ls r[ihbso {&%/f?%éqﬁ%8%@%‘@%%&@%@%%&? 1%& ~about 1%to
about 5% aheulin®Ydleudloels. , 20%gabant Héfphogaispwhichswouldbuberwiss didveathout
10% about 10%to_ about 15% about 10%tq about l(lé/é%.abog%f Z(V%tizg alpl%we 8%
about 2% t sch bR dividegr besome aporhereeligRr BYS: b insgo SHiRTEgs: SN 206
to about 49 %10 ! loRg Varti QHE B%rs ahgkbvet¥bleostabout
7% about ff%/% '?@?g%gét&%'%cggg}gult& %%gg%g%{q%&;sggbout 3% to about 4%  about
4%t 0 aboutcaBéd Gabwhireihdtht cehivanino epgetsidvide.4Fntry intsoG i ghso Asenciatorbavith

about 5% abaout 5% to about, 8% about . 5%.t bout 7% ab 59 6%
or about S%PI[CG@X@PWFW@%% ?ﬁ%’hicﬁxfgﬁfl?% chﬁ%aﬁe‘%gxljgrgénﬁeorna{%ﬁ?r\?m%%- SC
and exCF-S . Al S6s 185%i BENbTI toudifferedtigte intb @wasixsygdn
condi ti Onsg\f\él%{rﬁéipgi(%xﬂl@b%\ko 2011/ 150398P /U820111%38414_5 e— 29 H-l

concentrat iceh typeg)eis typivallyogonsidersdoa posludx ppeedlulapndifferentiptien @rpcellular
concentration is abqut . 1% 2% 3% .4% .5% 6% £%:1.8%..99 0 %
13% 14% OFDOPEEHCE. 3# S oSS PIAse tx&%aﬁe/m%(%c/grﬂyt %S%Og"iﬁ?d gn‘?&ﬁ%%%t% gof

the inventiQns ¥Byacho BEREARNRE 8iftrBndshal SOnacshtraxCho $Gs (tf picaleanainpaditionaByt SC
and exABM SC) passaged by seedi | ow cell densities, wherein said

[ 1
cel | densi tapcammwnmcomlamémecgzg\gﬁué%ias{%/féﬂt 0% 1Bp PESSSRINEENtRRL} tehthene
Il density is.about 1. 2. 5 10 20 e
500, 800, AF6T-S00T hedtessygRvattn Gy, SQUESGREtil 48 delriher ncikdie

cel | s/ cn®) .seffRbn@varme! £rel ARMySEovaMt batepdespitgddssadf phstitityy densidinghs ak
| ess than about 2500 cell/cnR, |ess than about, 00 S _than

. § |l slcn2, |es

about 500 cwiosiment, of| the PresprininxEIBioN arp Ahaanquis ?Se%@s%nilﬁ?ﬁe &Bﬁ%t“’%a
cells/cn2, |ess th J 3 : - redviad/ L.
Enbodi ment scogﬁﬁ‘feﬁie Ha ;f éroggﬁgeégkg{ S%%’erc glgse(%&%'%%gpcglggﬁgﬁcﬁgx%- SC (for
exanpl e, A_Efjvb(dﬁﬁ_tiaﬁdoﬁxtﬁﬁg%@f(é);lppbmr Bictord Her c'éfdpﬁbgguﬁmrt owllfd"c)hlbl ilngallmltl@s
are maintained in a range of |ess t ut. 24- urs (.for, ex

wherein t heen@&dlm%p&hleaﬁﬁg;ﬁ's(%@ﬁii‘?fg%?@iog tﬁﬁimﬁfflﬁé Ve&iloﬁl &g n‘?ﬂgﬁ%g Sout
24, 30, 36, '”tﬁﬁca‘h‘%%,&éﬁﬁ@so’of%l b8d/of ﬁpsggﬁlwhe%@in Qr"s?éﬁﬂ@am uanBERDOGH REIdL S

of the inveltion may be generated with C-SC and exCF-SC (for exanpl e,
ABM SC and rexlaBMNESE)a gixertiey whidheisdedicatpepef] celli ssheseenast Gihereim senesecnne may| y

constant doubl.in ate through.a ra of..popyl at.i on i h as in a
range of aer&‘flreSS-‘\fmﬁ%trﬁ}Péetsf'l HI%'SG@r%%zb’spséf 615)#%&(5[ rlcgﬁ%&ﬁgrr Eﬁatﬁﬁg

popul 6@'15’% doubl A §gtibAdIE, infosiRkpdrai iRede fd ab@d pesdld, invention veod expec?a,
5-30, 5-35, 5-40, 5-45, "or 5-50 popul ati on doublings). [0141] Enbodi ments of
t he i nvent i mm-handtophéetiss stronalaypscel ibate haFlosT plastieite s hay e imiad. Waity Ry
exABM SC) incorporated into pharnaceutically acceptabl e conpositions which
may be in a liquid, sem-solid, or solid-like state. Use of the terns
"l'tquid, semsolid, or solid-like state" is intended to indicate that the
pharmaceutically acceptabl e conposition in which the cells are contai ned
can span a range of physical states from1l) a conmon liquid state (such as
in an ordinary physiological saline solution); 2) to a w de-range of
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vi scous and el astic characteristics when undergoing plastic defornmation.

Vi scous materials, |ike honey, resist shear flow and strain linearly with
ti me wherwa 28trvesse®si s applied. Elastic materials strai nPCmAtSantiassaotis| y
when stretched and just as quickly repgn to their original state once the
stress is renoved. Viscoelastic materials have el enents of both of these
properties and, as such, exhibit time dependent strain. [0143]C i nical

adm ni st r achpabilsy of gdeheraiing pr qmtmgerﬁge@tﬂﬁioa,Ofa%ligm@cﬂnﬂdlsﬁlil%e Thai FOHET j | |

enabl e application of trea nt t ot QUI 19fitt RE oYL
bed, wit hoﬁPerP%?ﬁp?’H% ils \Bgéttggdeg% gtﬂééiq’g&t%ﬂ{e%‘%ﬁﬁ%@ Fo%ﬁ%fc%fbn?ng 6
sol ubl e MakkicKsiCEINNARSRES CIUST @%. CABMNGE)swhich fliabe ilostvpladticitfF-ySCrataid the

exCF- SC (for _exanple, ABM SC and exABM SC) induces the cgl,l ‘gg})ul ation to
up- regul atbilisxkiorgensiagnnay tissep dr viKiRrand de pEAER]e FESRERNHAN QUG Y WA oki nes

%G-S’steﬁf R85 %n YRESN Shrer l@z@zg,l jtocf%f-hgﬂ% Qf(‘: lré?%n%,cretg@nerating,

and i x met al

sur gi aﬁ@-i nduglélg wounds appears to facllitate woun sure and prevent
scarring t had/ebsejuivesnting tiguesusiigiehfalenswimgrcelg ré¢femed tehgein aExalppy-dorming | n
enbodi nrents of .the_ inyention, the matrix .conprising CF- and/ or exCF- SC
cells is copmaig callsiCH-SOpEni SRmpls, ofe c%frg?‘i raa‘éﬂtt %@M%ﬂsg@&. fnaﬁroﬁ'é‘i(elné'ﬁ?
having a i K ty).0Ralrlr¥neiRE cABRRISRing BRI BIL| (BFBQ) such as
properti eg@g&g%@%@ﬂ@?}(@& SC (rsrbecﬁ %g A MSClln%nd exABM S(C) 6sr)ee, e.g.,
Exanpl e 5) adulk duoempbene inmpmovadetivied escapities célisc GABM-8E) g wedsia the| prgsent

attractive. for .the treatnment of i nql @gi,cal . di.sorder s;a }

i nvol vi ng tHENERE AT B@P?Fﬁn&c?is ?‘i{)bgggﬂgrﬁga?aﬁ}? 95@5’%@5%%%1?[6 0%(:))0[%@??% S to,
chroni ¢ i nfA ANERIRT Wodomoosas fi1eb ®ehesiis. 20015 hea Ylsarpgent! Pybliation No.
eryt hemat osus (LE), graft-versus-host di sease ( ) nd drug eruptions

GVHD) ,
(i.e., advéped0s8d Ehedss Atmligatianabioi éﬁ/@ﬁl,6§@1ﬂb}i§@@t-e%(gc?082bt ARk O fHepse

Il - tant fracti f CE- SC - . : C
oxhBM S0 dait eealiEfonSdrs R anRrndRter B i reh Bl e AR 0% o

concent r at ggbopstilated 8P aERfbntOhSUreRS\Srrovisional Paadie Appéivatiunst6als2e,156mnd n
vivo use. Wien prepared this way, conditioned serumfree nedia %@@ﬁé&%ﬂ SC

has been W920.52 (sBBJdwcm U@Zdﬁil%d&? Prowisionpd Pateat BPlé‘Ei‘tlf’B
nUMEr ous p [(ﬁll‘eé goﬂle,gl?%u%# 1y %O%Z}, Akl RES; LRI f’a?c%t%@ligc_@ifi‘&h_rg@/?gaw?&%& 88 33

i n therape ective’concéntrations (see, ‘€. 1A, 1B an
1C). The commpteker X007 of hundreds of sol uble factors produced by ABM SC
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| oni sat i onnikidical ESndiiorghin aspeiehr uesimg conditioned cell culture derived from CF-SC cells.
The term "conditioned cell culture derived from CF-SC cells" refers to the media that the
CF-SC cells grew in, after the cells have been removed from the media. In embodiments,
such conditioned cell culture derived from CF-SC cells is substantially free of the CF-SC
cells. "Substantially free" means that all the cells have been removed or a majority of the
cells have been removed. Optionally, the conditioned cell culture derived from CF-SC
cells has been treated with pharmaceutical compounds, for example stimulatory factors
such as Interleukin-1 beta (IL-1b), Interleukin-1 alpha (IL-1a), tumor necrosis factor
alpha (TNF-a), interferon gamma (IFN-g), Interleukin-2 (IL-2), Transforming growth
factor beta (TGF-b), Nerve growth factor (NGF), Epidermal growth factor (EGF),
concavalin A (Con-A), and/or phytohemagglutinin (PHA), to name a few, to induce the

production of conditioned cell culture media.



[0147] Ui lizing the nmethods disclosed (as well as other separation

techni ques such as chronmat ography or hollow fiber cell culture systens),

t he desi rwo 2priotsedons or cell supernatant fractions can PETIUsod1al8RILS

di al yzed, lyophilized and stored as a-golid, or reconstituted in an
appropriate vehicle for therapeutic adm nistration. In one enbodi nent, the
proteins or cell-supernatant fractions would be reconstituted in a
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[0140] Embodiments of the invention may be generated with CF-SC and exCF-SC (for

example, ABM-SC and exABM-SC) cultured under low oxygen conditions wherein CO;



pharmaceutical conposition conprising the steps: (a) preparing a solution
conprising soluble collagen, serumfree cell culture nedia supplenented
wi t h gl utwoei2zory/15839di um bi ocar bonat e, and HEPES (opt i onalPCy/usnei0ss4ng)
suppl ementation with insulin, transferpin, and/or selenium; (b)
re-suspendi ng CF-SC or exCF-SC (for exanple, ABM SC or exABM SC) in the
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of preparing a pharmaceutical conposition conprising the steps of: a)
preparing axsmble wbaretotherdedidegsify israbowtgle 2, AntD, 128 3%i0a:50090,178, 8GAe hefi:ng

CF-SC or e - (f anpl.e B r BM SO 4R th ol yt.i on; , C
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cells/cm®. Embodiments of the invention may be generated with CF-SC and exCF-SC
(for example, ABM-SC and exABM-SC) wherein the cell population doubling rates are
maintained in a range of less than about 24-96 hours (for example, wherein the cell
population doubling rate is maintained at less than about 24, 30, 36, 42, 48, 54, 60, 66, 72,
78, 84, 90, or 96 hours). Embodiments of the invention may be generated with CF-SC
and exCF-SC (for example, ABM-SC and exABM-SC) wherein the cell population
maintains an essentially constant doubling rate through a range of population doublings
such as in a range of about 5-50 population doublings (for example, wherein the
population doubling rate is maintained for about 5-10, 5-15, 5-20, 5-25, 5-30, 5-35, 5-40,
5-45, or 5-50 population doublings).

[0141] Embodiments of the invention include use of CF-SC and exCF-SC (for example,
ABM-SC and exABM-SC) incorporated into pharmaceutically acceptable compositions
which may be in a liquid, semi-solid, or solid-like state. Use of the terms "liquid, semi-
solid, or solid-like state" is intended to indicate that the pharmaceutically acceptable
composition in which the cells are contained can span a range of physical states from 1) a
common liquid state (such as in an ordinary physiological saline solution); 2) to a wide-
range of low-to-highly viscous states including jelly-like, gelatinous, or viscoelastic states
(wherein the pharmaceutical composition contains from very high to very low levels of
extracellular water, for example, such that the composition ranges in viscosity from a
state where it "oozes" slowly like oil or honey to increasingly gelatinous or viscoelastic
states which may be jelly-like, pliable, semi-elastic and/or malleable; 3) to a solid-like

state (having very low levels of extracellular water) wherein the living cells within the



b) mxing a fraction or fractions of cell-supernatant derived from CF SC or
exCF-SC (for exanple, ABM SC or exABM SC) into the solution; and,

transf errwogotisozsl ution to a tissue nold, or equival eRCTiUuse01808844% O
congeal at 37C, for exanple, when plac@d in a cell culture incubator.

[ 0155] The above nethod of preparing a pharnmaceutical conposition may
additionally conprise the step of i.ncubating the ti Sfue nmol d, .o e&gi val ent
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the present invention enconpasses tissue regéneration, particularly in the
treat nent ofisdous sarel ddastigeclrmagtetstioy : whenmumdergoingt edastic s defaamatiqns u¥ lcetss
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to their original state once the stress is removed. Viscoelastic materials have elements of
both of these properties and, as such, exhibit time dependent strain.

[0143] Clinical administration of cells in liquid, semi-solid, and solid-like vehicles will
enable application of treatments that shape to the contour of the wound bed, without
trapping unwanted exudate in the wound.

[0144] Combining soluble matrix components such as collagens or fibrin with CF-SC and
exCF-SC (for example, ABM-SC and exABM-SC) induces the cell population to up-
regulate expression of important secreted proteins such as cytokines and matrix
metalloproteinases. Moreover, application of ABM-SC to surgically-induced wounds
appears to facilitate wound closure and prevent scarring thereby resulting in minimal
scarring (see, e.g., Example 7). In embodiments of the invention, the matrix comprising
CF-SC and/or exCF-SC cells is contacted with a patient in need of treatment, €.g., a
patient having a wound. ,

[0145] Additionally, the apparent immunomodulatory properties of CF-SC and exCF-SC
(such as, ABM-SC and exABM-SC) (see, e.g., Example 5) make compositions and
therapies incorporating these cells attractive for the treatment of immunological disorders
and diseases involving the skin (dermotologic), such as for example, but not limited to,
chronic inflammatory dermatoses, psoriasis, lichen planus, lupus erythematosus (LE),
graft-versus-host disease (GVHD), and drug eruptions (i.e., adverse cutaneous drug
reactions).

[0146] Secreted proteins and cell-supernatant fractions from CF-SC and exCF-SC (such
as, ABM-SC and exABM-SC) conditioned media can be manufactured from serum-free
conditions, concentrated and prepared in such manner as to make them suitable for in vivo

use. When prepared this way, conditioned serum-free media from ABM-SC has been
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derivatives of such molecules such as various isoforms, fragments, and subunits, as well
as substitution, insertion, and deletion variants. These are mentioned merely by way of
example, as it can be appreciated by those skilled in the art that, in combination with the
teachings provided herein, any number of additional structural or therapeutically

beneficial compounds could be included for administration with a pharmaceutically
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biodegradable matrix is bovine collagen or polyglycolic acid (PGA). In another
embodiment, the pharmaceutical composition is cultured in serum-free cell media under
conditions of reduced oxygen tension, for example but not limited to, oxygen tension
equivalent to about 4-5% O,, 5% CO,, and balanced with nitrogen.
[0151] In one embodiment, the invention encompasses a method of preparing a
pharmaceutical composition comprising the steps:

(a) preparing a solution comprising soluble collagen, serum-free cell culture media
supplemented with glutamine, sodium biocarbonate, and HEPES (optionally
including supplementation with insulin, transferrin, and/or selenium);

(b) re-suspending CF-SC or exCF-SC (for example, ABM-SC or exABM-SC) in the
solution; and,

(c) transferring the cell suspension to a tissue mold, or equivalent thereof, to congeal at

37°C, for example, when placed in a cell culture incubator.



stinmulating organ and tissue regeneration while reducing fibrosis
(i.e., tissue scarring), and nethods of stinulating angi ogenesis via
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ABM SC and exABM SC). [0166] 1 n anot her enbodi nent, CF-SC and exCF- SC may

inhibit the biological process of fibrosis. Fibrosis is a natura 'bé/IPdeUCt
of woldbtbZheal i nglhesabarve i%},l‘)daﬁ_ﬁPWHF“%&%@HW@H“W;W%WB@t‘?@'s _t.l ally
Fibrosis, al, ri§é‘a¥¥“s@ FirtBdtints HE Althidor b cRieAUANDEA KPS inERARKIBNort O
regenerating tissue w R optI ma unction, especially in the heart and
central nerexanplesst mom 1{riiNg) to, Hed alage os denget) sxlee ldwspiyger denséin eondetende d
for optimal organ functi r nt wi.th cells,disclosed herein helps to
prevent or SABHAKE! 1 @PB%ﬁgy%aa%%gﬁéb%}l\&bé%an‘i %’ftgémf??é’nheal ing of damaged
Li ssuggyshpe i DgSimalbRYerRbdRhEHeME thiekiiad dntiBasats 8YRBMOHSIf Frepirirachs of
two or nore secreted proteins or cell produced conpositions, including
menbr ane behathavelticad vorhpesitiondomaurising thad@bs plbnal |y matri x prot eases

i nduced or produced by the adm ni.stered CF-SC,an CF- SC (such as, ABM SC
and exABM §8) Hﬁ‘gpaBP%lg solHUPREAPPAIRE ﬁgﬁ‘“?ogeﬂ and @\’fglﬁ]t%lﬁlﬁg fibrosis. [0167]1n
anot her exeypl af.yuspeiifd CFISCRIraKER-SC Y& Exaible, ABMOFE N séxABMISO) jonden as
neovascul arization, is increased in a desired tissue. Angiogenesis, or the
formation of veutoBhd50398PCT/ US2011/ 038445 - 37 - new bl ood vessels, is
a key conponent .of .regeneratiy (Bo¥ fornmed tissue nust
have a bl o sH%IBF&}SFIE‘?\%&SH%F%SS’S‘E%%S@‘@?“?‘?g‘??g‘% ‘??M\@/hdot helial cells are

| ost qer34pg degapesmdtlicy enbcddasseshe dineatse cacagpass anmethod arfupreparijguni es
for which the present invention is a treatnenf. Hence, use of CF-SC and
exCF- SC (f phasvasaplical cCopResEroLeAMRisAhSSEPHOL conposi ti ons produced by such
cells are yseful ln,st) ' ' | Solidbeh2b@ahn-fris SHeTuRie QE@ans
(especi al | ;5 fﬁepg{}% ga{hﬁlﬂ ggmngggggggr ?éacot%ses’ue) . Angi Qgenlelsi s is an

i mport ant conpemgiémeited i wihiegluepahe, aodumabiapdoante, i andc ShjRE t(optionaly h

fibrosis inhibition to optimze hegl] ng. of d;}.rragfd &/i ssues. )1,0155381 Anot her
exenpl ary use é)‘?dlidﬁ’ég PHRRSEMNAURSRt BT IaP L™, AR gﬁeﬁqﬂ‘ﬁ?’% of
regenerati 2’2 gérrif(fsﬁlglﬁvﬁ%h% fpicﬂﬁﬁs's@le@elmlfp@ﬁidﬁan% E@ri\%algﬁr@\{lt@mst: &f extOFeSC

adm ni ster I'nvivo studies have shown that Iong termcell
engr af t ment or (for ssamplepeBM-BC atiek ABMSC) antp dire @ﬂutmmmamiABM SC or exABM SC

are general |y not seen, suggesting.that the mechani b i C I'ls
incite tis$de Fféﬁifﬁ%%ttbﬁﬁ(%ﬁgomjfﬂ QPW&%(HQ’C%I AU, elngggeeﬁ%ort;’t, c&'x}g&{?ﬁgﬁgﬁ
through a host gfeseRRRE when bliged Rl d &l hiiiRahv@stand/ or factors they _
produce. Tnis is not surprising, however, given that the role of ABMSC in

bone fOrs3dw i s tKhepatove decthed of prepating aharmagssidcal gopwesitiopgnyeadditienally

present inventi.on_ includes treatnent of bl ein
Phe admi ni SoBPecE te e Siiac ehe 8l nERmrd MR BB raL AP uiiRES
not exhi bi tox? RAGHH cOidifiRGqtiRaIRNt osbust 18-2 DugRandsgs @bment . | nst ead,
the therapeutic CF-SC and exCF-SC (for exanple, ABM SC ant?l &fo\BM Sé:‘)

provi 8136l ophi c Isugnedrer dnakadiment. dhgp prvesor SNFOHBASESS 2j MALRH tOf PISPYLIEs 2
inhibit inflanmation,(e.q...:l m%. q i gematory responses), pronote
extra-cell LHI"%?“‘L?EW °|a>l<g(r’ egr%sété+| ng, ésn@%l? S%P% mil at e angi ogenesi s wi t hout
becom ng p@Pt @fephting b eplatioe dormpssing fibtinageniagditirbodint, or currently
detectabl e [evel . [0169]A further ex mee of the Er.esergt i(ﬂyggi o‘{)l(g&eg&hes
that after W parxisg oftagtoner frachionyad erllssuperatanl dpdved, krom (F-gb: Wced™
anywhere in th er gy 1 Gsdlitfonddia, ni stered cells are
conpletely cl egtF"géQﬁF‘ﬁfé}gme‘gﬁg’i Eg%mﬁl\z%g‘ggéﬁs that secreted factors play
an essenti al) r aiministetifethe epltion of ardepeageaindi ssue. 1017011 n yet anot her
exampl e of the present inyention jllustrating.its utility,.the hABM .SCs
di scl d8&fIher ei rlné’élﬁa"efre Oaﬁ%en&o%rprgﬁﬂfb‘geg%@? ERIPPHASSUE TSP e
al | ogenei c ﬁk(!ulléfrf 'ﬂstﬁ{‘: g@&t?nehﬂopﬁésh@ AhSaydiéfRedbeinnsudadeRted digdrdéB €seh

t ranspl ant ce cou potentially stinulate an adverse imune response.
However , suasputcmnging disordens)pirdlamesehtion| (gbidingbaeth acete dind chepsécdinflamaiatory

ggagﬁhg%Sgwﬁ%@;gg‘%ﬁ%iﬁﬁ a{snrglgggagdill_ cl:npftllrlctim)ll)\? traumatic injury (such as burns,




- 38 - proliferation in vitro and avoid induction of a T-cell-dependent

i mune response in vivo. A T-cell nediated i mmune response is a key factor
i n i Mmunewpnrotiess®s t hat are detrinental to healing, regemarsatiitwag44uand
rejuvenation processes. 101711As used3perein "an effective anount” is an
anount sufficient to produce detectable inprovenent in tissue, organ, or
bi ol ogi cal system (e.g., |Inmmune system performnce function, integrity,
struct ur e, laferationp ced @bEAsIoRRk infeeiansech mwggﬁﬁ(ﬂra], Sm?lf E‘(‘ﬂg@ pfeedio 5 andt’
conpl ete o | [ Qhat 81 ent GifPhses FEAHBRT GHLd fersh
heal i ng of ¢ Zﬁédgl%%%gg Hogléggé, ?ger: Sgaeﬁé%ﬁhgédgaogelncg@ﬁés;esstém F0172] Tagrlsefl 1A,
1B and 1C sifialamagn st déissides, Ifors txafipley bok hoteEmitgd aes hedrabigoras dagepel lahé
receptors, and nmat[ix proteases secreted. uman ABM SC when sub-cul.t ured
| ser um f AEOrdsst o be P nﬁ@&ila.sysmkbga@%ﬁﬂ%ﬂ £AT BEREUN PIRPL (6 spinal
Advanced D‘X@g;( b ELIM e S il GEERLE Be WduBed BY heudbtth@td B8d d¥Bfidegenerative
Super nat ant n@ént r%%%e’#z = RPM -}§620 acont glylni ng 4nmM L- gl ut am gge and HEPES
(Hyd one) sligepdeshreAnetienemhbodiment ohthTrimventien enepnessensi trasknent @f ldessFiep and
[0173] The rdesch[s dem)nst{rate t hat gurrer ou(i t r.ophic facttor S. anI% so(li%(l:oltg
receptors OBITRIFANIEE FAEsRINCT GRS Ao fEr it HBetiCE °0n fpnip d PGS o
system ar e ;pRdUsee, biverARNbcatesat viamaPensufficiédcy, r eheVveadthedlevalis nvdeanr

cul tured under these conditions. Notably, earlier experinments denonstrated
that suppl degameratioon Asfothen embadienant bf thednvasgipn snegrappssasdisating cardioyassular n,

and sel eniumwas_required to _achieye r r i V. S ose
i ndi cat ed Pﬂna 'Pgﬁ'P%n %’da%g%ﬁagf%o? eir%i%ﬁoé egitﬁ%%%ﬁ%l \?Fr#lgf Oﬁgédz%tlg%n@\%ﬁ&;es
[ 0174] Enbodégamantad abgdegationventblevd ivesklsyie gabgikatdntbvdiher®FoStharinvention

exCF- SC seeded scaffolds that create tissue-like constructs able to produce
sol ubl e faenenmpassey trasfing amage end ideverdgrs R Raraserticrand: kepate Uéﬂ%?a%c‘fvﬂg ajound
hea i ng. SEALE AhShRHORRA bkSSine Gflds S REG2AemBAImf! SHHE 1RRAMD LRBMpLL . De
eval uated ang optimzed TO produce tissue engineered constructs usetulin
ai di ng r epaieatigndarhggenel disoersodf thyases weit las ashes Kinmuneosed, producieg asdd
nmuscl e. These t.issue engi neered construcfgzgcan he used asaé)sr oducts, for

del i ver i ngharhering OrgansalA8pther apbadimentq IRYSNIAR CRERTIPASHHSIETANGE H2MPES ues
in vivo. [ i 4 Q.lépg,a - can
be errbeddeg&(g\nﬁ%sﬁ}%r%ﬁg%ﬁ 1hg eehM%%/r r og%{ S@({snci: g%? g%@@’o %ﬁ%g%gatt?;ié' g‘ﬁ&%)rf ﬁ%&fﬁggﬁfe&r)
engi neer ed Amotiet embbdimefebf the éechation ehdcagessey dteatiognbernias tand bemidel tissues.

mai ntained in cultyre. in vitro.to nodulate or stipulate cells to secrete
and pr oducé@&eé\?ﬁﬁpgw ot §{1‘? HEVEE@R: el&‘i?ﬁg%aﬁiﬁ’éﬁ??{r%ﬂ%t Tgpaur, fggpneration, an

2011/ 150398RGI{ 24081 Lf A38ddaves. 39 - conditions/paranmeters can possibly be
F ] .

varied wth chemcal, nechanical, or electrical stinmulation (e.g., |ow

oxygef0t58hsi on, CFrSitdndfex€iFoBCaduiht amBMFSC unduexARMsSE) omgriateinand)cell-

Human, porcine, .or bovine, derived I e exanpl e i t hout
i mitationSUREERAIHY fRSHERY dei“r‘(e%i‘%} Q?ii@%ﬂ%’%@é%&%@f@ A%ﬁ@\g WRRN; s
can furthegdhecens] 80estonstithtedaiY fAldLIOR @llab@Pbaearwive. OWheheageR até t h

other naturally derived matrices including fibrin, hyaluronic acid,
heparin, akegonsiiteted galsaeh manspr, tthe selid-likgricellagen gnatfixip gpmedsled oper1seapral

Ti ssue engi;neered constructs,. gener.at . -druman
CF- SC and/ S?Yseﬁtﬁ%@%ﬁsi ioe%lagtéséﬁ? ﬁ}%{t ?1§s ;E%F‘gﬁ%‘? ltgcoa Ié)llﬁlggé H%%Z%i ? p%}gﬁpy FDA
approved nah@rdx@FsSEuGhciasisPABMISCind- 60ABMLSQ) i derided cheddisque yureriablel | be
used due to their good bioconpatihbility_and bi odegradati on. These .
co- pol yner §utdeables @ngh bisagdei(seaed niiarg3%. staese siractprss warlidieo b6 strilizsdei fi ¢
properties o] t an. he i i : jo i 0S
of lactic F %%]?é@gﬁoégg%%%? %%’gclﬂ élaé 02?'1%&3%‘5@%8%%% ’gélﬁteﬁggg&po ;Xn{g?sVI%bZ%f ul
as a ti ssuenéhighpebds effuetbersdgrowdt. i ncl ude, but are not limited to, porous
non-woven neshes. CF- SC and/ or exCF- SC seeded pol ymer scaffql ds can pe
mai nt 198k i n c§P?}§1F1%V1§‘?Snlin%%?3paﬁ&?u!4‘i]é %Pgaabﬁl @Gr’féﬁ'tapﬁfé"ttsoﬂ’r‘l‘ﬁ“sbén%‘tfﬁ’i‘%ﬁ zed
using the %g[‘ﬁli&ﬁ{ékfyﬁrﬂtwaﬁﬁs.asrodﬁ%ﬁﬂd Deds@RavRd WA belNBRRNEORTE keeks can
be generated wth the addition or

burns are often treated with an artificial dermal replacement after surgical resection of the

dead tissue. After the wound bed has healed, these patients are subsequently treated with



i ncorporation of naturally derived matrices into the polynmer scaffold.
O her synthetic polyners useful as scaffolds for tissue engi neered

const r uctwowntishisgsan or non- human CF- SC and/ or exCF- SCPCmalSaeia/038445
non-degradabl e silicone, poly-tetrafiygroethylene, polydi nethylsiloxane,
pol ysul f ones and degr adabl e pol yet hyl ene gl ycol, pol ycaprol actone, and
ot her pol yesters or pol yurethanes. [0177] The human or non-human CF-SC
and/ or  exCrrtiiial edite grasivatsial applicativnd of cpitheliad wells i ap itABBE 1% &I89W Rost
vitro. These. constructs can be used as |living constructs for direct

appl i cati ofPEF™®Byopreservation and | ater delivery to a human or non-human
subj egh1d] can faymhRitions, SRR AubecaBed hereli, anbdronseldin titw afom-cbiwentignal
constructs for storage and | ater ﬁgglication t-q. t he patient Vi n

.. L
const r uct s agificialnd¢rodé preducts (ege BN&AGRAIFiqu?adeY igghepses s “r%ﬁ%pi Os
for injection, cell seeded matri. ti L4y [ cel
' 1 Isﬁbﬁggﬁeg}tllyu gfa‘i‘% ozrilrﬂ?%%%lgn a{l,l %ﬁ?l@?}tﬁﬁn}g Ol kBl QRdeshile CEICkI

seeded sol i ese”constructs can be
cryopr esevegbdidt@Mithfimt i reEctvhs (radwe.] Examplé 15).apRy imahilaingt §-ceHemediniedct
in order to maintain constructs with vjiable cells and intactBﬁ{jotginsént
Al 'so, thesdmguwe FePORsEat FURROSMgNSpHel 1the (Ieienh IBXELOByMEY By gL BOSAH
constructs LERENR Gz ahfiddl kEAIt MAEARSHIAE Guitd RirfiRriealtb@iicat he,
but still preserving the therapeutically relevant factors and natrix
produced byatitrets 6®hlskinwi t hin the WO 2011/ 150398PCT/ US2011/ 038445 - 40 -

construct. Methods to render con non-| i vi i n¢cl ude..chem .

modi f il€Hilons sddk é'%o‘ierrfegﬂ?ré‘??oab%g§ BRYe beh s{}ﬁ%m?%gﬁx‘ﬁg)gtd?@ \%glgov]ylgg
protein stgj%ﬂ' tion, decellularization or tenperature manipul ations such
as freezing, 'dehydrothermal drying, and |yophilization. Specific chem cal
cross- | i nkilagitka eat ments i ncl ude gl ut aral dehyde, carbocliim des (EDC)

pol yepoxi de conpounds, dii sogyanates, divinyl. sulfone. and

nat ur al | y- der SeaeHagerticyiokings I%P%%.m g{géﬁ)gqn%é%@ci){ﬁss?.}%ﬁ%gs m ght al so be
further mani pul ations used on the tissue engi ngered constructs to render
non-1 i vi ng ®or Rﬁléaset(érf@ﬁt?réIfOstréY"quiOEéflé Hﬁ%‘blﬂg‘ﬂ Hgﬁfé“i“}ﬁ: JBAIK FUGRPYE o,

el ectron beam or gas plasnma treatnments. Non-living constructs may be
preserved andPsnmtied ddmigetion oéepstotkeliah eclls urlicativeoh HED-AREPSCTHT aGUNEY-

i nvention include bioactive devices (i.e., conpositions, articles, objects,
manuf act ur gg yivensenbl es, coll ections, products, etc.) wherein the devices
are "living" ("live"), "non-living," or.a c i nation af, beth |Liyi d
non-1i vi ng fnaé’t%f‘glﬁaﬂa ’@@remqqté%ﬂgtﬁ?mfe? %m&%}%@%ﬁ]& g&?@é-s ok nt(e)ﬂ_*ci@\%d?%
CF- SC and éxiaretion (A andrstiqkér e of both 1ive and non-1iving CFSC and
exCF-SC in any conbination. Enbodiments of the invention f réher i ncl ude
such Iiving aRffectore-anidwieligtotpssted ddragridiasion mttae@reh@\l/ﬂ%l@éﬂw’gc ISrpri sed
either partially or entirely of conponents derived (with or wthout

addi ti onal spuCelis nattdetmatablesioltimsues mighawed¢lsrposemagcaiohon st eps) from living
and/ or nonliving CF-SC and exCF-SC. As defined herein, "non-living" devices
are: (a) davi NesnédRatabkdnindine ragohsevdgainsCeellSC and/ or exCF- SC; (b) devi ces
that contain CF SC and/ or exCFSC whi ch have been subjected to a treatnent
condi tyegpi Nt endgdnt @niboliimdn @ftHedngentiohy & Authbéri afpro-tegeaerativg cdliubeAastonaw,

o o, g DSs b ESET Bt
fraction of {ﬁénqgg%glg%g%%twn eadbe ICSY VeRARINOE detitibed (Rducd Bl ©BSank Qﬁigh

contain one Or Tho nents derive rom (e.g., separated, isolated, or

purified) faoforlekathplg, cdrdiaoand nvinogalGFgBE aaddissuesala@Rg&Lby.Aor dedmplecheart

herein, a "ljiving" device is g.device t cont ai.n Lve .Ck- SC.and/ of .

exCF- SC whelPdyrg dé‘ﬁit%i agHly F‘E‘}’é"*ﬁg@? b"étjé‘i?tl% E‘?&g) BHStf%(e?‘r ih?%ﬂ?lu%of%ﬁtr i ‘(’)Vhlsc}l

| ntended t QRN aERatRACHISELlchtY AIMEC SCRANM B FRUEET ECFbhatile, tRese
living” device as defrned herein may conprise, in Bart, sone portion_of

non- | i vi ng fafteSGnelndé,dut ercGot §@ited te, SDITalpm, AEGEr ENACTS, 2amgiogening BONfoad) .

[0179] I n one odi f i nyent.i o [YRYA Vj 0 i eparly
100% |1 vi gLk BcSauter e Pt XFivin: NORPUlfhrtiy MG Ty rove: HguRTEL 2
living devi£&iiGORMFASES, SERUS thodSUated if"PhBle 12Q%BindPCEmaf Aotk samered by0%
or nore, 75%or nore, 80% or WO 2011/ 150398PCT/ US2011/038445 - 41 - nore,
85% or nor eCF-SWandrexGibr ¢ (95hnorABRM-8C 208958BMSe, and 99% or nore |iving
CF- SC and/ or exCF- SC.



[0180] I n one enbodi ment of the invention a non-living device nmay conprise
100% or nearly 100% non-living (i.e., dead) CF-SC and/or exCF-SC. In other
enbodi merwe 20f1/15h381 nventi on a non-1iving device nay coORPTIESe01alosssts 25% or
| ess, 20%or |ess, 15%or |ess, 10% ongless, 5% or |less, 2%or less, and 1%
or less non-living CF-SC and/or exCF-SC. [0181] Enbodi nents of the

i nvention further include bioactive devices which are cost-effectjve d
easy {@163$senbl Se¢istion bbpw-rsgendrative factorreb S gk exekdCsisusly s, oAfBMn‘gP

necessary conpon rts., [0182 odi,ment y i i i '
product i on 4 Sxﬁﬁgﬁﬁﬁ B?’@'a%% F'é@néeg(:ﬁ? roguc %’eﬁ @F%i@%ﬁﬁs gtgtgu%{c]))(r\rlié ?2% Ebcr ts
compri sed @fuch () fok eRirmslegtuaRaRb&osis &ckart dlpd ANBAkpm)) ¢o iraluse dfefmodiiction
conprised of polyglycolic acid (PGA)); .and, (2) liuvi ngd, .non- | i vitncg gqr a
m xt ure of of cendioraddeHonltnre/magia or 1&primedhe pelisdsforg@dmipiseafan otEls & 2 one
or nore co tc)r}gnts derived from CF-SC and/ or exCF-SC (living or

non-1ivi ng)p. IT 183] Enbodi nents of the invention include bioactive devices
whi ch [iBag been Ace) Behaflia, aaghaeeriaflammatiomdéddi tda tconaelhitieneofacclokr rad
rate of biodegradation., Enbodinments of the.i nvent%on inﬁt.ude In the

bi odegr adachesnicak cvenss 8 athe cAitRstesy organs @ngi HsEred ¥Eng8r LBUTGHSE: oilh

appr oxi Mat gl 100G, AL aRod0oiVh Honk AR A %naheiivk 8f ellsloNAL injiaba e

or mass of e sca I'0-engi neered construct has been elim nat ed,
absorbed, daé.erhahatregbnemtiontphasaviees diawnnat leenhitinens ofsireweting cpldss for the

months or less, 1 nonth or less, 3 eks, or, |l ess, 2 eks or . ek
or |ess, 5 PERBFEIGPRL Qgsfgr}m@néllatﬁu%r@m@slgih%ébﬁ?(?ﬁ Phass, Yi%ées%c,c 44 ﬁ%%rs %1%3}%
less, 12 h%g%i@%&@%@ﬁcﬂ gét%ﬂﬂiﬁﬂd%ﬁlﬁfbﬂis@dw f | fARBtien. ofMblevém \uevdrieon of

i

i ncl ude ne s for testing and ‘assessi ng erent materials for

bi oconpat i biytokings amd dthembidlegital mhksaulas adesi B diyegsiincali wheswiny gadrosthessd/ or
exCF- SC and co ongnts dﬁri veg from CF- SC and/ or exCF-SC. Met hods for
testing bi & §i ¢4 ¢y FISWFd&e, but are not limted to, for exanple,
testipgespl | Vi ahkldftar-sechdd ML @hel & ABMISE andtck ABM-SEY dhohd prepent
survival, "and apoptotic activity. Exanples of nethods and techni cmeg t?at
may be usednventios uinbludes anetheds ©fj tiedtinge and Rreygningonflampmatiog, (gethods o

Cal cein/EthD- 1, assays, CELL TIT . l act
st ol ogy ACTULERERE Bl Mot PRl REROIncR RS (BF AR REERID.
limted toand GhetBE&HI SlimlRShE N@glogencssBCviat domipositions qplgi, cytadkinesy praeades,
matri x turnover. Exanples of nethods and_ techni ques that .may b rsgﬂ f&)r
such WD 2@xtraceHoRogmatnix UsoEins/ ey produced py. St{m}ﬂ@tsﬁ qr G?E‘é%ﬁnui./i’éeé’ggf' {8
i ncl ude, but ~ar ESE !aé rﬂ#ﬁ@ségndg!;&@eﬁscyeasurerrent of matrix content,

gg: a 81}?‘“ Sto '

i nmunost ai M ogy assessnents: Enbodi ments of the
i nventjf rgs] enconasfotkt endbdinrnyCREC! andeadiFa8C desysinhibitihe Welopicaluproesse

conditions to generate devices caontaihning. desifred.therapeutic,levels..of
secret ed afd fibrestsgdribipsisriaamghyal bxprodpet @8“‘%@%3%&“2@%%@8@?%%

i ncl ude, byp rﬁercllxﬁ' AQfhah ! (Nsh&d Ubrobial aRE ARG aY | Mt8lic isﬂﬁﬁﬁg,t is0n/ figmedtnng?,
cell counts and-viabilTity, histology assessnents, trophie factor and matrix
product i on inpaditieatmen tregansiatigg Eisk@Asvitr optithali funktiers) espesiallyt ithdhe deart and
behavior (e.g., gel contract] cell co-cultur ssays: he...
i nvention FCEREHSEIRGHEED ﬁéﬁﬁbd‘%@%‘r“nﬁﬁf #ﬁs%o‘ﬁféla%eﬁ-%eg eg e%?dogo-cgt (l?p\}lénal
devi ces. Fiog%h[ eﬁxﬂ@tiérﬁ Tedth@HCRAR celld Hidabscal hedéin ARIpSITH petveBNbr Riluce fibrosiess
for making c nIagen- ased bioactive devices. In steg , cells are pr&gared
1

by net hods anfl thdreby facditatenthe liealisg epdanageddisaed. | Thexfibrosisiahbe Pigvepfed by

col l agen as (disclosed herein;..in s 3,.the cel r t i

col | agen asadg’é’é’ﬁr?rbéﬁnqﬁ%ﬁsg? néfgﬁﬁ Pfﬁg'f’ efr in?rﬁegeg%)ez%(frpg%t 1*%11% a‘?&{a%glrl ;\%’EQ%CS%_
For exanpl gonipdsiBBhY dh&aihg . m&dblase Obulichecll-sidie Molcaiiles. e Nohipsaraly adatiin a
bi omatrix, e.g., collagen, gel solution. Once the gel solution j

. . S
sol i di fi ed protasesiuhicedar prodesddoribe pdministered (i-dEedd srEErSY Siich 2y bRM-
conditions 'SCA ind et,‘x%fﬂ)f-’sé’f m%;b Slagr%htillﬁﬁgrtzﬂﬁ hhft G pteVenting fibrosis.
[0167] In another exemplary use of the present invention, angiogenesis, also known as

neovascularization, is increased in a desired tissue. Angiogenesis, or the formation of



enbodi nents, the constructs are processed by crosslinking, with, for

exanpl e, glutaral dyde, foll owed by washing with, for exanple, glycine. In
enbodi nerwe,2011s0398nt ruct s are dehydrated, rendering theCraishéiiossgsi ve

whi l e preserving the bioactive factor.gg7secreted by the cells. The
constructs can be used as neotissue and/or a surgical inplant either in the

dehydrated state, or after i(ehydrati on. _Dehydration enco%gasses ful.l
r

dehydr at i orieW blgod vasselsy syt ke EQmpRReat 8k reerRsFt Yemedisute Rrcree vy Tumst ent
condi tions,g { i ﬁ%@fﬁ isASHA A @lch@Gthéifal ReBPRCI1b4tC
hum dity I&Sgkg%lg?t?v%vg%owgﬁgm’ﬁy@%[ 18%]%213 exarrpll e of em_)oai ments of

t he i nvent idmning degendentivb procasses,nbiseabsd priogeedsiv, or@owntoiimuries 0F W& hethel prasent
exCF-SC wi t.h coll agen (e.qg.,, . rat or L.he col )eat final

concent r at i'BYfEGH ! %Hﬁ%tmfg?t 0'geReE P ‘ﬁféfggtf’d‘ﬁ %@8%8 clor F§9I’Pr]i’tie’o¢‘B%§g_tangx 106
cel I's/m. wict A pAR&e) 3r "BéibosiRRUbrdiub® Ny QucRbedlls GRl hasrM. inSeeimukitiagr e
27. Figure 27 denonstrates results with human exCFk- SC seeded at varying
densi ti es wngivgenesisdinciatget tiasies pod airganscesnesipdn. 5 exapwley . in dppERAOA!
SEWONCELLONTECH, ,Seoul , Korea) .at either 3ng/ml.or 4ng/ e ngcen Laps
and cul tur é’ﬁsgs HOBIPSEISSH He a\m?ﬂ&?tf%ofnpé)g‘%w 8%%5?1%6?% an%ta%ga%ﬁl élig e?feét% i

poi nt) . Di a@RfudtSorPvith Fi®r@e inBBREIN Y OpEmiver RaliBasldethort tisiies.

2011/ 150398PCT/ US2011/ 038445 -43 - 24, 48, and 72 hrs. Percent ,sulraf_ace ar ea

cont r d8t4%n was Antearl excatplyy ewnphthhgreseandnyendemdneles thei stimpl Hom bt er s
to contract eden%'agggto?\r}'ég%niaﬁ&? grotclegg@s g@tpgﬁt‘ th@‘eﬁé’lﬁhﬁl%ht gleﬂhe %%ﬂﬁlﬁkt@k@%eﬁs& at

. . C :
I nact1 vat e& %e sho contr 1ron. I'n“contrast , ere was a dose

response offnColvbagridicgehawonshbaat ilem Wingh téracreets iengrafeleht densissye-spacifial so
wi th increasing collagen gel concentration. [0188]Enpodi nents of the

i nvent i on fdifferRrtiation s iugancBi-SE g et BYESEnae gengaity nolysel; UsLewing fphn
(or anot hery bi i RLT ; LS i A0 RGuiH RN
about 1x10§hége %E?Bn%ﬁ"t Egl:‘g%g% f{lé%ogé%ge}l@fnﬁgﬂgg@%exanpl e,1 enbodi 1rlr%nt s of

t he i nvent ireplademene g ringeadctbiduamhen h¢ rrespooschter thei wtle ripandebles amdfor ifactorgi t h

cells at a final .concentration of .abaqut: 1x103 cell s/ nl, or r. ,1x104
cel I s/ nL orfheyr egduse. %&@GS NEL YRS, JIOVVEL g Yen a&%éol?e(l’fl gpﬁ@%glhdwg& er,
1 x107 cel | Qf tgrlﬁxﬁjilﬁéist%fégtgﬁ &8l hdpile QppofteatiRince, 2thdOpresl |if{dRtioRT

greater, 2x105 cells/ or greater, 2x106 cells/nm or greater, 3x103
cel | s/ mL orindudeatteraimex d4laoeigbd tisdues and)oegane whessin 0l adrhinistered 6F-YF eader

3x106 cells/ reater, 4 cell s/ reat er.,...4x104 cel | s/ r
greater, 4)??6%'& (fgg FYAMRYF> Agé &g?g pnd 33@%’1%:]) gg Pf#_e’g?blbp egg{ag?rfﬁ Oéj{(ir%[egn
cel I's/mL onis@ied Ghan onekPmes! |18étdd, 1S thefpahtes CT-SEXARDbeaCF S8/ (fbr &ample,
greater, 5x106 cell's/nl or gg)r eater, 6x103 cells/nlL or greater, 6x104

cel | s/ nL orABMeSE end «xARM-S&)! provide torphig sunpert, fagtern suprrsss¢alindeady, ighibit er |

7x103 cel | s/ . or. ater. 7x104 cells/nl or C r
greater, 73{1@6%?1% éﬁéﬁ?ﬁmatb@e 1ge?ru,nn§§<nf§§ﬁ é%ﬁr@ﬁ%@%?e%éngg?éﬁ J,Ohﬁﬁé{%ﬁ&'
cel I s/ M oremfigahfitrix SxQRIiAe] drdl/dristiafulge aas®gendSis:0Bhae besdminggrarigsfetht er
9x103 cells/nmL or greater, 9x104 cells/nL or greater, 9x105 cells/nL or

greater, oxaméreddissug/ate signifipeabercurrenty dopetApsdev®Ent s of the invention may
| i CF:- - S . i
i nat TEOBLAE: art BioRD SR Ef e Predtf i SRADGALR 6k oEfls pOREELE BRL. & ANV

matri x) at ademesetedalellons n@n@taegedf angmhatzointthd edperipienital tamimido suggetingther .

For exanpl e, enbodi ments of the i nventi%)g may c%n&rziie CF- SC ag%éor exé;F- SC

(or conponéfministeredesist are rompbiigly vileared drona dhe bedy. Thigisaeesty BiabRpHEeDI e

matri x) at [ ol reater, 0.5 ng/nL or
f%@n@?ﬁw &Eér{ﬁ'ﬁl IQ)flezi?ltnigléi#I Ir'ﬁci)aﬁ’ of d9A, t,%gu&

greater, 1 greater, or greater, 3 ng/nmL or greater, 4
my/ L {eY79gr eat erln ybt amptindr esamgleatthe pre@entghvention iljustratieg jts Atihiy) tHe lxBM-

reater, 8 / or _greater, /m, or greater, 10 / or.greater, .12
?rg/ nL or grsg’t‘g;‘{losfg MhEOTRE ?rﬁir{‘g%{’ceéjr",noﬁ R %E SB%h’dH%ﬁtrygus, Wﬂgﬁﬁaﬁ%ﬁ%}?
greater, 3QcfiUiHspRhtsIePhints HohitM/mibhOkugbeSAHRN  theR FaMsPlan®id BEIRALANd

potentially stimulate an adverse immune response. However, surprisingly, transplanted

allogeneic cells disclosed herein actually can suppress mitogen induced T-cell



WO 2011/ 150398PCT/ US2011/ 038445 - 44 - [0190] Enbodi nents of the invention

i ncl ude conbi ning CF-SC and/ or exCF-SC with a bioconpatible matrix (for
exanpl e, wotonets0398m ted to coll agen) at a conbi ned fi naCTaskéiagsss4s
concentration, cell concentration, andggduration, optim zed to provide a
desired |l evel of trophic factor production/concentration (for exanple, but
not limted to VEGF). See e.g., Figure 28. [0191]Figure 28 depicts results
obt ai ned winrplifgtatien "é)’(’@ﬂl@@@@éﬁé’du‘a@m\/‘aﬁ%/Tﬁ@lldiéﬁ%fifgpbléma\‘mez@éponﬁ%6“ Vi¥¢- 6e6

cul turea subpbnaiarriegHi REpiRePs, 5" Gl 3TMafe JRRGSE Moas

cul tured suspe rm nedia or each

condi tion &Ietlﬁﬁérhalttbﬂieﬂﬁig’lte)gcn@aﬁﬁd, lan@t@uma&orrpmbmesshed with fresh nedi a
every other day or where indjcat were not  repl enished f tures.

At eadfl 'f]i]rrepm s used shepeipe %§ éﬁl‘@xa’inﬁ“’btal 19n 8B gAra gyt ‘gh&’tcptoﬁgal?c{gé%cﬁap
frozen. %%Ee??dg?hﬁﬁ%%%ms eaS egg{gaﬁ%’ of BEN1BAL AR ystin® 3081, Ahinfihel SysRADT €1 N

extraction on gel |ysates to quantTfy anmount” (in ng)
of VEGF confeaforraahesi filictionABESS, sthiétarpe or geﬂnposmsm mbetein gaid impraygment is

represent standard de t on of, arate Cont r ol ncl ude | _onl
e h o DR SRS ORATIE php SR GO TP R, (TRl Petasratehar e Y

I nacti vat eq,r¢gl &éﬁ@ed%ﬁﬁﬁegrgaﬁ%kb@l&g@&w térh”e Resul ts indicate an
increase in VEG- contained within the gels with increasing cell densities.

A cul tj0rR]ti ne JFalfe dass1B ratidc dCe shavesk anreeixtousier it tafi eyteliaes, mmawbclaskssied

col I agen gel 1 | ary. enbodi hout
linitation,S Efgl%ré ?ﬁ%ﬁrlso?n%)(&@x@ RS B ecr&%@r@i {r].aﬁ Ifl%Mrs\tea’%l?concent ra%ll on
descri bed f'!;%ﬁﬁh—'f’nee%ﬂ"bu@tﬁfd MYEHR. alleainySRAGEM: r@nbanrade#q:ﬁmn&wEMEMf or
a duration in a range of about 1 to about 30 days. For exa

above- r ef er(Eikce™Yusenplesrented, wHB 4mplvi lrglitaming tMF@‘érSuPSB@E?Pt E%Vatez# 2days
3 d d
12 dnys, 1900484 finirind Hiv MR Fing P RER (CiongPfiBlhentcl B 5183 1 n

enbodi nent qngﬂthnstMﬁﬂSetlaﬁumt-AQG@ﬁbTM\)eoti ssue or gel construct conprises
a total gel volume of from1l m to, 20 , if 3n1£08n1 or 5
m to[01RAl. I n eMsomsaintdsmonsigate dhaf) n‘é‘@Fm%}%It cé?rSI%’é‘stS"lT Iy TeceRiofS o 45t
2m, at | h %tﬁ@ mﬁﬁné &dm BrelProdibd bgast
7 a1 agpreghfor ilfuerRBrafoffand HoduSh of (it §3Em Breproc el
| east 12 mABM-SCeats ttheékBpenticalht réleesit Ietels] whert dubtaed vBderd Iheact dopdiions. 6

m, at |east 17n1 at least 18 , at | t 19 m d at

2011/ 15039%@?’? yssarier (?3‘8%@“%5‘5“ m‘{%&@ﬂ? éﬁ%a‘ﬂfﬂ’é‘?{?@“ on; RE tﬁ%j’éfﬁ |°8ﬁ1“re

i ncl ude, | Q0JERAUR! RRvs cadréted deot&iHch
oL G beti A6 islTh F%s%\l/% AEVEAID o Sgt@él&iée?ﬁ?eag QKLC 'R gUéA)

[ 0195] Enbodevassshas tltdsemdmamdlnd“rahlﬂbd\utﬂalﬁddﬁ are not limted to CF- SC
and/ or exCF-

Living and Non-Living Bioactive Devices

[0174] Embodiments of the invention include generation of CF-SC and/or exCF-SC
seeded scaffolds that create tissue-like constructs able to produce soluble factors and
matrix deposition within constructs for enhancing wound healing. Scaffold properties,
cell seeding, and culture conditions will be evaluated and optimized to produce tissue
engineered constructs useful in aiding repair and regeneration of tissues such as skin,
bone, nerve, and muscle. These tissue engineered constructs can be used as products for
delivering therapeutically relevant factors to the injured/damaged tissues in vivo.

[0175] Specifically, human or non-human CF-SC and/or exCF-SC can be embedded
within collagen hydrogel scaffolds for creation of tissue engineered constructs. Cell
seeded collagen gel constructs can be maintained in culture in vitro to modulate or

stimulate cells to secrete and produce relevant factors into the constructs. Culture



SC cultivated in bioconpatible matrices and scaffolds with nedia which

contain serum wth nedia which contain supplenental growth and/or survival

factors, wothiwvesaioa which is protein-free (i.e., chem caCiryusdefiossads medi a),

or with nedia which is serumfree (e._g9,- nedia containing protein

isuppl enment s b]tht not serum suppl ements). [0196] Some exanpl es, wi t hout
imtation, of comercially avail able scaffold products i ncl u I CBRANETM

(Bert ek Pha@pﬁﬁl@em/p@amgter%ary PossERKRCOYar W(W}%sﬁ%@m%& eeehanieg r%{t potreal

Inc.), ST f | . :

MATR! STENER'rAS\?r% %g’ﬂ](g g |1‘ﬁ‘g§é‘ eﬁ%{,?s‘%%c%’ ‘,: t #gﬁ%{g%%&?ﬁmt&@é}é%%hﬁ@%&%b le

#g gfIL:\/g\/lrE :{l{gnrﬁdn()t%%gﬁ%e lolrfbe&neej&;:lesdAﬁllagem,, for Eﬁehmpwf RIvKIvithoTElimBages icembes) |
| gsei ences RMIm ( Li f eCel )y CYNETRAT

(LifeCel | @s¢lyl jn erpspiensiiigee FES. ﬁonséﬁaétﬁgi%ﬁté’ﬁggfzﬁm%d%%?g%ﬁkﬁp al

Transpl ant &%ﬂgﬁkh%ﬁl a;ﬁ%@%@ﬁ bf colleg%ﬂ%@ﬁ%ﬂi&&l (RAEd MfHEDIREESRIN

(LifeCell rporat I on I cal G oup) MVAGRAFTTm ( Pronet hean

Li f eSci encdibrinl hyaljronic acid, heparln alginate, gelatin, chitosan, laminin, or fibronectin.

[0176] Tissue engineered constructs can also be generated from human or non-human
CF-SC and/or exCF-SC seeded synthetic polymer scaffolds. Specifically, FDA approved
materials such as poly lactic-co-glycolic acid co-polymers will be used due to their good
biocompatibility and biodegradation. These co-polymers can be produced into multiple
scaffold formations with specific properties. Degradation rates can be tailored by varying
co-polymer ratios of lactic to glycolic acid. Specific arrangements of these polymers
useful as a tissue engineered construct include, but are not limited to, porous non-woven
meshes. CF-SC and/or exCF-SC seeded polymer scaffolds can be maintained in culture
similarly to the collagen constructs and be optimized using the same manipulations as
described above. Also, these constructs can be generated with the addition or
incorporation of naturally derived matrices into the polymer scaffold. Other synthetic
polymers useful as scaffolds for tissue engineered constructs with human or non-human
CF-SC and/or exCF-SC include non-degradable silicone, poly-tetrafluoroethylene, poly-
dimethylsiloxane, polysulfones and degradable polyethylene glycol, polycaprolactone,
and other polyesters or polyurethanes.

[0177] The human or non-human CF-SC and/or exCF-SC seeded scaffolds can be
cultured to form neotissues in vitro. These constructs can be used as living constructs for
direct application or cryopreservation and later delivery to a human or non-human subject
or can further be manipulated and transformed into non-living constructs for storage and
later application to the patient. Living constructs can include cell suspensions in liquid or
semi-solid matrices for injection, cell seeded matrix particulates for injection, and cell
seeded solid constructs for implantation. These constructs can be cryopreseved from the
time of production until application to the subject in order to maintain constructs with
viable cells and intact proteins. Also, these same formulations can be further processed to
produce constructs rendered non-living leaving constructs with non-viable cells, but still

preserving the therapeutically relevant factors and matrix produced by the cells within the



ORTHADAPTTm Bi oi npl ant (Pegasus Biol ogics, Inc.), [0197] Some exanples,
without limtation, of comercially available scaffold products containing
ei t her |iwpnrgos03®8n-1iving cells include: WO 2011/ 150P083RS101W82€324/ 038445
- 46 - CELADERMIm (Advanced Bi oHeal ipg. Inc.), LASERSKINTM (Fidia
Advanced Bi opolynmers S.R L., Italy), gER MADERMI'm ( Canbrex Corp.),

APL| GRAFTM ( Or ganogenesi s, I nc.), ORCELTM (Ortec International Inc.

| srael), DEWM&'thndsAdwandadcoBsmmwhom@;vingam;l,udanbemmmm@d)ﬁpms such

(Advanced Bi oheal jng In

met hods whidg Wml%p‘iﬁ’éé’él)cfod 35&@%8& lthvfﬁ%lr’{pWP%H‘ %M?%E%#llo\r}ede g@lﬁé}égﬂﬁoﬁl%{[

subj ecting téeiﬁﬁérétu&r nﬁﬁé‘uﬁﬁ%ﬁ Qudh’ £t BEMS g8 oﬁh%rmélrcﬁz&g hilizetidnre nt S
i | m

(for exanpl usi ng agents such as gl utaral car
pol yepoxi dé&pedfipeherdical enoss- Hnlung\yb@tmehtme?luw ghwanldehyde; e ‘Q%ﬂl@ﬁs FRu

or ot ein compbitPyds Speeiigoier eRm R aGRE e f g deAld iR ves

fteeze/t ha\ﬁb%yecl %nﬁ@atign, m§tlh6bs AFights alei e Ririhir usadplationDERVAGRARET tijsue and,
decel lul arization (which can al so aid in decreasi ng potenti al

i rrlrr}moge 3 } engipeerhd @hnswytsﬁe r@@d@gé@nﬂwm%ﬁﬁﬁdd@m@a p%?ﬁh@@%n JurBerdy wgludfien
cells an or slevi ceg e e I i f
i nventi on, f‘té%{’st %‘ﬁ }S’ é%’l I&}]%gs fésgrgln?t%étgﬁ%:ls g@orgﬁﬁggr{ﬁlggﬁc;ggéyh%e
grggg/nt Olg 1%}@?%68ﬁ%§ﬂoc/>kéalgatgg%1§/®aﬁpdranreat concentration of 0.0009 %to
0) pto to O 050/ 008% t 8% . |
'(t) thoc/ r[%'k‘ﬂ(l) i nki ngﬁf&@éml%m% W @?%H’EVCPHOQ HOEC E&%g’éoa}cfl%?(? Qi’OcF%?a(bf P ocﬁnm]:i)t%g%gﬁg/s
6 or r
o animal o bE R S U ARIBE OG0 FHENIEE cleD TN A dbies 11
bi odegr adahke "tiaingl X("li{e, émhhﬁg,"bmt ancambinaticne @f tbptl@,db{l@ggm}i pen-Hving

conbi ned final collagen ¢co t

opt 1 1 zed tr@arwfwra%coanmssgrog ¢ EafC and Brcee ity e HPscid SeFSe 8
product i on/ C 8l ot B(%H (i{OTan8* A6 fing bOF-SOtankil BXCRSA Qn\iﬁ@:):ombiﬁuﬁdm a
devi ce can e |np ant durlng surgery, for exanple. In enbodinents, the

devi ce has Enbddidbets phiytei inedntion dprthariiecdudessch hazmgmdrf@nflm&g dedcesvbeaki abl e

in both the dehydrated state.a d at ed

enbodi ment he pﬁ@c%%ecggnmsgdcqlﬁghp avY %4 eﬁ‘?ﬁ? RS e %)é?&gd‘% gliée% Ve a

di amet er Ofwﬁﬁou't Q@cﬁﬁo@éf tpﬁfﬁ'lcﬁfon' RaRitior,andIBr séﬁardttﬁﬂxsdte;%ﬁfrﬁm h\ahg bﬁxﬂelt né? mm

at | east 28 | eas nm_ at |east 30 ymand at |east grm Mhat
V1CES thal

enbodi ment slwlmg@Fwamie@(%S@h A defwgd hewin, "non-living" devices are: (a)
contain no living CF-SC and/or exCF-SC; (b) devices that contain CF-SC and/or exCF-

SC which have been subjected to a treatment condition intended to kill them (e.g,
irradiation, freezing, freeze-thaw, air-dry/dessication, chemical cross-linking, heating,
freeze-drying) wherein said treatment may or may not have been 100% effective (i.e.,
some fraction of living CF-SC and/or exCF-SC remain); and, (¢) devices that contain one
or more components derived from (e.g., separated, isolated, or purified) from living or
non-living CF-SC and/or exCF-SC. As defined herein, a "living" device is a device that
contains live CF-SC and/or exCF-SC wherein said device has been subjected to treatment
conditions intended to maintain the viability of CF-SC and/or exCF-SC therein. A
"living" device as defined herein may comprise, in part, some portion of non-living CF-
SC and/or exCF-SC (i.e., CF-SC and/or exCF-SC that are dead).

[0179] In one embodiment of the invention a living device comprises nearly 100% living
CF-SC and/or exCF-SC. In other embodiments of the invention a living device comprises

about: 25% or more, 50% or more, 60% or more, 70% or more, 75% or more, 80% or



WO 2011/ 150398PCT/ US2011/ 038445 - 47 - ny, at |least 65 ng. at |east 70 ng,
at least 80 ng, at least 90 ng, at |least 100 ng, at |east 110 ngy, at |east
115 ng, awol2emgtsodR0 ny and at | east 130 ng. [0200] I n erbmdiScwnioss44s he
devices of the invention are used in_pgeventing or repairing orthopedic
injuries in aninmals, including humans. In enbodi nents, orthopedic injuries
include, but are not limted to, injuries are to the neck arm back,

el bow, handnorto®i% ok mesee, %% or mave,5% 0d nzmk] 8% P mass.zang| W% ormwshiving

injuries i mal i ng humans, may be aided by attachnment of the
i GESE AR OB o | i

device to repair. In enbodi nents, the devices of the

' nvent[ofg‘ot] are aﬂi?roﬂé'eﬁﬂ;oﬁhﬂeﬂt%"ftﬂ@@ﬁﬁleﬁﬁon E(ﬁbn%ﬁ@&@ac&mﬁy dbmprigs 6025 ozan
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the tendon meaﬂﬁgé@(l%i rlbofllvm@(aler, dead)iGF- SQ@HH@NGXGF ¥ hﬁ‘rﬁher qbasipens
t he deVI ce, I S ﬁ, g;{lﬁﬁﬂ]\’gng {%’ caé?f%%gcom}%?setaﬁgupag% legshfo%%%sgdl%@bmgs,

e.g., hunaﬁ e I nvention can be used as an
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addi ti onal ors are-e t he devi ce, th i nproved fl exor
t endon st r eegdsharaeomgonémipstted adhesi on fornmati on may be realized. In
enbodi nent s, the devj ces of the invention emhedded

l.
chondd®8H es, afnRpdimenis of thegayentionnelyds prodhctnn: ‘fse 9 fi i ag%)v(lﬁ%’é of
Art hropl as tdlé)maﬂh%%%sﬁ’é oSt 8 Wohpris¥P o R Ph biSdRbFadabls @Eaffqla (%Xhﬁbl@t a

surgery that are approved and neither contain a bioactive conponent

consi sting sodffcﬂducbmpagai bfopatygigcadiel deid (RSNparsk (DF LiBhgawssygng. 02 ixture

vari ety of higassa are avai l used to.fyrther opti e
bi oacti vity lr%rngo Y- 15HRE f(ﬁpbﬁeranﬁh/g‘én‘{;ﬁ%ygéhéﬂn%odlep d Bf'logﬁ EII rE ch
cells, cel 'coﬁlgeﬂﬁﬂﬁdﬂérﬁﬁedaﬂﬁn BRI hh/6r SEH-S€1i0gloh@ohNiviig.i on perfor m
Sone exarrpl es, wthout l[imtation, of such assays may include scratch

assay 40183 sessmimbalimpite aef ithd tlyvamﬁpn glnshld@l i PiopefivendPviess Whighdereicesn as

in vitro nodel systens uch as c |bed

156( 1) : 1933 gl@@eé,z(fggbneg% rQl ér} Q; f'igla & eclieg r@ﬁnarsageescgftng)(g%deggafdanon.
macr ophage paglddyabt® of tlﬁznﬁlv@iﬁﬁﬁslﬁﬂlaﬂé siodbgrabigtionf 61&@6 sedffaddpprd eivenpkered
factors on the qualitative and quantltatlve secretion profil es o(;lgﬁepafc ors

produced byoustucts whereisi aprrokimatelz\i00&s Hot hevo r?Q%ht&SO/h 8062923 Fatch
assay 15 0885 volut Coxﬁéss%wh%cakfowevmg %ggfag&ea Qb mms' | 0 Chbdinated,

migration i°HE&M3 ne assay | s seratch culturé

monol ayer taes&beﬁtdetermt&gbi/oﬂ&@@&smma111/603814&45 of ms, 3 months or less, 1
month or less, 3 weeks or less, 2 weeks or less, 1 week or less, 5 days or less, 3 days or
less, 48 hours or less, 24 hours or less, 12 hours or less.

[0184] Additional embodiments of the invention include methods for testing and
assessing different materials for biocompatibility and bioactivity when used in
conjunction with CF-SC and/or exCF-SC and components derived from C¥-SC and/or
exCF-SC. Methods for testing biocompatibility include, but are not limited to, for
example, testing cell viability, cell growth and/or proliferation, metabolism, survival, and
apoptotic activity. Examples of methods and techniques that may be used for such
assessments include, but are not limited to, Calcein/EthD-1 assays, CELL TITER GLO™
assays, glucose/lactate assays, histology assessments. Methods for testing bioactivity

include, but are not limited to, for example, testing for secretion of trophic factors and

matrix turnover. Examples of methods and techniques that may be used for such



[0203] a void | acking adherent cells. Images of the void nmay be captured at
the beginning and at regular intervals during cell mgration as the void
(i.e., thwo=xeriatsed»y is cl osed by cells mgrating and/ or Pgraseeg/osmdss t he
void. A conparison of images is then_performed to quantify the mgration
rate of the cells using at | east one experinental treatnment nethod conpared
to a control treatnent. See, Fi gure 29. Figure 29 depicts results
denonst r at iangstrhatis W@@upmmjucte ifrdtet dps EbEl oh rovaireent 98 maltie caAght
magni tude of closure in in vitro wound closure assays. In particular,
jrdlis

nor mal hume REPEfTHEe ERRERSY %?%Sgr own to a confluent nonol ayer

bef or eghgiing scratchgdeh tit (Re RivRBLor bfcdntpatd eRdatich SCrat cledvuaisagkass
t he m)nol ayer. Photographs were taken imediately after the scratch was

made and atceld e choditionntier seargianavicec gprpEd Ve o ffirgeugy levels of
condi ti oned_nedi.a. Th 3 t $ det D
conparing ¢t ﬁ(g"tﬁd Qg op %‘Otﬁ)g tlac %];:» zQS #s%g ti(ﬁ Lasur %c%@x Pl fErLnad: DY not

ograp e Initral pictures using | nage

anal ysi s sofptivar @, (t@\&antﬁts cxattm LAGcton/lealting,atel ¢dwaissardy mhﬂra;r dastoflge
extent of closure is depicted as the percentage of the |n|t| igﬁa&h in
this figur @sscConditsitEmar FeWF anhintairix é’é%%‘ﬁ%“%é‘t?ﬁ@%’“%‘ﬁ@% hEmMERTE el l's

(Compl ete GoRAL oL ol fu@(?ﬁér@géﬂé)%‘?%é 89 obNBRSEERNEANS Bllnsk ARy, compar ed

to control not exposed to h SC cel I s.
At bot[on8s] and GFHaotmIeﬁmma fmmentprowdtehlemstbow ofi maldag resdlagen- h@ed rbigaative

t ted with nedi dj N M SC cel |
S|r Sﬁl 1? i c\z,amntdley’lrgg%h%bé& ocking Ongﬂwf%lrt mgaqr}gg% S%b W%Bﬁf‘rpcﬁ’cei’?%m@? f‘klgg

0.001 and egjbagﬁg pb%tchV@ |38 icesle nfﬁnﬁ:ﬁralt | s PRk Npraphred Byeasadds ajfethof

cl osure an of closure. [0204 hr ee- di mensi onal skin constructs
(such as t hivsatidesiorstépe?, tha celly arg clcatbmﬂd wnllsel(lang)enlagshme@ 2oeDy; 1a5kED 3,

f h d, f Y,
he et foot ot cafgug il ot cdfigtS Bhaerfbel iR fnd LRG3 HETeAMfcRPkL M 2¢

devel opmenty,dRdal | P exafp®ds ! eniiddimeds, vueugld)frtﬁ@mvrenutloa%ér&apmmmaof
the effect of supplemental factors on t he qualitative and_quanti ive

secretion pichattisse.pf coltagenigos S@lh@omt@@% the sploohtiongs srlidifaed, Hye@@?qtl@e%tﬁd
bi t d t f;
supp! ement 4 teiateftes CAGrHEVERt LG oRRen R RONE" AEe Uit BB clifbletkfiofin

assessnent $mubdfhdRs 2 o%iasmww ﬁa §1Immed hiey eébsstinkiig, | withal fohaexatiplela)
TNF- al pha (TNFa), and I nterferon- gamma (I FNg) on the secretion profi lt?l of

factors priuerliydy, fdlesvedaby W@églwlé‘él @équém@;?p(ﬁé)é‘an%r [ mbodiyy
exogenous. Lecalents A kReRGABLESH B, BP0 TAROBISARE LI

- 49 - [02(98 Ircts res roma quantita term nation of
secret ed f @gdtorsSeteted by the cells. The constructs can be used as neotissue and/or a surgical

implant either in the dehydrated state, or after rehydration. Dehydration encompasses full
dehydration, i.e., all liquid evaporated from the constructs under ambient conditions, but
does not necessarily encompass dehydration to a specific humidity level below ambient
humidity.

[0187] An example of embodiments of the invention include, but are not limited to,
combining CF-SC and/or exCF-SC with collagen (e.g., rat or porcine collagen) at final
concentrations of about 2x10° cells/mL, about 5x10°® cells/mL or about 6x10° cells/mL
with about 3 mg/mL, about 4 mg/mL or about collagen. See, Figure 27. Figure 27
demonstrates results with human exCF-SC seeded at varying densities within medical-
grade porcine collagen gels (e.g., THERACOL™; SEWONCELLONTECH, Seoul,
Korea) at either 3mg/ml or 4mg/ml concentrations and cultured suspended in media (n=3

for each condition at each time point). Diameters of the gel constructs were measured at



condi ti oned nedi a usi ng QUANTI BODYTm gl ass anti body arrays from Ray Bi otech
Inc. (Norcross, GA USA) after human exCF-SC were exposed to IL-1 al pha
(I'L-1a) (Wo@no/rs3esf or 24 hours. Cal cul ations of the quaaTiusgoiaf3gmdt ei n
detected by each antibody were deternyged using a five point standard curve
using Ray Biotech Inc.'s Q Anal yzer software. Each anti body, together with
a positive and negative control, was arrayed in quadruplicate. Qutliers

Ver e renovéd, 48itandei tes Reyceint sunfach arqazsantiactionavas eabelatehhy Comparingot fiaY e
and the nean val ues .were determ ned to,cal cul at ity of tenn.
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GWt CSF, GDNF, CXCl-16, MWP-3, ENA-78, GCP-2, RANTES, M P-3 )\ggile .

addi ti onal résponssref apdlegen gl gerigrabipn With increpeing felhdensity |a€é§fS°t 15T 8B ove
basal |evels %e. %% G%Eﬁt%é‘:ﬁo IL-8, GRO MCP-1). Because IL-1 alphais

pr esent inCP]rln g ‘focﬂ'y ¢ondi ti ons, up-regulation of these factors by human
exCF- $§1983 | NPORmbYdiherts SR #Sshtiun Hirthentéoraprist combinmgClbGenasii@, exCFssue
regeneration and recruitment_ of inmune_effectors, %0207 i.gure 31 tgloen[?i cts
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factor al phavenfidralay(doBngisaicplligen (24 ahathersbio@ahpaibdt matrsx)ofith bellspianfinay of
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human exCF-= an e g%?(%%l{éggﬁ?(])c%{l%ﬁ%r(ﬁérgar;[éé[agﬁ(rlrg’\%né@%f Igg%e/r ’% for 24
hours. Cal qul @titens8xah° tcols/mliaot ighgateaf Ipi @t edlls/mbt @cpredteny 9 heedlsnilbody
were determned using a five point stan flrd curve using Ray Biotech Inc.'s
C

Q Anal yzer ZEeMrmeld) éé“élﬁLéﬁtgF%y?XItooﬁé 8} o893t positive and negative
contr S arm | ' . | L00NRAo tieal ly
from ﬁ{lule”}]\gw dat@@&éﬁl?%tgq%*kﬁgﬁ/@gpﬁs% t\%g? 3{030 d %%F ﬁe@gn valflléjl%agsm\?verg)a
det er m ned componadrsidatiesdt thereiwantadt tapy dinap conesntraticiacombiaed véfir edlagers fohe
mean of three biological replicates the.standard_.deviatiaon. Two fa [S
are det ect SHOBRT hiogpRat] agrf’f%rﬁﬁIC8‘9‘?eBHatC?QSé?’}gl%ﬁfﬁnhﬁl&o%ﬁgL%m? eoq%m
addi ti onal t ' infhtd GNehe! &k tBRNMa teohPrisé CROCTlb
above basaISbY\lgl%jé@g' g&e&éﬁg%eggﬁfkﬁgm% 1). eB%élcause I F O%ngﬁpresent in '

i nf | ammat orexCESWi(bi omspongnts deyivedt thorefrom)t widh soflagenotos angthenbivicemppible

i mportant for .suppression aof inflammation ngi ogenesi ,Ssue.
regener at i Wtﬂﬁhggécm‘f%@ﬁfmo ‘?br?'Hm etPg/é'Eai[t %F .eaqfrofo%]n&@ %u?regf%ter’ !
provides a gi/df: BY opdat8, QOMPANI, 2P areiter, BenighhBt drv gregief, o4 nsg/0il. b gedater, 5

necrosis factor alpha (TNFa), interferon gama (I FNg), and interleukin-1
al pha (I L- Tag/mdn oh ABMSCOi mgealaysargreaser, tomedsh &t genter, of pad/Mdt ah gt s)

were collected from culture f h e L [ j r 2
days in corﬁﬁ/ gﬂeo%rgﬁtgr,(lkl\}ggfmﬁ oié&%g’r ﬁzr(n&%“g?ﬁ?{ %@arrt]eer‘)’"?? gf%wf%gﬁ% ggy in
medi a pl us WEMIChegreRas @5) m@inlretRatel, 59 the/Ngbpreaten D) mgmiost grehmet 66

al pha (TNFa), interferon ganma (I FNg) or interleukin-1 alpha (IL-1a).

Quant i t at i veg/sHapy@reaielof over 150 factors present in the supernatant was
conpl eted via use of RayBiotech Inc. Quanti body arrays. The table
illustrates the nmagnitude and direction of change, if any, when basal and
treated supernatants were conpared. A nuneric code was used to bin the
effects into 5 categories based on the magnitude and direction of effect:
-2 = reduction by > 2; -1 = reduction by 0 to -2; 0 = no change; +1 =

i nduction <10; +10 = induction 10 to 1000; +1000 = induction >1000. These
results denonstrate that human ABM SC nodify their secretion profile in

o o . Y e Ly




- 51 - [0211] Assessnent of genom c profiles of transcript expression may

al so be used to optimze and anal yze the effects of cell culture conditions
on cel | s wiodohiseaBi ve devices of the invention. For exaoplus201fiograme 35
graphically depicts the fact that neangyy 200 transcripts are differentially
expressed by at least at least two fold (p<0.01) in fibroblasts grown at 4%
oxygen and seeded at 30 cells/cn? vs. fibroblasts grown at 20% oxygen and
seeded0E20]3000 dishbadiments of tkesiaverting inglude eombiing &Ft%@@@l‘s@&@%@é Wl 8w i n

Table 2. [[0212 cifica ] thf] b f. dj ntd al r ed
genes was é’é?cé’dﬁaﬁg% Itl}girlﬁig tflﬁlgc%%{gg ’ hhl{rrglﬁ{ Beﬁﬁtﬁgl tOF{J({gag%rﬁaéﬂt g CJ{) m’%@ fi

cul tured urdsigeh%onsyiemionosdi timamraide, pad dagedn adptingizéd sepivitdy aldesstiedi es
of 30 cells/cn conpared to gene expression in NHDF c Itureid under 9
oxygen condg¢yel eh§op fw@%a@gact&n/@@wm@@ea i(fog cy@mBler PESNQYf "@ﬁfgiotoc\éﬁgé; cne.
RNA was isgleélgg,d Hit QR NDOF cells expanded in three flasks each under

condi ti ons Of "@’ther 1'ow oxygen (4% and |ow cell seeding density (30

cel | sferd]) or [IHigireo28 gdupidtL Gegultancbthingh with |husmadex(GF-8€nseadyd (30¢@Yying

cells/cnm) after approximtely 37 | ati doubl. | . ,The RNA I | ed
Wi th Oy5 alensiles piche 4ot RN WAHGR AmBARbmEctoNFRRART S BHE A

Bi otech & %%&is(sﬁ@laﬁd%lﬂtﬁredcﬁls#a{?r% WhinefiaCoRthBs 136, 6% dupRh=0r afesch Fol d

changes for gene expression u each growth conditions were determ ned
for all threrditiohpt eacdt €mspoipl) e€onsi@Btspveabasplarisked wightfrdsh eaedihpedty wites

artveren o sipesass of Lol Lo oL M 0 S lle, T BhRmeer,,

condi ti ons w&@sWabied IX i Sdl&HEd kAR htortiHd RbS RozGe 1§ s@¥PWELThATR dieadh fot

conpared to standard tissue culture conditions. Table 2: Nunber of Gene

Transcri pt dyahdchenical dissotietioDiygretein exiractipn beerw EAS davasiused o gl lysagasdo

ategory Nubets ofndRITH Al SCVBGICoRiHG: MHREHARM SRNESIA0n Vel LARINAY
(error bars represent standard deviation of 3 separate gels). Controls include gel only with
no culture, 2e6 cells/ml seeded gel with no culture, and 5e6 heat inactivated cells/ml
seeded gel 6 day culture. Results indicate an increase in VEGF contained within the gels
with increasing cell densities. A culture time of 3 days indicates maximal VEGF within
the hABM-SC seeded collagen gels.

[0192] As exemplary embodiments of the invention, but without limitation, CF-SC and/or
exCF-SC may be combined at any cell concentration described herein, with collagen at
any concentration described herein, for a duration in a range of about 1 to about 30 days.
For example, the above-reference duration may be, without limitation, about: 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13
days, 14 days, 15 days, 20 days, 25 days, and 30 days.

[0193] In embodiments of the invention, the gel neotissue, or gel construct comprises a
total gel volume of from 1 ml to 20 ml, 2 ml to 10 ml, 3 ml to 8 ml or 5 ml to 7 ml. In
embodiments, the total gel volume is at least 1 ml, at least 2 ml, at least 3 ml, at least 4
ml, at least 5 ml, at least 6 ml, at least 7 ml, at least 8 ml, at least 9 ml, at least 10 ml, at

least 11 ml, at least 12 ml, at least 13 ml, at least 14 ml, at least 15 ml, at least 16 ml, at

least 17 ml, at least 18 ml, at least 19 ml, and at least 20 ml.
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Embodiments of the invention include, but are not limited to biocompatible

matrices and scaffolds such as a SCAFTEX™ PLGA scaffold (BMS, BioMedical
Structures, LLC, RI, USA).

[0195]

Embodiments of the invention include, but are not limited to, CF-SC and/or exCF-

SC cultivated in biocompatible matrices and scaffolds with media which contain serum,

with media which contain supplemental growth and/or survival factors, with media which

is protein-free (i.e., chemically defined media), or with media which is serum-free (e.g.,

media containing protein supplements but not serum supplements).

[0196]

Some examples, without limitation, of commercially available scaffold products

include:

&

&

L 4

BIOBRANE™ (Bertek Pharmaceuticals Inc.),
PERMACOL™ (Tissue Science Laboratories, Inc.),
STRATTICE™ (LifeCell Corp.),

E-Z-DERM™ (Brennen Medical, Inc.),
MATRISTEM™ (Medline Industries, Inc.), .

INTEGRA™ and INTEGRA™ Flowable Wound Matrix (Integra LifeSciences

Corp.),

&

&

PRIMATRIX™ (TEI Biosciences),

TISSUEMEND™ (TEI Biosciences),

ALLODERM™ (LifeCell Corp.),

CYMETRA™ (LifeCell Corp.),

NEOFORM™ (Mentor Corp.),

DermaMatrix (Musculoskeletal Transplant Foundation T (MTE™)),

GRAFTIACKET™ and GRAFTIACKETXPRESS™ (LifeCell Corporation and

Wright Medical Group),

&
&

[0197]

GAMMAGRAFT™ (Promethean LifeSciences, Inc.),
ORTHADAPT™ Bioimplant (Pegasus Biologics, Inc.),

Some examples, without limitation, of commercially available scaffold products

containing either living or non-living cells include:
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+ CELADERM™ (Advanced BioHealing, Inc.),

¢+ LASERSKIN™ (Fidia Advanced Biopolymers S.R.L., Italy),
+ PERMADERM™ (Cambrex Corp.),

+  APLIGRAF™ (Organogenesis, Inc.),

¢ ORCEL™ (Ortec International Inc., Israel),

= DERMAGRAFT™ (Advanced Biohealing Inc.), and

+ TRANSCYTE™ (Advanced Biohealing Inc.).

[0198] Some examples, without limitation, of methods which may be used to generate
non-living bioactive devices include subjecting cells or devices to treatments such as:
cross-linking treatments (for example, using agents such as glutaraldehyde,
carbodiimides, polyepoxide compounds, and divinylsulfone); lyophilization (which
would also allow storage of devices at room temperature and function to preserves protein
content); subjecting cells and or devices to one or more freeze/thaw cycles (e.g., such as
is currently used for DERMAGRAFTTM); and, decellularization (which can also aid in
decreasing potential immunogenicity which may be caused by immunogenic peptides
generated when cells and/or devices are subjected to freezing). In embodiments of the
invention, at least one crosslinking agent, such as glutaraldehyde, is present in the cross
linking reaction at concentration of 0.0009 % to 0.09%, 0.001% to 0.08%, 0.005% to
0.05% and .008% to .08%. In embodiments, the crosslinking agent is present in the cross
linking reaction at 0.01%, 0.05% or 0.005%.

[0199] The invention provides a device for implantation in a animal comprising CF-SC
and/or exCF-SC and biocompatible and/or biodegradable matrix (for example, but not
limited to collagen) at a combined final collagen concentration, cell concentration, and
duration, optimized to provide a desired level of trophic factor production/concentration
(for example, but not limited to VEGF).. Such a device can be implanted during surgery,
for example. In embodiments, the device has suitable physical properties, such as being
flexible and durable in both the dehydrated state and rehydrated state. In exemplary
embodiments, the devices are circular or approximately circular and have a diameter of at
least 23 mm, at least 24 mm, at least 26 mm, at least 27 mm, at least 28 mm, at least 29

mm, at least 30 mm and at least 35 mm. In embodiments, the devices weigh at least 60
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Regenerative and Therapeutic Powders [0213] Enbodi ments of the invention

i ncl ude gwoenrtisedysof tissues in vitro (e.g., skeletal moFaAiSe¢119654a1 h

muscl e, dermal, cartilaginous, etc.)_ysi.ng a conbi nation of CF-SC and/ or
exCF- SC (from human or non- human sources) and a bi odegradable matrix (e.g.,
coll agen, PGA, etc.). [02 4] Enbodi ments of the invention include generation
of dried omg,pblshstiG5zmg. atdepsh@d mg, etleast $Otrngra frast Y mgosidesss 1BP Bualdaast r om

CF- SC and/ exCFE- SC. odi pent f _the iny | al so include
regenerat i 3@0%"‘“{ ﬁ_@%"éggﬁlﬂ%’8?%8?&3@??%%0%&%a§pﬁ(%ﬁﬁart ificial tissues and
bi ol ogaxdi | Y compahivoliindie, the @vides o the Gileh@@earenmtd it prventingnbr ehaifthg SC
and/ or exCF-SC (or conponents of CF-SC and/or exCk-SC) have been. . . .
i ncor por at edhorsiic inyurigsl i@, angpalsCinghinggrmas, bﬁ@@%ﬁ&n@x@ﬁ%@gw injuries
I ncor porated.into biologi t] | , - d
ex CF- SQ [ né’bcll%(ger g'tltea(fe "R (IJI%%H ?61’ ?nillg%% a#%)gogtll} ggg%gﬁ@’ebagg’oéggi‘g’eﬁﬁg’n Oﬁ'?in %ir’]zed
accor di ng t@isiEiipead adklee Hobetarapld, thuddnhiajuries ireaimabd inchudihghurRatsemay No.
7,358,284 (Giffey, et al f her eby i ncorporated by. reference herei g
Enbodi ment $idsel tyhattashmsane! thedaviqeoly BREHESEcr ‘%/feffpﬁ‘}rr' I ofB’Pll?qdi“?%Ig > the
regenerati e, a0d,{ HETARGHLA GrePPIRiRate BMRELAENS:. ForkaRPR, @lrcular pieces can
be cut into strips for attachment to a part of the body. In embodiments, the tendon
targeted for repair is in the hand of a human. In embodiments, the device is surgically
implanted into the body of the injured animal, e.g., human. For example, the device of
the invention can be used as an alternative to an epi-tendinous repair, in that it appears to
effectively wrap around the tendon and provide a smooth gliding surface. Epi-tendinous
repairs historically add 20% strength to the repair, such that the bioactive devices of the
invention may preclude the use of this stitch. If additional factors are embedded within
be realized. In embodiments, the devices of the invention embedded with, for example,
chondrocytes, are used as a spacer in in thumb arthritis surgery (CMC Arthroplasty).
There are currently two major grafts used for CMC joint surgery that are FDA approved

and neither contain a bioactive component consisting of cartilage forming cells.

Examples of Bioassays

[0201] A variety of bioassays are available which may be used to further optimize
bioactivity and to study and further identify the mode of action by which cells, cell
components, and bioactive devices of the invention perform. Some examples, without
limitation, of such assays may include scratch assays, assessment of bioactivity using 3-
dimensional skin constructs as in vitro model systems (such as those described in Am. J.
Pathol., 156(1):193-200 (2000) and references cited therein), assessments of macrophage
activation, and assessments of the effect of supplemental factors on the qualitative and
quantitative secretion profiles of factors produced by cells and bioactive devices of the
invention.

[0202] The scratch assay is an easy, low-cost and well-known method for measuring cell

migration in vitro. The assay is performed by scratching a cell culture monolayer to create



exCF- SC (or conmponents derived therefron) which do not include or conprise
a basenent nenbrane as part of an acellular tissue matri x.

[ 0215] Enbwoi2nertse398f t he i nvention include treating a mediraskolaossditsi on in
a patient in need of treatment by conygcting a powder of the present
invention with the patient. In enbodi nents, the regenerative and
therapeutic powders of the invention are used to treat open wounds, to aid
in or effeatvopklackidg Iaeremte:pHs r Imdgs of theatoimiy bF calpturedat thef beginningeand@ . g. |

acne scars, nasol abi f ol ds f.or treat
degree bur ﬁ%g Y ‘Qtewaii)ﬁ}”f“é%i C%J‘r'_lyé’ingﬁé‘t?ﬁaﬁe Vtougl(l ed’e%l Sgﬁ?ﬁs %u? S%crl ibgrde lg
skin flap transpbaniet Fflﬁﬂmg abbOthevididNK ohipatised oﬁﬁlﬂl%@nbisothwdﬂgé@drﬁleﬂh@

desired outconme 1s fas healing with | ess scarrin odi nents of the
i nventi on iquantifféhe mégraiienraté gﬁd@ atlls Heing aabeaaey@rqméﬂmﬁ@ﬁabrrﬁat@ﬁat method

subsequent|ly converting thes tls |nt non-living, particul ate powders
that can béxﬁQ@ﬁgigafwgﬁﬁﬁﬁﬁﬁ? 0?5%?@ #Bodi ments of the invention al so
i ncl uggosge of r aéplats&@yﬂged@lﬁorﬁ@ﬂlﬂgem MMLﬂcarprmelfxotonsmhlch
construct "other desired tissues. WD 2011/150398PCT/US2011/ 038445 - Zn

[ 0217] Enboehhanse shefrate rndi magmitudsnoff elosure rin; ik [ 4& ¢ oAl HUFF ARV Us el of
powders in l ! %uiag notfid] hﬁﬁlgﬁ“kgratl% t&% mHEIggr\Q@re bwiRPla Galues rgbfnolayer
|nject|on raylng ayering, pac i n- ca Ing In vivo I n hunman or
non- human asfoi@bsing \éetathied avith é\pniet Clpttb enmitd 02d@icEnbodichames thé ntdnelayer.
invention also include cells, | ul ar co ositions, and bloa‘L@5§6 evi ces

t

derived (afhpegsp Fr‘rveﬁ%lrtqlﬁenfl%ﬂ‘? Fﬂyhftﬁ?éﬁ &K gzang} © 0d gl S ul
in veteri n‘;ii‘n{ rvhls: S 1&@&12%5" Il'o?%h@i'ﬁ%ned: BledBX ATRE @xtcnP PR Woahe and
bi oacti ve devices may erl ve om or used to treat, aninmals in the

cat egor i es chisurebuds dutdrimingd byi exirbaringrihe é,anéqmouephﬁogaphw@rtbemlﬂldtﬂk@]@?

(oo, conssinedbmie apalvgs solmbgsfMAiFmle LY iy néiihlon 48 f

camel s/ | amagn; AP1ER4Fd 7 ”sedéﬁcg:d o BeSpBcaige bPNSTRYialadragh ﬁlxem)lﬁ%urebut
wthout limtation, it een dermnst rated that adult bone marrow derived

cel I's fromCeqditiveed medinayitls futoressceate lmalpmree@F S@melis ranpleerGandsipngéhd

and 1 ow comteBdtivayef gt perpydiin 1ol Wnifegtd s bt BB CRAMIIRER 0

Figure 36 dgpigicied t@hABMM-SC Béllsi CAPbeth £f arO6Lhosy (thﬁkf seintHoNe sertdhosvea
derived sonmatic cells. Bone marrow derived cells fromthe hunerus and fenur

of a one muemdinivigdirf walls weated vatbaeriacoshtiond bEhABMRE wHe human sael-S 4%
0 en to create. te |1 _Ban
V‘;())rlgl ng Ce? Séﬁgaca%%@ Cfg\ifgg ar\e/veFoetMggc)e%leew\fVNgg (ﬂrﬁgdla ggggt erhi ne

t he growt holgingispéctivel ]8) ,E8th 1R trAfEdSE6thadn 4treusyd edte aufdclbae aal |maptdia gf
density. A total of 39 cell population doublings fromthe MCB was achieved

over four €}gsBigsi ons with an average of 8 cell popul ati on doublings per
expansion, Thes Sl Gv&leth 1% exnapgind
wth i?“m ar cl (;erll}%ﬁ%l #\%nsﬁsz’alglggprovw ﬁﬁf?ltﬁgﬁsggggéq %%BB@]@ ABVSCs pr opagat ed
under | ow Q3§@gn9a2do0 (20005 ahd referedéasgitdé tisir¢iy) camnioi tsednor example, to analyze

and optimize the effect of bioactive devices of the invention on skin growth,
development, modeling, re-modeling, and wound repair.

[0205] Assessment of the effect of supplemental factors on the qualitative and
quantitative secretion profiles of proteins and other compounds produced by cells and
bioactive devices of the invention may be performed using a variety of supplemental
factors. As three examples, but without limitation, of such assessments, Figures 30, 31,
and 32 shows the effect of IL-1alpha (IL-1a), TNF-alpha (TNFa), and Interferon-gamma
(IFNg) on the secretion profile of factors produced by bone marrow-derived cells exposed

or not exposed to exogenous treatments with these molecules.



[0221] Additional ly, adult bone marrow derived equine (horse) cell
popul ati ons cultured under the above-described conditions have been shown
t o exhi biwotha/13o39gue protei n expressi on profile shown POTESR1G/038445 N
particul ar, horse ABM SCs were characi4ori zed by flow cytonmetry for the
expression of surface markers in the master and working cell banks. Horse

peri pheral bl ood nononuclear cells (PBMCs). were used as a Jpositive control
for sdbeisdl nar ddgwre Hhdenigs ées't‘}L?@ile/% qyAtitpEY e RtrmIngts .Seelrﬁ@gefg‘it%@dilt s

illustrate : : Tshemt i1t i 4,
cooa, o Bl A A R El e B e R
147. These (Nardtesss GamdiSA)y atfer clonsars texQF-3Q pwesss ievposad r tos dLdlalphex Jhnki) ons.
Furth h B Qv CSF d Vi ti . |l

expansi ons. (| RBES 0F £AcRoar KGAGURHA 4f dhe AYPRYSetl BT B goHeh LErFshes
are CD13 andihbdy WereMiidifliged ﬁ’s?ﬁ% 3R ot ARIAr P PurtBMEg RHy PRiecBNRE. 8P ed

on horse ABMSCs "and can be used to detect possible contamnants are CD31

CD33, CD34 fantyzeDsdftwareabEash3andibolint tegether withyarpositivaverb negsiva gonfrolp 725 | t
has al so been denonstrat.ed t .adul t bane rrow.derive i.n rse)
cel | popul &P meWﬁp{hC%ﬁ'e ?)glétlr’“reés Wﬁﬁeeregpvsﬁ%tgma\t}f: Ei&' %&%‘fﬁ%garﬁ rg%tétg ?aotfll?
when cul t uiednalyzer S6tt268Ad TR frickn 38lubA Svele adteiiavd @ salyuldenbesjuaditedff or
human and porcine adult bone marrow derived cells.  See, i gure_ 37.

9., F
For exanpl @roteinguFecls bas wemmgsentss thet meaibto4 thise bm@ﬁicehaﬁ:mgat%sm s st
seeded at %lﬁ%ﬁégx:l.;séigrt gglcgnpr's N 56%5%%{’[% oB@?}E u{xﬂ{elIL-cl%l LARRRHGE l(?e.a@ﬁ/l-(‘d'gli, ur ed

suspended | ays. ers gel” constructs were
measur ed atGI2XF, @RCLANG] MRIPhY, EN R8¢ GaP-3 \IRANTESavER-3apwhilaadditonaldzctors

cal cul ated by conmparing x and y dinension_initial diagnmeters t ont ract ed
di anet ers ofereHdhced e Hoil atreatmeaba lest tye fold éiﬁ?‘fﬁ Bas eﬁ@%{ﬁe'&n&&%‘%t@%’
cells sho i o} oA, WLk E =1 ty els
signifi ca\rll\ﬁ%d)’t Wé& g%@%gémi@ g];%% ng@]agefn '? gljé Eﬁgﬁd ayégbﬁln&glg}t{%?’e#ﬁ]& 81%?231%1]51 In

anot her enbédheenfacafrs thye hinmue nexiCHaSC hidBds@aat doraksppresspabbe ioflanpmaithnci ng

significant quantities of VEG-.in bioconpatibl.e cell trices. For exanple,
Fi gure 38 @BHPEEESEISSUP ERpendatypn ‘?ﬂdrfe‘érﬁﬂqg\ﬁp'b‘btj pEneEHCLOMY o

gure 38 dBPPETSSYEGRIT A o
POl Y- k@il C- ©O- FdeRl d1Caidsd dslhAbns Gliditslive doRininaiBh O 38864 flionsak yi NG

densi of 3e 0 Ils onto 2cmdi aneter, non-woven PLGA
pol yner scabfiditiosedamedie ukingrQdANGHBOIXYET glass @tibody arrajesyfsom BanRipteeh Enoner e

repl eni sheg with fres di.a on cult ay 2 and 4. At each ti oin

constructs ’fcéo%é'%eg] aftgr BBEP% 8%@15551‘1 ngfSquB?%eé}ﬁo AHROSHERSHY %lrg@ﬁ _alpha

Lysat es wereNPROIQ 0R%/nfAaabr SRSk Ul RYatidRS BAfhe GRhntity SF @edtéihi detecied tyrdtiei n
4

extraction buffer. ELISA was used on construct |lysates to quantify anount

(in ng) of antiERycwercaloterthingd: kring h ABRBOIN standardrivsee soing RaycBioteckdag s 1@

i ndi cate an _increase in contained within the.P . i

| ncr oasi ng XEREGSIGES. YA ERBOd ERITS ER & Aot PRt bep T Whhe sc
(for exanplhgaydiiBfua@fupliedte. Dufeds FereSemoned ¥ Ebmaidalsefestadhd Afvodata via the

bi oconpati ble matrices (such as a PLGA scaffold) at densities in a range of

about 100 &xMnglyasssafovaipend thowea velaps sermestemypedinpprdatedhe GHIHENCS of
t he invention..inc e I d into bi ' t.ri.ces yat i
100, 500, fb‘gﬁ‘,n' 258%“ b%’gé%’?e%ggo;&‘gébﬁ%f Ogég‘%,g r‘%%éf%‘d‘@a“ 1,“%%008% i%'g‘%g VO
2011/ 15039 3B¥3a1idi52Pild fAr884 4%=re detected only upon TNFa stimulation (i.e., CXCL-16, ENA-
78, ICAM-1, MIP-3a, RANTES) while an additional five factors were induced by TNKa
treatment at least two fold above basal levels (i.e., GDF-15, PIGF, IL-8, GRO, MCP-1) .

Because TNFa is present in inflammatory conditions, up-regulation of these factors by

hABMSCs is important for suppression of inflammation, angiogenesis, tissue
regeneration and recruitment of immune effectors.
[0208] Figure 32 depicts results from a quantitative determination of secreted factors in

conditioned media using QUANTIBODY ™ glass antibody arrays from Ray Biotech Inc.



- 56 - 20000, 25000, 30000, 35000, 40000, 45000, 50000, 60000, 70000,
80000, 90000 and 100000 cell s/ mBor greater. Additional Regenerative and
Ther apeutwo 2Comsast i ons and Applications [0225] Enbodi mearaised11iobsa4s
invention include use of bioactive coggositions of the invention for
treatment and managenent of acute and chronic trauma-related injuries
(e.g., such as occur anong mlitary personnel in conbat or in other

i ndi vi dual §Nsretdssy Grag USA)Naften thuiman exiCFs S Crwére cixpasedyto Hinigrenpal gsamng, (IFNg)

jectiles). Accordingly, embadi nent t he | tion.i.ncl ud h d
Composi i oRONGBELIIoH aF Nousse nCRETBREY Bpdps carmiiir PR Gtitte BlplR ="
wounds, tr apamldyCobie aieRerinfddr YsindPRE1 JERAstan@hrd Sigvé DMARRABioReh Ude'su@e of

conpositions of “the invention for treatnent and preservation of function of
nerve cel | dAnahdensoftwaral Bachrmitibady, (togetherdivithy,a penitivexanfnegativg conErl, Mawi t ed

to, treatnent of. neuropat hol ggi.cal di sease L. i '
and Al zhei ABRYE ‘Bi‘%‘gﬁ%‘gﬁ?aqe'[ @%%TS E’ﬁ%&g{“&gﬁ‘f%‘g‘g#ﬂ%ﬁ@i %%E??%r‘f a tég&ﬁﬁ‘gl 3de
use of conpPAnhiyRASsdHwdrdand fvehichioRalliey wefecadtemiihednd caleylaterthofquantitgiotal | y

i nduced injuries such as in patients undergoi ng nmastect ?.rry/ br ea}?qt
r econst r uc Prafeins uEaet Par sepsessrist tiehagan af thisa telegical seplispies cafhs sgndard ¢ he

i ncisional ,site. [0227] [ odj ' t QN HpAlpdgg use
of CF-SC aﬁﬁylg?onéxgﬁwéé% ?%%SI ggér:%(%tﬁgt%?s&g ri vgdﬁ{}k}lée:}'ggiru %ﬁ?ﬂe{l? He{r}ﬁg‘]il rectly,
or as i ncoxprEt@avliiRta didoeaprid faterswat induesd bpiFNg treatpenastdeast twofold

bi oacti ve conpositions and device S 1 ncor ted into. regenerative
ang t her %GWYT?%%E‘% Q’\ﬁhféﬁﬂfﬁ?bﬂg%gpﬁt |%§fa}§r‘?p@h& llsipﬁ%nzlﬂrlﬂﬁg;ﬁ;@f‘ &t as
a dary po iti 1 5 MS8Cs Q8 iapbtant Por §bfloh
sai d uses %@dlﬁg&?h@tﬂs@rﬁﬁo e!r)lgt)ﬂrerpagag%?ws%’ t%ut l'i rsn tétlﬁorp) : gbﬁge of (%F- SC
and/ or exCimfSfrhatiorn; angiogarsis, tiksueé regenaratemendongruitment gfomatuag effaetors.

bi tibl heet j.e.,.sheet-lik tri : i ch b i nt
Dok lTWh, rootiEly Shariidd SUBIYeats BB Ry Hotng ke SRS Aty 1o
field"); ne&]ﬁ%ig %gct&l: z%lﬁ% @{'Wlf éarin?éfgfoﬁgaﬁﬂ'é AeNRYatiftedelikivadalpie(Bf Iapm)

i n suspensi on or exanple, for application by spraying, pouring, or
pasting onondeABMBSGds)compAls@O 1d £aB0B8PCHIpSagants (ggus)swerescpllected)deonyf

CF- SC and/ or, exCF=SC (or onents derived ¢ e ]
o tigar o sapees of Bimbpx GESROMEN R Haited AF BTSN eI BE A (R
therefrom it QopsQuRL € gRiarkinbpllotiealby Ndia9fin mddacptue vitigle (Basal) ez meedia plos

inprove |inb salvage and prevent anputation); Use of CF-SC and/or exCF-SC
(or conpondfngmiéuineedeqrpss &otemylphao (W) oirgerferon gamma (IFNg) or interleukin-1

alpha (IL-1a). Quantitative analysis of over 150 factors present in the supernatant was
completed via use of RayBiotech Inc. Quantibody arrays. The table illustrates the
magnitude and direction of change, if any, when basal and treated supernatants were
compared. A numeric code was used to bin the effects into 5 categories based on the
magnitude and direction of effect: -2 = reduction by > 2; -1 = reduction by 0 to -2; 0 =no
change; +1 = induction <10; +10 = induction 10 to 1000; +1000 = induction >1000.
These results demonstrate that human ABM-SC modify their secretion profile in response
to different inflammatory markers and therefore one might expect the human ABMSC to
have distinct effects depending upon the in vivo environment.

[0210] Figure 34 portrays, without limitation, examples of various biological systems
upon which induction of the indicated factors may be useful in rendering therapeutic
effects (e.g., vascular, immune, regenerative, inflammatory, and wound repair systems

and mechanisms).



aut ol ogous skin graft outcones (e.g., to reduce rejection risk or "failure
to take"); Use of CF-SC and/or exCF-SC (or conponents derived therefron
for reducwODaniiorso39evi si on of disfiguring scars; Use @CTAR2BT0383d3 or
exCF- SC (or conponents derived therefrsgn) to slow the course of Parkinson's
Di sease, Al zheinmer's or other neurol ogi cal pathol ogi es; Use of CF-SC
and/ or exCF-SC (or conponents derived therefrom to aid in healing chronic
and pd8i1Yy heal idngessoentiof genemicUpwfidds of-tracainti cspressi@rnBE elsp beowssarient s

derived therefro 0 redugce, . Nprev I renn restrinGt.Lye: .
to increas é’pﬁ%ﬁ%{/mﬁk egﬁ%ﬁf?{%f" Eq ?Lﬁﬁ‘.re C(Imnd{tgoer}stoz]i éneugr?%%&l&r?%ﬁ%e:d%?cetghe
invention, (BM fvedtin. USESixahipld, gl 39 gidphraiy depiost thedha thit nvarly Q08
shapes and forns. For exanple, Figure 39 shows photographs of:

- A&
hABM SC sedthascrinty aierdéffersntiallyeexperssedabpy alrleasiiat lpag thiodold ¢s8.01) ﬁkﬁh@%s

generate a non-1jyjn chanj { [ | o SC
seeded por G 8{0‘?(%"3‘@% Ib%r?d]%ae%?éedr Xtc%l %@%@nggga@%ﬂﬁyﬁ?tg%% %kgiog/e%?f%ﬁgk{g
non- | i vi ng skéded af 8OO0 &illsrat’i Theeavsailsued als@fidthey desoribebbedow B GBabkcaf f ol d
(left) and hABM SC seeded non-woven PLGA scg;‘fol d C4J| tured const rugt .

[ 02288 t | onalSpesibisallyrddandilisationes Jiforpbalbhexpressed Beiicy s detergingd using o
conpositio | ' 3 / 48%o serlidslsdadar e
co-cul tur e(riﬁev(\)nﬁgﬁl %ﬁwgﬁﬁ%%???ég@%%%ég{mcgﬁ%%9?&1%3?{9?%sue specific
factors fremsakedi @iidkeding IERIES dfS0ge]lsfnf cpmpaieditd ganoéxpiressionris NIEBF ul

in treatnent of neural, vascul ar, .bone, cartil age rdi,ac ¢ondi ti WO
2011/ 150308PETRESIOE 2H%somgen aghdifions ad passapett at cclf e @%?g{ﬁﬁé’?g?oﬂo

CF- SC and/ Qg 19X&F- JNACREetostaf HOhANIADE el kyalded iMithite itdskedadRundd? and
CO2 gas ratios to further optim ze desired bioactivity (this may,include

h
varying perconditiagresf dthenlopgexygené4inand ow pall sdedingalensitt BAgetis{eme )Pt highd

constructs to pr e hypoxi c,,. at nospheri.c, h roxi c. condi tj. X
Conposi t i or?§y%%lj&g)ld\9 8%%%6?%“ ﬁeeéﬁégm%ta/ @ﬁbgféﬁgg%x)s%%e e%)%g%g?l? %%ydg/ are
cul tivat ed yapgigfioy ohEhgsU The ENABRAA 1dbeRdi Witk Sy S end Uyblidizedps it Heman
desired bioactivity (this may inglude variation of additions of chemisggl

factors sudkhels Geromeh ONHA r ot BpmsPhalanxaBigiech rowsr eado Adfa. fcha

sugars, fatty .acids fers).: it j el

parti cul at PSR RN gt ara Ul irgbes: TR el 15 20t Setenin B |
CF- SC and/ @fowthClondRiom! wéie- &teraiifléd fore XICRBE teiplcad Gamplek al 86l proties were
particulate forms, for microcarrier delivery vehicles of celéj ((C)[r .
conponent s iératifigd dvhipk rvesre shfferentialyeexpaessethet least twedold; Fe=<phP 1k dhisyfga
forms of ti i u g r i 1550 My t 55 / or
exCr-sC and iy FaRARIDES, SRR el TR Bltn, i b o sheliy erdne
exCF- SC f orconditibhe reshits i neaysiyaificadths diffidrentt penepakprestion profilsueompegethder ed
constructs generated from CF- SC and/ or exCF- SC and scaffolds may be used to
produce bi SHadarddissyq GulturqeardHipBs, pat ches, sutures, meshes, or wraps.

Milti pl e shagepie £ NERbePHYGHI PERREABR Alredt@iPBF LOWOL B0 &lbbe desi gned
for specific applications. Bandages or patches tan be applied to cover
damaged skin tissue. Flexibl SeedingDensity Coaditimsused as bi oactive waps to

h +

encl 0sg-pBre—irregul-arty--shaped-—ttssues-such-as-boge,—+-gagents;—tendon,
nerve, &rtie$Ai%cl e. Arrangenents of or- Nemben b, eECff‘-l%"CgaE"’f‘Eétrrqfx
scaffolids in culture can be specifical|¢®#&¥si gnedi for diff &®8t %R onst rjuct
preparations_including cell encapsul atidffected|| seeding ar MiCHOBERS] del of
scaf f olidell cedlk pswasst ol d j uxt aposi tion f¥r secreti 0A.9E-actdts fromcells
into scabflelée 31 5.29E-17 | 445

cell division ) 26 6.88E-17 | 291

organelle organization o 36 1.05E-07 | 1336

establishment of organelle localization 7 1.78E-06 | 39

microtubule-based process 13 2.21E-05 | 262

extracellular matrix ) 14 4.88E-05 | 332

DNA packaging 5 10.0003 34

DNA conformation change 6 0.0011 75

anatomical structure morphogenesis 17 - 0.0029 688




| mmune Di sorders [0229] Cells and conpositions of the present invention may
be used to prevent, treat, and/or aneliorate, inter alia, immne,

aut oi nmurEQ 2andsp3IvBl ammat ory di seases and WO 2011/ 150398PTBLAISABKY1F 038445
- 59 - disorders. Sonme exanples of sugh-disorders are indicated bel ow,
these lists are exenplary only and are not intended to be conprehensive

Wi th respect to all immune, autoi nmune, and inflammatory di seases and

di sorders; he8enerbva end HersrautiefiongeSe construed as limting with respect

to pat hol ogi es which may be treated with the cells and conpositi ongﬁei)f t he
preser®213lvent i dimbgdimsup of shppinsensionspehde Besaiton ofi tisaucs 8 3 &, treletal

artial autg j t . i i, pat b ,
Rati son o drubTENAGoE b RRIMern b RS AA R ACERAR AT CL ST o)
syndrone ( ARGF:SApfraathumaane iibashuiah ouroes) eand e piddetradabléntaiixfagecollagen,

Qophoritis, Celiac disease, Crohn's disease, D abetes nellitus type 1,
Gestati onalp%rﬁé%?-goi d, Goodpasture's syndrone, G aves' disease,

Gui Il &;@;@ar re YA AEE F)the H@?Sﬁtfﬂﬁt Enctudl $RAGStod WORAED! 6r lyophilized

t hronbocytopeni ¢ purpura, Kawasaki's D sease, Lupus erythematosus, Miltiple
scl erosi s, rbgemstatieai andjr therapeuti s pawdarss progiocddo nfiiems YA B Eneand@uBExCHNG. ¢
neuritis, "s.thyroiditis, Penmphigus, Pernicious.anaem Pol yarthritis,
Primary bil fgl?%ﬁnéf* et Ty t_%lg‘_ﬁl inelufl | eERoRR ap ;st%QVRﬁf%Cng?Wéer
Qgren's syngdsRidBd flGkayafsiab tREdeST drd BiolJBEANT Bdmpdtibds inkdtsicdsals®, kolupanas
"giant cell arteritis"), Warm autoi rmune henol ytic anemi a, and \Wegener's

gr anul onat esdtgces) if O2dh CEB&hphder ofCIEShe(odicomparants o bt e dnd/pr peigC)

i nked to qutoi,mmunity: peei a uni ver LS, ' &~ diBe A8,
di sease, chrunteed aprgeeebar she MY RL G Ml T aRs fne HRIRSC
Hi dr adeni t ijgcosprited ainto/ BioldglEATyS bothp@lbl€ Wedtiitdss as Liyele i SESE and/uxiFesC
Neur onmyot oni a, Narcol epsy, Psoriasis, Sarcoidosis, Scleroderna, U cerative

colitis, Vimdorpaatedanie artifivishiyipsugs nay2mopiogesspd ead ofiliseshaccordips o methods

hyper sensi t vi [ [ Sj [ % . es.gjc
conj uncti vid §csr1fb\é%%ﬂa§ﬁ’g?[§§rrr%?egle%e§ %ﬁﬁgyl’ ﬁé\?(lgr%(?ﬁ%%;% y aI}I s>L erl(/?/%éth ﬁreeh a
gravis. , Angraesedty Attlhcs haskli oBmbédiophts ofettrepretdns ifwnrienshcompass

Aut oi mrune henol ytic_ aneni a, Aut.oi mTH% Per nj ci oui anem a, .7C0(éh‘,i did/sease,
Cont act derdrigdiar kyophibized pegepgratiyg rnd HYsiepersiG PPRICTE SPIMISHIS oicf gand/or
Fetalis, F Iq n{éd?)‘ﬁ ; 1 :of, 0 Qgﬂﬁ%u e's
syndr one, %%ggess(‘s (h?sr}%a e, E]gy:c{}%}s(’&?c}?gggég?%kgghi (?r%'?f_é)ﬁgﬁ%lﬁeer oﬁi ti’s, .
Henol yti ¢ daseaseneintrive aspatiof an atetivlareisaenphtex. gl oner ul onephriti s, | mmune

t hr omhocyt openi Myast heni.ga gravi s, .Penphj gus, Rheunstic fever, eynat oi d

art hril933] ser u%‘%@‘@k‘ﬁ%‘gé ,O_f %L‘?HBX ’QHB%@{I& r%““@r?d‘&ﬁ‘ﬁ?%i ctoflgl,t“’%ﬁ':r‘rﬁtpgﬂ?%d?

| eprosy, Syapi ?ﬁ&eﬁhe}@b%%bﬁtac%ﬁ’b@%el‘)&f tHahREGHl ARestioWthant atidhpUsn WO

2011/ 150398PCT/ US2011/ 038445 - - erythematosus, Tenporal arteritis,

Tr ansf usi ormbedimdntsyshe FEgamspiarandrthjraputiorpowalas dfithé eentgor( arewsed to treat
open wounds, to aid in or effect periodontal repair, for treatment of dermal deformities
(e.g., acne scars, nasolabial folds), for treatment of vocal cord scars, third degree burns
(e.g., applied post-debridement of dead skin, but prior to skin flap transplantation), and/or
in any clinical scenario wherein the desired outcome is faster healing with less scarring.
Embodiments of the invention include creating tissue de novo as described herein and
subsequently converting these tissues into non-living, particulate powders that can be
used as therapeutics.

[0216] Embodiments of the invention also include use of powders as a source of ECM

(extracellular matrix) to construct other desired tissues.



[ 0233] Exanpl e of some inflammatory disorders: allergies, ankylosing
spondylitis, arthritis, asthma, autistic enterocolitis, autoinmmune

di seases,wBehoietsh®sdi sease, chronic inflammation, gl onercirasephiosiis,
inflammat ory bowel disease (1BD), inftlkgmmatory bowel diseases, pelvic
inflammatory di sease, psoriasis, psoriatic arthritis, reperfusion injury,
rheumatoid arthritis, transplant rejection, and vasculitis. [0234] Exanple
of sof€217imunod&nitidements of ther idsensionFuethen inglufle prepgrdtion andyisa oA PONders ik ed

aganmagl obul i nem a.and. Sel ecti,ve,.l nmupogl obul.i n f.ici ell..
defi ci enci i’élu L?E’ﬁ‘_l'i_ﬁuﬁ &ohgdYs f%ﬁd@&ﬁ%’p@f"ﬁ‘y"% gé%ﬁ@%ﬁm %%Irl% nﬂlakelmg’
nucocut ane;ﬂﬂ&iﬁg%ﬂﬂ%@ﬁi@ inYREI-Hue¥n Sy Aeh-Oimaanadimdint er | euki n-12 recept or
deficiency), Conbined T cell and B cell abnornmalities (such as Severe
Conbi ned | nmunodefi ci ency Disease (SCID), Wskott-Aldrich syndrome, and
At axi a-tel Hagrimetadpricatiophpl ement Defi ci enci es (such as Hereditary
Angi oedena or Hereditary angioneurotic edema and Paroxysmal nocturnal
ge ][m gll@i8hur ICﬁ) Enshoagroents eofdibiei imverfiane 8lsp sipelyde scefley R‘E}@i‘re coRLtigyy. and

efi ci ency,. Chr.oni,c .G anul ' e haks Ki [
syndr one, Pb%“{évesfiﬁ%f?%@grt‘%yﬁg%?@&@‘g?%@r frol %)/'h%?l%%ggﬁié ; ?il)%lﬁ?sg?leth()ds
M/gl |0p;ar o?mgesfap %1(}1 gfelge@in_efyc Yie. ,)Glmhgma@ phsiptiaise  deh yaamgpln asepdeitions endy,
and Interferon- eficienc , .and, Common VYari abl e .| nodefi ci enc I D),
V} ci hsyndr cbm,ctvémdevxr\%@tﬁun%%e AeRNFHETRIBS PTCHSE é%/tfs%}nmnggllMﬁ‘iﬁﬁt?goé}?B%&i( nt)s
of the Inv i . Par L1 6 e L f i(pventibON chilgd wee  t he
fol | ow ng: %{l%’fgg]h%ﬁ?aﬁﬁlﬁettg h%@ﬁg# ?égmrﬁr??%'ts}earg?%\ sg I%&hgrﬁ%p(g'gf Wi:lgél)i ;hus%a:‘e u?"
amount of a@opd)plegiec@lg. camp)pbotinere.gr, covspasind (s, sleen), abiiec{e.g.c8APEL si ng
;,ll atjon of self-renew ng

adm nistering to said supject an jsol.ated po
col ony for ﬁ?‘ﬁﬁh‘@e(leigs,camgﬂé’inﬁs)tT‘Féi‘E‘BTIP%Fer%’ r@% TH'°€61 1 popul ation have

subst 1'9?I l'y n(Blera P UERbledblf RAiBDEH BhitSbrs 3PR4S bdén WARINSIrated ahal adelk | s
have normal karyotype, and wherein said cells are non-innortalized.
[ 0237] A2. Abor¢ hadroef daiheil melds Somnaguinet (hersapsnwr¢as ar¢ gapableraf| rapidguiplifergfion

bi ol ogi cal c it Lt bj I sind: &d
sl ati ng. #hS PRORULRART caaBEn s b7 SRSt T wn§RTRSL IRy G and
| sol ated popyla kam ssekivemhewanmigebapy forming cells; and, (ii)

adm ni stering said biological conposition or conpositions to said bj ect,
WO 2071022050398 PO /faBkaar/ Fh8u4536 depicts avgeavethnkipeiic plat|of setginga (tgreed (hone

popul ati on have substantially,.no,multi o [ ) | At i

wher ei n sa"tfre&T ﬁ%ﬂ%ﬁé’%ﬁﬁ&%% Bone %"’?’%g&é%‘%g c\%ﬂge?@liﬂn&%al gp eg%]o?}? %)ffrélr

non- i mor t riaZf@-month old foal were seeded at 60,000 cells/cm” and expanded at 4% oxygen to
create a Master Cell Bank (MCB). The MCB and all subsequent Working Cell Banks
(WCB1 — WCB3) were seeded at 60 cells/cm? to determine the growth kinetics of equine

ABMSCs at 4% oxygen and low cell seeding density. A total of 39 cell population
doublings from the MCB was achieved over four expansions with an average of 8 cell
population doublings per expansion. These results demonstrate that equine ABMSCs can
be expanded with similar doublings and growth kinetics as human ABMSCs propagated
under low oxygen and low cell seeding density conditions.

[0221] Additionally, adult bone marrow-derived equine (horse) cell populations cultured
under the above-described conditions have been shown to exhibit the unique protein
expression profile shown in Table 3. In particular, horse ABM-SCs were characterized
by flow cytometry for the expression of surface markers in the master and working cell
banks. Horse peripheral blood mononuclear cells (PBMCs) were used as a positive
control for several markers that were negative on the horse ABMSCs. These results

illustrate that horse ABMSCs can be identified by the surface markers CD44, CD49d,



[ 0238] A3. A net hod of repairing, treating, or pronoting regeneration of
damaged tissue in a subject, conprising adm nistering to said subject an
ef fecti vewarrountso38 an i sol ated popul ati on of sel f-renercmngiSealosss4$ or m ng
cells, wherein the cells in said cellsgopul ati on have substantially no

mul ti potent differentiation capacity, wherein said cells have a nornal
karyotype, and wherein said cells are non-imortalized. [0239] Ad. A net hod
of repairi €H)4%s €RN4HgCDIP, pmbtﬁﬂﬁ“ﬂg Thesfemarkers GAMORSIERATAGRESIEN. KOESHAN a

subj ect, co ris l, tA@n

conposi ti oﬁ OBt 8Hu%’@8£§}%}n aﬁﬂ}@g & hB"Sguﬁg b&% oéhsao %%)?ﬁ\? tedn%vmafr?\% i egtrllr;l/
form ng celyb®ss AMExpansiond. @ Birfdce mhailers ahal i okpraisedlat ovep psickntagesaare
conpositions to said subject, wherein the cells in sgl d cell é&g(%q%l on

have subst é:rﬂluBaanq/MfBS fhul Marksesciheat aerexgresrad ot PBYIEs B Rt eXPigs SF d
cells have t n zed.
[0240] A5, - AHRRoAng 3 PERE e BRECiERlcbonBininih ok GDS) 10D ERYA bt
aut oi nmmune (getlibvity in a subject, conprising adm nistering to said subject
an effective amount of an isol at ed popul ation of self-renew ng col ony
formng cells, wherein the cells i n hlesS cel | popul ati on have substantially
no mul tirpotent—dyfferentratiomCagacTty, FWer et g aldgigl Sehavie a nor nal
karyotype, and wherein said cellsiare noh-i mo )24T] A6. A et hod
of treati Rgh@err fduci Descriptioammat |M{}-mﬁfmewi 1e101ht|RBM§E in a
subj ect L.CAIRLLSEOG el S QLG i

conposi i ons pro m@MImggrm Gl&?@l, ated pop J| at i 0

formngijc X ni stier,i sal /b

corrpositigiéﬁtbo ai d g\ﬁ?i}e wheeig‘nga haadcfel)"l 3

have sulFSTaRTTATTY hent jdiTterenti at
r«x@@a%@g{n'd%

cells have a nor ype wher ef nNga&i
[0242i AY. Thd3nmef hod GfanaMponof e 0@8. 3Nt
admi Ni S Bt @lRgocg-aed e .
nunber ¢f WD 20L1NPB@@%1PC'M?}SZO 1/ 038445__;

CD147 Plate, Endo, Eryth, T subj 93.5%

""" PECAM-1 - Platelets,
CD31 Mono, Gran, B cells 8.5% 2.8% § 2.6% § 3.7% § 0.6% §39.1%

ny
I

i on
,al d

{ 2i N pri or to

o <l .
RO T T VILI |U| a

- ND § ND ND ND

| R hr\n

Transmembrane
glycoprotein - Myloid
CD33 progenitors, Mono 45% § 4.6% §02% § 5.4% § 7.4% {38.7%

Transmembrane
glycoprotein -
CD34 [Hemopoietic progenitors; 2.9% | 2.6% | 0.8% § 4.6% { 1.4% {20.7%

HCAM - Leukocytes,
Ch44 Erythrocytes - 99.9% § 99.8% | 99.8%{99.8% 99.6% { ND

a4 Integrin - Lympho, | | :
CD49d Mono, Esino 99.8% 1§ 99.8% {96.5%{99.4% 99.6%3 ND

a5 Integrin - Mono, |
CD49¢ Platelets 95.9% 1 91.5% 193.4%196.6%1 97.4% ] ND

CD49f a6 Integrin - Mono | 99.5% | 95.7% 199.1%199.5%} 99.1% | ND
CD90 | Thy-1 - Thymic stromal,} 87.2% §100.0% IO0.0%§100.0%§'99.8% ND




popul ati on doublings sufficient to cause the cells in said population to

| ose multipotent differentiation capacity. [0243] AB. The nethod of any one
of enbodiwenos/1Ab398o A7, wherein said cell popul ati on haeTarse@atesus
differentiation capacity. [0244] A9. Tié -net hod of any of enbodinments Al to
A8, wherein said cells have substantial capacity for self-renewal.

[ 0245] ALO~The-npt-hod-of—any—ofeghodi-reRt-6—~Alt-0—AQ—whefeti—pPftor~t 0
a](cjm' ni s]tiration &epaloPosEEPFeE:i dn has heen passaged in yitro for ajnunber

» . \. AR il e
sel f -reneidl” 0pa6] ALl . The net hdd” 6f m. é%man 479 X8 Ao,

wher ei n RAHCC N eq T B .s A & Ve ‘stem
cells. [[024/]Al 2 T‘ﬁlel%?rl%ltg%ﬂgﬁ%lg aer%lrslé e:a_{g mé 26%3 tl%@%f 9m}’vﬁgerei n

t he cel lisyvinfentil €MeSedcainatériced belRQP9s. 2% 999AE § ADTYSIIN% EDD 4% TESPN( hy mal

st em celil.s....hemat.opai.eti.c. stem celil. s, .nuktipot.ent..a ogenitor.cells

(MAPCs), multipotent adult stemcells (MA\SCIS), or fibroblasts.

[ 0248] The od ,of , any, one ' | . ' [
ceIIs[@éé]not_3$¢F r%ﬁ}?g?ékpﬁpg9tﬁ%ﬁ%?gﬁgfQS%%ﬁ?ﬂﬁﬁgﬁégggpﬁﬁﬁiQﬂ¥%§§?¥he
gr oup consipspilagordf exhabit Ak eQaY t@Se ob bicadiidec ydet onaddiond wiehondiueslyines .
[ 0249] Al14. e nmet hod of any one of enbodinments Al to Al3, wherein said
cel I's do neellagspanatrixcsthas thaen eraviapslysdesronsisnierl don RenibaRhgormEAMEMOEinder
Osf[ eol nduc.tlﬁ%ﬁ)\fff&g\;etd' 9431% . E'QéZSeQé. jb‘ii‘?gur-ghﬁ. ”%Pc&al?l&)le? rﬁ%g&‘e”?ﬁtsh&%éf ’reéi‘(ﬁgr ern
sai d osteoinductive conditions

obtained when equine ABM-SCs were seeded at 5e¢6 cells/ml within 1.6 mg/ml rat tail

collagen gels and cultured suspended in media for 3 days. Diameters of the gel constructs
were measured at 24, 48, and 72 hrs. Percent surface area contraction was calculated by
comparing x and y dimension initial diameters to contracted diameters of each timepoint.
A control gel containing heat inactivated cells showed little contraction with the active
cells contracting the gels significantly to 5.8% the initial size after 3 days in culture.

[0223] In another embodiment of the invention, hABM-SC are also capable of producing
significant quantities of VEGF in biocompatible cell matrices. For example, Figure 38
depicts VEGF levels within cultured exCF-SC-seeded Poly-Lactic-co-Glycolic Acid
(PLGA) scaffolds. Cells were seeded at varying densities of 3e6 cells or 7e6 cells onto
2cm diameter, non-woven PLGA polymer scaffolds and cultured for either 1, 3, or 6 days.
Constructs were replenished with fresh media on culture day 2 and 4. At each timepoint,
constructs were washed 3X in balanced salt solution and snap frozen. Lysates were made
of each construct by mechanical dissociation in protein extraction buffer. ELISA was
used on construct lysates to quantify amount (in ng) of VEGF contained within hABM-
SC seeded PLGA constructs. Results indicate an increase in VEGF contained within the
PLGA constructs with increasing cell density.

[0224] Embodiments of the invention include ABM-SC (for example, human or non-
human CF-SC or exCF-SC) seeded into biocompatible matrices (such as a PLGA
scaffold) at densities in a range of about 100 cells/mm® to about 100000 cells/mm’. For
example, embodiments of the invention include cells seeded into biocompatible matrices

at about 100, 500, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 10000, 15000,



I ncl ude exposure to exogenously supplied Noggin. [0251] A16. The net hod of

any one of enbodiments Al to Al5, wherein the cells in said isolated cell

popul ati onOana/dedsved from connective tissue. [0252] ALPCTse01mmBsI98l of any

one of _errbodi ments Al to Al6, whereinsghe cells in said isolated cell

popul ation are stromal cells. [0253] Als. The nmethod of any one of

enbodi nents Al to Al7, wherein the cells in said isolated cell popul ation

Zlo- tex p'rA\ i; s ZOD:@l(QCZ_Sé)ﬂﬂ,hBIMr |3[50Q(5440Qﬂ)9,. 45008, $00 HAHP0.27Y009n 80890, H08BRIiaRE Nt S
o] , ei e; ce opul ati on mai ntai ns an approxi mately const ant

doubl i ng ré\ﬁg&{on‘?e é‘i‘?nrﬂﬁlgf‘fa&ﬁe in vitro cell doubli nggl,o WD d

2011/ 150398PCT/ US2011/ 038445 - 63 - [0255] A20. The nethod of any one of

ermbodi ment $1#iidnel Rdne iRl Qhd Thdagenrtl d smpstrions gad idppliémionslet ect abl e
expression of one or nore antigens selected fromthe group consisting of:

a) CDIghrsp) STR@rﬂ{iodﬁﬁgms COf FRLRENGAM inclddR26&] A2 bioathiee Nitpeditiofis afythene

of enmbodifents Al to 0, wherein said cells are positive for detectable
expr essi on imfentior for teamenhand gemegentmceloarute gnd ohEons Fapmadpldiedt IHYEST -

(e.g., such as occur among military personnel in combat or in other individuals suffering
burns or injuries inflicted by high velocity projectiles). Accordingly, embodiments of the
invention include methods and compositions useful for treatment and repair of burn
injuries, dermal wounds, traumatic brain injury. Embodiments of the invention include
use of compositions of the invention for treatment and preservation of function of nerve
cells and neuronal signaling (including, for example, but not limited to, treatment of
neuropathological disease conditions such as Parkinson's and Alzheimer's Disease).
[0226] Embodiments of the invention also include use of compositions of the invention

for treatment and repair of surgically induced injuries such as in patients undergoing

the incisional site.

[0227] Additional embodiments of the invention include use of CF-SC and/or exCF-SC
(or components derived therefrom) either directly, or as incorporated into biocompatible
matrices, as incorporated into bioactive compositions and devices, and as incorporated
into regenerative and therapeutic powders (which may be applied in any final form
whether as a dry powder, liquid, semi-liquid, paste, solid, or semi-solid) wherein said uses
may particularly encompass (without limitation):

& Use of CF-SC and/or exCF-SC (or components derived therefrom) incorporated into
biocompatible sheets (i.e., sheet-like matrices; which may be packaged into packets for

mobility and rapid application on burns or other wounds "in the field");

¢ Use of CF-SC and/or exCF-SC (or components derived therefrom) in suspension

(e.g., for example, for application by spraying, pouring, or pasting on open wounds);

s Use of CF-SC and/or exCF-SC (or components derived therefrom) for mitigation of

injuries such as traumatic brain injury;



a) Ch44; b) HLA Cdass-1 antigen; and, c)13 (beta) 2-M croglobulin,

[ 0257] A22. The nethod of any one of enbodinents Al to A21, wherein said

cel |l s expwozsiiorso®ecr et e det ectabl e quantities of conpo®CTiuseel1vsgsett ed
fromthe group consisting of: a)s7INF-RI; b) soluble TNF-RI; c)

TNF- R_I |; d) soluble TNF-RII; e) IL-1R antagonist; and, O IL-18 binding
protein. [0258] A23. The nethod of any one of enbodiments Al to A21, wherein
sai d cel | s sexPsed$ CF-SEeandde exlel-S¢t &l eoropmetist derivedfthersfrongitoi pravent or
selected fromthe group consisting of conpositions shown in Table 1A, 113
and 1C. [ 025YEH9A4ePSTHe net hod of any one of enbodiments Al to A23, wherein
the cells in said isolated cell population are initially isolated froma

tissue sourcepge lof%ﬁgczé%lf gﬂB;fCIg)rS@U rCRRHoatAtdUefled therefrord) tdPRENdTRIOL OW,

b) adi pose tissue.fat; Kin; placental; e) unbilical cord; 0 tendon
g) |i gamenteffethenlisg besubasute atjumesde.gi, Yo thpreve Horrebiape and Preyent Mpusigny A25.
The net hod of enbodi nent A24, wherein said tissue source i s human.

[ 0261] A26. The neth of any on epbodi nents, Al to 5 rein i

cel | popul dti b#° i &Eaﬁé]gnayﬁra?{g}gép”g?e?%;n%odﬁg}saﬂ?rw&gﬁéefe %&r%afde l?lﬁfogggh a
nunber  of 'aﬂ}o‘féé&fu@ gﬁﬁ'rgrafﬂeat%m&g@.gﬁ,%%d&@ réjb@BntriR @ filRreonske);i ng of :

a) 1 to 5 cell doublings; b) 5 to 10 cell doublings; c) 10 to 20 cel
doublings; d) 20 to 30 cell doublings; e) 30 to 40 cell doublings; 0 40 to
50 cel | dowbl Usgsf CF)SA and/os@xEEHIC douesimprysntsideriged thesefrera) fordgduatioRgs; i)
10 to 50 ceIL.doughiggs: 43 20 to 50 cell doublings; k) 30 to 50 cel
doubl i ngs; T4y'S1EN L6 R4 54Babl ings: m 1 to 20 cell doublings: n) 1 to 30
cell doublings; o) 1 to 40 cell doublings; p) 5 to 20 cell doublings; q) 5
to 30 cell , O;20A&FIROIAPREHAISEO L3/ E3Bhdtents defived therefrom) to slow the course

of Parkinson's Disease, Alzheimer's or other neurological pathologies;

s Use of CF-SC and/or exCF-SC (or components derived therefrom) to aid in healing

chronic and poorly healing wounds; and

improve, or remove restrictive scars (e.g., to increase mobility and quality of life).

¢ In certain embodiments of the invention, ABM-SC are useful in tissue engineered
constructs of various shapes and forms. For example, Figure 39 shows photographs of:
A & B) hABM-SC seeded porcine collagen gel after culture and cross-linking to generate
a non-living mechanically stable bioactive construct; C) hABM-SC seeded porcine
collagen gel after culture and dehydration to generate a non-living thin film bioactive
construct; and D) non-woven PLGA scaffold (left) and hABM-SC seeded non-woven
PLGA scaffold cultured construct

[0228] Additional embodiments of the invention also include:
« Bioactive compositions and devices wherein CF-SC and/or exCF-SC seeded scaffolds
are co-cultured with other cell types to allow stimulation of tissue specific factors from
CF-SC and/or exCF-SC (e.g., for production of factors useful in treatment of neural,

vascular, bone, cartilage, cardiac condition);



doublings; r) 5 to 40 cell doublings; s) 10 to 30 cell doublings; t) 10 to
40 cell doublings; and, u) 20 to 40 cell doublings. [0262] A27. The net hod
of any omwoabliershivdi nents Al to A26, wherein said cell popaiSatiilossshns
under gone a nunber of popul ati on doublihgs sel ected fromthe group

consi sting of: a) at |east about 10 popul ation doubling s; b)

at | east about_ 15 popul ati on doubljngs; ¢) at | east t 2 0 i on
doubl i ngs: %) Compositiops and deviess HubIFA Fﬁrﬁ@@&éfor r@@b gé! %ngcgé&%oi‘{?oﬁ'ie 30
popul ati on i i eqst t i i 2d B Hoeast
about 40 po%%%d;ﬁ’ﬁgc}%ﬁ?‘? rﬁjgzsﬁ%r?ﬁjalalﬁy 1 %%grtagg E)Hutﬁmé{lgpg pu?gt%%eddg%gﬁvﬁtgs;
and, i) at (tlesstayabdude &Qyipgpetcahiages afouxlypempsserft 02 88]ado@ntarhieg thet dudtdredf
any one of enbodinments Al 'to A27, wherein said biological conposition or
Composi i orfeNSFIL BRI hPotic, ARERIETF: WP PEOSICHNEROR el | popul at i ons.

[ 0264] A29. The net hod of any one of enbodinents Al to A28, wherein said

bi ol ogi cal LomRaRikitihs Ahd CRIRAS I ARES AFBCSaalRE QLCFISO dobfedeXiTRER! hil ar
environnment of said cell populations. [0265] A30. The nethod of any one of

enmbodi ment scsultivated WRBr vatied eulturs anelibcondigonsalo Sothpoeptimiza dssirasbbipadivityons

are one or re nol.ecul es sel ected , fr.omthe. grou onsi sti,ng. of : a
proteins; K} 1%&??9’0?‘1’%3 ggrffﬁl?)n Pfﬁflgi%l?n%)ol%fc piicdl fagers aychy gf t%;oxgt& fpotor :
derivati vesro®insOvie@ins, dideral) amiol Rids, Afpafls fatlyQRRR] Mlbuffehy; met hod of
enbodi ment A30, wherein said proteins are selected fromthe group

consi sting of ~a) glycosyiated proteins; b) cytokines; c) chenokines,;
d)lym | hoki&ne§pm@ps1§p@sm3/ flavicesr wherein pargpilpte fosms of fatugyl makrixhergeméictie

proteins; and, h) hormones, .[02671A32 ., Th kpod, ofeqfaodinen 34
wherein saip(?&j%eé% e Ssegffleérs B\fl{& égi %@I ﬁlg(/)%pgxs(?flggg Or &gggr’%oagfi{gﬁo%x@ﬁ%%dar? o]
and i nact i \sat#psulatedr @dolCoartiligte bfdhegifeaimiaotarvie Welileryohedelbeofsedligcioed

fromthe group consi sti rllg of : ) ) .
components derived therefrom) to the patient. Further, the particulate forms of tissue
engineered constructs generated in vitro with CF-SC and/or exCF-SC and scaffolds are
used in combination with viable CF-SC and/or exCF-SC for carrier delivery vehicles into

the patient.

# Tissue engineered constructs generated from CF-SC and/or exCF-SC and scaffolds
may be used to produce bioactive films, bandages, patches, sutures, meshes, or wraps.
Multiple shapes, sizes, and thicknesses of these constructs can be designed for specific
applications. Bandages or patches can be applied to cover damaged skin tissue. Flexible
constructs can be used as bioactive wraps to enclose more irregularly shaped tissues such

as bone, ligaments, tendon, nerve, and muscle.

s Arrangements of CF-SC and/or exCF-SC and matrix scaffolds in culture can be
specifically designed for different construct preparations including cell encapsulation, cell
seeding around outside of scaffold, cell-scaffold juxtaposition for secretion of factors

from cells into scaffold.

Immune Disorders

[0229] Cells and compositions of the present invention may be used to prevent, treat,

and/or ameliorate, infer alia, immune, autoimmune, and inflammatory diseases and



a) fatty acids; b) fatty acid derivatives; 0) receptor nolecul es; d)
cytoki nes; e) chenokines; [ynp okines; g) growh factors; h) trophic
factors, WP 2oovyshssgeri etic proteins; and, j) hornones. PODUS2011/038445

2011/ 150398PCT/ US2011/ 038445 - 65 - [@g68] A33. The nethod of enbodi ment
A32, wherein said biological conposition or conpositions are sol uble
receptors that bind cognate |ligands selected fromthe group consisting of:
a) fatty adissderp) Samtyexavipdesdef isualh idiswders)areeindjsated helpwe hess; ligfy are

cyt oki nes; e) chenokines; f) | hoki nes; owt h f ' '
factors, i )ex%‘BPlBWoBéﬁeatni ATB MGt gﬁgg%‘%ﬁatﬂéfe f@ﬁ%ﬁ%ﬁé@%&%ﬁ@%ﬁ%ﬂ {ﬂ%gmne;t hod
of any one gfiRHRAL! BRNGSAAhmbQry\Ikeaheirdl Bisrlet; Gk | shoaldethenfblioadhd be

i ncrease expression of one or nore biological conpositions, [0270] A35. ,The

met hod of anystowd asiinsting withaaspscirio natholgees wWhish anay Refrepteb It the ‘]éel Si8ticed

to express one ar. nore, biol ogi.cal ..conpositions. [0271] A36. The net hod of
any one of C8W15’88f1%sn?f§hﬁpref%rgRﬁ‘%,nu%ﬁerei n said oLe or] nore bi ol ogi cal

CO”DOEMZ!'O‘PHS | S/ RuppedfaohR dideusnwishh eompleteldd pumtdallditoip@RirR]eA8IDgy Theute
met hod of any one of enbodi ments Al _to A29, wherein said ore.or mor

bi ol ogi cal dissepowicd epesphaomyeliis éﬂDﬁP@m‘f@S%%gﬁe@Gnﬁ@ﬁy (ﬁﬁ"gofpond%iﬁs’ a)

R )

of enbodi menitsinAhurieco OdPRoritid)eCeiae tiseaseeldrehn'n disease, Diabetes mellitus type I,
Gestational pemphigoid, Goodpasture's syndrome, Graves' disease, Guillain-Barré
syndrome (GS), Hashimoto's disease, Idiopathic thrombocytopenic purpura, Kawasaki's
Disease, Lupus erythematosus, Multiple sclerosis, Myasthenia gravis, Opsoclonus
myoclonus syndrome (OMS), Optic neuritis, Ord's thyroiditis, Pemphigus, Pernicious
anaemia, Polyarthritis, Primary biliary cirrhosis, Rheumatoid arthritis, Reiter's syndrome,
Sjogren's syndrome, Takayasu's arteritis, Temporal arteritis (also known as "giant cell
arteritis"), Warm autoimmune hemolytic anemia, and Wegener's granulomatosis.

[0231] Examples of some diseases suspected of being linked to autoimmunity: Alopecia
universalis, Behcet's disease, Chagas' disease, Chronic fatigue syndrome, Dysautonomia,
Endometriosis, Hidradenitis suppurativa, Interstitial cystitis, Lyme disease, Morphea,
Neuromyotonia, Narcolepsy, Psoriasis, Sarcoidosis, Scleroderma, Ulcerative colitis,
Vitiligo, and Vulvodynia.

[0232] Examples of some immune hypersensitivity diseases and disorders: Allergic
asthma, Allergic conjunctivitis, Allergic rhinitis ("hay fever"), Anaphylaxis, Myasthenia
gravis. , Angioedema, Arthus reaction, Atopic dermatitis (eczema), Autoimmune
hemolytic anemia, Autoimmune Pernicious anemia, Coeliac disease, Contact dermatitis
(poison ivy rash, Eosinophilia, Ery{hroblastosis Fetalis, Farmer's Lung (Arthus-type
reaction), for example), Goodpasture's syndrome, Graves' disease, Graves' disease,
Hashimoto's thyroiditis, Hemolytic disease of the newborn, Immune complex
glomerulonephritis, Immune thrombocytopenia, Myasthenia gravis, Pemphigus,
Rheumatic fever, Rheumatoid arthritis, Serum sickness, Subacute bacterial endocarditis,

Symptoms of leprosy, Symptoms of malaria, Symptoms of tuberculosis, Systemic lupus



said cell population do not exhibit long-termengraftnent in, or wth,

ti ssues or organs when adm nistered to a |iving manmal i an organi sm
102741A390he/1se39Rod of any one of enbodi ments Al to ABEBT/Ush&NMBsI4S he
cells in said cell population maintaiggapproxi mately constant |evels of
production of one or nore therapeutically useful conpositions in vivo.
[0275] A40. The method of enbodi ment A39, wherein said |evels of production
are mai nt aieneberfaosus, rkeamora ofteritisreTwablusiondreaetionst hErapspdand iRcEPRt ARG of
a) at Ieas&%about,24 hours; b) at |east about 48 hours; c) at |east about
72 hours:; WUSHI@REP- about 4 days: e) at |east about 5 days: f) at |east

about (©38yS;  O)Exdhplee3FLsodROW lafuRtayS; diorddrs] adsigiabamkydsingekndyltisat
| east "about 3 weeks; j) at |eaSt about 4 weeks; k) at |east about JhIm)nth;
1) at | eastrthiitstasthnmpraubistic aiteencolitbs suteimsinne 3ipgssesh Behagt'sd15¢286 FIYHO Ut 6

nont hs; and,. 0 t |east about.,l.vear. 1 e of
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of any one pgiveEaResicEepdisicAnlaminfddry dibeikei psosiakid, peirfatid drthriise cepedfusiorat a

di sease or disorder selected fromthe group consisting of: WO
2011/ 150398B@: UBRORIiG 38rtEs, trageplant rejection, ayd YaseiHifiSol ogi cal di sease or

di sor i@éﬁﬁéb) a %%1?f'gz%gcl)]dio%ea%%&@?%&eﬁzgr@}m& gkidn diRgaRfsBudi soxder ;

d) a tal nuscle drsease or a respiratory di sease or

ﬂ') sorder; fijhked hgpatmapleiudieans orami Setateve bymanogotallindiRefiiencyy di selt der ;
) a genitourinary systemdisease or disorder:.i) a.hladder diseas r

di sgr deréj dyficignciéiguch e IhGeerges %’Pdﬁil’é%I('gl@@lck%pl%?wﬁe?ﬁf%%inéﬁoﬁm ieg)él%se
or disorder, 4 qat4 ' diganderr ‘T ehes). badedorc ul ar
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Al to A42, 'wherein said'cells are genetically nodified.
nocturnal hemoglobinuria), Phagocyte deficiencies (such as Leukocyte adhesion
deficiency, Chronic Granulomatous Disease (CGD), Chédiak-Higashi syndrome, Job's
syndrome (Hyper-IgE syndrome), Cyclic neutropenia, Myeloperoxidase deficiency,
Glucose-6-phosphate dehydrogenase deficiency, and Interferon-y deficiency ), and

Common Variable Immunodeficiency (CVID), Vici syndrome, and Acquired immune

deficiency syndrome (AIDS).

Embodiments of the Invention

[0235] Particular embodiments of the invention include the following:

[0236] Al. A method of administering a therapeutically useful amount of a biological
composition or compositions to a subject, comprising administering to said subject an
isolated population of self-renewing colony forming cells, wherein the cells in said cell
population have substantially no multipotent differentiation capacity, wherein said cells
have a normal karyotype, and wherein said cells are non-immortalized.

[0237] A2. A method of administering a therapeutically useful amount of a biological
composition or compositions to a subject, comprising:

(i) isolating the biological composition or compositions produced by an isolated
population of self-renewing colony forming cells; and,

(ii) administering said biological composition or compositions to said subject,



[6279] Ad4. The net hod of enbodi mrent A43, wherein said cells are genetically
nodi fi ed by introduction of a reconbi nant nucleic acid nol ecule. [0280] A45.
A processwbhanivmbiong an i sol ated cell popul ation in anypPomased11essaesii nent s

Al to A47, wherein said process conpr-ildes: i) obtaining a source popul ation
of cells froman organism and, ii) culturing said source popul ation of
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natural ly oc or isolated reconbi nant “extracel lular matrix or bl ood
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have a normal karyotype, and wherein said cells are non-immortalized.

[0239] A4. A method of repairing, treating, or promoting regeneration of damaged
tissue in a subject, comprising:

(i) isolating the biological composition or compositions produced by an isolated
population of self-renewing colony forming cells; and,

(ii) administering said biological composition or compositions to said subject,

wherein the cells in said cell population have substantially no multipotent differentiation

capacity, wherein said cells have a normal karyotype, and wherein said cells are non-

immortalized.

[0240] AS5. A method of treating or reducing inflammation, immune, or autoimmune
activity in a subject, comprising administering to said subject an effective amount of an
isolated population of self-renewing colony forming cells, wherein the cells in said cell
population have substantially no multipotent differentiation capacity, wherein said cells
have a normal karyotype, and wherein said cells are non-immortalized.

[0241] A6. A method of treating or reducing inflammation, immune, or autoimmune
activity in a subject, comprising:

(i) isolating the biological composition or compositions produced by an isolated
population of self-renewing colony forming cells; and,

(ii) administering said biological composition or compositions to said subject,

wherein the cells in said cell population have substantially no multipotent differentiation

capacity, wherein said cells have a normal karyotype, and wherein said cells are non-

immortalized.

16242} A7. The method of any of embodiments Al to A6, wherein prior to

administration, said cell population has been passaged in vitro for a number of



extracellular matrix or blood plasnma proteins conprise one or nore
full-length or alternatively processed isoforns, proteolytic fragnents, or
subuni t s WO 2nl/seisBes sel ected fromthe group consi sti NGCOUS20 138445

2011/ 150398PCT/ US2011/ 038445 - 67 - _s . @) collagen; b) elastin; c)
fibronectin; d) lamnin; e) entactin gni dogen); f) hyaluronic acid; Q)

pol yglycolic acid (PGA); h) fibrinogen (Factor 1); i) fibrin; j)
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von W | | ebpapdafiarchasrynipisgnt plifférentiationsapacitsic) hi gh nol ecul ar wei ght
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damaged as
(MASC:s), or fibroblasts.

[0248] _Al13. The method of any one of embodiments Al to A12, wherein said cells do

not differentiate into one or more cell types selected from the group consisting of:

a) osteocytes; b) adipocytes; and, ¢) chondrocytes.

[0249] Al4. The method of any one of embodiments Al to A13, wherein said cells do
not deposit detectable levels of calcium following treatment under osteoinductive
conditions.

[0250] A15. The method of embodiment A14, wherein said osteoinductive conditions

include exposure to exogenously supplied Noggin.

[0251] A16. The method of any one of embodiments Al to Al5, wherein the cells in
said isolated cell population are derived from connective tissue.

[0252] A17. The method of any one of embodiments Al to A16, wherein the cells in

said isolated cell population are stromal cells.

[0253] A18. The method of any one of embodiments Al to Al7, wherein the cells in
said isolated cell population co-express CD49¢ and CD90.

[0254] A19. The method of any one of embodiments Al to Al8, wherein the cell
population maintains an approximately constant doubling rate through multiple in vitro

cell doublings,



result of a condition selected fromthe group consisting of: a)

di sease; b) physical trauma; c) ischema; d) aging; e) burn; f) bacterial

i nfecti orvwogp1wvisoaB i nfection; h) fungal infection; andpCrjusdygossyas ati on
of the immune system [0294]Bl14. The -m8t-hod of enbodi mrent B13, wherein the
damaged tissue is skin. [0295]B15. A nethod of using the conposition of any

one of enbodinents BlI-B9 for facial skin rejuvenation 0296].B14. met hod
of usil@Pdhe corfpdki tThS’rfn@ho‘éﬁga@h‘én%? mﬁ@ﬁ tBlA]é%,W%Wﬁ‘Jé?é?lﬂ cga Ye©
conposi ti on.LARlbELS i Rty 3503 201 45 -
68 - [0297] é.ﬁjerrgrh%%g#%ge te?g%tl ng,dff%ga?%r?g?]a%g ene%g%%igr%?%or hegll%i%gg a
damﬁged or gansisting afssue conpri sing contacting said danaged organ or tissue
with an effectiv unt of self- ] lLony form ng somatic cells or
conposi tions pr @S_@iﬂ@ﬁg} %ﬁ%@ai@ééﬁ@i@g’\ég&\g‘qeffect said treatnent,

repal r[0256$g ener a4 10N, THIm&88d bPShyPbnd Seriiiassts A9BMATY, Wedit Said cells are

[ 0298]'C2. The net hod of enbodi nent” O, wherein said danaegfgd organ or tissue

i s cont act gositive Hoarnlettfablt exvpessimunf oof aefnore @négdnggselastagnfromoihei aup
somatic cells .or compositions produced fromsuch cells by neans sel ected
fromthe gFBH%St_E@n(g;ns)ti ng of: a) injection into the damaged organ or
tissue; b) appligaiDAnyPALA Chss-Hanmaadas, 9RP (Btaf 3-MbgldblliaN €ction
proxi mal to the damagéd organ or tissue; d) application proxinal to the
damagd@255 gan orA22. ssihe; mathdd of)anynneasfeerobedimdnisni b tte #13 lgrwherein said cells

express or secrete detectable quantities of compositions selected from the group

consisting of:
a) TNF-RI; b) soluble TNF-RI; ¢) TNF-RII; d) soluble TNF-RIL; e) IL-1R

antagonist;
and, f) IL-18 binding protein.
[0258] A23. The method of any one of embodiments Al to A21, wherein said cells

consisting of compositions shown in Table 1A, 1B and 1C.

[0259] A24. The method of any one of embodiments Al to A23, wherein the cells in
said isolated cell population are initially isolated from a tissue source selected from the
group consisting of:

a) bone marrow; b) adipose tissue/fat; ¢) skin; d) placental; e) umbilical cord; f)
tendon; g) ligament; h) muscle fascia; and, i) other connective tissues.

[0260] A25. The method of embodiment A24, wherein said tissue source is human.

[0261] A26. The method of any one of embodiments Al to A25, wherein said cell
population maintains an approximately constant doubling rate through a number of in
vitro cell doublings selected from the group consisting of:

a) 1 to 5 cell doublings; b) 5 to 10 cell doublings; ¢) 10 to 20 cell doublings; d) 20
to 30 cell doublings; €) 30 to 40 cell doublings; f) 40 to 50 cell doublings; g) 1 to 50 cell
doublings; h) 5 to 50 cell doublings; i) 10 to 50 cell doublings; j) 20 to 50 cell doublings;
k) 30 to 50 cell doublings; 1) 1 to 10 cell doublings; m) 1 to 20 cell doublings; n) 1 to 30
cell doublings; o) 1 to 40 cell doublings; p) 5 to 20 cell doublings; q) 5 to 30 cell



[ 0299] C3. The net hod of enbodinments C or C2, wherein the cells are derived
from bone marrow. [0300] C4. The method of any one of enbodinents Cl-C3,
wher ei n twe 20e/is839ar e human. [0301] C5. The method of anyPomaiSed11®843aili nent s
Cl-C4, wherein the cells, or conpositiggns produced by said cells, inhibit
or reduce adverse immune responses (such as cell-nediated autoi mmnity),
fibrosis (scarring) and/or adverse tissue renodeling (for exanple,
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- 05, erein.t cells, . qr .conpositions produced by said cells, control
ianannatiBﬂddﬂgw6?4bﬁﬁ¥89?ﬁ5£§te inflangation. [0%03]C7.Tne net hod of any

one ofjggppodi Mens;, ClrHiomettberdFi dhyt Si 6£kmbodidfenGORNOBI ARONWhaeddsuie delby

said cells, stinulate or enhance angi ogenesis. 6{0304] C8. The t hod of any
one of enb@dpwietiers hat updergomre paiumbsaicd Ropulagion Ftoyblingsy slested gli%ahf i 8QHP or
detectabl e | evfe\}l ) O(%f permanent or long-termengraftnent into said damaged
organs or tPREYERE 1 0305]C9. The nmethod of any one of enbodinments C 1 -C8,

wherein said dapgogdieastgabut aree ppphledoedioublmgst e grr deapt aborsi $5 i prgulation
heart, brain, and spinal cord. _[0306
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i nor 4argdpulaeidon dodblags; At degst labauti 45 population doublings; and, i) at least about 50

population doublings.

[0263] A28. The method of any one of embodiments Al to A27, wherein said
biological composition or compositions are bound in or to the cell surface of said cell
populations.

[0264] A29. The method of any one of embodiments Al to A28, wherein said
biological composition or compositions are secreted into the extracellular environment of

 said cell populations. : : - I

[0265] A30. The method of any one of embodiments Al to A29, wherein said
biological composition or compositions are one or more molecules selected from the
group consisting of:

a) proteins; b) carbohydrates; ¢) lipids; d) fatty acids; e) fatty acid derivatives; d) gases;
and, e) nucleic acids.

[0266] A21.  The method of embodiment A30, wherein said proteins are selected from
the group consisting oft
a) glycosyiated proteins; b) cytokines; ¢} chemokines; d) fvmphokines; ¢} growth factors;

£} trophic factors, g) morphogenetic proteins; and, h) hormones.

9267} A32. The method of embodiment A31, wherein said wherein said biological
composition or compositions bind to and inactivate, or reduce, the biclogical activity of
molecules selected from the group consisting oft
ay fatty acids; b} fatty acid derivatives; ¢) receptor molecules; d} cytokines; ¢) chemokines; )

lymphokines; g growth factors; h) trophic factors, 1} morphogenetic proteins; and, i} hormones,



WO 2011/ 150398PCT/ US2011/ 038445 - 69 - [0307]Dl. A nethod of inducing,
enhanci ng, and/or maintaining the generation of new red blood cells in
vitro. [0808pD21503pRe net hod of enbodi ment D1, wherei n saca/useauosien,
enhancenent, or mai ntenance is achievgg_by co-cultivation of hematopoietic
precursor cells with self-renewing colony formng cells. [0309] D3. Tne

nmet hod of enbodi ment D2, wherein said self-renewi ng colony formng cells
are hye268] bone 3 ovEdemethed of emiviiment W32, pharin STy bigloZed] mpoTiHen 9t hod

f enbodi ment D3, wherein said hABNI-SC. j
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achi eved by co-cultivation of hematopoietic precursor cells with_ isolated
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[0270] A35. The method of any one of embodiments Al to A33, wherein said cells are
induced to express one or more biological compositions.
[0271] A36. The method of any one of embodiments Al to A29, wherein said one or
more biological compositions is/are selected from Table 1A, 1B and 1C.
[0272] A37. The method of any one of embodiments Al to A29, wherein said one or
more biological compositions is selected from the group consisting of:
a) TNF-RI; b) soluble TNF-RI; c¢) TNF-RII; d) soluble TNF-RIL e) IL-1R antagonist; and, f) IL-
18 binding protein.

[0273] A38. The method of any one of embodiments Al to A37, wherein the cells in
said cell population do not exhibit long-term engraftment in, or with, tissues or organs
when administered to a living mammalian organism.

[0274] A39. The method of any one of embodiments Al to A38, wherein the cells in
said cell population maintain approximately constant levels of production of one or more
therapeutically useful compositions in vivo.

[0275] A40. The method of embodiment A39, wherein said levels of production are
maintained for a measure of time selected from the group consisting of:

a) at least about 24 hours; b) at least about 48 hours; c) at least about 72 hours; d) at least about 4

days; e) at least about 5 days; f) at least about 6 days; g) at least about 7 days; h) at least about 2 weeks; i)

at least about 3 weeks; j) at least about 4 weeks; k) at least about 1 month; 1) at least about 2 months; m) at

least about 3 months; n) at least about 6 months; and, o) at least about 1 year.

[0276] A41. The method of any one of embodiments Al to A40, wherein said patient is

human.

[0277] A42. The method of any one of embodiments Al to A41, wherein said method

is used to treat a disease or disorder selected from the group consisting of:



[ 0314] D8. The net hod of enbodi nent D6, wherein said hABM SC are derived
froman adult. [0315]D9. The nethod of any one of enbodinents D5-D7,
wher ei n swi0RoiBhaBed conpositions are |yophilized. [03P6TMDBR011/Dbs#45ret hod
of any one of enbodi nments D5-D7, wherggb said isolated conpositions are
cryopreserved. [0317] D11. The nethod of any one of enbodi nents D5-D7,
wherein said isolated conpositions are mxed with one or mpore

phar maceut etantyolagied sisstseer dispidrer ) ¢ eadia tisse of Herdisd oF 2pkBAEIRgT
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trophic factors. [0319]D13. A nethod of producing conditjoned nedia, .
wher eidiseasapridisasdiira 2 oniend! disease prdisnrdars b ey genfiQusipanysysten disgapy or disorder;” i) a
20117 }pAR2FRGEL Hsg%&e/r;o ?éﬁ" endocrid dis_e&sgggﬁ)i]s&)a&; 1) dRkhespoefic disabadridrerdand

purifying ?raqtgons anqﬁor cel | -derived conpositions from conditioned
medi al) ahecwatc disdas eraliowder om) adishstes,emy agocyly disepsg of diserdefe ip)aa retinal disease

or disorder; p) a gastrointestinal disease or disorder; q) a splenic disease or disorder; 1) an

immunological disease or disorder; s) an autoimmune disease or disorder; t) an inflammatory disease

or disorder; u) a hyperproliferative disease or disorder; and, v) cancer.

{8278} A43. The method of any one of embodiments A1 to A42, wherein said cells are
genetically modified.
[6279] A44. The method of embodiment A43, wherein said cells are genetically

modified by introduction of a recombinant nucleic acid molecule.

[0280] A45. A process for making an isolated cell population in any one of
embodiments A1 to A47, wherein said process comprises:

i) obtaining a source population of cells from an organism; and,
ii) culturing said source population of cells in vitro. v

[0281] Bl. A composition comprising a pharmaceutically acceptable mixture of self-
renewing, colony-forming somatic cells (CF-SC), or conditioned cell culture media
derived from such cells, and purified naturally occurring or isolated recombinant
extracellular matrix or blood plasma proteins.

[0282] B2.  The composition of embodiment B1, wherein said CF-SC are derived from
bone marrow.

[0283] B3. The composition of embodiments B1 or B2, wherein said CF-SC are
derived from a human.

[0284] B4.  The composition of any one of embodiments B1-B3, wherein said CF-SC
are derived from an adult mammal, including humans.

{#285] B5.  The composition of any one of embodiments B1-B4, wherein said CF-SC
express one or more secreted proteins shown in Table 1A, 1B and 1C.

{6286] B6. The composition of any one of embodiment B1-B5, wherein said
extracellular matrix or blood plasma proteins comprise one or more full-length or
alternatively processed isoforms, proteolytic fragments, or subunits of molecules selected

from the group consisting of:



[ 0321] D15. A nethod of isolating, cryopreserv'ng, and/or expandi ng CD34+
Cord Bl ood Cells (CBC). [0322] D16. The nethod of enbodi ment D15, wherein
sai d CBCwpeomxsedsded in suspension cul tures. [0323] D17 PCThis20ueiobRads of
enbodi nent D15, wherein said CBC are_gypanded by co- culturing with a
feeder |ayer of self-renewi ng colony formng cells. [0324] D18. The net hod
of enbodi nent D17, wherein said self-renewi ng colony form cells are
human bone abmmllagﬁn,dérellasad odttmonastioed)l lgm(mma%ws@ytm pggmnbﬁghyqd\umagwcid;

sol uti d |t Solut d i
AN e i R T L e
Conce@ﬁlﬁﬁ‘fbﬁrprl%%ltlafﬁfb‘rﬁblﬂ' ?’H@@&’érf@&@r ARt} B2 IVIId iBaskes ITI)s al) LRrbté[h af o)
enbodi nment or conpri sing human serum al bum n, 03284{[%?

s at

The wRsotemas; Ln) posteiof ZsFuekeinebaelsed projpasednlibiser 8 heparn celdriomlh bt

a concentra I I
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al bumiyy; iy) Badt@lENces Badtdr-SO;Uka)ORon Willebrand factor; ab) prekallikrein; ac) high
molecular weight kininogen; ad) plasminogen; ae) plasmin; af) tissue-plasminogen activator; ag)

urokinase; ah) plasminogen activator inhibitor-1; and, ai) plasminogen activator inhibitor-2.

[0287] B7. The composition of any one of embodiments B1-B6, further comprising
purified naturally occurring or isolated recombinant cytokines or chemokines.

[0288] B8. The composition of any one of embodiments B1-B7, wherein said
extracellular matrix, blood plasma proteins, cytokines, and/or chemokines are derived

from humans.

[0289] B9. The composition of any one of embodiments B1-B8, wherein said
pharmaceutically acceptable mixture forms a semi-solidified or solidified matrix.

[0290] B10. A method of treating damaged tissue with the composition of any one of
embodiments B1-B8, wherein the composition is a liquid.

[0291] B11l. The method of embodiment B10, wherein the liquid is applied by
injection.

[0292] B12. A method of treating damaged tissue with the composition of any one of

embodiments 1-9, wherein the composition is applied as a liquid but thereafter forms a
semi-solidified or solidified matrix.
[0293] B13. The method of embodiments B10-B12 wherein said tissue is damaged as a
result of a condition selected from the group consisting of:
a) disease; b) physical trauma; c) ischemia; d) aging; €) burn; f) bacterial infection; g)
viral infection; h) fungal infection; and, i) dysregulation of the immune system.
[0294] Bl4. The method of embodiment B13, wherein the damaged tissue is skin.
[0295] B15. A method of using the composition of any one of embodiments B1-B9 for
facial skin rejuvenation.
[0296} B16. A method of using the composition of any one of embodiments B1-B9,

wherein said composition inhibits acute inflammation.



[ 0330] D24. The cryopreservation nmedia of enbodi nent D23, wherein said DVSO
concentration is about 5% and said HSA concentration is about 5%

[ 0331] El .wo 20s10i58398d cel | popul ati on derived from bone maTrusan1unBsEi n
greater than about 91% of the cells oqfgthe cell population co-express CD49c
and CD90, and wherein the cell population has a doubling rate of |ess than
about 30 hours. [0332] E2. The isol ated cell popul ation of enbodi nent El,
wher ei[02%7he cel ICIpoplA atettwd fostrefdinigy sypairingnegemaatingo ae herding G lanjagedsigas. The

i sol ated cel |. popul ati f di. t I E2. whergi .
Lhe cell papdpSie cOmArme Cpuilny sud demied ufin eus e foh LRSHECuh g br
and/ or m@elf&&%%ﬁﬂ@g?ﬂ;% foriRh@bSHatretdlls RO RUMPb SN ASBAIGITErh Gudhnyellone of

enbodi ments El, EZ2, wherein the cells of the cell population that
co- expr ess aChieffeca sald GROehE mepadt, regpmpratian, D5 bed BRET ysiamaged uanmr Lsspg.

o oup TSAL: ot ngr - ARPARTq P pPoRat e c3: WhRle S Sl Bibhec BLEF F honlealy, e
popul ati on cagmeediwith b Rytithamdiine obeelf-pairivng=kolob , fomingJomakiercells of he
cells of the cell population that co-express CD49c. and CDO0 further express

at |east omemppgifipnsprogiace irosepushicells by BIPARREIGHIEOTE SRRETOEP ARPSHYINE Q)
Bral n-Derl ‘é??nj%féﬁl%{oot%'d%m@&& 8fga£1 %%gﬁe; %} aﬁyl&taﬁ%ﬁ Bnfo the damaged organ or

tissue; ¢) injection proximal to the damaged organ or tissue; d) application proximal to the

damaged organ or tissue; and, e) intravenous administration.

[0299] C3. The method of embodiments C1 or C2, wherein the cells are derived from
bone marrow.

[0300] C4. The method of any one of embodiments C1-C3, wherein the cells are
human.

[0301] C5. The method of any one of embodiments C1-C4, wherein the cells, or

compositions produced by said cells, inhibit or reduce adverse immune responses (such as
cell-mediated autoimmunity), fibrosis (scarring) and/or adverse tissue remodeling (for
example, ventricular remodeling).

[0302] C6. The method of any one of embodiments C1-CS, wherein the cells, or
compositions produced by said cells, control inflammation and/or inhibit acute
inflammation.

[0303] C7. The method of any one of embodiments C1-C5, wherein the cells, or
compositions produced by said cells, stimulate or enhance angiogenesis.

[0304] C8.  The method of any one of embodiments C1-C5, wherein said cells do not
exhibit significant or detectable levels of permanent or long-term engraftment into said
damaged organs or tissues.

[0305] C9. The method of any one of embodiments C1-C8, wherein said damaged
organs are selected from the group consisting of heart, brain, and spinal cord.

[0306] C10. The method of any one of embodiments C1-C8, wherein said damaged
tissue is selected from the group consisting of cardiac tissue, neuronal tissue (including
central and peripheral nervous system tissue), and vascular tissue (including major and

minor arteries, veins, and capillaries).



c) Interleukin-6 (IL-6); d) Interleukin-7 (IL-7); e) Intel |eukin-11
(IL-11); f) Nerve Gowmh Factor (NG ); g) Neurotrophin-3 (NT-3); h)

Macr ophag®OChemmseiosr act ant Protein-1 (MCP-1); i) Matri x PiElEsR10088IRI Nase- 9
(MWP-9); j) Stem Cell Factor (SCF); apd, k) Vascul ar Endothelial Gowth
Factor (VEGF). [0336]E6.The isolated cell population according to any one
of enbodi nents El, E2, or E3, wherein the cells of the cell population that
co- exj0305§ CD49dDhand AmeAhddiof hetucagpeakmcingl and/op BRintamingher gangration of
expression of p [ rel ative expression of up to about 3000 transcripts
of p53 per HEWGGS&WEGEI%V’SW%? an 18s rRNA and expression of p2l is a

rel at 'é(‘fﬁ)f&?xm esshPn OfheURethSd BPeHbodithdAPD 1t bR kdlll Sndctipr, lenbeficeddat, or
transcripts of an 18s rRNA. [0337]E7. The isolated cell popul ation according
to any one ndintendyodiirsehisv& by ER-cultivaton efhberaitapeipic PEshEsorgelbemith self-
popul ati on has .been cul.tured in vitro through a nunber of popul ation

doubl i ngs §%‘P65‘8P%80rlf’?% TS S Sup consisting of: a) at Ieast about 15

popul 393¢®) doublPNYS;THR) nitkhddedst erdlititneiR0 DP9 puhértinoBaidosdif-tamgsinge kolahy

| east "about 25 popul ation doublings; d) at |east about 30 8opul ation

doubl i ngs; forming cells are human bone marrow-derived somatic cells (hABM-SC).

[0310] D4.  The method of embodiment D3, wherein said hAB}-SC are derived from
an adult.
[0311] D5. The method of any one of embodiments D1-D3, wherein said co-

cultivation utilizes a semi-permeable barrier to maintain separation of the hematopoietic
precursor cells from the self-renewing colony forming cells while allowing exchange of
compositions produced by said self-renewing colony forming cells across said barrier.
[0312] D6. The method of embodiment D1, wherein said induction, enhancement, or
maintenance is achieved by co-cultivation of hematopoietic precursor cells with isolated

compositions produced by self-renewing colony forming cells.

[0313} D7. The method of embodiment D5, wherein said self-renewing colony
forming cells are human bone marrow-derived somatic cells (hABM-SC).

[0314] D8.  The method of embodiment 196, wherein said hABM-SC are derived from
an adult.

[0315] D9. The method of any one of embodiments D5-D7, wherein said isolated

compositions are lyophilized.

[0316] D10. The method of any one of embodiments D5-D7, wherein said isolated
compositions are cryopreserved.

[0317] D11. The method of any one of embodiments D5-D7, wherein said isolated
compositions are mixed with one or more pharmaceutically acceptable carriers.

{0318} D12. A method of producing, isolating, purifying, and/or packaging cell-derived
compositions and/or trophic factors.

[0319] 313, A method of producing conditioned media, wherein said media contains

sera or is sera-free media.



e) at |east about 35 popul ati on doublings; and, at |east about 40

popul ati on doublings. WD 2011/150398PCT/ US2011/038445 - /2 - [0338] E8. A
met hod ofwoekiwigoss i sol ated cell population derived frecThisa@1mssmdW,
wherein greater than about 91% of thesgells of the cell population
co-express CD49c and CD90, and wherein the cell popul ation has a doubling
rate of | ess than about 30 hours, conprising the steps of: a

cul tuf0329] a soudkld. ofA t method| bof pisplating | ard undidying f@wi@)@y@éwoéo%]r%q@ﬁdor a

| ow oxi dative stress.condition to produce .an herent I Lati.on...and
b) cul turi ﬁamPﬂ%“%%@P@n‘Eoné&Hneé%‘%‘ﬂaatﬂ” eﬁelﬁtsag“d ‘%‘%%1 i"r‘m’él%1 ensi %) 9%&*%2‘3% han
about 2500 ¢efhd s/ cnR. [ 0339] ES. The net hod of enbodi ment E8, wherein the
cel|l population is derived fromhuman bone marrow. [0340]El O Th t hod
of ent@ifilirents B8 5or A metherboéiisplating, soyAnEesEHng, handlQ| ?xqﬁaﬁaga@%?eﬁ rd

enbodi nment r I\ cultured at an initial seeding density sel ected
fromthe gpi%?fpéglﬁfs&)sqdpng of: a) less than about 75000 cells/cn2; and, b)
| ess fémp)about IHOOAHeehkiba e ehbdHlenED15, Wierdirtdand CHC ary expandéd in

enbodi ments E8 to E10, wherein the adherent cell population in enbodi nent
8, part b) shspepsiPr guleHesat a seeding density selected fromthe group

consi $4439 of - 317 eSfelHAtof BPEhbSAARNE BI 5 ShAERIN said CBC are expanded by co-

culturing with a feeder layer of self-renewing colony forming cells.

[0324] D18. The method of embodiment D17, wherein said self-renewing colony
forming cells are human bone marrow-derived somatic cells (hABM-SC).

[0325} D19. A wash solution comprising Balanced Salt Solution with dextrose (BSSD).

[0326] D20. The wash solution of embodiment D19 wherein said dextrose is at a

concentration of about 4.5% dextrose.

[0327] D21. The wash solution of embodiment D19 or D20, further comprising human
serum albumin.

[0328] D22. The wash solution of embodiment D21, wherein said human serum
albumin is at a concentration of about 5% human serum album.

[0329] D23. A cryopreservation media comprising dimethyl sulfoxide (DMSO) and
human serum albumin in a Balanced Salt Solution.

[0330] D24. The cryopreservation media of embodiment D23, wherein said DMSO
concentration is about 5% and said HSA concentration is about 5%.

[0331] El.  An isolated cell population derived from bone marrow, wherein greater
than about 91% of the cells of the cell population co-express CD49¢ and CD90, and
wherein the cell population has a doubling rate of less than about 30 hours.

[0332] E2. The isolated cell population of embodiment E1, wherein the cell
population is derived from human bone marrow.

[0333] E3.  Theisolated celli population of embodiments E1 or E2, wherein the cells of
the cell population that co-express CD49¢ and CD90 do not express CD34 and/or CD45.

{8334 E4.  The isolated cell population according to any one of embodiments El, E2,
or E3, wherein the cells of the cell population that co-express CD49¢ and CD90 further



b) less than about 1000 cells/cn2; c) |ess than about 100 cells/cn2; d)

| ess than about 50 cells/cnR; and, e) |less than about 30 cells/cnR.

[ 0342] E12woPhe/1se39Rod of any one of enbodi ments E8 to EPCI/Ush@nmBsss4s he | ow
oxygen condition is selected fromthesgroup consisting of: a) between about
1 to 10% oxygen; b) between about 2 to 7% oxygen; d)less than about 20%
oxygen; c) |less than about 15% oxygen; d) |ess than about 10% oxygen;. e)

| ess than @Bpugss 5%askyg@cardanﬂi¢laﬁe§1 transuiptisacantgigelected from the group consisting

Wo2011/ 1503 011 - 73 - [0343]E13. The nethod of any one of
embodi nent & @?‘%E‘Eﬁﬁi ?@rt >i ncl udi ng d
[0335] E5.  The isolated cell population according to any one of embodiments El, E2,

or E3, wherein the cells of the cell population that co-express CD49c and CD90 further
express at least one trophic factor selected from the group consisting of:
a) Brain-Derived Neurotrophic Factor (BDNF);

b) Cystatin-C;

c) Interleukin-6 (IL-6);

d) Interleukin-7 (IL-7);

€) Interleukin-11 (IL-11);

1) Nerve Growth Factor (NGF);

2) Neurotrophin-3 (NT-3);

h) Macrophage Chemoattractant Protein-1 (MCP-1);

i) Matrix Metalloproteinase-9 (MMP-9);

J) Stem Cell Factor (SCF); and,

k) Vascular Endothelial Growth Factor (VEGF).

[0336] E6. The isolated cell population according to any one of embodiments E1, E2,
or E3, wherein the cells of the cell population that co-express CD49¢ and CD90 further
express p21 or p53, and wherein expression of p53 is a relative expression of up to about
3000 transcripts of p53 per 10° transcripts of an 18s rRNA and expression of p21 is a
relative expression of up to about 20,000 transcripts of p21 per 10° transcripts of an 18s
rRNA.

[0337] E7.  The isolated cell population according to any one of embodiments E1, E2,
or E3, wherein the isolated cell population has been cultured in vitro through a number of
population doublings selected from the group consisting of:

a) at least about 15 population doublings;
b) at least about 20 population doublings;
C) at least about 25 population doublings;
d) at least about 30 population doublings;
€) at least about 35 population doublings; and,
1) at least about 40 population doublings.



|l ysing the red blood cells in a source of the cell population prior to
culturing the source of the cell population. [0344] E1l4. Tne nethod of any
one of emvodnnersbSES to E12, further including selectirgTaiskoiansssohat ed
source of the cell popul ation by passgge through a density gradient prior
to culturing the source of the cell population. [0345]E S. Tne nethod of
any one of enbodinents E8 to E 14, wherein the cells of the ceII g@latlon

that ¢@338%pr ess K849 amethabad, makingoen éﬁ@ifﬂéé scetippapylaiiory dedyeds front Heng)
tE ﬁg c-(la-lhle met hod ?%%er%ﬁagre% ok ”%891] tﬁg (SE%:)E%E} é’g‘]ﬁ SullatioR€eot gke%s of

- express I’ expr ess | east

one cardi a@ﬂ@cadnadjmwmﬁarwmél@mé caemtpzf umloamhed doubling fae: of lesgathemalsiust i ng
of GATA-4, Irx4, and NKx2 .5. [ 0347] EL7. The nethod of any one of
enbodi ment S0fRursocamprising tesians ofie cel I's of the cel | popul ation that

Corexpress ,gDisk ﬁ&%@%&?&%&v%ﬁ@&ﬁﬁ@ Al ul BRI BER BAMRISRSH Qllow

sel ected f p consistin al n- Der1 ved™Neur ot rophi ¢ Fact or
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il od L TR0 P g Faaer (NS ) devorfoath
Met al | opr @R Ppase-9 (MWP-9);

[0339] E9. The method of embodiment E8, wherein the cell population is derived
from human bone marrow.

[0340] E10. The method of embodiments E8 or E9, wherein the source of the cell
population in embodiment 8, part a) is cultured at an initial seeding density selected from
the group consisting of:

a) less than about 75000 cells/cm?; and,
b) less than about 50000 cells/cm®.

[0341] E1l. The method of any one of embodimehts E8 to E10, wherein the adherent
cell population in embodiment 8, part b) is cultured at a seeding density selected from the
group consisting of:

a) less than about 2500 cells/cm?;
b) less than about 1000 cells/cm?;

c) less than about 100 cells/cm?;
d) less than about 50 cells/cm?; and,
€) less than about 30 cells/cm?,
[0342] E12. The method of any one of embodiments E8 to E11, wherein the low

oxygen condition is selected from the group consisting of:
a) between about 1 to 10% oxygen;

b) between about 2 to 7% oxygen;

d) less than about 20% oxygen;

c) less than about 15% oxygen;

d) less than about 10% oxygen;

e) less than about 5% oxygen; and,

f) about 5% oxygen.



j) Stem Cell Factor (SCF); and, k) Vascul ar Endothelial G owh Factor
(VEGF). [0348] E18. The nethod of any one of enbodi nents E8 to E15, wherein
t he cel | swof20t1mks03981 | popul ati on that co-express CD49c a&a/uSDAG/0Bs4ms her
express p2l or p53, and wherein expregsgi.on of p53 is a relative expression
of up to about 3000 transcripts of p53 per 106 transcripts of an 18s rRNA
and expression of p2l1 is a relative expression of up to_about 20,000
trans§6343]s of [ﬂﬁ péﬁhelmethpda?fsm}’l pog offenshodiments fagato B further ‘including

enbodi nent 82 (6 eI Ro0R e he L QR UPoBulfiOF oBEH B Rhpglie BUROF

cultured i Fﬂhé/éél]l’lﬁ) Llfiedgh a nunber of popul ation doubl I ngs sel ected from
the g &l;@ consi stl ng of: a) at |east abqut 15 populatio go bl i n le
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[ 0350] E20. gké&l@erﬁbrlaﬂtd@mhﬁhgmmhicemmﬁl@lllpopulatmmrd| ng to any one of

enbodi nents El to E7 in the mapufacture of .a ne t for t eatin
human [@3#81 er i ng BlPomThecwstbnd ?Qﬂﬁly%qeé’é?@goﬁlmﬁj d¢?§t°g§ S EEHE h§t | %g“ﬁe
cell population that co-express CD49¢ and CD90, do not express CD34 and/or CD45.

[0346] E16. The method of any one of embodiments E8 to E15, wherein the cells of the
cell population that co-express CD49c and CD90 further express at least one cardiac-
related transcription factor selected from the group consisting of GATA-4, Irx4, and
Nkx2.5.

[0347] E17. The method of any one of embodiments E8 to E15, wherein the cells of the
cell population that co-express CD49c and CD90 further express at least one trophic
factor selected from the group consisting of:

a) Brain-Derived Neurotrophic Factor (BDNF);
b) Cystatin-C;

c) Interleukin-6 (IL-6);

d) Interleukin-7 (IL-7);

e) Interleukin-11 (IL-11);

) Nerve Growth Factor (NGF);

g) Neurotrophin-3 (NT-3);

h) Macrophage Chemoattractant Protein-1 (MCP-1);
i) Matrix Metalloproteinase-9 (MMP-9);

j) Stem Cell Factor (SCF); and,

k) Vascular Endothelial Growth Factor (VEGF).

[0348] £18. The method of any one of embodiments E8 to E15, wherein the cells of the
cell population that co-express CD49¢ and CD90 further express p21 or p53, and wherein
expression of p53 is a relative expression of up to about 3000 transcripts of p53 per 10
transcripts of an 18s rRNA and expression of p21 is a relative expression of up to about

20,000 transcripts of p21 per 10° transcripts of an 18s rRNA.



a) a degenerative condition; b) an acute injury condition; c) a

neurol ogi cal condition; and, d)a cardiac condition. [0351] E21. Use of an
i sol at ed wel2b1ipspasBat i on accordi ng to any one of enbodi WemUS2EI1/08834E7 i n
the manufacture of a nedicanment for tkgating a human suffering froma
degenerative or acute injury condition. [0352] E22. An isolated cell

popul ati on derived from bone marrow, wherein greater than about 91% of the
cel | s [@¥49) he celH19pofibeanétbod 0banx pneof cobadicneatsdESDO & | Sawbiergiietheiisplatpd

cell populatjion h a.doybling, rate. of. | ess than _about hauy: I
oxygen con&?]‘lll i%ﬁ?ﬁﬁﬁ%ﬁf %ﬁ%ﬂ C%H‘érehslgl‘ﬁ{rgatﬁioéﬁgF %8%[5]1%%[ Pﬁ%"%‘ﬁ%‘?{%ﬁﬁ‘%ﬁ? o
E22, merelsaeétg&f&ﬁ{ﬂhegw|@hgi%'§f;del’i ved from human bone marrow.

[ 0354] E24. The isolated cell popul ati on of enbodi ments E22 or E23, wherein

_theI | owdoxyflglen ebledsttabout liSspdpulaiendoalggs; 1 to 10% oxygen. [0100] E25. The
I solated c popul atio f e di . E24, wherein the | ow oxygen
condition ?’g abgﬁtéa:%%bw éﬁqua%%g?@g%&me I sol ated cell popul ati on of
any one of cgnbodi R&tabolr23 fopuldion delidigsn the cell population is cul tured
as an adherent cell population at a seeding density of |ess than about 2500

cel I s/ cn2. d) WO 2ableast phogddmoprlaton denllmgans - 75 -

e) at least about 35 population doublings; and,
f) at least about 40 population doublings.

[0350] E20. Use of an isolated cell population according to any one of embodiments E1
to E7 in the manufacture of a medicament for treating a human suffering from a condition

selected from the group consisting of:

a) a degenerative condition;
b) an acute injury condition;
C) a neurological condition; and,
.d) acardiaccondition. ... .. .. ...
[0351] E21. Use of an isolated cell population according to any one of embodiments E1

to E7 in the manufacture of a medicament for treating a human suffering from a
degenerative or acute injury condition.

[0352] E22. An isolated cell population derived from bone marrow, wherein greater
than about 91% of the cells of the cell population co-express CD49¢c and CD90, and
wherein the cell population has a doubling rate of less than about 30 hours under a low
oxygen condition.

[0353] E23. The isolated cell population of embodiment E22, wherein the cell
population is derived from human bone marrow.

[0354] E24. The isolated cell population of embodiments E22 or E23, wherein the low
oxygen condition is between about 1 to 10% oxygen.

[0100] E25. The isolated cell population of embodiment E24, wherein the low oxygen

condition is about 5% oxygen.

[0355] E26. The isolated cell population of any one of embodiments E22 to E25,
wherein the cell population is cultured as an adherent cell population at a seeding density

of less than about 2500 celis/cm?



[0356] E27. The isolated cell population of any one of wherein the
seeding density is less than about 1000 cells/cn2. [0357] E28. The isol ated

cel | popuwetnonsefsany one of wherei n t he seedi ngPdEMsRa1Y/0BSI45 €SS
t han about 100 cells/cnR2.] [0358] E29.-7Fhe isol ated cell popul ation of any
one of wherein the seeding density is |ess than about 50 cell s/cn?,

[ 0359] E30. The isol ated cell popul ation of _any one rei

densi 19356 | ess Ban Hﬁoﬁ?laﬁé el pepylapon Pﬁ@@@]‘ﬁ@lo r’%g t%hgﬁéReﬁg{an
i solated c | xells of the cell
popul at i on%éﬂo %@%egéd‘%ﬂsgﬁﬁgl%‘?%%@ce?Fd%Z%ﬁ| ation has a doubling
rate ¢6337¢ss thm8abdﬁﬂe 36lateducel] poputptiors obfany @le af pibadinrgthbd?2 toekkZow

cells from ysSi n e red bl o cel | onent of the bone
mar r ow aspi% nﬂl")seg‘i‘%ﬂ tg’H% eﬁ%wa{lgggaqggﬁgﬂ%gp wcells in a tissue
cul tur[ﬁggg]dew C§29. The isolated cell population of any one of embodiments E22 to E25,

wherein the seeding density is less than about 50 cells/cm?.

[0359] E30. The isolated cell population of any one of embodiments E22 to E25,
wherein the seeding density is less than about 30 cells/cm?.

[0360] E31. A method of making an isolated cell population, wherein greater than
about 91% of the cells of the cell population co-express CD49¢ and CD90, and wherein

the cell population has a doubling rate of less than about 30 hours, comprising the steps

of:

a) aspirating bone marrow cells from a human;

b) lysing the red blood cell component of the bone marrow aspirate;

c) seeding the non-lysed bone marrow cells in a tissue culturing device;
d) allowing the non-lysed bone marrow cells to adhere to a surface;

€) culturing the adherent cells under a 5% oxygen condition; and

f) passaging the adherent cells at a seeding density of 30 cells/cm’.

[0361] E32. An isolated cell population obtainable by the method of embodiment E31.
[0362] E33. Anisolated cell population obtained by the method of embodiment E31.
[0363] E34. A method of making an isolated cell population, wherein greater than

about 91% of the cells of the cell population co-express CD49c and CD90, and wherein
the cell population has a doubling rate of less than about 30 hours after 30 cell doublings,

comprising the steps of:

a) aspirating bone marrow cells from a human;

b) selecting a fractionated source of the cell population by passage through a density
gradient;

C) seeding the fractionated cells in a tissue culturing device;

d) allowing the fractionated cells to adhere to a surface;

e) culturing the adherent cells under a 5% oxygen condition; and

f) passaging the adherent cells at a seeding density of 30 cells/cm®.
[0364] E35. Anisolated cell population obtainable by the method of embodiment E34.



d)all owing the non-Iysed bone marrow cells to adhere to a surface; e)
culturing the adherent cells under a 5% oxygen condition; and f) passagi ng
the adherwotoneishmsat a seeding density of 30 cells/cnRpCrABedjIAIRA4S An

i sol ated cell popul ation obtainable bygthe nethod of enbodi ment E31.

[ 0362] E33. An isolated cell population obtained by the nethod of enbodi nent
E31. [0363] E34. A nethod of making an isolated cell population, wherein

gr eat §036Shan abdidt. 91 isblatedeel gbpulaipdn obtainedby tlmpeﬁﬁaq[i) pbembedimepilells cD49c
and CD90, and wherein the cell population has a doubling rate of |ess than
about 30 hours after 30 cell doublings, conprising the steps of:

aspirating bone nmarrow cells fronEXAMRDOESsel ecting a fractionated source
of the cell population by passage through a density gradient; seeding the
fractionated cells in a tissue culturinq ﬂevice; al l owi ng the fractionated
cells to adhere to a surface; cuIt@??Hﬂ’? e adherent cells under a 5%

S5/0ET P 25 ARSI i o R aaccang g S Ly
enbodi nent E34. Production of Serum-Free Conditioned Media
[0366] Production of serum-free conditioned media was produced as described below for
use in assays, such as the solid-phase antibody capture of secreted proteins (also as
described below). Human exABM-SC (Lot # RECB-819; at ~43 population doublings)
were thawed and re-suspended in either Advanced DMEM (GIBCO™; Catalog #12491-
015, Lot # 1216032 (Invitrogen Corp., Carlsbad, CA, USA)) supplemented with 4mM L-
glutamine (Catalog #SH30034.01. Lot # 134-7944, (HYCLONE™ Laboratories Inc.,
Logan, UT, USA)) or HyQ® RPMI-1640 (HYCLONE™ Catalog # SH30255.01, Lot #
ARC25868) containing 4mM L-glutamine and supplemented with Insulin-Transferrin-
Selenium-A (ITS) (GIBCO™; Catalog #51300-044, Lot # 1349264). Cell suspensions
were then seeded in T-225¢cm? CELLBIND™ (Corning Inc., NY, USA) culture flasks
(culture surfaces treated with a patented microwave plasma process; see, U.S. Patent No.
6,617,152) (n = 3) at 20,000 cells/cm? in 36mL of media (n = 3 per condition). Cultures
were placed in a 37°C humidified trigas incubator (4% Oz, 5%CO,, balanced with
nitrogen) for approximately 24 hours. Cultures were then re-fed with fresh media on
same day to remove non-adherent debris and returned to the incubator. On day 3, cell
culture media were concentrated using 20mL CENTRICON™ PLUS-20 Centrifugal
Filter Units (Millipore Corp., Billerica, MA, USA), as per manufacturer's instructions.
Briefly, concentrators were centrifuged for 45 minutes at 1140xG. Concentrated
supernatants were transferred to clean 2mL cryovials and stored at -80° C. Fresh culture
media were also concentrated as described for use as a negative control. The cells were
then removed from the flasks using 0.25% porcine trypsin EDTA (CELLGRO™; Catalog
#30-004-C1 (Mediatech Inc., Herndon, VA, USA)). Trypsin was then neutralized by
adding back an equal volume of cell culture media containing 10% fetal bovine serum.
Cell count and viability analysis was performed using a COULTER™ AcT 10 Series
Analyzer (Beckman Coulter, Fﬁllerton, CA) and trypan blue exclusion assays,

respectively.



WO 2011/ 150398PCT/ US2011/ 038445 - 76 - [0365] E36. An isolated cell

popul ati on obtai ned by the nethod of enbodi nent E34. EXAMPLES Exanple 1
Bi oacti viwg 20f1/140398t Bone Marrow Derived Somatic Cel | s: PPTaaeitliosss4df
Serum Free Conditioned Media [ 0366] PLgducti on of serumfree conditioned
medi a was produced as described bel ow for use in assays, such as the
sol i d- phase anti body capture of secreted proteins (also as describe

el oISl oSTABM DR LI SDS-PESOB. bymen ABMAS. Sbpid ZCHRT ashiot| SRR o
thawed and re- ded i i ther A . :
e orn B THAT RSP St PR b RN BT R0 Mediun

suppl ement eRENTS, TA BAMMiGH] B¢ A0 BT Y(TeOREDY; ¢abRBQOB8HA0263.01, bt B3ASAIZUL0)
(HYCLONETM Laboratories Inc., Logan, UT, USA) 0L gy(’g(grgH Plyl 1@&4 40 4
( HYCL ONETMstznlemerfed: wihizp¥d.-glutamipe (HYAREME69) Cagpe &i ﬁ’é’ 400 koigh WWani ne

d | ' i P@@Me ' T |
221383P 842%€§9M%£€ﬁ#mg€ﬁ sus gﬁ‘m gwm}g;@ég?g!a)n@spgge(%%@;&#h g:g%\grrgg
CELLBI NDTML(- Zataning (HYCLONY " UShylog u SHB @O s Kt ¢t 194d). Ul suspensianeat ed
(n = 3 at mus oben cerded) o TiveBRnCEb RUBTS (s lagy (Bomap: floR] 10,0002
Qultures w Ezlﬁs/&ha?ﬁ%lggL B HGihyrids fiedohiitgar iBMRAL REre fi%edin BAIR,

bal anced w nitroge or approximately 24 hours. Cultures were then
re-fed w t hufnidishd neghsanarbagard¥d@y, 1%6COenalancadwitidhistogen) e Bpproxiaraiely

returned tq the incupator. On day cell_culture nmedi re conc ed
usi ng 20nL 2GEMPES: C‘é*ﬂgﬂ’ie@m E?Jg%e?fﬁ?if?eﬁbél?edé? P?é?mﬁﬁilg YEOV\%PSY? %@?g%érq% ,
Billerica, jMyis MRfhendSuREdd 5oy liAGIHEIR! Thel foHbhit d8NSondtivrdd sedia were
concentrators were centrifuged for 45 mnutes at 1140xG Concentrated

super nat anteslleweds pookeds hrt eendrifuged b Akt farr Wominites @rigmeve cely dgbris, god ¢

Fresh cul ture nedja re al so ncentrate scribe use as a
negati ve cg]Fﬁ“rt I{Skeﬁ‘?g%%étﬁlk %ﬁgug%tghesr é’ﬁgl\lloggte %osﬁr%%egf'%gysq{s usi ng 0.25%
porcine trypsin EDTA (CELLGROTM Caxalfifle #30- 004- C1 ( Medi atech Inc.,
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debris, and then transferred to sterile centrifuge tubes for short-t
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again, re-dissolved in 200 mcroL of SDS Boiling Buffer, and heated in a
boiling water bath for 5 m nutes before |oading into the gels.




[ 0369] Two- di nensi onal gel el ectrophoresis was performed according to the
nmet hod of O Farrell (O Farrell, P.H, 1 Biol. Chem 250: 4007-4021, 1975)
as foll ows0 2bsGshId8t ri ¢ focusing was first carried out PaT@ISa®I3/0884bEs oOf
i nner dianeter 2.0 mm using 2. 0% anphg@Bi-nes, pH 3.5-10 (Amersham

Bi osci ences, Piscataway, NJ) for 20,000 volt-hrs. 50ng of |EF internal
standard (troponyosin

standard i ¢ lowePAEp )tidé?@ftégggwggﬁ?&ﬁo %’r% Iﬁ%g?ngﬂg%‘% gﬁ-[%%aérrégi%g@’gﬁ%%f%l et
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human ABM can be cul'tured in the absence of animal serumto produce
condi t i onegeRegk mtended fornuss edthahes speatostory, anahydistthest ars stiinedrusingi the siben be

can al so belsn Beadi O GoRSH i DUy (O BomRILR TGN Foy R By LR

pr ot ei ns bq@ggd) on a range of nolecul ar weights. Techniques for protein
concentration ‘and fractionation are well-known and routinely used by those
of ord03miy ski IThei rsullsestavt thafheswg thecmeihgde providediddumeahABYSS siche as

affinity chromatography, holl.ow fiber filtration b P . .
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hollow fiber filtration, 2D PAGE, and low-absorption ultrafiltration.

Example 3A
Pro-Regenerative Cytokine Secretion by Human ABM-SC
[0372] Human ABM-SC were plated in triplicate at 6,000 viable cells/cm? in cell culture

"T" flasks containing AFG104 media. After allowing cells to attach and equilibrate for

24 hours, culture media was completely changed and flasks were incubated for 72 hours.

Media was collected, centrifuged and stored at -80° C until analysis for cytokines using

commercially available colorimetric ELISA assay kits. For analysis of secreted cytokine

release, sister flasks were treated with 10 mg/mL TNF-alpha, added during the last 24



hours of the 72 hour incubation. For each, lot three flasks of cells and
super nat ant were prepared, processed and banked i ndependently for the basal
and sti mweted/ise3vdi ti ons, desighated Basal Flask A, B a&ou/US2an/o&4i4srul at ed
Flask A, B and C, respectively. [0373p_Results show that when

sub-cul tured, ABM SC secrete potentially therapeutic concentrations of
several growth factors and cytoki nes known to augnent angi ogenesi s,

i nf | anmat i dousmf theo @2 dohemcilbayionSdior emghylotehree flaskhelcellapnd SEPHBY RN ESH
h t i stentl t I t pki
Tro: i noiPtaG: greskish gpa e HiBpath Y 0P e Gk bty Bl SolBy,

angi ogeni N)jesibAATBARA Fladk A, B 411 Qor StitaufitedtadkA BB aad d, scpectively.
i nhi bi tors/wound heal i ng nodul at ors

(e.g., MVP-1, MWP-2, MVP@; ﬁmd .
Acti vil#378). Fur Reswlitoskow tthat where seleculfuredABM-SEF seorws dofentiplly dherapeutic
nodul at ed by tunor necr osi I - 1 ory
cyt oki ne r(SIIE%%Igg l%lﬁrﬁséé?r gg@gﬁﬁ&&%@ Illgg &}I(EIIIEII%IS E(I&g%lnrﬂauar g&%%tx%%gggﬁ%%t
Sol i d- Phas enfGanhbtich antwbeeniidafingased FigifreJdc idned, ABM-BC€hafd bbdneshon ta B
and 1C) [0374] Conditioned nmedia re scrgened or. the presence .o arious

YA
proteins sgensigentlyt sergies sevsradt extokines 5 apd s 8rQhe fPEREHLBr 77 Gy lg%IIlﬁleg
phase anti ur otgin a , i Nn ¥Bl O -rRimgRd Cuhetebiiein),
Ant i body A%?%gf%%%i S'fta %t(%s Iaer% ,nggIrﬁcratl)lgEeI’ gG\&&USA). Briefly, fIgIggenn)
al i quot s ofimaamndivodolaeds Gegli dlvearel h&veod acet inkibiters/ waen ing mpaiulaters e
prior to use. Arr rane e placed iinto the well, of an ej - I
tray (C self8s M@I’ﬁ%'ggwﬁg%IEI,HQZACICI’IY“EQ?‘BIIIBI?EI’WI%JP‘I 57’163(5&%%?&8{%%,
Inc.) was agldedeand tifieodfiselatedudbr REMsEEMRAakIBhe (TNF-APh4N M kaowhock
the menbranes. Bl ocking Buffer vias then decanted from each container, and
t he menbr anefanvantery tygokine caldracd dunng the cowrde of anyeatissbeliavydi | uted 1:10 with
Bl ocking Buffer) at roomtenperat U‘Ee fo% hr. Fresh cell culture nedia
were used in place of PBS as negat V"R ol s. Sanples were then decanted
from eachg ARNPRLAEC aptite ¥R D@&htiichtitR 9f Bedreted Fectéts (TxbMAN]) 1B E1IC)

(RayBi otech, Inc.) at roomtenperature, while shaking for 5 nm Arr
menbr 4085 wer e tGnaditisinad enedin vero Aereorad] for whe Bresenpe ¢f VATIQWS &sﬁﬁeuﬁéﬂl\% as

secondary ant i body epared, i n I i f { m
torper at ur VB leARE, A ANAE BRI Bl e ol RAHOR i ar®
Buf fer. 2 mkindRRAY®IOWEa@fars Oyeikiay Adiibod)i AulagdRayBRAGhwInd, NrcBissckidng
Buf fer was added to each nenbrane_ and then incubated at ro mten‘gerature
for 2 hrs. WkbBaiedy, fieren eliauiotswakpraditiongd mgdi I’Vﬁﬁf‘stI\ﬂan’ﬂ g WEDRC B PUR

Det ection reagents. fc i um iocht-well
2011/ 150308 PUT ORI Se s AMghIRAREAR G PHERTHOINE el an cich
( RayBi ot echgayl (GCscriean@0@ppIro edchi ovetla mbeld Biowkimen Buffac (ReyBecteet, Inopmias
tenperature for 2 mnute. Menbranes were then EI ﬁced Er@le%n si de E‘% on a
plastic shadded T thespisubaed at rpemptemprLtEe S S0nmin (o PLeckqthii PRMERB her
pi ece of pIE?I?éKiﬁ%ﬁIﬁF@I wa@"tﬁeflﬁ&&%tﬁg 478 RaddUESRMNd aRa RemBRBRINGH Q&rdthen
snoot hi ng out t plastic. e nenbranes were then expose to x-ray film
(Kodak X- OMbaRRIMwith rpnditidnddhemedia oddswdd 1Udi ngtha Blotking eBufferpest. room

0375] Tabl e 1A, 111 and, 1C _shows_ an extensi ve |i st of t oki rowt h
I act oIr s, sofmBfraure it 85 ,FrﬁﬁoceIIa‘I‘IIquF W@‘@e‘ﬁ%rgsusg‘éé? @I%a QEyIII%SJ %%C%IIEIII'/I: sc
when sub- cylhised ghﬁlﬁl%@ g}&% fheB BeGRitdd fRdth bAthe oRBSheR and/RdbRedRRENRIANML

Concentrate #1= Advanced DVMFM (G bcoTM suppl emented with 4nM L-%Lut am ne.
Medi a Superafidiaiastdbufmtlr@apbiotech, RRMLatTead tempemiuienyhilswhaking or 2riHe and

HEPES (HyC one) supplenmented with lnsulin-Transferrnin-Sel eni i ™).
[ 0376] The r¥% ‘Pgmgg’]r?ﬁ%%vﬂea g P‘ﬁ&?‘I ‘Hff’n% eowuéII’ ‘Iflg‘pﬁfné %8??8?@%%%%%@%
receptors i ARBRsdyPephred ih 1156 BEOKBPEBEME] afd i1R08ate® dukedn eempdratubefdrnimine
system are produced by ABM SC when cultured under_ these condjtions,

Not abl y, edkiraysr wesepdhrennwasheddesyerad t timese avithn JYashBpitenehmak i FRPoonjugated as e

i ave Dol g e oot AL TAoB ok Rng 3reE SYSUMEN 16 SadoiinbRAe Wl

achi eve sec ernl'evel s such as I ndicated I n 'e 1A, 1B and
1C. Prot ei RhéeitRuBated@Miodm tdrapératutdforlB hand Ménbrvenes assethse dvashed gevaral
RAYBI OTM Human Cyt oki ne Anti bodI%/ Array (Ra %i ot ech I_nc.%. Val ues aﬁrﬁg
expressed dsneseuh Xt Wash BuffersiPstecsiopgeagents fpneheny fymipgscpnce JKesp grepangd #5¢ o
controls.) Values reported with a (+) indicate nean O D. values for that
particul ar anal yte greater than two standard devi ati ons above the nmean QO D.
val ues for the respective negative control. Values reported with a (-)
represent nmean O D. values for that particular analyte that are not greater
than two standard devi ati ons above the nean O D. values for the respective
negative control. Table 1A: WD 2011/150398PCT/ US2011/ 038445 - 81 -




2408.5 (-)2426 (-) 2655.5 (+)2663 (+) 2517 (-9 - MCP-2 3117.5 +)

MCP- 32532 (+') MCP-4

2702.5 (+) M CSF 2387 0

2344 (-) woRPHltsoBt a2324 (-) M P-3-al pha 2323.5 (-) PCT/US2011/038445

- 80 -

per manufacturer's instructions (RayBiotech, Inc.) and applied to each membrane and
incubated at room temperature for 2 minute. Membranes were then placed protein side
up on a plastic sheet. The opposite of the membrane was then covered with another piece
of plastic sheet. Air bubbles were purged from the membranes by smoothing out the
plastic. The membranes were then expose to x-ray film (Kodak X-OMAT AR™ film)
and then processed using a film developer.

Table 1A, 1B and 1C shows an extensive list of cytokines, growth factors,
soluble receptors, and matrix proteases secreted by human ABM-SC when sub-cultured in
serum-free cell culture media. Media Supernatant Concentrate #1= Advanced DMEM
(Gibco™) supplemented with 4mM L-glutamine. Media Supernatant Concentrate #2 =
RPMi-1640 containing 4mM L-glutamine and HEPES (HyClone) supplemented with
Insulin-Transferrin-Selenium-A (Gibco™).

The results demonstrate that numerous trophic factors and soluble receptors
important for tissue regeneration and modulation of the immune system are produced by
ABM-SC when cultured under these conditions.  Notably, earlier experiments
demonstrated that supplementation of the base culture medium with insulin, transferrin,
and selenium was required to achieve secreted protein levels such as those indicated in
Table 1A, 1B and 1C.  Protein levels shown in Table 1A, 1B and 1C were assessed
using a RAYBIO™ Human Cytokine Antibody Array (RayBiotech, Inc.). Values are
expressed as mean optical densities (0.D.). (N=2 for test samples. N=4 for controls.)
Values reported with a (+) indicate mean O.D. values for that particular analyte greater
than two standard deviations above the mean O.D. values for the respective negative
control. Values reported with a (-) represent mean O.D. values for that particular analyte
that are not greater than two standard deviations above the mean O.D. values for the

respective negative control.

MDC2414.5(-) ... MG

Table 1A:
Media Supernatant Media Supernatant
£ ytokine Concentrate #1 Concentrate #2
) POSITIVE CTL 11,020 (Mean O.D.} 11,127 (Mean O.D.)
_NEG CTL (Background) | 2,360.00 2.271.00
Angiogenin 5800.5 (+) 4631 (+)
BDNF 5855.5 (+) 3587 (1)
BLC 3852(+) 3164.5 (+}
BMP-4 3299 () 26810 (1)
BMP-6 2359.5 () 2290.5 (-




2481.5 (+) 2382 (-) 2694 (+) 2381.5 2510.5 (+) 2342.5 0 2259.5 (-)
2261.5 (-) WD 2011/150398 - 82 - PCT/US2011/ 038445 NAP-2 2517.5 (+)

2467.5 (VO 2DM/B302873.5 (+) PCT/US2011/038445
-81 -
CK beta 8-1 ) 2408.5 (-) ) 2426 ()
CNTF | 2655.5 (+) ] 2663 (1)
EGF 3932.5 (4) ] 2517 (+)
Eotaxin 2527 (+) 2488 {+)
Eotaxin-2 2467 (- 2452.5 (+)
Eotaxin-3 o 4564 (+) | 4450 (+)
FGF-6 2863.5 (+) 7 2883.5 (+)
FGF-7 2328 () , 2374.5 ()
Flt-3 Ligand _ 2661 (+) 24145 ()
Fractalkine 2432.5 () | 2379.5 (-}
GCP-2 ) 2546.5 (+) 2270 ()
GDNF | 22995() 2208.5 (-)
GM-CSF 2294 (<) 2129 (=)
1309 24315() ) 2222 ()
IFN-gamma | 2807.5 (+) ) 2848.5 (+)
IGFBP-1 3192 (+} 45285 {+}
IGFBP-2 4813.5 (+) 4244 (+)
_IGFBP-4 7 4640 (+) 42225 ()
IGF-I 2206.5 ¢-) , 2238 (-}
IL-10 2225.5 (-) , 2200.5 (-)
L-13 2582 (+) 2473(H)
IL-15 | 2472.5 (-} 2622.5 (+)
IL-16 2339.5 () ) 2229.5 ()
IL-lalpha 2698.5 (+) | 2571.5 (+)
IL-1beta 2276 {-) 2253 ()
IL-Ira 2609 (1) 2505.5 (+)
IL-2 | 25235 (1) 2381 £}
IL-3 | ] 2346 (-) | 2270 ()
IL-4 2591 (+) ”_ 2402 (+)
IL-5 3159 (+) 3808(%)
IL-6 45570 (+) 40260.5 (+)
IL-7 ) 7336.5 (+) 5805 (+)
_Leptin 4187 ) 3733.5 (+)
LIGHT 3689.5 (+) 3378.5 ()
MCP-1 9925.5 (+) 5561 {+)
MCP-2 | 3117.514) 2481.5 (+)
MCP-3 2532 (+3 2382 (-)
MCP-4 2702.5 (+) 2694 (+)
M-CSF | 2387 (-} | 2381.5 (-}
MDC | 24145 () | 25105 (+)
MIG 2344 (-) | 234253
MIP-1-delta 2324 () 2259.5 (-)
_ MIP-3-algha o 23235() ] 22615 (-}
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NAP-2 2517.5 () 2467.5 (+)
NT-3 2973.5(+ 3205.5 (+).
PARC 2668 (1) 2630 (+)
PDGF-BB 2580.5 (+% 2780 i+
RANTES 2803 () 2760 (+)
SCF 2765 (+) 2701.5 (1)
SDEF-1 3721 (+} 2562 (+)
TARC 2488 (-) 2395 (-}
TGF-beta 1 2381 (-) 2311 (-}
TGF-beta 3 2422 (-) 2531 ()
TNF-algha 224309 2321 (=}
TNF-beta 2355 (-) 24105 ()
Table 1B:
Media Supernatant Media Supernatant
Cxtokine Concentrate #1 Concentrate #2
POSITIVE CTL 12,318 (Mean O.D.) 11,936 {tMean O.D.)
NEG CTL 2,452.00 2,392.00
Acp30 2539.5 (1) 2436.5 (-)
AsRP 2670 (+) 2494 (-3
Angiopoietin-2 3372 (1) 2656.5 (+)
Amgphiregulin 2692 (+) 2447 ()
axl 3398.5 (+) 3438.5 (+)
bFGF 2915 () 29015 (4}
Beta-NGF 2573.5 {+} 2544 +)
BTC 2653.5 () 2554.5 (+)
CCL28 2706.5 (+) 25535 (+1
CTACK 3502 (+) 3217 (1)
dtk 2610.5 (+) 2512 (+)
'EGF-R 3057.5 (+} 2767.5 (V)
ENA-78 26305 (H) 2503 {+)
Fas/TNFRSF6 3312 (H) 3322.5 i+)
FGF-4 2711 () 2650.5 (+)
FGF-9 2770 (+) 2538.5 (+)
G-CSF 3950.5 (+) 3951 (+)
GITR ligand 2973.5 () 3107.5 (+)
GITR 3198 () 2935 {+)
GRO 29446.5 (+) 10214 {+)
GRO-alpha 7351 (+) 3553.5 (+)
HCC-4 3241 (9 2720.5 {+)
HGF 5535 {+) 3936.5 (+)
ICAM-1 3043 {+) 2701.5 (+)
ICAM-3 2621.5 (+) 2427 ()
IGF-BP-3 3392 (4) 3190.5 (+}
IGF-BP-6 5858 (+ 6111 (+)
IGF-I SR 2737.5 (9 2757 (+)
IL-1 R4/ST2 3463.5 {(+) 3235.5 (H)
IL-1 RI 2522.5 {+) 2401 (-)
IL11 24445 () 2273 (-}
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L12-040 2584 (+) 2536 (+}
IL12-070 2612 () 2618 (+1
1L17 2610.5 (+) 25555 (+)
IL-2 Ra 2491 (9) 24415 (-
IL-6 R 3202 (+) 2836 (+)
L8 24199.5 {+; 17594.5 (+)
I-TAC 3898 (+) 3564 (+)
Lymphotactin 34155 () 3166 {+)
MIF 3743 (+} 3524 (+)
MIP-1-alnha 2792 (+) 27475 ().
MIP-1-beta 2638.5 {1 2523 (4)
MIP-3-beta 2495.5 () 177 ()
MSP-a 2524.5 {+) 2394 ()
NT-4 2735 (% 2635 (+)
Osteoprotegerin 41835 (+) 3398 ()
Oneostatin M 2610 {+3 2508 ()
PIGF 2705 (+) 2493 (9)
sgpl30 3232 () 2866.5 ()
$TNF R 3124 () 3127 (+)
STNF-RI 9981 (1) 79295 (+)
TECK 2887.3 () 2851 (+)
TIMP-1 8718 (+) 9 42,5 ()
TIMP-2 11927 (+) 2602 (+)
TPO 3712 {+) 3 41.5 {+)
TRAIL-R3 3129 (+) 3051 (1)
TRAIL-R4 3417 () 3381 {+)
uPAR 9557.5 (+} 81585 (1)
VEGF 8587.5 {+} 8851 ()
VEGE-D 3477 (+) 3190.5 ()

Table 1C:

Media Supernatant

Media Supernatant

Crtokine Concentrate §1 Consentrate #2
POS 16,092 {Mean O.D.} 15,396 (Mean 0.1,

__NEG 2,338 1,747

Avtivin A 23238.5(%) 18339 (+)

ALCAM 14185.5 (+) 15463.5 ()

7-1 {(CDEG) 2983.5 () 22225 {+}
BMP-S 27705 ¢} 20113 ()
BMP-7 2564 (+) 1828 (1)

Cardiotrophin-1 2816.5 (7 2097 ()
Chid 3856 {+} 233435 (1)

__________ CXCL-16 4108.5 {+) 2559 (+}
DR& (TNFRSF21} 3477 (1) 2312 (M

Endoglin _ 3076 {H) ' 21354+
ErbB3 3366 (4) 23135 ()

E-Selectin 2846.5 (1) 1818 (+}

Fas-Ligand 35315 (H) 29435 {+}

ICAM-2 3188.5¢+) 2185.5 ()

IGE-1I 3212 (4} 2395.5 (+)
I-1RH 28358 (43 1834¢(




2243 (-)

IL-2 Ra 2491

Bioactivity of Adult Bone Marrow-Derived Somatic Cells:

[0377]

In Vitro Neurogenesis Enhanced by Secreted Factors

2321 (- TNF-beta 2355 (-) 2410.5 (-) WO 2011/ 150398 -
11, 12- p402584 11,12-270 2612 11,172610,5 83 - (+) (+) (+)
WO 2011/150398 PCT/US2011/038445
-84 -
IL-10 Rb 2780 (+) 1916 (+).
VVVVVVV IL-13 Ra2 2559.5 (+) 1693 ()
IL-18 BPa 2921 (+) 1881 (-)
IL-18 Rb 3238.5 (1) 2387 (1)
IL-2 Ra 3666 (+3 2316.5 (+i
IL-2 Rb 3001 (+) 2083.5 (+)
IL-2 Rg 3121 () 2185.5 (+)
IL-21R 3567.5 (+) 2534.5 (+)
IL-5 Ra 3084.5 (+) 2237 (+)
IL-9 3676 () 2324.5{+)
IP-10 3300.5 (+) 2262.5 (+)
LAP 6202 (+) 5383.5 (+)
Leptin R 3487 ¢+) 2791 ¢4y
LIF 3486.5 (+) 2400.5 {+)
L-Selectin 3036.5 (+) 2160 (+)
M-CSF R 3140 {+) 2330.5:¢+}
MMP-1 3469 (+) 2499 (+)
MMP-13 3083.5{+) 23165 (+1
MMP-9 3058.5 (+) 2370 (+)
MPIF-1 2974 (+) 2274.5 (+)
NGF R _2887.5 (+) 2355 (+)
PDGF-AA 4130 {+} 3423.5 (+}
PDGF-AB | 3191.5 (+) 2278.5(+)
PDGF Ra 4430 (+) 4027 (+)
PDGFRb 3768 (+) 2784 (+)
PECAM-1 4071.5 (+) 3450 (+)
Prolactin 3199.5 (+) 2151 (+)
SCF R 3431.5 (+) 2668.5 (+)
SDF-1b 2268.5 (-) 2156 (+)
Siglec-5 2691 {+} 2160.5 {+)
TGF-a 3058.5 (+) 2388.5 (+)
TGF b2 3316 (+) 2583 (+)
Tie-1 2883 (+) 3178 ()
Tie2 3565 (+) 3802.5 (+)
TIMP-4 6468 {+) 6248 {+
_ VE-Cadherin 3164,5 (+) 2428 (+)
VEGF R2 40305 ¢k 3003 (+)
VEGF R3 3200 (+) 2651.5 (+)
Example 4

A stock solution of collagen was first prepared by re-suspending rat tail collagen

(Sigma Chemical) in 0.1N acetic acid at a final concentration of 3.0mg/mL. The

collagen-based medium then was prepared as described by Bell ef al., Proc. Natl. Acad.

Sci. USA, vol. 76, no. 3, pp.1274-1278 (March 1979) with minor modifications as
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described herein. Briefly, the collagen medium was prepared by mixing the rat tail
collagen solution with DMEM 5X (JRH Biosciences) supplemented with 5SmM L-
glutamine (CELLGRO™), Antibiotic-Antimycotic Solution (CELLGRO™), and a buffer
solution (0.05N NaOH (Sigma Chemical), 2.2% NaHCOj3 (Sigma Chemical), and 60mM
HEPES (JRH Biosciences) at a ratio of 4.7:2.0:3.3. Approximately 500 microL of the
collagen cell suspension was added to each well of a 24-well culture plate. The 24-well
plates were then placed in a 37°C humidified trigas incubator (4%0,, 5%CO,, balanced
with nitrogen) for 1 hour to permit the collagen solution to congeal. Frozen rat PC-12
were thawed, washed in RPMI-1640 supplemented with 4mM L-glutamine and HEPES
(HYCLONE™) supplemented with Insulin-Transferrin-Selenium-A (GIBCO™) and
centrifuged at 350xg for 5 minutes at 25°C. Cell pellets were re-suspended in same
solution at a concentration of 75,000 viable cells/mL, with and without 136ng/mL rat
beta-NGF (B-NGF) (Sigma Chemical), 1:50 dilution of unconditioned concentrated
RPMI-1640/ITS medium (used as a negative control), and a 1:50 dilution of conditioned
concentrated RPMI-1640/Insulin-Transferrin-Selenium-A (ITS) media (media was
conditioned as described in Example 1; conditioned and unconditioned, negative control
media were concentrated as described in Example 1). Next, ImL of cell suspension was
dispensed evenly across the surface of each of 2 gels (1ImL gel) for each cohort and then
verified by phase contrast microscopy. The plates were then placed in a 37°C humidified
trigas incubator (4%0,, 5%CO,, balanced with nitrogen). Spent culture media was
replaced every 3 days with fresh media. Images were captured on Day 10. See, Figure
2.

[0378] These results demonstrate that PC12 differentiation into neurons by NGF is
augmented dramatically when supplemented with conditioned media produced by human
ABM-SC. Interestingly, the extent of neural differentiation, as assessed by the number of
axon and neurites in the culture, was not significant when conditioned media was added
alone. While some neurite outgrowth was observed in the presence of NGF alone,
supplementing the cultures with conditioned media dramatically increased both the
number and length of neurites. Previous work in our lab showed that supplementing
RPMI culture media with insulin, transferrin, and selenium was critical for neural
differentiation of PC12 under all standard published experimental conditions tested.

These data indicate that media conditioned by human ABM-SC contain components
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which supplement or induce neurite outgrowth over and above the levels obtained with
RPMU/ITS media alone or with RPMI/ITS media containing NGF. See, Figure 2.
Example 8§
Bioactivity of Adult Bene Marrow-Derived Somatic Cells:
Inhibition of Mitogen-Induced T Cell Proliferation fn Vire

[0379] Human ABM-SC (Lot #RECB801T at ~18 population doublings) and exABM-5C
(RECBS06 at ~43 population doublings), were plated in 75cm” flasks at a concentration
of 6000 viable cells/om’® in complete media (Minimal Essential Medium-Alpha
(HYCLONE™) supplemented with 4 mM glutamine and 10% sera-lot selected, gamma-
irradiated, fetal bovine serum (HYCLONETM} and incubated at 37°C in a humidified
trigas incubator (4%0,, 5%CO;, balanced with nitrogen). After 24 hrs, spent media was
aspirated and replaced with 15mL fresh media. Human mesenchymal stem cells (hMSC,
Catalog # PT2501, Lot # 6F3837; obtained from Cambrex Research Bioproducts; now
owned by Lonza Group Ltd., Basel, Switzerland) were plated in 75cm’® flasks at a
concentration of 6000 viable cells/cm” in 15mL Mesenchymal Stem Cell Growth Medium
(MSCGM™.; Lonza Group Ltd., Basel, Switzerland) and incubated at 37°C in a
humidified incubator at atmospheric O, and 5%CQ,. After 24 hrs, spent media was
aspirated and replaced with 15mL fresh MSCGM™, Both human ABM-SC (hABM-SC)
and hMSC were harvested after 96 hours in culture. Harvested hABM-SC and hMSC
were plated in 96-well round bottom plates at a concentration of 25,000 viable cells/mL
in RPMI-complete media (HYCLONETM). Human peripheral blood mononuclear cells
(PBMCs) were labeled in 1.25 microM CarboxyFluoroscein Succinimidyl Ester (CFSE)
and cultured at 250,000 cells/well in RPMI-complete media along with hMSC, Lot
#RECB801, Lot #RECB906 hABM-SC or alone. To stimulate T cell proliferation,
cultures were inoculated with 2.5 or 10 microg/mL Phytohaemagglutinin (Sigma
Chemical). Cells were then harvested 72 hrs later and stained with CD3-PC7 antibody
(Beckman Coulter), as per manufacturer's instructions, and analyzed on a Beckman FC
500 Cytometer, using FlowJo 8.0 software (Tree Star, Inc., Ashland, OR). Only CD3+
cells were analyzed for division index. See, Figure 3. '

[0380] These findings demonstrate that exABM-SC possess the capacity to inhibit T cell
activation and proliferation and, therefore, may be useful as a therapeutic to suppress T

cell- mediated graft rejection, autoimmune disorders involving dysregulation of T cells,
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or to induce a state of immune tolerance to an otherwise immunogenic skin product.
Thus, one could envision the use of allogeneic human exABM-SC or compositions
produced by such cells, to treat burn patients awaiting surgical application of an
allogeneic skin product. In such an embodiment, treating an open wound first with
exABM-SC, or compositions produced by such cells, may act not only to help rebuild the
wound bed by inciting host cells to migrate to the cite of injury, but also to provide an
environment permissive to long term engraftment of allogeneic skin or skin substitutes.

Example 6

Reconstitution of Porcine ABM-SC in Aqueous Vehicle for In Vivo Administration

[0381]

[0382]

Porcine ABM-SC were seeded at 60 cells/em’, refed at day 4, and grown for a
total of 6 days. Cells were collected and frozen until subsequent use. Frozen aliquots of
porcine ABM-SC were thawed, washed in DPBSG (Dulbecco's Phosphate Buffered
Saline (CELLGRO™)) supplemented with 4.5% glucose) and centrifuged at 350xg for 5
minutes at 25°C. Cell pellets were re-suspended in DPBSG at a concentration of
approximately 50,000/microL. Cell counts and viability assays were performed using a
COULTER™ AcT 10 Series Analyzer (Beckman Coulter, Fullerton, CA) and by trypan
blue exclusion, respectively. The cell suspension was then loaded into a lcc tuberculin
syringe.

Example 7
Bioactivity of Adult Bone Marrow-Derived Somatic Cells:
Treatment of Incisional Wounds with Allogeneic Porcine ABM-SC

Two Yucatan swine, weighing between 57 kg and 78 kg were anesthetized and
prepared for aseptic surgery. Four incisional wounds measuring approximately 50 mm in
length were made with a scalpel blade on both sides of two animals (Nos. 3 and 4) for a
total of eight wounds per animal along the paravertebral and thoracic area skin. Bleeding
was stopped by inserting sterile gauze soaked with epinephrine into the lesion site. Gauze
was then removed after about 10-20 minutes and each wound was treated with a single
dose of porcine ABM-SC, divided into 12 separate injections evenly spaced around the
incision with an additional 10-300 microL applied to the wound bed itself. ~ Control
wounds were injected similarly with vehicle only (DPBSG). Wounds were then closed
with Steri-Strips ™ (3M) and the animals were covered with protective aluminum jackets.

The jackets were checked several times each day to ensure stable and proper position.
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The wound dressings were monitored daily and changes photographed on days 0, 1, 3, 5,
and 7. Animals were euthanized on day 7 for histopathology. Formalin fixed paraffin
embedded tissue sections were prepared and stained by H&E. Histomorphometric
scoring was conducted by an expert veterinary pathologist blinded to the treatment group.

[0383] Seven days following treatment of the wounds, lesions treated with allogeneic
porcine ABM-SC shown almost no signs of visible scarring (Figure 4) while those
treated with vehicle exhibited visible signs of scarring. Histomorphometric analysis of
the wounds showed a marked reduction in tissue macrophages (histiocytes) in those
treated with the ABM-SC, while no significant difference was seen in any of the other
histological scores assessed.

[0384] When similar tissue sections were scored for the extent of re-epithelialization (a
crude indicator wound healing rate), those treated with ABM-SC exhibited a marked
increase in the amount of epithelial cells repopulating the site of the incisions (Figure 5).

Example 8
Bioactivity of Human ABM-SC in Collagen Vehicle for In Vivo Administration as a Liquid,
Semi-Solid, or Solid-like therapeutic (Figure 6-9)

[0385] When reconstituted in a collagen-based biodegradable vehicle and stored at 4°C,
human ABM-SC (Lot # PCH610; ~27 population doublings) retain high cell viability for
at least 24 hours (as demonstrated by cell bioactivity in gel contraction assays). Stored

. this way, the collagen solution will remain as a liquid and will preserve the cells in a
suspended state without significant loss of viability (Figure 6). Bioactivity of the cells
can then be assessed using an in vivo assay of wound repair. To conduct this assay, a
stock solution of collagen was first prepared by re-suspending rat tail collagen (Sigma
Chemical) in 0.IN acetic acid at a final concentration of 3.0 mg/mi. The collagen
medium was prepared as described by Bell et al. (Proc. Natl. Acad. Sci. USA, vol. 76, no.
3, pp.1274-1278 (March 1979)) with minor modifications as described herein. Briefly,
the collagen medium was prepared by mixing the rat tail collagen solution with DMEM
5X (JRH Biosciences) supplemented with 5mM L-glutamine (CELLGRO™), Antibiotic-
Antimycotic Solution (CELLGRO™; Catalog #30-004-C1), and a buffer solution (0.05N
NaOH (Sigma Chemical), 2.2% NaHCO; (Sigma Chemical), and 60mM HEPES (JRH
Biosciences) at a ratio of 4.7:2.0:3.3. Frozen human adult bone marrow derived somatic

cells (hABM-SC) were thawed, washed in DMEM 1X and centrifuged at 350xg for 5
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minutes at 25°C. The cell pellets were re-suspended in DMEM 1X at concentration of
approximately 72,000 total cells/microL. Fifty microliters of cell suspension was then
added to 2mL collagen medium and gently triturated (i.e., gently pipetted up and down to
obtain a homogeneous suspension of cells in collagen medium), yielding a final cell
concentration of approximately 1,800 cells/microL. The cell suspension was then stored
at approximately 4-8°C overnight. The following day, the liquid cell suspension was
transferred from the 15mL conical tube and dispensed into 24-well cell culture plates at
approximately 500 microL/well. The plates were then placed in a 37°C humidified trigas
incubator (4% O,, 5% CO,, balanced with nitrogen) for 1 hour to permit the collagen to
solidify into a semi-solid gel. The gels were then removed from the 24-well plates using
disposable sterile spatulas (VWR) and transferred to 12-well culture plates. The gels
were then floated in 1.0mL DMEM 1X per well. For negative controls, gels were
prepared as described but without cells. Three wells were seeded for each condition
(n=3).

{8386] To evaluate the extent to which gel contraction is dose-dependent, a similar assay
was conducted wherein human exABM-SC (Lot# RECB819; at ~43 population
doublings) were reconstituted in collagen solution at different cell concentrations
immediately after removal fron cryostorage (Figure 7). A stock solution of collagen was
first prepared by re-suspending rat tail collagen (Sigma Chemical) in 0.1N acetic acid at &
final concentration of 3.0mg/mL. The collagen mediurn then was prepared as described
by Bell ef al. (1979) with minor modifications as described herein. Briefly, the collagen
medium was prepared by mixing the rat tail collagen solution with DMEM 5X (JRH
Biosciences) supplemented with 5mM  L-glutamine (CELLGRO™), Antibiotic-
Antimycotic Solution {Celigro™), and a buffer solution (0.03N NaOH (Sigma Chemical),
2.2% WaHCO; (Sigma Chemical), and 60mM HEPES (JRH Biosciences)) at a ratio of
4.7:2.0:3.3. Frozen human adult bone marrow derived somatic cells (hABM-SC) were
thawed, washed in DMEM 1X and centrifuged at 350xg for 5 minutes at 25°C. The cell
pellets were re-suspended in DMEM 1X at concentration of approximately 40,000,
80,000 and 200,000 viable cells/microL. Fifty microliters of each cell suspension was
added to 2mL collagen medium and gently triturated. Approximately 500microL of the
collagen cell suspension was added to each well of a 24-well culture plate. The plates

were then placed in a humidified 37°C trigas incubator (4%0,, 3%C0; balanced with
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nitrogen) for 1 hour to permit the collagen solution to solidify. The gels were then
removed from the plates using disposable sterile spatulas (VWR) and transferred to 12-
well culture plates. The gels were floated in 1.0mL DMEM 1X per well.

[0387] As a negative control, gels were prepared as described above using the highest
concentration of hABM-SC (5x10%mL) except that the cells were heat-inactivated (to
eliminate biological activity). Heat-inactivated cells were first prepared by heating the
initial cell suspension in DMEM 1X medium to 70°C in a heat block containing water
(heat transfer) for 40 minutes. Three wells were seeded for each condition (n=3).

[0388] To determine the extent to which the gels contracted over time, the percentage
initial or starting surface area was calculated from digital images captured at 0, 24, 48 and
72 hours using a flatbed scanner. From each image, the diameter of the gel was measure
both horizontally and vertically and then averaged. Results demonstrate that both the rate
and extent of gel contraction was effected in a dose dependent manner (Figure 7).

[0389] To determine the levels of certain secreted proteins produced from the human
ABM-SC in these semi-solid gels, enzyme-linked immunosorbant assay (ELISA) was
performed (on day 3 of culture) on conditioned cell culture supernatants collected from
the liquid media surrounding the gels (Figure 8). Supernatants were transferred to sterile
15mL conical tubes and centrifuged at 1140xg for 15 minutes to remove cell debris.
Supernatants were then transferred to 2mL cryovials and transferred to -80°C for short-
term storage. On the day of assay, supernatants were thawed and equilibrated to room
temperature before use. ELISA analysis was performed to detect IL-6, VEGF, Activin-A,
pro-MMP-1, and MMP-2 ELISA (conducted as per manufacturer's instructions; all kits
were purchased from R&D Systems, Inc. (Minneapolis, MN, USA)).  Results
demonstrate that therapeutically relevant levels of trophic factors can be produced by
these semi-solid neotissues and that these levels can be controlled by adjusting cell
concentration. Of the trophic factors measured, detectable levels were not seen in
cultures containing heat inactivated cells only. Statistical comparisons between assay
conditions were determined by One-way ANOVA (*** p <0.001).

[0390] Human ABM-SC can also be reconstituted in a collagen solution to construct a
large-format semi-solid structure that could be used as topical therapeutic (Figure 9). To
construct such a structure, a stock solution of collagen was first prepared by re-

suspending rat tail collagen (Sigma Chemical) in 0.1N acetic acid at a final concentration
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plates were then placed in a 37C humdified trigas_incubator, (4992, 5%CO2,

bal anced wigehwas theogerefullSpamved frany the H emaformimng dish ardbharsiarsd © H53- wi t h

fresh nedia, | S, wer apt y 10. See, Figure 2. [0378] These
results de%%&glgfcéﬂtflﬁea‘ﬁsééﬁﬂ%(i}:g%\g% 8% ation into neurons by NGF is
augrrer[nml\i/E dr amatfioc@nkitusthesol R asissueddetived fromn diutriao eBMVRBGi andprotidgened by
human ABMSC. Interestingly, the extent of n urgl cii%ffersgg'b tion, S
assessed byhe semirsoliflstrugitireadesaribadorbont crn &6 Plased hack Itq ar3d; ifigigd ce

si gni fi cant n it [ : I ! e fiddiRe
out gr owt h \%/gl\é\@rg5%%%\3%5@%%8%?3@3&?@%&% 7 a(?;g%uer,g%pplTiggﬁ? ?%g t he

cul tures Winbhtissod)di deiivselld geldprapated amtiesceibéd abaver witbdble bextentiom éhah theéral and

R 11 oul t GPUASREaPRIGOIES FomEAL (ioiadodr TR e . Vet SHPGH AL et
exper ment A SO B B e e A e cond L] oned
by human ABbhiSGipAhtbiotic@mpionentis Solution (CELLGRO™) in a 15 cm culture dish. The
semi-solid gel was then transferred to a 37°C humidified incubator (5% COz) for an
additional 48 hrs to facilitate remodeling of the matrix into a solid-like tissue structure,
free of the starting collagen substrate. The solid-like neotissue was then removed from
the 15cm culture dish and photographed (Figure 10A and 10B). Histological analysis of
the neotissue by Masson's Trichrome stain demonstrates that the matrix is rich in newly
synthesize human collagens and proteoglycans (Figure 10C). Control collagen gels do
not stain by this method. Collagens and proteoglycans stain blue.

[0392] The results of these studies indicate that frozen stocks of ABM-SC can be

dispensed upon thaw and reconstituted in a liquid collagen-based medium that could be



WO 2011/ 150398PCT/ US2011/ 038445 - 86 - [0379] which suppl ement or induce
neurite outgrow h over and above the |evels obtained with RPMFITS nedi a
al one or wORN11ABMAY8I TS nmedi a contai ni ng NG-. See, Fi gur @C2/USExa/opd4es 5

Bi oaetivity of Adult Bone Marrow Deri-¥d Somatic Cells inhibition of

M t ogen-1 nduced T Cel I Proliferation in Vitro Human ABM SC ( Lot
#RECB801 at - tion n and ex C139 t -43

popul ati on ‘HB‘%JH}&F%@E cally\@sralt %‘I‘lgtséﬂ’gei“lz‘?o‘%ieffﬁf &Qﬁ%‘ﬁ"ﬁ 4 SEB&'&@F\W%QSIS‘&% of
6000 vi abl eyggl bapaith 1hr§u919'§pdv§}t EndTeidted a(tl\ﬂp'i%cgﬁlnaﬁﬁsﬁml)p@ tHVEg | Ui AdnBid A

(1-1 YCLO\IEm) supgl emented with 4 friMglutam ne and 10% sera-| ot sel ected,
gamma- i r r advidlt edhaid @b diqut;bwhtde Isantammg‘_sm@f@@?ld:ﬁ)ﬂ siadilitndob greater ghag 2€ i n

h di f dt ba %) % 0§ t
24 hrs. - spatye TR GALE A PP ER I T apr e SO Tobskmier R by
mesenchy m'wo’iﬂ& MAre ik Scdnlgi\‘]@ﬁ;blecﬁ‘ﬁtﬁﬁ&g t¢ thd 28 Mciad QldntiniGledB /the OJSHH@J nglef rom

Canbrex Research Bi oproducts; now owned by Lonza Goup Ltd., Basel
Swi t zer | and)ispeesien gbualddig admlmst,eml 5| aglikiid anjeciable AB alterativell, wruldboanliedbl e

Goup vrd. RGOS IPTR By LI Toder P e ALY RIS wRERy

i ncubat or ahtiéibARS REahbld Q)Ztlﬁnebn'ﬁ&m thAf weund® 4ndtlsen s@eyehl imkeliaasensissolid
aspirated and replaced with 15m. fresh MSCGMIm Both human ABM SC ( hABM SC)

and hVSC wéHEctHesr (fas exanples whers/appes & rﬁ@@r% r@ Alferpatydy. thaseesesigng
hMBC wer e Q}) tdeg ?c? % Vful %%?dasb% ARl ﬂh@sﬁ_[@%_sg\lﬁ%ﬁ%&@ok Q1i@like

25, 000 vi abl'e cer onpl ete nedl a Human peri pher al
bl ood nonomlao‘ﬂlssaﬁs cells (PBI\/CS) were |abeled in 1.25 m croM

Car box or osc Succi n| m d E ter cul tured, at 250, 000 ..
cel | sﬁaﬁ?’hj R%I’blesec Fo‘ﬁ %W%Paﬁ%gé’y g ’i’ [eégltmg
#RECB9I06 h%%ﬁ%@n@ﬁs 92109 sseI@b&E&tWﬂyaihﬁ)oﬁaﬁ@fok nfdtink SERdiF Sfvarfodls ttﬂfe@ %f wer e

i nocul at ed m cr og/ mL"Phyt ohaemaggl utinin (Sigma Chemi cal).
Cel | s wer e wduads, Ipartwalﬂrlercthé’@ ihvavingttler skaimd stained with CD3 PC7 anti body

(Beck ulteg}&c&a r manufact instructi.ons, and apal yzed a
bockmilPHE 500° GHCSRSE R SRR TS Sb e sotiarogs pRuluef LRy $FRE <ot

Ashl and, ORtepafdal ulcpsélla‘gemmd%adhmeémﬂ@rth&bfbtes bOMuskd ecall$ow, rdk gur e
3. [0380]T ese fi nd| ngs denonstrate that exABM SC possess the capacity to

inhi bit T oeen wasndswtas en iziecalle elterhative to darragldillerhior &cédl ecjuvenatioe usef ul
522, YURTPSUL) Gy e SURPATHP Ppchlir-SEp! S LABRRSK o cAHARIITRYTe
2011/ 15039 3RdlicsHBH 1l A8v1d be used topically to treat severe burn patients that have had
damaged full-thickness skin removed surgically, thereby acting as a dermal replacement.
[0396] Solid neotissues produced by exCF-SC (for example, exABM-SC) could be used
surgically as an alternative to human cadaveric skin (ALLODERMTM), porcine skin
(PERMACOLTM) and other animal-derived constructs (INTEGRATM). Moreover, these
data also show that the potency of each of these various constructs can be controlled by
altering dose of cells or compositions produced by the cells.
Example 9
Improvement of Cardiac Function in Rats Treated with hABM-SC
[0397] Administration of human ABM-SC to animals following myocardial infarct
demonstrates that CF-SC (such as ABM-SC) improve cardiac function and enhance repair
of cardiac tissue damage by stimulating angiogenesis and reducing fibrosis. See, Figure

15. A rat model for acute myocardial infarction was utilized by occluding a coronary



- 87 - or to induce a state of inmune tol erance to an otherw se inmunogenic
skin product. Thus, one could envision the use of allogeneic human exABM SC
or conposwoi2ongispeveduced by such cells, to treat burn paCirarsteliiassisi ng
surgical application of an all ogeneicqggkin product. In such an enbodi nent,
treating an open wound first with exA§§4 SC, or conpositions produced by
such cells, may act not only to help rebuild the wound bed by inciting host
cel |'s to magest thetobytdreatinigt 2 carfliaicripsioy (i butamaged tegiopr of/hetet) arlasionpd s#frent

perm ssive to | ong terme af t men f enei.c skin or skin substitutes.
Exanpl e 6 R@&%ﬁ%@jﬂ%%@%b&? ieﬁheﬁe‘%%@ﬁfxale}&‘«SSUS Vehicle for In Vivo
Adm ”i[ﬁa%g“ on g %LnﬁﬁnCME%oéﬁM%g&tcg?%?%% 8t b6 sedeb YhgomRBpproef Bd at

day 4, grown for a total of 6 days. | s”were col |l ected and frozen
until subsegqneh) resévedregrsmeatallytindusedimynsautial anfmiioscviache plassmert ofashed

i n DPBSG (Dul becco'.s Phgosphat e ff.ered, Sali,ne d
with 4. 50/§ GFTRASEY s@aﬁg%%ﬁwﬁ 18#‘%8% d‘?S&@‘@%“%@?’%"F %%J.‘&g?ﬁg
pel | ets wergdfife SteEReRARd Five DRBIEAthia pesurdaie! Rt lagnwefe tepon @ai arsthedayd

50,000/ mcroL. Cell counts and viability assays were perforned usi
COULTERTm Aegimen of Sgelosporimgat VZ@me(lgé‘ék%ﬁﬁd Exsiihe dyration, pt Ge sBy- éﬁ)&’gﬂgg by
trypan bl excl usion, re tLV : u I thefd aaded
o a 1 cdotgnge diffihon, FRRGE Biihedef GRUMGHEREDE iR TR

Mar r ow- Der inyid tS@xPpbdcCtheaipks of ThiehéarenAnodlirhsunic Millal cafibaterdsasibich inserted

Al'l ogenei ¢ Porcine ABMSC [0382] Two Yucatan sw ne, weighing bet n 57 kg
and 78 kg wHupugh thesyanstiguiardvalh g RpsEHEd0Yes rtln&%glﬁf‘?‘{fe’gﬂ}tgé‘iﬁ\}‘?g rq§8{ﬂ\’gﬁ%r a

i nci si onal d ' appIeXi y : hdr1 ! sNghfirdepRdiadm wWhih a
scal pel bl & eggn&bgﬁﬁ%glﬁ%{e}glyoget@osg%ﬁlﬁgl sﬁ?lﬁﬂgﬁlé% and 4 1rfoir% a total of
ei ght wounggespae/tiamd mehsuadrnergs bh eardiacausctioabisal stamdbird, hwelh characierézed grode!

Bl eedi t d [ [ teril ked with ' hri
ni o the | C¥SHOR e s DR ST GRS Fb At a1 LR a0 P 053D Hh Ath 68 and

each wound w@as. trBakR %, o  iruislibg) fostepe 0b-agoezye ABM SC, di vided into
12 separate I njections evénf y spaced around the incision with an additional

10- 3000399¢ r oL afijkited dompobiciomorasdiehizared tusinigfa 1¢dmiewol Henips sysinge fidpdct ed

simlarly wi.th vehicle ponl BSG) . unds were .t hen cl Qs ik
Steri- St ?/i Fathp (3§I\§au§ﬁ’dﬁ’t“héea(é€?|3%? i‘e?/g\e(?e ri:g%filé‘?péﬁatwlpﬁc%)#‘gtoec 0:/\4\}%&% am Aum
j ackets. T&serfbﬁﬁé‘cﬁwer% %58%0&6%8&\1@&@. Fbﬁieﬁg@cﬂﬁ)hs doate tperfonsed at squaibl e

and proper "position. 11/ 150398PCT/ US2011/ 038445 - 88 - The wound

dr essi ngs estarcemaiotiod g dstaligedindareh avhileshe ifh owpsaplared diigcdindo ghe centeg 5

d 7. i mal hani zed d f kSt ' ! Lxed
N L

Hi st ormor pher®iish GvaC lithRd ¥BSeds ahél ymtadothyraanwax pediced ctrd itharapimas hodrogi st
blinded to the treatnent group. [0383] Seven da?(/s fol | ow ,ng grea%manp of
t he wounds weaaed Siom theceespisnton end sxiubyedheitoup dreeks altpRINesEOR Havweeks B8 no

signs of vi.sible scarring (Fi R dWhtkdhonehi gldg
exhi bi ted \}lilgfclglpgfs?rﬁlﬁlggopfegcg%n?%tgéu%g?’s!tﬂgenglrgﬁgwn%% ??]é&gn\z;%sigs of th(Iale
wounds showrghdom®l kedl ar RHl&t Eahetem wak SaseetedncDpfil agesurehicntsi weset Bkyn ia
those treated with the ABMSC, while no signifjcant difference was seen in

any of t he desaiibed phayes pieyi wairh tegpis veag suaauged Vg SEPEWBA W i | ar ti ssue

secti re s 1 h - eRLL i< afl ! ( &aGdelsvi
i ndi c {)L(?)Or0 V\Dundcéggeag{jf%g&lrogtlge)sgﬁ% ﬁlgiglelp{ Fé)gt ggdrwxnfé#s%gf/f %%htg%ﬁi’b?t ed a 13%” ked

i ncrease i MBMeS@demohstexedesigrifiedrnitlyl higher Hpide (repki bagitiveyratchef pressureshanges
' nci sions (Vlgiu%lsJ r(1(2).5)Expressing changes in cardiac function over the course of the study by
subtracting 0 week +dp/dt values from 4 week values ("delta +dp/dt") demonstrated that
while vehicle treated rats had decreases in cardiac function over the course of the study
(negative delta), animals treated with either cell preparation showed significant
improvement in cardiac function (B). Compared to vehicle treated rats, those receiving

ABM-SC demonstrated significantly lower tau values (C), suggesting increased left



Exanple 8 Bioactivity of Human ABM SC in Col | agen Vehicle for In Vivo

Adm ni stration as a Liquid, Sem-Solid, or Solid-like therapeutic (Figure
6-9) [ O863p11Vise3»sr econstituted in a col |l agen-Lased bi edegrsadalobs4vehi cl e
and stored at 4C, human ABM SC (Lot #¢pCH610; -27 popul ation doubl i ngs)
retain high cell viability for at |east 24 hours (as denonstrated by cell

bi oactivity in gel contraction assays). Stored this way, the collagen

sol uti on wivkhiricelmianmpisnac.] Teuisdhanohewbhitarp o sovolamdres 8l vesirichiaapeggpended
state without significant |oss of viability (Fi e _6)...Bioactivity of the
cel I's can CR&H- é’ré@%g%ﬁwﬁﬁtﬁﬁfﬁwsﬁﬁt@*‘Wéeéééﬁgéﬁ’o‘ﬁp%\%ﬁ%%i%‘}érgg%l?n.é'/ 0"
conduct  t higs AF§Wer heSIRBK FahHhQR 197 sbahiagen Wk -ip/usvalpeehanod deyk
re-suspending rat tail collagen (Sigma Chemical) in 0.1N acetic acid at a
final concentieatidiaoftipditD d@mm?;rawgeth@folv‘«ﬁlégé»fﬁihhaé‘idﬁﬁ?m@@/a}@tsph%pé?@@ﬁﬁ% m
described by Bell et al. (Proc. Natl, Ac J: ; 7 :

pp. 1274- 12?%"1( BRI %C?Ws?nokg}e %%?frlleggﬁeo?}ésﬁé ’sé/ngllélglésrtl egéegqﬁg?gflh
Briefly, thepafibadswidsighifwas: MheraesentYn ndaxding fuhdionat(D).ai | [tollltgen
solution with DVEM 5X éJRH Bi osci ences) supplenmented with 5mM L- gl utam ne
( CELLGROTny**p#h01 by dN@¥Adi nycotic Sol uti on (CELLGROTM Cat al og

#30-004-C1), ang,a buffer ;on > Melsr: N lifRhiatlvdndied
NaHCCgéh(Ogjlgna cﬁ“’eer‘ﬁ” c%}fljc?”’éi?@é’%% ﬂ&%g%spﬁg&ggﬁags?gl ences alt a rgtli‘lo of
4.7:2.0: 3. ayobhidze rinfaitn widuht pharmenaof avpatmahers dsilkoligatire arehnds thehlaBim SC)
wer e thawed, washed in DVEM 1X and centrifuged at 35

| %(fg f sgr d5 V\D.
2011/ 150398meTPUdstrending dhAd)_ cosenary @rispt e Atimalssiecerye(y a fndaph roeupen o
re- suspendeq i i ' 164,099 dnatyal
cel I's/nicrot. 10@?%%}1%?0 elnl? Q@g{ﬁ %/}Q%Fecl. ?le}ﬁi%%%l{ég)r?bﬂmg%%%aetﬁ added toya 2mL
col | ageto2iredi umGandlages! yoltaviihgriafadidn, . mis, wpentdngsthétizeds detubgediraddain t o

obt ai n a hgnogeneous. suspensi on of cells in col n dj.u i el di a
final cell MgReHAl 1’“&%5?%8"8? “éagﬁlﬁrt(?x‘fxt?ﬁfeeﬁﬁ? ip,e§0?)tl @’gle}fe#‘raﬁ lg?,r de %ﬁ'gtl(%{el s
Suspensi 0”.a¥@e§%¢% heRr ShRele dlst ARRIOWRIBLIN Yedtadthy QMO0 HHiGHL, Hahgitdrodyiriage ng

day, the liquid cell suspension was transferred fromthe 15nL conical tube
and di spengieiediwitlo a 30 gmige, oot Heashisptage acesllat ddvaaserapse dnipsions|of 2opicrol

m croL/well. The_.pl ates re then.placed.in 7C i.di fi j

i ncubat or (4% b‘irfcprgl%l mﬁ’ﬁa?PﬁWS &f Q\_&a PSS r%’é% Hﬁe{lg);& %‘;e%%ﬁérjrf(%rg)ﬂeg%? gyl e
col I agen t Qi eRlcbHifoUnd fHeOviguafiord mFati, dviglelthe i vaslacsd idéretieints ermeatdr f r om
the 24-well plates using disposable sterile sPat_uI as (W) and transferred

to 12-wel | ofdhe unfzagitchregion b edegpsminedebie arefepl Mdissalosaionn Al INSKEND 1€ per

wel | . For negative controls el [ I [ i t

cel |'s. Thr SFIIRN P@s JRpEed Shuy {5 p %?u\@oég?{g%gﬁi irgﬁlggé’(%ggﬁé h}fgr%é%%'gi’rg%eévaglgﬂat e
the extent fiogh Wi ebpigdr SandxteRitddonFds vieseaflepiaideon (5 avesknpodsrinfassay), was
conduct ed wherei n human exABM SC (ché ot # RECB819; ag -43 ?opul atjion d
doubl i ngs) awisals Meeoreenesihatized.i the hepit ypsrexeptedt themeha anqlime, demotogp; an
concent r at i o, | FYRG ﬁt Sl %sfi ! erAﬁ&%hoﬁa[logqe%&Mst GRLrB 9&rhBIERYT Bits werd\
stock sol utfomof "col agen was first prepare y re-suspending rat tail

col | agen ( Sugemiz&hetd eahygiinatdnl NRas evére fasti dbeply anckthatitedcaning atmiaturoof of

3.0mglinL. The col | agen pedium then, was prepared descri bed . Bel | et
al . (1979) kﬁﬁaﬂhn%(ﬁ%‘ﬂg/#ﬁhiapfic%i&%@l e égéH@ﬁgd ?@Fe racky F%‘f‘gy,w‘”’f h"beﬂ
col | agen Iok hzsbdagedt A i tigh!fixe@lih 209 n&lall birffdtedi t h
DI ENE 5 (T EHS P B e e L o
Ant i bi ot i c/Antialipc blebrts Setauthienrerdsshl $egtiod) inteathdecapibedsf eriensed intp mbedding. N

NaOH (Sigma Chemicgal ), 2. %Nal-%ﬁ:CB i gma. Chem cal and, 60mw. (g, JRH
Bi osci enceé‘}‘)(fg%ttan Pf‘%ﬁ‘e?%d pr pargliyt ﬁ%@?%%?@%&ﬁ%ﬁ%ﬁ% s%%lﬁgg%[r?u 51\-1:;
derived Sogéﬁais@aiﬁ@d by 1OAGNKyA &V8ToRint §,or VIIES0H's | TridBMeeve.| X Anlbast six
centrifuged at 350xg"for 5 minutes at 25C. The cell pellets were

r e- suspendecctions D&M dvérntheednwenst alse istainask vaihp hempienyldrgosip apd ol rigwomeo

and 200, 000 viable cells/mecrol., Fifty mcrglite I i on
was added TEPSHvey) S&’S&‘ﬁc i TSRS %lr‘%%qug‘{‘dr‘%% 5@a@éd‘8%6§‘§% %ﬁ?@?"%@’?
500mi cr oL @hlub9es@ hRsaB teld (18d)s PSitse @bllyga iadideds tite prsédnceadf] scaf tissue
24-wel |l culture plate. The plates were then placed in a humdified 37C

trigas i ncubksenre (49@2enBagum)), e andesd ofvi gohlagggpto normal cardiac muscle were
2011/ 150398PCT/ US2011/ 038445 - 90 - nitrogen) for 1 hour to permt the

col l agen solution to solidify. The gels were then renoved fromthe plates
usi ng di sposable sterile spatulas (VWAR) and transferred to 12- well culture
pl ates. The gels were floated in 1.0nL DVEM 1X per well. [0387] As a
negative control, gels were prepared as descri bed above using the highest
concentration of hABM SC (5x106/ nlL) except that the cells were
heat-inactivated (to elimnate biological activity). Heat-inactivated cells

. " 4 o o o g, - R AR A




[0389] To determne the levels of certain secreted proteins produced from
the human ABM SC in these sem -solid gels, enzyne-|inked i mmunosor bant
assay (ELW6Ap1vas3dper f ormed (on day 3 of culture) on comdirttisenea3siaes |

cul ture supernatants collected fromt®8-1iquid nmedia surrounding the gels
(Figure 8). Supernatants were transferred to sterile 15nL conical tubes and

centrifuge t 1140xq for. 15 mnutes to repove cell debris. Super,natants
were t hon CPEREHEY o POMHENERN, IR anaubpEanih T goal grecat
short -ter mealifeadfd $9s hlRifA%eRre aStANed SIABANMeANHSN WBlitS ot NBIRE cafidied

equilibrated to roomtenperature before use. ELISA analysis was perforned
to detect Ipathe]oQigE®, higtomoyphematriqscorivgP- 1, and MVP-2 ELI SA (conducted as

per cturerg s instructions: all kits .were.purchased from R&D Systens,
o R o it R Rl p e roStyichifE PRt HRaR o RRBR et rs

rel evant | @y&lonalolicw @PpHoth fagiticles fedn the midoneamhldRyartHEse dBedN /3 i ttle
neoti ssues and that these levels can be controlled by adjusting cell

concent r at iveniricler(2).ad epep el the varitisled 3 nd'as bistamorgheraetrig ghalysesy B JoN@WiBE not
seen in cul tur ini .heat inactivated cells only. Statistical
conpari songg%%lf chl%gé?’sagy %idndi tions were determ ned by One-way ANOVA (***
p <0. p@44] [ 039Uptkwren oA BCdamagal SeefbeemteickendiVY, WRight iventsicikeo({l\&)gBoth
solution to construct a large-format sem -solid structure that could be
used as topFRtErles fBVapeutic (Figure 9). To construct such a structure, a
st ock g tion ' r by fSarySUsieBdiNYefcBht ERL !
col | a&%ﬁﬂszj& gma@ cgﬁf‘ ég??@?tﬁ@éﬁfe &ﬁcigﬁ%}gcﬁgeﬁ 51 nyial conée%’é3 rati gn WO
2011/ 1503980Ch) US2011/ 038445 - 91 - of 3.0ng/nlL. The aqueous col |l agen

di b i XI th t tail | ] Juti i th 5X
(R BHIRE: B o dhedusbisaine ol Bapetinen Sdirnast e de{oele, GO Erade OF I
Ant i bi ot i c4ARKEYS ‘é%tirﬁatt%@ li%}&thaaas (LRI Copfpbred Wit kBSwS Mrldbafs i0Qhe 86N

NaOH (Sigma Chemical), 1. CC3 (Signma Chemical), and 100nmM HEPES (JRH
Bi osci encesiysuatseationst (e@. aivermge epythiocptean "haBvosCimdrametdraaretagh thyweadiad i n

1X DMEM and t hen cent.rifuged at 350x of.. 5 m nputes at. 25C. . The |l pellet
s 1o sus PuEE A biRRIo n SBgith Grrisrt DByl e R GIE 36 0BT

cel I s/ m cr olm)ABRIRRI (TR by 1 Smbik Geddece(1ls susPEnsi on was then added to 20nL
collagen mediumand gently triturated to achieve a final cell concentration

of 5 4G5 cel | Neavasculgrzdtiondh agesrddissucaddanargeofGrade PAQépn dnlemmagrgl () to The
cel | suspension s t-hen. di spe .nto. a A Y Q| form ng dish).
The ef fect Ve ousaerlzf)l#lo%e ?légs}%%ﬁpﬁj%%n{é%l ﬁ?%ag%fﬁgfs%fo&] Eﬁ% rqa'g?é%%‘is ed was
approy4o8; el y 10&ix ﬂz&k@uwa&inmg@.el [iludEh eleg@rratfonriecigisdo s Precaxistimg blogd t he
cell suspension was then placed in a humdified 37C incubator (5%2) for 1
hour to peb@sselsy mathe rpmbesis soid(pri eflamgmation; wseling Thiemsemavab|of gregining s

t hen car ef e C rm .S r a
15em pot 1 etk BERE Sl bR AT et @4 e BRI ML BIRE prbthe®
sol i d- | i keamobeing wasadaridumdgd thosnghouethe ABdt&Caread col | agen, the sem -solid
structure descri bed abgve can be pl aced b_ack?j nto a_37C hym di fi%c)l ffc(il I
cul t ul¥0hcubat Er1ePEUER P Srthinths (eq PotEve dagrage FrPSIce 2@ Lraqo0k Gitn a
solid-likegn [ h-@olki e r oy of Whd h

t he except iétbﬁe%g? %t%ﬁ%ﬁ% ?ﬁglb (%g IH? ggg)nlgggf\%?%oﬁgﬁ?fﬁs%? ﬁf S?ait}ﬁ}s{?gg\d%%f

1.8 ng/ m.) jnitid saresaofedamdgy cdisddygbd iffaston ipeocedyges fofr ekireple0tibrokisrafi2Gge di sh

d floated.,i L QX 82nm. .1X M t ai,nd JAnti hiotlc- Ant | ti
Sl ut i on ( CEITERBRIGHE MO b aSkPci4 gre g 4o “prdieais oLdaPteohir iaien
transferredohR i a%zigfléwmg%é D)l HPHRAIUN 1o &ER), ah@hbAR AYFLLRNBLiAS hrs

to facilitate renodeling of the matrix into a solid-like tissue structure,
free of the(®tarting collagen substrate. The solid-1ike neotissue was then
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dermonstr at ggtibhat hitP BRfnedX 1 SAT ibohrdl Ncen@fddy SytBlMes gﬁthbwm Grifoagens
and proteoglycans, (Figure 10C). Control collagen gels do not stain by this

met hod. Cobdraigesnitetitg sspone OBigpras) o evatia eRangpOBOPfarplesizeitbe dicatts ehese
studies i n?a{tca%eec {v.*i‘r?g fv{,l%é.“ h %ﬁﬁds‘é AR SGERN B d'nf;%%&%fag YRARHRaW
T uled i a & fha be
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WO 2011/ 150398PCT/ US2011/ 038445 - 92 - wused therapeutically as a liquid
suspension, sem -solid construct, or solid-like neotissue. Wen prepared in
such a wawoand/isv3sed at approxi mately 4-10C, the cell POTASLGI1OB84F | |
remain as liquid while maintaining sapgsfactory cell viability for greater
than 24 hours. Enploying such a nethod to fornulate ABM SC for clinical
application then would provide considerable [atitude to the clinician

adni ni st er iHigiopatkologicalsanalfiss indispled significepuredueiionaigninfireitsizecd 1as rscayng d

i nj ect abl tively,..could be,. i igal . o
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the cont ouha@histdl6zivi WBsked BFprokiRintelP g6 Pbintdlowved tigmmnichindd tehtstls. uBigurel4 f or

exanpl e, when warned to -37degrees C). Alternatively, the sg.e Si on coul d
be used i nssueh @ waympls ©6 wRival defirle swenielusliony ¢ SHspPathelesisel SBRlYRS | ke

NEOLI S SUE 181ctrmindid I 1AL S@1 24 RLS i RIRY el or MBS VRICERRL DY B Gnfarct

nmet hods, t g conpositions each possess bioactivity inportant for
medi ating peRA{Fig@fe YR conkisténtpeish pfo-twgetredatvepantivitgul Bk yit tressebsémed thak ng
the skin. [0394] EXCF-SC (for_ exanple, exABM SC), or . c osi tj.ons produced
by such celats trepted paitle &ABMSG ishenves dematigemns ‘éeé%?nﬁé’girgém?%co $4© tsﬁ'ﬁft&em e

be used to 'e,zi;li %retlfql Jd€pd. open wounds or as an injectable alternative to

dermal fillers r facial rejuvenation. [0395] In the senm-solid form
exCF-SC (for exanple, exABM SC) orExampldilti ons produced by such cells,

Ful 1 -t s o Farr bty Sharats 51 Syt BB b T Shocd Epfgaes @m0
" epl acergﬁfé 1: SuBpP&LionriitSRAlinaRLaPT Kol PrSRRr o ImeShak MURHcH €,

exABM S e used surgically as an alternative to human cadaveric
skin (ALLODERMIM), porcine skimpi®ERMeacliom)assaid ot her ani mal - deri ved

cach SHTcse VMBI cBHEIPPR Sk EBE R S Dol Er R0 RAE BRSO ©
cel I's or CoupasivelyINFeRr Sedaes 78vmt Hesieek lasconExmiapibe of 600pN mbknwiis/cof in

Cardiac Function i'n Rats Treated with hABMSC [0397] Adm nistration o
human ABM $6miocoanileta mediasuch s ﬁgivyﬁwéd?w (G}é%@?:“ﬁ]%?éﬂﬁ&g'ﬂ ?‘iﬂlé‘if% ﬂa&*g*

S T A AT 0 S5 S gt Sl

See, Fi gur ecdBlogASIasoormdel Lbo# 13auioa4nyoraLANE "l halboratorios IvasLegan Uded by

oceluding %s(f)g (())? zli{ry)6® %ﬁg%%iolgﬁggﬁg%ﬁ%% olgoaf?3 gﬁ%&g&(? 1?3 Lot L&O,g}%é% 868)
containing 4mM L-glutamine and supplemented with Insulin-Transferrin-Selenium-A
(ITS) (GIBCO™;; Catalog #51300-044, Lot # 1349264) and incubated at 37°C in a
humidified trigas incubator (4%0,, 5%CO,, balanced with Nitrogen). After 24 hrs, spent
media was aspirated and replaced with 15mL fresh media. Human mesenchymal stem
cells (h(MSC) (Lonza BioScience, formerly Cambrex Bioscience, Catalog # PT2501, Lot
# 6F3837) were plated in 75cm? flasks at a concentration of 6000 viable cells/em® in
15mL MSCGM™ (Lonza BioScience) and incubated at 37°C in a humidified incubator at
atmospheric O, and 5%CO,. After 24 hrs, spent media was aspirated and replaced with
15mL fresh MSCGM™,  Both hABM-SC and hMSC were harvested after 96 hours in
culture. Harvested hABM-SC and hMSC were plated in 96-well round bottom plates at a
concentration of 25,000 viable cells/mL in RPMI-complete media (Hyclone). Human
peripheral blood mononuclear cells (PBMCs) were labeled in 1.25uM
CarboxyFluoroscein Succinimidyl Ester (CFSE) and cultured at 250,000cells/well in

RPMI-complete media along with hMSC, RECB801, RECB906 or alone. To stimulate T



[0399] artery thereby creating a cardiac lesion (i.e., damaged region of
heart). Lesioned rats were injected intercardially with either hABM SC or
vehi cl e. WO 2011/15e38t Functi on Met hods: Sprague- Dawl ey r &C3/uskoihosdi4sexes
(age approx. 3 nonths) received expetrisental | y-induced nyocardi al
infarction via the placenment of a permanent silk ligature around the

| eft-anterior descending (LAD) coronary artery via a mdline sternotony.
Fi ve days aélﬂerprdllfe:satgpn,oceﬂlﬂnr@ wére rinoanlated e“b‘élgu215orpfa K} anveipgramsgilmen

of Cycl osp th | asted-f.or On
day 7-8 foﬁl k%ﬁmaacf‘he ke ?rﬁ n;hea%%és ?{) gguéa%%g)énd
I ntercost alstaiﬂéﬁ'\ﬁfﬂ? @WPC'T%ﬁbé&y exRRERANtMWIRPE %S §br hﬁﬁuﬂ’&@t&fdrs iAgtructions,
ultrasonic MIlar catheter was then inserted through the ventricul ar Wal |,

and pr essuraed@m@yzedlqmB@é&gmnd?féﬁ@%cm@wfe%@&iﬁbw&w@%‘? iy D3+ ce
appr oxi mat e del of infarct production and
pressure/tl“f% %PSS‘gﬁ?aMﬁ? Vlscélrlalg%c function is a standard, well

char agbqny zed npdelissby ANBp&teid henaf ABM-S0dndceABMBC 'sﬂmneqsnmsﬁogen—m@cddl ac
function can be assessed (See erA\gLR Mill er-Ehmsgg et al., Grculation.

105( 14) : 1736cedl r(rgbﬁze)tyon 1n one-way 8532y cofepBEUWE B was del i vered using a
100 m (i’rFal Lram aée%g;csgx}rx +Ladaddide ?‘u%& st %OLeQQH&ﬁateLiq}ﬁng&%dr&ﬁ@&s% in 2-

needl e e’sep ections m cr oL performed over
the course of 2-3 mnutes. FavuyMnEchalerwag perfor med at equal

di stances around th I d.i t il he fifth
i T eotI413 nt o 1 Herbah drorgpe YIS MR s ONEb P e d s el Y PEe” o
di scol or at i Py, f{dy raﬁ@g@ﬁedrgﬁbty b Brlﬁ' BhPROVsst-Srehteat) ok @eRtlar 'liI’ﬁﬂlune

pneunot hor ax was reduce he animal s were weaned fromthe respirator
and ext ubatra@ondécumaly\me KRBM fewmlelapleamlnmh Weke dek@i pobpABY ¥ et the mitogen
ani mal s mere reanest | zed

st er not ony CO8f O5 TR ?3 nEatSFi'Q} i?sh&grrgt?r}\%@g?i)go 3{] elelg};urema s&l%tef)g

taken as d?ﬁﬂfféﬁ?x@n@Q@M@ted%@ﬁlglﬂd‘mcﬁ%ftw&@e rats vvere eut ham zed via
exsangui nati on 0400] Heart Function Results (Fi our weeks after

treat j@4id] rats WbdeleMngﬁamEMSS@rddﬂbW§tlr heh QP@&(DP@&P&Q Sypﬂ@g%é’rpo-%‘ﬁ? dt

(peak positjve r 0 ssure chan ( r

cardiac fu Eﬂnbn%?“{ Pﬁjéﬁc%%ﬁgver%?e‘?ﬁhﬁ ng% L0 {a%gﬁlﬁﬁbd] E%ﬁd/dt

val ues fr O'Eerﬁrm%%h a¥ 3OS fér IBhihates, 0t bentrifpanios tydt eading &tlthf\iﬁrd) brakﬁfgt cle

treated rats had decreases in cardiac function over the course éﬁégegtudy
(0]

(negative Eébtra§ult1@m itollayer reast epirgiedn Tap tmiddle layersp vepeh o8

significant verre t BS-2%
treated raf®™® %Fﬁ‘goi ’elwxrt}lrenggﬂgﬁcf%‘tcg%ﬁl kzﬂ@?lr a%ed st gni ﬁf’ gg(gwtﬁhbgwer tau
val ues (Q) PoﬁiﬂmsahtrngAlftM waslsegl thefp‘ellet\/\(axsz{eiddpéﬁdbﬂ%mﬁnmsa@lﬁ1}@383414?@ - 94

- ventricular conpliance. Tau is the tinme_cons volune | ef t
vent ri cul aengiessbiied f@’ééd’ymuﬁfévrtop@ﬁ!@"ﬁé%%@‘i éeci Qdcﬂeufart %‘%ﬁ?@rlé}ﬁ?ﬁ%é@ ;

(-dpldt), Eﬁbiﬁ{ltgg Slt %ogéa ng%s p%lﬂe/é: Vgl %sﬂeHrIﬁtZ(PﬂlLOE?B Stf"/% FERLNS %eﬁfm tbhe

st udy bys ractin dt values from4 week values ("delta
-dpl dt") dessagsdnded ﬁdStriilIatRBMI Cem‘pmlm miedia-(RPAAE B O; A0% Pheainaisvmaged! Ln

car drac ek o RieTS, CRYTAT Sk 8 M SR Yol ) gl R
function (RyncehfrRifsh 9520§1*OpiQ}1Q&1Lbyy Mﬂga‘uon, and resuspension in ice cold freeze
media (10% DMSO in Porcine Serum) and immediately added to 2 mL cryovials and
placed into a cryorate freezer. (freeze rate = -25°C/min to -40°C, +15°C/min to -12.0°C, -
1°C/min to -40°C, -10°C/min to -120°C). Cells were stored in 2 mL aliquots per vial in
vapor phase of liquid nitrogen until use.
[0415] On day 0, pABM-SC were plated in 96 well culture dishes at a concentration of
10,000 cells/well in AFG-104 media according to study template for each test condition.



[ 0401] Heart Structure Methods: Sprague-Dawl ey rats received

experinental | y-i nduced nyocardial infarction via the placenent of a

per manentwei2bii/15p3gat ure around the | eft-anteri or descenaCmgSeuUADys4edr onary
artery. Animals received a standard regi.nmen of Cyclosporine A treatnent (10
ng/ kg s.c. daily) that |lasted for the duration of the study. [0402] On day
7-8 followng infarction, rats were anesthetized, intubated and an

i nt er cost alPlaterciveiecincwtmtednentenight #x3756 n taneunpidifiedoincehsomwith dow €(di40)-
function wa esses after which the test article was delivered using a
100 mcr oL%%?r‘iE@?%%aE‘iﬁﬁi gbn%ﬁ%d with a 30 gauge, | ow dead-space needl e.
Five seng|ate i mheCtiRREn®l dR0 PBMOLweieldbeRar itTeOF S efcatbosydmoreseein of
2-3 minutes. Four injections were perforned at equal dis %E‘fes ar.ound

|
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of the infracted regi.on ! J I 0 re N
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then surgical]y expose ngd .t he ar ssected and,.i sion fi N, 10%
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pi eces, orignted it GnfBRANAGATBE 9810°aRMs BIIOC e840 PBMOare hilded to the
enbeddi ng. art tissues were then sectioned at 61.tmand stained b
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presence of scar tissue (absence of regeneration), the ratios, of cg&)&vﬁgen
to normal ®ENdI-Gomplete reedierwas \digb 1o/ w8udoEpCTElSs200d /0B84 SucosgRPMI
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[ 0403] Each slide contai ned threeocross-se,cti ons OL t&f .heart, denansgr.ati ng
a cross- sébt(highaO2yiveith bamishityn S%e £k k9 B4rogeRmALh SORFIHORS HETS CAMRIFed g

(e L LT ot S5 oRRplub e pyghes
[ 0404] Locatof ®oodf sabriphey pudaaBge: sigrfitanvigrdifferehethah WiediRalphe. Vidter i5i daye of LV)

Both ventricles (BV). [04051Percent of affected ventricle d ed {size of
injury): Gopenltpre, selly sigte b@}*chtq(bg(% f?cr\(vj m;yck%é@gs gg}geceggslgom bt

exper i ment #té( (FamgRea tl?t{eea.h?({i{e\é? @%a'ili&g e\f\/asegd‘rﬁﬂc’édgi'ilag&oﬁfanée vt 8@ REhr@N

estimated thickness in mTllineters. ared with known | andnmarks in the
ti ssue sectprainsolf.e. The priemagentbydyhnsclywes iBiotin rEayegated Maisarastidtiz @N2r age

ocardi al nuscl e ndl e i O m.crons in dianmeter). 1 (lLe
Yooy ' & Aoslqnab eyt THew el Sheesert i b i B o by YeddAE
[ 0407] Neov gseul @k ZRakUsBEndel @F 860 AiclolSAY WaraBetfer( 4@ dRalPiedOon @ @oulferom
o)

normal (0) t
FC500 device.

[0417] Results: A Division Index was calculated for samples collected at baseline and at
3 or 30 days post-treatment and then challenged in vitro with media, vehicle, pABM-SC
or ConA. The average division index from all animals at Day 3 or Day 30 for CD3+ cells
stimulated with ConA was significantly higher than the division index for CD3+ cells
from vehicle and pABM-SC treated animals at pre-treatment and at necropsy (*p <0.05).

See, Figure 17.



neovascul ari zati on throughout the entire area of initial tissue damage (4).
[0408] Initial vascul ar damage: |ncludes degeneration/necrosis of

pre- exi stwogotlisoadsvessel s, with thronbosi s and/ or infl acwaiSe@n/08&8ul ti ng
fromrenoval of remaining vascul ar delpis, expressed as a grade of 0 to 4,
with O being no vascul ar damage present, and 4 being vascul ar damage
throughout the affected area. [0409] Extent of fibrosis within the area of
ti s;goe/ dam;ge: _ Explressled afs ? gr adBxamp® ko 4, fromno fibrosis (0) to (4)
in o graduating levels o i hrosi nd, scarring of the initial area of
damage caused by the infarcti o?lePS%ﬁﬂFQPHEE)‘F egarrpl e, fibrosis of 20% of

the vegirgjcl e woulpfake] agsendRBe, do edelatén Gy tansafuater heisaferf of@%indlet he
ventricle woul d be assigned a grade of (21), 60% woul d receive a ((il), and
y Regbofie 08

abgve 60‘%; \lﬁmﬁllaiing_e@(_l@wg RABM-SC| mimipistsaed oY Sndomyprasdin gliggtion

subsequen i,ce nd. car di i : ] laed:
board cert ia'ﬁfﬂzsgﬁiié{) g?‘YSnfgﬂgg'bn%ai glagé?&st% ﬁﬁgﬁ%@%@ﬁgg%@gﬁgﬁpﬁx zraltgl i&?}%{@ g'c g P %Ang
(Fi gure 15prnpreudjective sthangsadynwhnfiavestigsé zthe i safdtnenkefensibilioy of atisgle

recei ving vehicle or ABVSC seven da fter . di al i.nf. .don. .
2011/ 150398raitingzysay @f3eus-SC giehve%;@ &adﬁép%?’eé 5‘8&8"%‘5}5& @i%%é}"%g‘&i‘”@a &d

si gni 11 canty GBAYARON ikl AiGdd B 4 INOUAT bEARUANIPMATN EEnEoRmAced tO
vehicle. According to a préset scale, rats receiving hABM SC had
hi st ol ogi cabrdiwon@ppiappsystehirat &l secomtarypoebjectvd ovesr tot hwastigats Hleeprebntnay s.

Figure 14 shows an exanple of typic ' t si d [ .
Hi st opat hol® aemo?éﬁgﬂ?%?@a&ég é%gésn‘gltdh%\ﬂ&féﬁﬁ%laé%eé B EL P irisplsg gtomsy
increased VaSCIEG nfdkAm h{rfalrﬁggn 5inf afctolgne (Figure 15), consistent with

pro-regenerative activity. Thus, it was observed that rats treated with
hABM & 19howed diherstdycpiomqeobpravides that tesrsubigetstare soide Sollenved, fas, 12gmanths

Figure 14 an 5. Exanple.10.Adu Mar row-Deri v i
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[ 0411] Met hods: Human ABM SC and exABM SC (Lot #RECB801 and RECB906

respect i velcghsenting edyltsavishian acuts sypcanisd kfarstion (ANHR sithinathe prevaeusstiisys
viable cel 'wﬁ{o%%%e ibgen successfully treated with percutaneous revascularization restoring TIMI II
or higher flow, with a left ventricular ejection fraction of greater than or equal to 30% as
measured by myocardial perfusion imaging (SPECT).
[0420] Inclusion and Exclusion Criteria: Inclusion criteria for the study comprises: (1)
30-75 years of age (inclusive); (2) 30-60 days since AMI (defined as the most recent MI
causing a doubling in cardiac-specific troponin I (¢TnI) enzyme concentrations relative to
normal levels in addition to ECG changes consistent with MI with confirmation by
myocardial perfusion imaging [SPECT]); (3) successful percutaneous revascularization of
restoring TIMI II or higher flow to infarcted area; (4) negative pregnancy test
(serum_hCG) in women of childbearing potential (within 24 hours prior to dosing); (5)
left ventricular ejection fraction (LVEF) > 30% as measured by myocardial perfusion
imaging (SPECT); (6) cardiac enzyme tests (CPK, CPK MB, cTnl) within the normal
range at baseline; (7) must be ambulatory.
[0421] Exclusion criteria for the study comprises: (1) significant coronary artery stenosis
that may require percutaneous or surgical revascularization within six months of

enrollment; (2) left ventricular (LV) thrombus (mobile or mural); (3) high grade

atrioventricular block (AVB); (4) frequent, recurrent, sustained (>30 seconds) or non-



15nmL conpl ete nedi a such as Advanced DVEM (G BCOTM Cat al og #12491-015, Lot
# 1216032 (Invitrogen Corp., Carlsbad, CA USA)) supplenented with 4nv

L- gl ut amwe 200atse398g #SH30034. 01. Lot # 134-7944, (HYCLENENskualess4as ori es
Inc., Logan, UT, USA)) or HyQ(r) RPMgkp40 (HYCLONETM Catal og # SH30255. 01,
Lot # ARC25868) containing 4nmM L-gl utam ne and suppl enented with

I nsulin-Transferrin-SeleniumA (ITS) (G BCOTm ; Catal og #51300-044, Lot #
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for division ndex. [0412] Results: Al],ogenei c _human ABM SG,and. B
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necr ops . 3. 0r. 30 . post-treatment). f i .
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with zero hnakitigled Hyperteasiohtdefiged apsysalierblued prspire 3188 > TRe nmnHglaad/or
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sanpl e, andiastdisdioqdpreseurg (OBIHPEE0 sym Bgr (20 hBses gpRtro Rrshil PRYTS PES
pel l et was f\agu n in- ] . i u i URRLa8Hith Otunstabl

m nut es, téqhﬁgn?\%’z gglgf d‘%a@%% @ﬁggigx%e Ic§,£5{ g%ﬁﬁggrrﬁnlﬁief gfgead %‘t%r I5l e

m nutes, atarrFBOKGs, ahtiéntpbatioat svhiuhr & thasipédon nf 4@ princPRBEV2SGgRtTcinAE PBEE um
and resuspended in 5 nL RPM, Coppl et di.a (RPM.-1640, 10%Porci ne serum
S Lo gl . SbiGrR RS Tigh AripfeRERAT G AR P e Saty:- e § P BEoh
concentrat i; f ihi {fvd@alatRNmapRferfs Wahehs kdjedt's i ce
cold freezéﬁ%gi%ﬁ%é&%ﬁﬁ@éﬁ?ﬁ%&%ﬁ%m%ru['r) %taand i?lr%ed‘i3 ately adde‘f_jm?o 2
cryovi al s abilitpltaeethplntwithather protaok dongeemise fubjest safetyatos interfpmcmifhrihe o
-40C, +15C.min to.-12.QC, - 1C/mn to ~40C -10C/ mn -1 re
stored in IMFAPrEiRtiQN, Bt %ep%?dyvfeéﬁwtﬁ’ ﬁmg’a@g? C?)Iﬁﬁaé%%%q}opi (5313?% aﬁlg%yo%rgﬁﬁ ﬂl?rir? %{VF
use. [0415]:0ny é@tiBn) tB"h%%t'ﬁga WRHR Borittaat ®edib foORley@dtt CTUchnewlgitiohes at a

concentration of 10,000 cells/well in AFG 104 nedia according to stud)é
tenpl 40€A or eadudyeBrug dlodiigd and Administration: Subjects in the same cohort will be

dosed no closer than three days apart, and dosing of successive cohorts will be separated

by approximately four weeks, following review of at least three weeks of safety data on

all subjects in the previous cohort.



WO 2011/ 150398PCT/ US2011/ 038445 - 98 - Plates were incubated overni ght at
37Cin a humdified incubator with low 02 (4-5%, -5% CO2 bal anced with

ni t rogen.wpQ4wWeGlsTive fol | owi ng day, PBMC were | abel ed wi PRTTR3H1/038445
(carboxy-fluorescein diacetate, succijgymo dyl ester). In short, thawed vials
of PBMC in 37C water bath, washed with 10 nL RPM - Conpl ete nedi a
centrifuged cells at 300xG and resuspended in DPBS. Cell concentrations
wer e adj ust edColwrtsOx106cellPasenl. and i ncubated with CFSE at a final

concentration frg 625mM f,ar Hemputes. Cells were i mediately washed in 40
C8ierbe por i Al BN Sk
por Ci

m. ice cold % and centrifuged 10 m nutes at 300xG

Cel l's were aggpmpr@shed i npd%k 1k cERBS/ 5% porci ne serum and centrifuged as
before. Cells were washed a third and final time in 10 nL RPM-conplete
nedi a. Cell coolahirati onS0R&rl® sellusted to a final concentration of 5x106

cell s/ m.. Labgl.ed PBMC wer 0.t ssay plate according to study
tenpl ate as f ?Ifogtvxg: AFG f@g§dn®§?%lﬁsv%smgggi rated and replaced with

100mi go423] RPM - Canfieedsy ofdosing, HiiRr hsliok eoflubRiRMs- wemphplae mpdiimnwdstidrded

to non-stinulated wells, 100m crol nedia,with 20 mgcr Co i

RPM - Conpl deliowiBgi Berpiancayd ederiBcw e MArRingd Wit | the gf?gﬁ{i%%r(ﬁ@c%gex PM -

Conpl ete nedli.g &Qcﬁéﬁﬂ,’anﬁa' S)ﬁ{g! §yst§g0(1B99§3n§@Wé&%r,P%W Bar,pCaAh e ehud@sle Wel |
p ates accor di rP u I I

in 96 well to study tenplate. Plates were incubated for 5
days at 37@quehtialspjeetions dThABMeSC 0N be ietiverhd dirgittyyintcstes anpcarslivin fiosyen.

Al'l conditions were leted in tripli o or._each bl ood sanple received.
Vehicl e st iPRAFPERFAH ﬁ&%@%ﬁ&fl&% a%?bg%gﬁ%se‘iaﬂ}??erbl ood sanpl es, but was
not S'[méi' cant Igy, g bioREAPEs:t PRRnIRIALAjRIORA] bAcbadenfedd@MSscRiened withir DI e,
cell s were harvestéd for flow cytonetry by transferring cells from96 well

plate to adhjopriouteplane] haBMSCapdmingstugisncohithicned asuRBEGIY AP dave h
L L e AR A BB o i

anti-Pig expo

St r ept avi dipRsdRe Q4ifics, 8GO Ho¥pit2 BTN reqied hadineiiad teses (speindedliately 3@Drmo cr oL
fl ow wash buffer and anal yzedpon a Coulter FC500 device. 10%@5&5&“5: A

Di vi si on | satbgtevizationn ddasalies)tesing semiseamicnbrificaeieds 0 consish| §e 3 or

30 days pos}-irea nd t.ken. ch n I i kI ' I nMe ,
oABM 5 or kAT S VS Hist MR P AR R, B P! Al TSR,
Day 30 for c6hhire®dd, Sedocmdiodigthywiright CandA lefascadigai datloaeridationi giyecardhdn
the division index for CD3+ cells fromyvehicle g?lgi%pABM SC Lr eat.ed ani mal s
at pre-t r eaerfasien dnazing (WERG Bhapd NQGAG! 95 N0 XPH ¢gitrpmeshaniggh mapping.
2011/ 15039 0 1109 - Ta] V. g,p‘;ﬁe iA4181A
Phase 1, ogglﬂe;ggélo?fgggg gsé}(égcagf@lt%ln%ln@é?ﬁyﬁ? é’&é%f’%g‘?utd ﬁ% Igljg et ypg?‘SFlgé
singl e escaealingCOpse femaleABIBE @ftitiildbedrmgepbtintiabmeidhio demadiand eligibdy i on
to cohorts of adults 30-60 days_followng jnitial,acute cardi ™

i nfarction Vﬁﬂé)eb’éélﬁe@rn@é’rtgﬁgéh?f ef‘??é‘}%o&t\‘r‘g? b_‘% }’éB}t’Jieeté %}I%F@Oﬁ%g’} W3S

i nvesti gat g8 ?f@%%cﬁpﬁeélﬁﬂﬁfapb&ﬁfa}f rﬁ&p&?%%“gﬂl@ A NTUAARY eaBasr (il be

hABM SC del' 1 vered via mu pl e endonyocar injections using the
MYOSTARTM giché tieto thgitfdechtiigles Hhe MOSADKhABMISGAWKIP DIad méniste aaniliénlp

car 2 O S A 3530 S0 5 Rl RO E ]

left ventrisguigin b tisSidTEAGEO MM ANRGALS bR h ABM A tdchitatdidgrapid wild bt age.
performed to detect possible transmural perforation, and the subject will be admitted
directly to the intensive care unit (ICU) for a minimum of twenty-four hours of
observation with continuous cardiac telemetric monitoring. Stable subjects without
complications will be discharged from the ICU to a step down unit (with cardiac
monitoring) and then discharged to home no sooner than 72 hours after the dosing
procedure. Subjects with complications will remain in the ICU under optimal medical

management until stable and appropriate for discharge fo the step down unit. Safety



[ 0419] The study protocol provides that test subjects are to be followed for
12 nonths with frequent nonitoring for safety. Efficacy assessnents are to
be perforwedoat158®8day and six nonth foll owup visits. Ph@/tsSntaoskds st udy
popul ation is 30 to 75 year old consepging adults with an acute nyocardi al
infarction (AM) within the previous 30 days who have been successfully
treated with percutaneous revascul arization restoring TIM | or hi gher

|
flow, w th exaluafiensveilt b¢ petfenmed] Bcld @A, H9 god i%ndays aggeaats'éxr andhiyelvy megthal to

30% as nmeasuf ed. by mvocar di al FUWSdON i,n 1 [ ben
and Excl usi'®n’tMet 131.5%?%%1 a5 @%ﬁl\gﬁ({?eﬁfg@# req]taﬁugﬁgrt%r%u ggﬁ%&l}oggg& ld? ?)9
30-75 year %ag‘;lé andesik i MEhHSiafR) ;thd ProRAuk) adywilbiimdedeAlMft (@etricnlad vatumde
nmost recent causing a doubling in, cardiac-specific tro&gnig I (CTn!?a%
enzyne condénensian, 6ie ofanyecardialiigfaseioneand wligee MEASHERY; PRSIV Y PSR Hatges
consi stent w Y ' LOR: : I al; i1k M Gich
Fspecry . Al et Siiny, FRLLA0PpBHRGR sheliaDFE: HELAR (Te e )
|1 or highendidfovirtiiac cahaetitaibnape dayschly)nsiganinute vpalk gesg AEYHAedassification,
(serum hCG in wonen of chil dbnedari ng potential (mithin 24 urs prior to
dosi ng); (3PdNGEAVERE NOGH &t Ejekest B‘ﬁ"lﬁ";‘f@i ERPPEVER'SS %809 as neasured by
nyocargl perf ug| ((ﬁjgﬁgf, &) wi Ji ACaRBAY WRehts ot Jetalfin GEK
VB, c‘[’%@withi lﬁ%ﬁgeh rngﬁg?gl%ge atwgggaerfllﬁlﬁiee?;g% must be amnbul ator%.

[ 0421] Excl saidgnpmtadokr (2 tlmicalhe senifthpnt chprdes esom( byselingrinf bloadtorc blogdar y

artery stenosis that may requir er or i [e | zation
Wi thin six CRERPRTD iR ity ,8‘\’@’2)%?@@7 vEil &3 1{'@) ar{dhvﬁ%g%@m(’a bi e
or mural); ah3}sii @) BhRABy 3ighifR4RNEHngE AbmbRElind if\Brdial ¢leclicabiagivity as

recurrent, susStained (>30 seconds) or non- WO 2011/ 150398PCT/ US2011/ 038445
- 100 - sussssseddby esleatiocardeagram r @F sandiars tahernetsy; afd) eqlinpgally qignificant

clinically significant el.ectrocar.di ogr i C r it h

interfere \Rn?’? © ?@c%’asg Yoty Gl ?%ﬁ%cﬁgcgll rﬁcﬁg@gragﬁ%éégﬁ%%[?&ngﬁ aﬁrﬁyi%?lgéti on
procedur e; nfiitodingi @l phridPerdtlvatohgamiidl petfoetioh aobhdsesbel barethacatdiogrém)(pever e
val vul ar di sease (e.g., aortic stenogsis, mtral stengsis, lEevere al vul ar

i nsuf fi ci emegeederglii anidn §6helinieally signiieans ghanges dionk baselipg i phyfacyl @nd greptal
| £ (9) idi i i thyr i , |
i Deacer (Tt At RO s RAL HLAHARR Miudid B (0P EEE BRI ElahinkdsEL! &1

am not r ansfiesigaeandbyrhptomsTohsiseest whheerebiavascubdr accidemtl (sgokdYlard dBereds am
creatinine > 2, O.rgg/dL; (13) history of active cancer within the preceding
three year SepinlagicagersyitivaH bsfob fog Byrthep gyalvali9fm) ; (14) previ ous bone
marro nspl anjg 5 . h ' kCin bfdS cddibhride: 1M adi on;
(16) i‘\’/‘l‘iﬁnce ofrgffci%n u?’fl@nb?%?nf g@%gxr%%aggggi:tg t%nﬁ%:bﬁgts)te X(-:rdal_tﬂ)r (C)gFg or

bl ood cul t yysolic GddPr pad diasiofiatvotumé nompared pe baseine ahs wieagvirehby meyoghrdialt hi n
30 days prior_ to enro|l (18) al cohal ar _.recreational dru buse wi.t hin
si x nont hs PsHpgen tlglaéﬁigom(: )i (%)l%yoﬁ%ﬁ%&l 1o, pize SRR e osasr‘?ﬁfl%ras
trauma withj Ay i ethih@BBPECTR0) (Fynan spstbld RAWOE end

di sease (e%&?ﬁggsﬁeﬁ%%ggﬂs%%ﬁﬁem%&%g [SLE?, Qﬁsl ti plsgfuscl er osi Sl

(21) cli ni cldstolics dgmensionantoneasedatté drseline ps on¢asoredi by (@n}raﬁrefﬁ?&quafz*b

thronmboplastjn tine (PTT) relative to.laboratory. norms;. (22 :

v onbocy  spemealegrber & ' Suih el oBATneaS) b i, pg pmne-se
control | ed jgi.ab8 tesocARlikrh tadSconyieed toPbaseMie ahd histdidanesntasls gprohiledbyi the
anti-di abeti'c nedication reginmen within the grl or 3 nonths or HbAlc > 7.0%

(24) unconteor labaratypeas magiuod bieNOA™her AIXR™¢legeprpschanicianiponigy >
180 di asto]ic blood : f
Fonot ronh L8 S5l B SR SRR cEppRETlo AT Bt Mo Reland

as henodynaghk cardde teateterizationd (! @hlisy ity thfipaed tabskeling abadsesad bydtiedSix i n
the opinion of the principal investigator, may place supj eg&?}@; undue .ri sk
or interfedingte Wallkdesthjands (A dyngfonah gardioyasrular Argeass glagy figyctional

i Il ness, Eche jh t i NJ fi th -1 NGl s\ 1 ot haberfere
w th the subaser Do SRR HoBbaR e B e O A Bl AL
safety, or schdédelddegtsichltdxainfventions.er pret ati on of the study results; and,

(28) contraindication (either allergy or inpaired renal function) to
injection with contrast nedia for adequate CT scan eval uations. [0422] Study
Drug Dosage and Adm nistration: Subjects in the same cohort will be




dosed no cl oser than three days apart, and dosing of successive cohorts

W Il be separated by approxi mately four weeks, follow ng review of at |east
t hree weelo 20ft/safoety data on all subjects in the previ @03/Use10/088445 WO
2011/ 150398PCT/ US2011/ 038445 - 101 -_ {gghortsDose Cohort 130 x 106 cells
Cohort 2100 x 106 cells Cohort 3300 x 106 cells Cohort 4300 x 106 cells or

MID [ 0423] On the day of dosing, after baseline eval uati ) I d
i medil@42ly f ol MW@%@@OD&&W@ZF ktBr§ul ar%ﬁ%d;&ngﬁa‘{eﬁé&%%;o?n

NOGA XPTM el ectr hang cal | .em | D ar ,
ey, mul 1 e RRREREE R cIRRR. oSy RhkToh BT PRAD BES Blricn s WBRRLTT
into the mppdemglocandibl Q@liverpesl WABMECS, willv bapgaucomplishesli mgtha thely T ARThe

catheter. [0424] Study. Procedures; Potential_ subjects wll be consented and

screened wNOPA™ Cadips Navisstiany Spstemnicme nalpiiesmogadaneed s¥5tems 1ahitiRe nust
occur wthi - : ' ni.00 : lche
ol g1 bi 1 ¢ JarBichl FR¥EiaA0n QY Hpical, R e A A o hRICFL I
requi re addiyocandalm tireshe; (ioneBjosemweeWehdtel Pignomt Bag CA). The actual injection

will be performed with the Cordis MYOSTAR™/catheter. The NOGA™ system allows

for real time viewing of left ventricular heart function, detection of heart tissue damage,

observation and placement of the catheter tip. Given the tenuous cardiac condition of
patients post-AMI, a relatively non-invasive delivery system (compared to open heart or
direct intracardiac delivery), i.e. the MYOSTARTM Injection Catheter used in conjunction
with the NOGA™ mapping system, was selected for administration of hABM-SC.

[0428] Preliminary Results: Preliminary results for 5 patients have been obtained. The
first 3 patients comprised the initial dose group (30 million cells), while the last two
patients received the second escalating dose (100 million cells). Overall, hABM-SC was
well tolerated in all patients, with some trends to improvement in cardiac function noted
in several patients. More detailed results are discussed below.

[0429] Safety Findings: No evidence of allogeneic immune response (as measured by
pre-and post-treatment antibody profiling) was found in any patients.

[0430] Cardiac Functional Assessments: NOGA Electromechanical Mapping:
Functional mapping was performed at time of treatment and at 90 days after cell
treatment. Representative unipolar voltage maps were obtained from the second patient
in the first dose cohort. A clear voltage deficit could be seen in the area of infarct (data
not shown). Fifteen cell injections were performed at the margin of the infarct using
unipolar voltage as a guide. At 90 days follow up, a clear improvement in unipolar
voltage could be seen, with near normal voltages prevailing in the infarct zone. Similar
degrees of improvement in voltage were noted in patients 1, 3 and 4 (data not shown).

[0431] Myocardial Perfusion Imaging (SPECT): Perfusion imaging was performed at
baseline, 90 days and 6 months after cell treatment according to previously published
methods.

04321 All images were digitally captured and analyzed. Ejection fraction, perfusion

deficit size, and ventricular volumes were derived from this analysis, under basal and



catheterization). Baseline testing for treatnent efficacy is to consist of
a Six Mnute Wl k Test, NYHA «classification, blood analysis for B-type

nat ri ur etwo 20pegsvio9de (BNP) concentration, echocardi ogr apbhyjuseeigiosssand | ef t
cardi ac catheterization, nyocardial pgjfusion inmaging (SPECT), and NOGATM

or NOGA XPTM el ectromechani cal mappi ng. On the day of adm ssion, additional
basel ine bl ood testing (including p nancy testing [serum_ hCG] for femal e
subj ect s ohdertuvsingisérass ngmqmcursmalcmkg)wwgla 28 ehayerveasheitdressang i Biepylisyfogjgach pe

verified. On.the day of dosin St ud subjects wi Il undergo NOGATM
or NOGA xPPRiEhtateac ﬁ’é‘b%%%?tc*’é?d‘ga‘#&? lée[faﬂéppl ng and a MYOSTARTm cat het er

wi |l el aced 'Péfﬁsz%ﬂeDleﬁJzi MERehdral, eperflidRndasfeinfsiAedBMhEE td Ithdught to
adm nistered via nultiple sequential endonyocardial injecti ons [ ntt?let he

damaged (dediressdt byentbaatawtopizaOGHhNPTRgreaspd cHr tmpinad yaghanges pyyr the six
b e ¢ MRl ap SNk BTor FEARF AL MR RS Kook adifo RERERTIRE LGS HEkAEH

possi bl e t ron 3t he's ect tted directly
to the int GQ&héfcﬁ"&@[c@lly @ighlﬂdaﬁl'l)méamngahérﬁfﬁmrresmﬂvddvmrMsy{lianmr S%cnirtIE tofal
observation with continuous cardiac telenetri c noni t ori n t ab subj ects
wi t hout conphtriguler Biad. dn bpthpef Bipseciassy Y FPas t‘ﬁ’é’r‘?‘@@epb %‘tfl ﬁamr hi t

(i thcardipgoRil bl 6&%93en’f‘ﬁ§'n{e9§ﬂ%cﬂgf‘fﬂ?§ﬁerﬂa RS lﬁﬂ%*%& ridbpihg 8.

hours after I'ng procedure conpl |c ions will remain
in the | CUcomdidsred piveltgativaal, ahis dmagﬁmﬁstvahdntyl ofs thebhypotiredisaihpt opipPlat e

for discharge to the step do %31 ; Safeﬁ%]f
2011/ 1503989@3%8@30&@1?@@‘89%5‘3 for Jarct sigq MERMIBAY wi 11 be performed 7, 14,

21, 6 90 d drRlerish YEAND TWednéeal MBfREMGh friaklionvim Gt dieptsr éittiepn Of
hABM @é%qgffl ca% gggl uat flon)si( W|Jl V\g perpgjramsd at 90 days@ggic)i si X nmont hs
after the pnpoeddoe reramded/wdlatmebcumdiengedf tOneepatiang QXIzﬂrlev@ﬁdu@r’élgn@iCﬁ@r@ PBn,

f di t d vol t
contr oot onmaneil BERENrtn Stheattts it BRC IS Brb GERERUAEEY eDerions
anal ysi s ( 3fF&d0 evehi &iHn N\gchAel e chgfd of@iltraemeatitatierended itquebiichat Ryshetidr y ,

six mnute wal k test classification, and NOGATM or NOGA XPTM
el ect r onechanicamphep piosg of gellsdwgs agualy admpustgpdde dhe cadipwcatdum, Twe

tud |1 | ;
(2) o1 1 ni camns ot akd iR RERE ucE N Biucl Bubted B liepmidifiofpounee
conponent s 14dkC b il R@b&EBEontoMP précRideCPiyMBondldibns BI/ 1BTThe andhddishn aot ithiody
anal ysis; (3) clinically significant changes from baseline in cardiac

el ectrical llaptqvvin@?t as assessed by el ectrocardi ogram (ECG or cardiac
tele y (4) are
el ec{nﬁ%ﬂ acti nflnblgg a{és@sug'éédf%ﬁﬁ g ho urgﬁ%fl{%?mng%?ﬁéré}ﬁlg#@? bl
peri oper at inY&tEﬁ/ﬂﬁl@W@lgi{reaﬁfeﬁor at gmmi,SEES/SmmnbdbyntmamndamchlemMS((p@st

procedure); and, (6) clinically significant changes fr basel i n
physi cal aike fementh’ follayan gerigd, suggssting nObSygrBH téS‘I“log‘IxP (?f’&f‘fri’)‘ﬁ 1 ﬁ?ﬁsﬁdi ng

a focused @gﬁé Qlogical exam nation. If signs and synptoms consistent with
cerebrovas ar ‘acci dent (stroke) are observed, a neurological consult wll
be obf@i3sgd for Figuiehts shvwb ubd ichande®4R 6daktiag (fatcgi EentipionndeficitEsizg dmdlree

endpoints to be ponitored c end systoli. and/or end di.as iC
vol une comﬁ’&‘i‘@ﬁs PY C%E%mﬁoﬁé)(%q‘g? %ﬁ‘ﬁ@i&éflwrﬁ% ‘&tﬁr"ﬂ ERIFIULS bqfnﬁ% ?dr)lg

( SPECT) ; ﬁ*ﬁ@&%girﬁém 'vﬂﬁﬁmhu\@%cs' %u‘f@rmashsdzs tRe BREQES NEcAdiabRARUOEd by
myocar di aI % usi on 1 nmagl ng ( SPECT systolic and/or end diastolic
di nensi ons fmonqnwlaehsumdbambc pmw bvemnamowyf@bmeha%(mehquﬁwﬂh
echocardi ogra otential volta ude in the area of
hABM SC i n?’éeé‘g Hmﬁé (E’BI%&‘?eﬁl(r)ﬁba%yEBﬂ%é? éﬁn%“ﬁg‘gﬂﬁgﬂeé‘gnd hi storical controls
(provided by the core |aboratory) BgamiphRsyr ed by NOGATM or NOGA XPTM

el ectromechani cal mappi ng; (5) cardi ac output and Fr essure_gradients

conpar ed t o Hosan ARMHC dedékmmdlw qugmi Ehegebyefor the Papdction of

cat heterization; (6) quality 0 baseline as assessed by
the Six Mnute Walk Test ; and%{ fi%m?%%% ona% !%:ardl ovascul ar di sease cl ass

(NYHA (437t | onalp; ¢ @esikhbeati:arnhs chempareonpidedtienbase bim&ieashcas’s;eased by
t he phy5| ci an perform ng schedul ed physi cal t| ons.

2011/ 150398PET19E20 piﬁmmmkwmsgm“[ﬁe&?ﬂf‘ FWSQB‘P ERY BYRFSTRY Eﬂ PP PG er y
of hABM SC. hABM SC will be delivered to the



nyocardiumvia direct catheter-guided injection fromwthin the ventricul ar
chanber. Endonyocardi al delivery of hABMSC will be acconplished with the
ai d of thWONQGAEMIgar di ac Navi gati on System (one of thePooatS2@dwasIsed
systens for three dinmensional visualig@ion of the physical, nechanical and
el ectrical properties of intact nyocardiumin vivo; from Bi osense Webst er,
D anond Bar, CA). The actual injection wll be perfornmed with e rdi s

MYOSTARTM crmwéztteﬁlemamom@@mﬂst%te% h?&lémMOéfr if sat allj ppthg EWP YOt of t
ventricul an_heart functi Clio gsgtq& on
and pl acem&l(rﬁ1 Wgf%t Ve(:a}f[eﬁlrgl Oé)%%tng i Qel?ﬁen@ﬁlgf {alééu}%%g&cq aig::d ﬁ%ﬁt}%ﬁ%hof

patients paitiviilom &he legdnchghyl mppottr‘céas |(@&eséﬁberb3eeyasyl98@)n Roeckbein eddt o

h d d del he MYOSTA
Bt het e uskauok-Riosb ] LR ShWE il Y e HEIAY ¥ FASBY REFSSHAPEHON (B Sh B EL o
for adm ni %hg%%g@gtl&{s %ave %lated that & ff@llghﬂ%_ﬁﬁggpﬂgﬁs%rh&o?(? 16881 NyRAdkYthe

results for rents een obtal ne rst atients conprised
the initi ahmdmhgascbclpnés%bsm bdd mnthesel prsylpuwpuble:anhes, |the hABM-Spavtilengd sis

recei ved the nd escal ati ng dose
hee el | 1 GREFRERATen pre A Rite Boplnien Genb? Pedites SOOI s >
cardiac fury hlh%ﬁl E@Bgﬁjic support cells thdtMseSR¥Chahy FabbAMnFporfdht @ordﬁlﬂﬂcblhg(ind

results are discu bel ow. [0429] Safety Fi ndl ngs: No evi dence o

al | ogenei c naintaiméng etsfﬁuqlscaes(lamdmh@ rbast] nby lipnited dpallp6 SUllriele £t ﬁéd@g%thlﬁody

pr o 1110) 1, Loyl s A, 098] SR 4 b el s

perforned af gt 19820V EGFeAdEILI aNEhahda% o 2096 p(Higkre®)| treat ment .

Represent ative uni pol ar voltage maps were obtained fromthe second patient
| n t hd04381st dod® genkimia red Rleddegtls \fr@m agfertipermopplation of BerRAORYRHE PIRCYIFYIS ar ea

margin of (k& PRy aPbe S R R g AL IR CELSRAPHISICRN | ow

up, a cl eaforlo@ﬁfnﬂ%@@’%ﬂﬁthﬁo@ldﬂﬂ?fwhﬁbrsvmﬁm@@) dalatl ABM-SEnandivrt bbmlﬁartlomer mal
voltages prevailing in the infarct zone. Simlar degrees of inprovenent in
vol t age wemeodusedly ISWhp%ﬁHlSé?ﬁl@ be ptilizedefgnduce deRhanefo ARYRBRRIIIAIN Y BIPPOIeSIS

di al "
Myocardi a é)g le‘?—:hﬁ 6 n‘llé%?lh 5?:&1)’1 Ce Jlf'acclt@rg ﬂe@%hﬁgf(ﬂ’a%r Re' dupprRREnAL

basel i ne, ays a treatnent according to previously
publ i shed rgedxhtthd@d difbaij atioh off h&gempmtlepwcgnsbmhhty) ecthtobiasth. sdael Eigate2ed.

Ej ection fraction, perfusion deficjt si F and ventricul ar vol unes were
derived fromthis analysis, under BXampleds

2011/ 15Olglgm%ﬁlﬁ%%}i/og?ﬁu%}ﬁcatmn, and Packagmg of Cell—Derived Compositions and

Trophic Factors
[0439] A two-step, downstream bioprocess has been developed to manufacture, collect
and purify compositions such as secreted growth factors, cytokines, soluble receptors and
other macromolecules produced by human ABM-SC and exABM-SC. This cocktail of
secreted cell compositions, produced as such in the stoichiometric ratios created by the
cells, has tremendous potential as a pro-regenerative therapeutic, cell culture reagent
and/or research tool for studying in vitro cell and tissue regeneration. Such compositions
can also be used as an alternative to the cells themselves to support the growth and
lineage-appropriate differentiation of starting erythroid progenitor cell populations in

suspension cultures.

Production of Sera- Free Conditioned Media

[0440] Cryopreserved human ABM-SC (Lot no. P25-T2S1F1-5) are thawed and re-
suspended in one liter of Advanced DMEM (GIBCO, catalog #12491-015, lot 284174



- 104 - adenosine-stress conditions, along with a 24 hour-washout rescan.
Results for each patient at each tinme point are discussed bel ow.

[ 0433] Perwo=homisix®Bi cit: I n general, perfusion deficit ®CTAS20MI08%5 ar e

t hought to represent overall infarct. gjezes, either decreased or renai ned
unchanged over the six nonths of follow up for treated patients. Two

patients denonstrated reductions in deficit deemed "clinically significant”
meani ng t hélngitagent Eorps ofadshad.o CassUSARN supBlomghted havithot4mMy dpgiitaning

s of oOHYCHONEIARERRRS 1nd 1o BR 0T, OFa! ARIGE TRBbaELAHPEPONTET (0

areas of voltage 1 nproveren mappi ng. t hough NOGA
mappi (EH41$ consiCigsegtei paedsd iigahi Qomling® hCalBiatl® pulypnrdme CallSHACK ®ftet he

h t hesi s that i pol | t b f i nf t.S]

LA BT RS TR O S L E G ) T

study pati 88l &lh gL LEPr Q?(n‘%d%&[ of SEREDRST A Eka Fe\ﬁeé £hARIe GittePIWith o
ed"a significant drop I n overal 63

pati ent expéetrienc E % to 50% over six
mont hs), b @elISTASCK®Rt Celntre extpartiee nEltidg sacsessbnu$Caniteg® eCatlopt ndubdrngB3idhe

course of cell  treatnent ich renders it questionahle r a
conpl et e d&6SRMEE herngmég}ss)gt"ﬂ&'%l e L4 AR &§83$M1{%@\,€%‘§5m<§r(gﬁ%hﬁ? Two
patients depppsd.’ i egd I o] X0ea t &y

pati ent grgup. #hghﬁ‘%cf&g%s&g?agé%gl’ E@%Pﬁolfislﬁ%rgolrhugggﬁany %%ﬁ%llfngiﬁrogas@és to
t he mechaniGemafg Inbi Y, G8AoNyenment . [ 0435] End- Di astolic Vol ume (EDV): EDV

was neasure at baseline and at. 90 S b nths followng tregatpment. In
gener §442py r efrdifHEs %ﬁdﬁ%ﬁ?ge‘ﬁ 3 lz?ggér(li 32&18?1‘@%“5@1‘1 ?ﬂ@tegﬂ‘ﬂ’glhtah 8‘]qu W up
peri od, SUQH%%é Qﬁ% OQS%%@M S5 ©IDEEAIR NIRESH (LK, I ANdnRBHE PRES ERMHtS.

[0436] Figure 1 ws changes 1 ncardiac fixed perfusi on de]‘i cit size
in three pftSlest Afiey24 ¢rfolas pesiscating thamedianerepBived meplecedewish il ditesi af iresh

nmeasurenment s .obt aj ned 90 days Sst-treatnent with .h Fi gure.19 shows
the change&Sif i‘gilr%ﬁr%fegéf QE‘?\(’?%{%&‘ éeﬁﬁrtﬂ?egln g%&é{?}%ﬁly% %B%mﬁg#?retﬁf SRy
conpar i sonfRf candifisRdd Hl%diﬁabhsegﬁ@ﬂ%%ﬁﬁl%ﬁ Wik fLdTEABST A0R® FenOdHamibee dnid0
days post-treatnment wth hABM SC. anple 12 Human ABM SC and Conposi tions

Deri ved Thavithbya biotogi¢ad sefetychabinebandatanstetregitoa @nchiter PETE katte.oTh samfipe t | s
wel I known th t he bpne rrow . jm eroenvio . ides: the requisite
conbi nat i oﬁmbq{‘;ll l?fbeprm?fﬁ?rbsl S@Eﬁﬁqgg}tg}g‘?r&c/ﬁsﬁe tgz&?@?@&gﬁ%@%@ﬁ g%otr?'es necessary to

support and
Isolation and Purification of Sera-Free Conditioned Media

[0443] Tangential flow filtration (TFF) is performed on a reservoir of sera free
conditioned media, recovered from a CellSTACK® ten chamber unit, as described above.
A polysulfone hollow fiber with a molecular weight cut-off of 100 kilodaltons (kD)
(Catalog number M1ABS-360-01P (Spectrum Laboratories, Inc., Rancho Dominguez,
CA, USA)) is employed. The reservoir of sera free conditioned (the retentate) is re-
circulated through the lumen of the hollow fiber tangential to the face of the lumen.
Molecules with a molecular weight of 100kD or less pass through the lumen into a 2 liter
PETG bottle; this fraction is called the permeate or filtrate. The retentate is continually
re-circulated until the volume is reduced to approximately less than 50 mL. The retentate
is subsequently discarded and the permeate is retained for further processing. The
resulting permeate (approximately 1 liter) is a clear, sera-free solution containing small
molecular weight molecules free of cellular debris and larger macromolecules, herein

referred to as Fraction # 1.



WO 2011/ 150398PCT/ US2011/ 038445 - 105 - nodul ate hemat opoi esi s (Dexter at
al. 1981). Most, if not all, of the trophic factors known to drive

henmat opoiwoi2011¢8b398sel f -renewal and |ineage restricted @#cTfuSec@ntossts on
derive fromthe nmesenchynmal support cglds (Quesenberry et al. 1985).

Roeckl ein and Torok-Storb (1995) showed that even within a relatively pure
popul ation of these cells, sub-popul ations can be isol ated that

di f f ef@dtd] al | y Fuampiont# He maswbpodussily subjectef etot additionabrliFal psingl acpeliadfone

described in.these previous bl i catiaon t 1 hi i bed
herein rept@UeWIEer oY ap‘BB]ﬁF'Léi'f"i ith c&%ﬁ?%ﬁ&@?ﬁ\%eﬁ’%&%é@@g%ﬁgﬂ%ﬁhi ve
non- hemat opg| B3-860-8 UPROBdctraf 1. sbdrktatiess ¢6¢. ERandiBMYohBGLoL, TANISAY R Fraction

i nduci ng and mai ntai ning erythropoiesis including, but not |imfted t?, I L-6
(U lrich etlas subsogently uped 4sche jetentatgend 1@919l%lats%ﬂ1r9ugh4be SHmgmoidpe hpllow

2000), SCF «Dai_et al. 199 < 1032t G- 1
(M hZar ada ]te%lt"?ng%@aé)tog}ﬁfé%er%ﬁ%wduj[}bﬁsfé%%ﬁ%cﬁ astse redzlbef })(‘gg%gzz{’]?agh rom
a starting apidpsit. ptaredll@bed empass phioaph ch g safier (ie. wluerinftheirategaterts
cells (ES), hematopoietic st elm cells (HSC%){, cord bl oon;%eLil S o&%’?caa-le/{%M
comnt_tﬂjoé‘?%ﬂé%llé)gtmﬁfﬁé]&ﬁg@#@ ehits gglytion, iﬁglmsm € 4i8/%r P&%

conposi UREE

ang}j or nai ﬁgﬁﬁpgﬁ\%ﬂ?%%@gpg@y%%gﬁg\r}%@% ﬁgﬂsl"lggg% g%I:Y"@Jof erLgltB hrf)yé%? etic
factors nedasshbyad, AIT, USA)P is addedetvetite, regameatt resmrcbidaf ther samé aate dhatghe

hemat opoi etic precursors into erythrabl asts. See igure 20. Exampl e 13

Pr oduct i on PeI¥G#ats B‘hml% PP ithusy matainng t&“éé’l?ﬁﬁ?%ﬁf © E%prﬁe?qnﬁtggt' The
Conposi t 1 O?ésufub% rgfeﬁ&*fe Sorfeiifid @Rl bRAYIRA hi¥RcEEERngHRA TS CRMBrBI QI TRRS S
has been devel oped to manufacture, cCollect and purrfy conpositions such as
secr et ed gr6kblto fl 6@kyrterein yefokehtosas Fsadtigbl#e2.r ecept ors and ot her

macr o ul es produc by hu ABM SC exABM SC, . This..CO il
secrelr@{ﬁ'%gell c%ﬁﬁ%‘é’flf#fj %r‘fé{l bﬁﬁgﬁ%éﬁo‘ffgse?un@ﬁs ectl}/]ﬁg K% ﬁ?%ﬁ%m}%‘p&s}%?os
creat ed by pbRGuIEsHel FolloRafbdrvelPA dRUGuRe Rkt 2t 88 of SPGodEERREKBY (Cialog

t herapeutiCc, "cell culture reagent and/or research tool for stud%%

ing in
vitro cel | namdet MSSe3G0eQidh Einseiren. Labgegioiesmpessi Ranshe 12emingres ﬁ§é&i’- as

an alternative t he,cells t | ve t .

M neage. apbrogeh s s b Sre et BitGh GF AHERSE bieuSRod B aBRRGaL L0 e
popul at i ongadeNoSthePRARNONS MdllérumeReculls GUBORID Gitle PhssSértaroukh eke Gomel.t iBaried
Medi a [ 0440] Cryopi eserved human ABM SC (Lot no. P25-T2S1Fl-5) are tha

.

iand re- SUDMRSABIRE stlﬁewrp iretaincd s RERAAE e AhORESNIting) NSt ate/ailtidte & mw\?ffglg,,
284174 . . 0 - - i .
C(;I sbad, &%%ég)]o% %@g%@gﬁqﬁ@gﬁ wﬁ@iﬁﬁ#ﬁ%l%t@ gmwggé (Q %@%%%&ng%@gte%ri es

I nc., LogamackdmolbiShesiatind oggdoSHRIPREL00D. (Fraction # 4).

[0446] Each of the resulting fractions is frozen in 60 mL PETG bottles (Catalog number
2019-0060, Nalgene Nunc International Rochester NY).
[0447] Such Isolated protein fractions can subsequently be subjected to further aseptic

downstream processing and packaging, wherein such compositions can be dialyzed,

lyophilized, and reconstituted into a dry, biocompatible matrix, such as LYOSPHERES™

(manufactured by BIOLYPH™, Hopkins, Minnesota, USA).

Example 14

Isolation, Cryopreservation, and Expansion of CD34+ Cord Blood Cells (CBC)
[0448] Large scale production of lineage-committed erythroid cells (CFU-E or

Reticulocytes) can be manufactured from a starting population of stem cells or

erythroblast precursors (e.g. cord blood cells, embryonic stem cells, hematopoietic stem

cells and BFU-E) employing the methods described below.



[0441] Cell s are seeded in a Corning(r) CellBind(r) polystyrene Cell STACK(r)
ten chanber (catal og nunber 3312, (Corning Inc., NY, USA)) at a density of
20, 000 t ow@20 000Gl | s per cn2. One port of the Cel | STABKTrO)S2a1em38hanber
unit is fitted with a Cell STACK(r) Cujdggure chanber filling accessory
(Corning(r) Catalog nunber 3333, (Corning Inc., NY, USA)) while the other
port is fitted with a Cell STACK(r) Cul ture chanber filling accessory, 37nmm
0. 11A§0449] t er ( (Ehnblhn@(cp)d Wabdlfiog heatths full2am ngvdmms isgrollaeted IWPWW

0442] Cul t d 37C C bat nd
(Ejas m] xt ur § &%ﬂ%%% I‘(QCﬁe@n Qgg}e%tid IC%EE re?? %IR? Sr%lg(gén%% %?Cg% Wnt ovvn
PA)) for 5chlgr1§e h&ﬁs s@fuh@ﬁ t84ord BI6cR, RS caffflighty tHehmixrach at B@)X@lﬁ@\/hﬁ

replaced with 1 Iiter of fresh nedia and aerated as fpreV| ous gescrl ed.
Appr oxi mat eligytey 2t ropnhtemperdtarcer Thenapsmatant tseaspiatsdifqrp tlsyc tjand the

aseptical | ed fro HKR aB&h arhe cell

bi ol ogi cal X?LP&?% %‘é’ﬂfhﬁg}tmgﬁéﬁa‘r’véﬁsgf &rre %rﬁgl one nu(?%a \ég%%b@o e The
sera free gRNhirifp&Pag@Iies 00X SubsSatiantd st rpomaespeadtiny andithgevish abluflbm)w
filtration. Isolation and Purification of_ Sera-FEree Conditioned

[ 0443] Tangéswemaved fiow e cell aelies r'i’Y(a?lPiF‘)UOins IR 4rosells AreoieParated Ry, e NEBFgILer a
free condi e e eGeMhlnly) as
described a ts gdugj{?%(l)\?@‘gg TEone Lﬁﬂ? g%\f %I‘eMVIVI t 1%ec1?e103}1§1ﬁ3£| gﬁt CEI% of f
of 100 ki l Qﬁagte@uashs(ﬂe(i Protpéials.allhg Gadvre€CBIE aﬁeBSﬂ:B&lme@ulP r@ﬂmndasilmn CSM-

Lab t | Ranch USA

L0 oL O G SR RO PORLSE s SEbbed PRl 8087 vl

of 't Nfodagf | oW T 53R, {FaRRd kak ssﬁtlaﬂwhaw%qjex&ﬁawllym@aremag eslives i th a
ar weight o

nol ec ess pass through the lunen into a 2 Ilter
PETG bottle; thiTe BalmdcsmuS@lmmlnl Sritenlerigasingeoletionr (BSS; Bextes. Deprigeld,

oproxi rmt el y | S s Assh a0 s DERene LMD ilgeu%&r&a%n?trbs%%@iﬁﬁ and
the perneate 'Sq%%ﬁ@ﬂvf)m&nefdmfo@mm%m%smg The resulting perneate

(approximately 1" liter) is a clear, sera-free solution containjng small
mol ecul ar wei gh@%&ﬁ@%enm&omﬁe Media 1% rDMSQK % B4 isqwgpared asTollows:

macr onol ecul es, r rre 0 0
2011/ 150398PCT/ Béﬁo’%%ﬁ%@&ie JpeLom ’6"71%5“ ‘5?3"? racﬁ’lﬁw Ls of 200 BB
subj ected to addbfutieR HumbhFsetiih @%mlamrcyiﬁ@mmfhmg tw U8 AP@andi20A rals of

nol ecul ar wei ght cut off of 10 kil odaltons (kD) écatalog nunber

ML1S- 360- 01P ( SP6%: MMSOatw¥ardimety! spiexide FsemnBdwags nigiréﬁlen@A Iryjag) §-a
Fraction #1 is equently used as the retentate and re-circul ated through
the lunen of th 'l ow fiber, tangential to the face of the |lunen. Smaller
mol ecul es < 10kBEy4sh. s@lut@ﬁmmme@aredimlmOaanjom&sm phusel 08I owef? 0 Hds s

through the lumen. After the volunme of the retentate is reduced to 100 ni,
diafiltrati on ofCRHe §3pl§3ﬁl76ﬁ”?’%"b%4jﬂﬁ7s’%“lmr€%r of al pha- MEM wi t hout

Phenolodsif (e uhEoafalal Oy RRIEAR0L i MEHEpad@baBal osiasctne.

Logan, USA)) I's a to t retentate reservoir at the sane rate that
t he per neaﬂechxﬁ)kpgyrmeplplememed lwith haUnhhiregongpindne huoian P Q (R &ReSyssenes, ket r

Fangi ng. | n/agTIGN 4P heCHTE tbrane EerbtRDi ot WP T Ye L b Tan,
Fraction # Tfuif 4§%PR@CWS #C(%NGI@IIN@?{TMW(B@%M%PC&SS&QBJ%%@Utﬂt egticely it

to additiofa usi ng pol ysul fone hol |l ow fiber with a nol ecul ar_ wei ght
cut off of cbicekirhbatabf du@sx q&%)lL( Cétudiurey amempéntained gt 3616 with 5"/(> %ﬂfo

Laboratori es USA

re-circul a8y bf’ﬁf”‘c‘ﬁi’g tBﬁ\E‘?rog?ﬂmfnlgngéteﬁé uRigE coh W%‘S?ﬁ’“f §ﬁ§8ﬁl

face of they| iy, caltBlck @fe SPpREMNRS ﬁltﬁ@@laé&oﬁ&%ﬁﬁﬁhta@r@sﬂMféﬁmtdnamen
Bot h processing streans are retai ned as product. The resulting

per meat e/ f iat¢alernte dnucloaiipm se degaribed by IMlhgfadﬁf[ﬂf @b 3008 Wnpﬁu%ﬂ‘k‘ff) of ekt i on
# 3), while the retentate co es: ac kD to
TOOKD ( Fr agP i 55 P o aERALA Tard FRCUREEURRY hERdhel BB EAPER PRI B0 1 8o
m. PETG bottles (Catal og nunber 2019- 0060, Nal gene Nunc I nternational
Rochester NY). [0447] Such Isolated protein fractions can subsequently be
subjected to further aseptic




downst ream processi ng and packagi ng, wherein such conpositions can be

di al yzed, lyophilized, and reconstituted into a dry, bioconpatible matri X,
such as LWQOSPHERESSM ( manuf act ured by BlI OLYPHTM Hopki n®CTNSpo1essg4a; USA) .
Exanpl e 14 Isol ation, Cryopreservatieh)9 and Expansi on of CD34+ Cord Bl ood
Cells (CBC) [0448] Large scale production of |ineage-commtted erythroid

cells (CFU r. Reti,cul ocyjes ufactured froma startin

p(r)rgul ation @8@@Tﬁsl% qh@a%}ﬂ”gpy‘{zﬂ‘?é&eg@g”pl@’fﬁrsors (e.g. cord bl god cells,
enbryonic stemcells, henatopoietic stemcells and BFU- e oinRhOﬁ
met hod¥@4¥scri bdefy B@e&m&a@@%&}\i 8 Iﬂ@WeQS’é‘gf iﬁﬁ@’gﬂg@ l-nrgi)é)‘é%@eag

[ 0449] Unbi Iy %Ph 1820 ctp@bpﬁeo&mmm@ﬂimeﬁtw Withel BUNBIIREIRbihsnt GRinACERY i N
hepar' ni zeé\/I ood col I ection bags. cl ean nucl eated cell preparation is

made b%/ addRAD SystemisuGuc#28-Tdy 4mNl B-Gotauting l 000 lametctsido gapmatipadiated
centrifugi e.m xture at 300Xg,for, 15 m nutes om temper ature. [The
super nat an{}gtiau’]%"_élb‘? ?eé’t“&ng'Flé)ﬂ? ﬁgd Ee&dF& Bl ARSIty 9f jjlb’to h@ C@eﬁ/ ?nq%éll L\%el?y‘?rscei[
washed in %ﬁ%em&teriés"/%m?) 8Rd WBiRhiREILN3 1@ ERIE BRHIT®N% Fhend Bilkukedr €
centrifuged again at 300Xg for 15 minutes at roomtenperature and the wash
sol ution i sviteNitveggnfat GATE.hOncddy S.pmiethalfl tojume oif sperit redicizgmored fromgthe

separ ated by, magnetic,cell .sorting.usin C LS-cal, *) o M i
Bi ot ech, Gcégﬁrggﬁr} f;eé)rl%mﬁi%Xs?ﬁdﬂlél%et)gf%lég%'gﬁgg()lﬁp gtoglc%%?néﬁﬁ%mrtw&é nler e
subsequent I1y° CBEHEPRE M &bntiRudeSMISY GbnPPsHXbiTAE YullliFe Irhédia i€ shBssquentiand

cryopreserved using a control|led-rate freezer. [0450] BSSD (Bal anced Sf%l t
Sol uti on wiengagedsoemeble thesmpdipcopditipny Bacysle bwrIuaeshTionBL sendatipnad (pth),

oL 0 SHELE IR Bl GBI oty el 08 o
vol une 0Of Zg(lhcﬁcéﬂg/ib&iggax\tdg_fohisBSﬁfepris‘i;)ne to facciellerate-@‘.l:“uhﬂlalﬁéx'ticﬁé yf)gesdribgcﬂ')wahg@.
Combi ne. 1. 4 & vulares a5 minsginb e Hos AR uArs2aH) PR 28980 ut  on hurman
serum al bum n from ZLB Behring, |Lg 58 gnd 200 nls of 50% DVSO (50%

di net hyl sul foxi de from Edwards Li Fescﬁences Irvine Ca USA). Wash sol ution
is prepared with 4XABMESCSecRESScplengerlRéceptars anfl DABAgoitsts CD34+ CBC
Expansi on ziu{]d ﬁgigc% lin?lgr elcltolé{seI*sacfor-Alpha.Levels in a Dose Dependent Manner

[0453] Background: Embodiments of the present invention include methods and
compositions for treating, reducing, or preventing adverse immune activity (such as
inflammation or autoimmune activity) in a subject by delivering therapeutically effective
amounts of exABM-SC or compositions produced by exABM-SC. Embodiments of the
invention include utilization of exABM-SC, or compositions produced thereby, relying on
the naturally occurring or basal level production of secreted compositions in vitro.
Alternatively, embodiments of the invention also include utilization of exABM-SC, or
compositions produced thereby, by manipulating the exABM-SC to modulate (up- or
down-regulate) the quantity and kind of compositions produced (for example, by
administration of pro-inflammatory factors such as TNF-alpha).

{8454] For example, it has now been found that exABM-SC produce at least one
scavenger receptor for the cytokine Tumor Necrosis Factor-alpha (TNF-a), and at least
one antagonist of the Interleukin-1 Receptor (IL-1R), and at least one binding protein
(antagonist) of cytokine Interleukin-18 (IL-18). Accordingly, embodiments of the

invention include methods and compositions for use and administration of stable cell



[ 0451] The cells are subsequently re-suspended in StentSpan(r) H300 (StentCell
Technol ogy) suppl enmented with 1. 0U/ nL reconbi nant human EPO (R&D Syst ens,
Cat #287-WQ2011113039§OSPHERESTmM L, and i nocul ated i nto a @®c3ass@hloss44s
HYCLONETM per f usi on Bl OPROCESS CONTAKHERTm (bi oreactor) or equival ent, at
a cell concentration of 1.0 x 106/ ni. |tures are maintained at 37C with
5% CO2, 4% 02, and bal anced with Nitrogen, for 3 weeks using continuqus
flow of frpspulatins isehnsekABMISC)abat Lonsigantiusesseta therapgpiivabliraise @ ISR t he
gl ucocorticoi d antagoni st Mfepristone to accel erate enucl eation, as

descri bed B’ythﬁ)lfﬁé'i“ﬁdénﬁt al . 2006. Continuous flow of fresh culture nedia
'S ”a%*s%”ed aghg tdix egapRt &1#36%{‘1&%5%5 GRB@liHe e Sndsnk ian Relateds tin ofralay
21. 11/150398PCT/ US2011/ 038445 - 109 - CBC Expansion on a H man

ABM SC Feeddturtdyell pppdsdjrOhyophersistrodaceduntar? 1nBRg senam%lapwa%@éﬁnéa%‘c as

re-suspended i n Advanced M Mediag . 1640 (| i th

1.0U/ L red msﬁ’aﬁ’aﬁ‘ﬂmﬂh Oc?ﬁ&é%gy&eérm,t %@%@%lé ﬂﬁ%{[&goﬁ? gnn‘j% ne,

10% | ot selgetheHavedamReitiatedirab ad nbat adll bype o€ ceBriypes kyuchomse} , neanzh(eeded

at a density of 10,000 cells/cn2 in 40 | ayer cell cglturaﬁf&g ori
a

(Cor ni ng) eardiomsionyte{hedsteecysr e, hspetpcorsbress.) Amlophersiy c%ﬁ?sﬁ et
Ni t t 37C. O - f_val.t < i i
o oo ur bedtltion, Borftie dn PR AT RO boBRER Gtk %r el IO D¢ AT

the cul tur B one-h vol ume of frésh nedia
al ong wi t highuBed tol & r&BQdttctatilt &y dhuoleastf drewthempewtidallpnisefod chmpehition

culture nedia is subsequently engage enabl.e the dia conditions. to
cycl e bet wesaph £ é,@ﬁb](idl%l:'?h’héé?ﬁfpfqrolrd{éLﬁ(“BW?I?ISténﬁ“'ﬁg‘éﬂmggﬂ?t?’e@ﬁm@g P}és

again (on), 4. ACliht suppl emented with the glucocorticoid
ant agoni st S}f\ﬂc‘{he%??% 8%‘3’ ?13 a&?ce ’%E"g)fe enucl eati on, as descri bed b%) above.

CO-cupmsps ar e FeRpudpasssed the pessenthiasentivon ticavongst taveplor hisrinteadedip wagn 21.
Exanpl e 15 ABM SC Secrete Scavenger, Receptors and Ant agoni.st e
Turmor Necr &Y §01F5]€tQ§rSeNebqﬁ]areE@?}%ﬂg§W1ﬁlﬁleé r&‘?@%&@%@ﬁf % r%rﬁetﬁe %F%%R@]q‘%

Backgr oundsy fFRQGhIFb Sboiflink R aRl S8fAlizhEYSBbkR: ligelude methods and
conpositions for treating, reducing, or preventing adverse i mune activity

(such[s7] nf | animbiditionito ahet piommiammatary\iactgs listechabamsj &t viewy objdhe Rigsenhg

therapeutical]y effectjve anmounts.. of ABM.SC or it b
exAM SC. ARBIREATS 5P HRERIcel S PREY At et HRoSRsh HRnBb R 2,
cONposi t i 0Rg,0d WHCEH, HBP&DYaridt] dnftinion] hed/oavaty il sonoantativhs gf frctdrasal

| evel production of Secreted conpositions in vitro. Aternati Ve]@é h
enbodi ment sowf knéwen i orv enbsequendlys disconsrestieor uidentitied iiBnorier dg AmRREElate the

conpositions produced thereby, b ni i he.e t

(up- or doﬁﬁn‘gﬁﬁﬁf(ﬁ’t 35“5 ﬁqﬁaﬁgﬁp&pgﬁ ?\%Bholad%%&gfb&c%rlrlpégi tltc§))§l:1§ %r@gg%%%h{(af or
exanpl e, by,ReRbMi FbF &tdngle,ahe REI pbpilhbsTrifahy ifveatiar magynéfemblyThiFtredtpha) .

[ 0454] For exanple, it has now been found that exABM S& rog['L‘J | east one
scavenger mathefariors sush ashEL-dplpbri Helbrtardb-Ndbr silk-1Pa -5,81 éga‘?@ﬁﬁg&}f)
and at |ea ant.agoni st heq: ! e i€ bt HfRnde@a@r at

| east one M?ﬁ%’ %}d(a)]?e(ﬁdr? ) (gﬁ% é’élgﬁ}léﬁfe‘%%é%{i g?ﬁ’lt%lg\’ Iliﬁ?%\%lhelg l?lleﬁ 18 (1L-18).
Accor di ngl ¥ho #8084 Beittsed s Lidting wétht fegpect toc thedeunntet fod disfferat emgsiions ons

for use and adm nistration of stable cell ¥D 2011/ 15039&131](?CJ/ 932%6141%’3%%3445
- 110 - that can be used to treat cell populations of the present invention,
compositions limited to proteins, as is it is also appreciated that many other types of
compounds could also be used to manipulate the cell populations of the present invention
(including, by way of brief examples, other biological macromolecules such as nucleic
acids, lipids, carbohydrates, etc. and small molecules and chemicals such as
dimethylsulfoxide (DMSO) and nitrous oxide (NO), etc).
[0458] Methods: Production of serum-free conditioned media was produced as described

below for use in enzyme-linked immunosorbant assays (ELISA) (also described below).

Cryopreserved human exABM-SC (Lot # MFG-05-15; at ~43 population doublings) were



popul ati ons (such as exABM SC) that consistently secrete therapeutically
useful proteins in their native form [0455]The term "stable cell

popul ati oNO 2a61/13838 herei n neans an isolated, in vitro edrtuseed/o3ses |

popul ation that when introduced into gqliving mammalian organi sm(such as a
nouse, rat, human, dog, cow, etc.) does not result in detectable production
of cells Wmch have differentiated into a new cell type or cell such

as a neur oni{zyed a(mlrxtél-smwﬁydelﬁs&)dvamsddbMEtM((Q)IBCﬁ)éﬁaC@@lqge%Wmé)ﬂ%pIJOta d
wh th | | th t ti t t
the abi 11 1y2teecdraneisy Corm Gt A A it ted SHuE Ere Yoo

level s of gbahRy gS#sttﬁ)ﬂmr@Bwtma’ym WE&i1l0BOPDSdratoAed HiGhLagns UUbI e
TNF- al pha recepto I L- 1R antagoni sts, I'L-18 antagoni sts, conpositi onsF
t

shown in T&MA)) WAth bBd awidhauC, 10sganl) . TTﬂF}KKS@eﬂjoﬁuSPQEWeWe@f tl{eﬁeseﬁﬁl"é]séh
t ted
eceptor ( ARSReT EELABEEREBrint Bie-ry Bo R0 IR T AR p R Pt Ben L ©

capabl e of yhinnglipR@nica BiReoWRIL Fladnh pft@ess'; See(;(IQSaPetehﬁ Nand,617.0857{d 7 3) at
addition to the pro-i nflammtor)/wgactors Ilsted above, in view.o F‘ﬁ@
f

present  dil8®0BsaPH0Ds 40908 ecellsiamiensenl ethmedige(t THdpBiratehio

present inven e tiQ8,
and/ or var %aﬁgvﬁ%gg% Sre§ ?(%){rllts O@f %@P@Whedgvﬂgaﬁé\%a g?‘gdgﬁﬁfgﬁﬁm?@

di scover ed hest-ihateRbicti B tlansforrier art aligunitpud ateeilet hébecandcaetbaiingoit fand4i nd

f t d db [ | at t F
exanpl b, t HEnGEH 10 papG e DIk PRGNS HulshP6 RIHER BRErenasny HaPoRrRd
th fact 0 250
1Le 03 TnepRieBh il 3R blmidthll Bigas bicuBRbA( okl Ly balanbod with pltiopd for

factors, heppmgrmately Mohoumt Euttedts neere Shauratfddt Wldb freshsmediadoragame gy ithg
wWith respect to the punber, of differen

treat cel | 'HBYYA 2AN-Peref debyes ?)‘Ide‘?gﬁ’ﬁleqt thg‘ﬁt”? Ohoina(?at (hg{siec u@%%’rs)lgésjc} %I ons

limted tov&"so&%c@ﬁvrat@& ﬁé*‘rng to0nSt, AEENTRECOSTMAPEUS. NACemmifigal Rektert Ypéts of
conmpounds coul d al'so be used to mani pulate the cell popul ations of the

present i nyfiflipore Cone) ﬂBdI]leng:a, MAW&ISPQI alsrp@f manufagiiees's iBstFHeEions. ol Bigsthal

| ecul h tG N
o eoul es. dnereprEnre e tonried dphds myindi i, S RN Eb e B fiperlee e
(NO), etc) (10d¥ =& M%hé”&%tlorﬁrwd@qidn@fen@a 16 eledifiIe eryooiatli didonedd med8d Gas

pr oduced as descri bed bel ow for use in enzyne-|inked i nmmunosor bant assays
(ELI SA) (alustl kdesesd.bed bel ovv) Cryopreserved human exABM SC (Lot #

MFG- 05~ 15- at ul atl .

b011/ 166bsrcr TR Btk R0 I RH L ORn PEiEed Hibtsing mroduged from e human

(G BCOTM  GatMil T irtthe 4PdHa it c&lﬁires# edBhEOBRkedl mumﬁrroeqéant@ssqys (%I*SAs)bmjsl CA
USA)) suppl enmented with 4mM L-gl ut am ne (Catal o H30034.01. Lot #

134- 7944, @eﬁ@mdaw datbbri Vs cpeeseniraied, C@S@’é’ﬁed Ef-%l oyl SuRGrRaangs ePlGeter 88t
10ng/ mL TNF I usHERs! I

(Co?nl ng | rﬁi stri bgﬁaL?J%A) ?ﬁ? dg}pgf%ég cu%ﬁ%@%ﬁ?ﬁ%ég&%%{;av&wg (Ma
patented mtaﬁpaoamﬁe faenBe PEDISS analyaewaypeforﬁwdanﬁewot mmeolmslz)TNlhRi 3)

10, 000, 20,000, 40,000 cel|s/ 3 f ned
Feat | nact (FNERIbetonible davio b G50y Herli Srete papenisdL IR G ve
control . C‘%Ieé to%IF%a Q‘?&I@M@ﬁ% b¥ahgishfbturer @ﬁe{rﬁét{dnggalmﬂts?«lve@ YRfchhSeddraih el e

tube and incubati mnutes in a 70C heat bl ock containing water
(for efficir®D Syeamsthmn@ﬂmmﬁapoﬁe,lw &5Amre placed in a 37C humidified

trigas incubator_ (4% Q2, 5% Q2, nced rogen r

24 god%ﬂ 0] cul turTe)(§ s defonstyate %@d r@?"%m?agg'hre#é'awglegﬁs ggfsrec r 8&8 g??%er?}oze
non-adhere amq TLAIRA drueédb whdseir e
medi a was g%)cnggﬁré ed uE%W%I%%%&e&EQﬁta&Bﬁ@%@E?US_ 20 ((jle&ynet ?ﬁ‘ ugal I%I I ter

Units (M I ladperest @btuges, anBltlIdt ¢heise kevelyiman ernﬁc&bd;berradwﬁng &l genisentgation or

i nstruction Jefl cen ra. 4 t
Taoxe | G Aiered1-2ahe FRER IR IRt TAF ofifHelddan? i eeilh e @
transf erreqnd pifahR@lor Hhilieh YO Whithshéndte plaeeddFat exaﬂfpleglfmlltiwmg tabterentwith

[ 0459] To determine thé levels of certain secreted proiel ns produc i_gJ E}éﬁ
t he human ABMpSent inflamaxtorsghiekinet TN raiphipcthe cells yRrEeguiatiesgrat lr?ﬁ\?zd Fefht

assays (ELISA) were performed on day 3, 100x concentrated, conditioned cell
culture supernatants collected as descri bed above. On the day of assay,
supernatants were thawed and equilibrated to roomtenperature before use.
ELI SA anal ysis was perfornmed to detect TNF-a, soluble TNF-RI (sSTNF-RI),
soluble TNF-RII (sTNF-RI'1), IL-1 receptor ant agoni st (IL-1RA) and IL-2
receptor al pha (conducted as per manufacturer's instructions; all kits were
pur chased from R&D Systems Inc. (M nneapol i s, M\I USA)) [0460] The resul ts

o o, o, " o, " o o o, o N o o o o o o o, o S o



receptors (e.g. sTNF-RI) and receptor antagonists (e.g. IL-1RA) are
produced by these adherent cultures and that these |l evels can be controlled
by adj ustwogouoetish3ssoncentrati on or dose (Figure 21-23). PCRpseeiaosssy; these
data al so denonstrate that the cells_lrl?s_pond to the inflammatory mlieu in
whi ch they are placed. For exanple, following treatnment with the potent

i nfl ammat ory cyt oki ne TNF-al pha, the cells up-regul ate secretion of

STNF-RI | {igaf 2R)50R08 PR (2o td 23)3dausestingly2in- these sgmpde odmyesaie leyely ra

Fi 23 tingly, .i.n th I t th . -
e e T T s
density ( Fgﬂggfe 211)%] susdSRsthhi e I’I'Mi-al;phﬁ itIWFwak Bhipeitbedlifi swms vagdyesther ed

in sone wa ei tther the ABM SCs or factors that they secrete. [0461]It is
wel | est abtheshBM-8Ga0r fagtons iFNEeRpecagiet SYNF-RI | can bind and neutralize the

bi ol og] actiyi.t f TNE-al S raR! or s
of 't nBRE T ecefiibiiet s irogat g SR RIEp ST R Bl oy bEEAE gk nd

si gni fi caniofogitdl Ac@@ABNof TRF . iSin€ethe eediabl ldens bf pothi forsof thkdINF t hat
the ABM SC derived sTNF-RI _and sTNE-RI1 are binding.to and rrash;&g .

TNF- al pha Faseptht,@s asilas ByEwelhe ipeliens ench igduced sigificantly spthosach Ieasa Uk pt or
ant agoni st g e t ! vel.s _@-Nn@l. i -RII are
cont ai ni ngc?}gg?%ﬁﬂ{rgag?qs\g ’tggg glgklﬁsﬁlgtnﬁlf.A%%'? Fs(ﬁncvg %gyn%g?g%lrdizgﬁet ween
assay condbindiipstowad enadking MNMealghbin thiseasvmysyAAVA.  Exanpl e 16 Ost eogenesi s
| nducti on. Assay: Human ABM SC cells do not exhibit a bgni di ffle enlti aeti on
char al462] st i ¢ OF the soleblgreRPiory and JecpiofaniAgeNISE JRsATNGd i iitp %E‘HF Sxi hat el y
25 popul at H?tn sAQURL T RS goﬁﬁﬂglgeﬂ $tOnskRRdar LIRSHEYI NHsGticye ceapalisohons
or when ce popul ati ons expanded %eyond approxi mat ély 30 popul ation

doubl i ngs aé¢teveex pssag donditienshwere deteusined by dnetwayANONd-t i ons [ 0463] Met hods:
Human ABM SC and exABM SC were se%qed &t g&oo cells/cnm2 in 6- well culture
di shes (Corning, Catalog # 3516) WiX¥MBPled® \esenchynal Stem Cel| Basal

Medi u %&Wﬁ%ﬁ%ndﬂﬁ)ﬁﬁs@ﬁ&@%ﬁ ABRZ-$P) cclld ! yTRRADI 2\bbie diffetdrknntion

Si ngl eQuot™ Kit (Lonza, Catal og #PT-4105) per well, hereafter referred to as
MesenchyraeterBtiein Qiré whenwelh phpaations wpaadrd beyondapproximately 35 peRMatiiyr s

cont r ol ebhasyreepri e Dt doteAmgiRRLE Bladthifnd Ao GE Pl boRfiggdDet Ve
suppl errer&@&lndw ﬁby%ﬁﬂ/a?brézﬁﬁﬁ?@]& BOpopiRRA dYablihgd hie éposed to(cnfibnéyst ens,

Catal og #719-NG . "The test wells were those treated with either
Ost eogenesi s | nducti on Medi unestedinglugtigcanditionsog #PT- 3924 and #PT- 4120)

al one ndard epi nduct | ( ' O LM ipBg/ ML

r econﬁff‘ﬁgﬁt rmué/ge?}tﬁfégi RS é%wrrgrlad% edn ance (c’)gféé\*@o?énégg{l:tgﬁe con icti ém) .

Cul tures Wl dulier digtesi(@bmath, Oatatodwi 85 th)fwidd2 Gl Meserichymnl $tem37e¢ll Bardl

re-fed with fresh nmediu very 3-4 days for weeks, After 1 yn A TM

cul tures wifediym 06M§§:B(ﬁ?§r Ledrasi Gatalag: &b r?i‘?étx? oWHE&‘?‘?Fé’te{dhé”‘éh?@ééﬁM

Li qui col or Sﬁ{gtledL%tt aphy QLonza, Catalog #PT-4105) per well, hereafter referred to as
Mesenchymal Stem Cell Growth Medium (MSCGMTM). Approximately four hours later,

the MSCGM™ was changed to the appropriate test conditions. Negative control wells
were those re-fed with either MSCGM™ alone, or MSCGM™ supplemented with
5ng/mL recombinant mouse Noggin/Fc Chimer (R&D Systems, Catalog #719-NG). The
test wells were those treated with either Osteogenesis Induction Medium (OIM; Lonza
Catalog #PT-3924 and #PT-4120) alone (standard osteoinductive conditions) or OIM
supplemented with Sng/mL recombinant mouse Noggin/Fc Chimer (enhanced
osteoinductive conditions). Cultures were then maintained in a humidified CO, incubator
at 37°C and re-fed with fresh medium every 3-4 days for 2 weeks. After 14 days, cultures

were processed for calcium determination using the Calcium Liquicolor kit (Stanbio,



WO 2011/ 150398PCT/ US2011/ 038445 - 113 - Catal og 40150-250), as per

manuf acturer's instructions. Plates were read at 550nm usi ng a SpectraMax
Pl us384 mworopl/@#basr eader. [04641Results: 'Human ABM SCramaSexiABBS4EC
derived fromresearch ot # MC13109 wefe. cul tured under standard

ost eoi nductive conditions ((JIMonly) or under enhanced osteoi nduetive
conditions (O M and the notph. ogen ' Noggi n;, O M+ Noggin). Negative control
cul tures wéheslom#dt @26, dspeeimanefachrawt thstrstions. alleive W%&WIF%SDQW“ NBEOM m

suppl enent ed, wi t h Noggi s ( M5 m_Npoggi n) . [ 0465] ABM SC at about 16
popul ati on® ﬁﬁrl{}\qﬁ‘égg&?hi l(ﬂl“tr@ﬂa KS%IX:?g‘i um deposition increase of

appr 0@4&4@3 ely 6-0lm Whenak he @Y aTREE axNBS{-SURRKEBR Rbadreskdrbh NoggUiR(l%e. |
ABM SC at "about 16 popul ati on doublings deposited -5 m crogr

cal ¢i U wehicrandere@nNico b RSCaRANCBE PAIogP ARYARIY) Ghiser aphineed

oF OS¢ onsbkl Sl TR B P TR ch R ey S gpbevel <
condi t i ONS coR@VEERuret hivereC aiiistained rievettsad chywthu ppidemettien gMEGHVNGg 9F n
1 e o i S Sag VDTGRP o, o ot 21
m cr Ogéﬁﬁgiucal CiA%%% ![ zixtg% ot ug :\ﬂr%g 991 MubRRRdILLRRASY - o |AIGART d@Bkition

beyon t 30 pop e.g., at about 35 and 43 popul ations
doubl i ngs) ieABMSGpgiatimatlydepadi wheatete cdiab nedie vet supficnatied wihuNoggn any

f th diti dard, d AM. -Ex | 17 Ex i
o 117 bt OB orhout 16 PoPHAST dRtbies depdr e prorans co PR SRR, °h,
ABM SC [ 04%811@@51‘191‘1?6?(}'1@?@52 a3 SRRAKILRAGHIONY abSgif3caiglitions).

popul ati on doubli ng P17-T2S1F1-5) were thawed and seeded in AFG
growt h nediABMsS( dbsinthet epacitst ko Bepdsit détactablatlegelsriodr edtivmspevong @Rputy hey

pl aced in a hum.dified 5% i ncu r at .37C {or u ells
were then P@H‘E‘@E@P Aouiings an elﬁlstaﬂﬁ%rgfa(?@g I?gn%gPWgLB‘gF%eﬁh@%t éo?/;})%%&etv\%{sg 8% and
prepared f g{éﬂsAlgrr%&RV?ﬂég@ﬁENoggma(% e P8XABR-S6Gt Bbdut& sRfgpMatibn sloabliigsglepssited c ol

(CALTAG LAB now part of Invitrogen Corp. (Carlsbad l'ifor n'ia,
USA). Cel | sovstectattlaicaksitim under QINE comiitiorso mhatgas dbeseouaste salisi dengmigad 12 1

CecepLe TGk P SR b AR RO
Epi tom cs, ﬁlaﬁ&gd&lblﬁgsgelg., gl 06 BR8N Popalationd dddbloigh)txABN-$O U foor 45
mnutes at depositzggt%{:t%t?l(e) lgveFl)sC-I(_)/f Uc%lzc?&n%/ l?l%sefi?ly of the conditions tested (standard or
enhanced OIM).
Example 17
Expression of IL-1 receptor antagonist (IL-1RA) and
IL-18 binding protein (IL-18BP) by ABM-SC
[0466] Methods: Human ABM-SC which had undergone about 43 cell population
doublings (lot # P17-T2S1F1-5) were thawed and seeded in AFG growth medium
supplemented with Brefeldin A at 3 micrograms/mL (1X) and placed in a humidified 5%
CO, incubator at 37°C for 24 hours. Cultured cells were then removed from the culture
flasks using porcine trypsin, washed and prepared for flow cytometry, as per CALTAG
FIX & PERM® staining protocol (CALTAG LABORATORIES; now part of Invitrogen
Corp. (Carlsbad, California, USA). Cells were stained with either FITC conjugated
mouse anti-human IL-1 Receptor Antagonist (IL-1RA; eBioscience, Catalog # 11-7015,
clone CRM17) antibody neat or unlabeled rabbit anti-IL-18 Binding Protein (IL-18BP;

Epitomics, Catalog # 1893-1, clone EP1088Y) at a 1:10 dilution, both for 45 minutes at



- 114 - roomtenperature. MC-rabbit FITC- | abel ed goat anti-rabbit anti body
was then used to detect the IL-18BP. |sotype matched controls were included
as a negawpwvelicisniosol (Becknman Coul ter). [0467] Resul t s: PHuntsR01@038M SC
express basal levels of IL-1 receptarj@ntagonist (M |IRA Figure 24A) and

I L-18 binding protein (I1L-18BP;, Figure 24B) even in the absence of an
inflammatory signal such as TNF-al pha. Exanple 18 Human_ ABM SC reduce

expr essi onrafm Taupeaitptea BITE-mbbit FTRGilpkeled goat ratiaahhdl sntibady awsithgy used to

[ f lL-21 1Met hods; i.pheral bl |1
(PBVD) wer S5 [ Tt G0P1 DRk T 0CL OALGY A, g oot FRE e SEARBAFE TR o0y
HEPES, 2mM@ddthaiiciilte8; 05 mM 2- mer capt oet hanol, 100U/ nL penicillin, and

100m crog/ nL streptonycin, in a 24 well plate with either 1) Mtonycip-C
tr eat EHOPBVC f r davidisndlumaioexABMs D6 saptessbasal leyels of Py-1yeespigr anfrgenist égt ed

cach sour caRie R 2 B4 18 0 0he LKA RCHB: 1R B Uk Vi
cul tures wef & FflaphensRtsathaléich a0 MNH-slphait human ABM SC at a seedi ng

density of 40,000 cells/well. Cultures were maintained in a humdified 5%
CO2 incubator at 37C for 7 days t d¥uppletdBon the nedia. Conditioned cell

cul ture super nat 1. yngel : sence of the
vari ous cyt oki ne@ﬁﬁ%h§h§@ﬁgﬁ%ﬁ%‘?ﬁ]ﬂgﬁﬂ ex agg?a%/da?%?gce Protein
Research Products, Twhilesinhileimeousdy imrtasingexpressiorRocMi-8rd, 1L).
Statistical analysjs erforned one-way ANOVA ( l-'%Si s _of variance).
10469@4@53 Its: f}?ﬂﬂfrﬁi‘gﬁm P%{Fﬁr%&ég’i‘?oé‘ @%Rﬁi}/“féé% B@#d@?@’lé? ﬁef%‘i‘g‘tﬁ urrs‘ﬂ1 :
resul ted ip, APRALKED dRHifAsS% Hidvh SeMeAbusin, TNm® PFRESNdmIM -ghdamar,
woul d be expected for a mxed PBMC reaction. Wien chall enged with human

ABM SC, hoGé%enM BmdncaptoetiBinahd 00NHaL penicilbn.cansli Yidinfiprogael pireptomyes, nrk

0. 001), [ t hat ABM | d tili h i cal

chront o i el SRIGREEy i Siid) B ypine: mrar LB Y PRFE LR (Rekfiads F2!
serum | evekgifpbr Q&Mﬁ‘&ﬂf%iﬁf(}/ 1Rl ABNIE. dPRed g W €iffbdht dBnoa(Responder +

[ 0470] Not abl y, ABM SC induced el evated expression of 1L-2 in bo

aut ol ogous StiRubyenddRME Beinf gachrsauese | wye rerlt seaded (76 ard? §eu5/‘$?1il~tnr_h°£teé?}b)
g]r >(;|e:jf ErB g/&%ﬁitti% ?c'lsug fe% i gérggsﬁé?weh%ds\&/ﬂyl& %ﬁ?&ﬁ? lﬁﬁrrﬁaﬂpﬂﬁﬁ/f-gbngt P %%aing
density of 40,000 cells/well. Cultures were maintained in a humidified 5% CO, incubator
at 37°C for 7 days to condition the media. Conditioned cell culture supernatants were
collected and analyzed for the presence of the various cytokines using the
SEARCHLIGHT™ 9-Plex assay (Pierce Protein Research Products, Thermo Fisher
Scientific Inc., Rockford, IL). Statistical analysis was performed by one-way ANOVA
(analysis of variance).
[0469} Results: Co-culture of allogeneic PBMC (Responders + Stimulators) resulted in a
marked increase in the levels of TNF-alpha and 1L-13, as would be expected for a mixed
PBMC reaction. When challenged with human ABM-SC, however, both IL-13 and TNF-
alpha were significantly reduced (P< 0.001), suggesting that ABM-SC could be utilized
therapeutically to treat chronic inflammatory disorders or graft rejection by reducing focal
or serum levels of inflammatory mediators. See, Figure 25A, B, and C.
[0470] Notably, ABM-SC induced elevated expression of IL-2 in both autologous
(Responders + Self) and allogeneic (Responders + Stimulators) mixed PBMC cultures
(P< 0.001) while simultaneously suppressing PBMC proliferation. While this result

appears somewhat paradoxical given the importance of IL-2 in promoting T cell



appears sonewhat paradoxical given the inportance of IL-2 in pronoting T
cell WD 2011/150398PCT/ US2011/038445 - 115 - proliferation, recently it
has been wbaw/ism98i ce that di sruption of the |IL-2 pathray/usesaloss4s n

| ynphoi d hyperpl asi a and aut oi mmuni tylrsat her than i mmune defici ency,
suggesting that the major physiological role of IL-2 may be to limt or
regul ate, rather than enhance T cell responses Json, "IL-2, Regulatory
T-Cel I's, amiPlifgiatipmnieentlyygfias hegmphoyn lwﬁ%ces@étgﬁlé@@ﬁme Bh§ )”?5 Bithi¥hy
Addi tional iy tip i {8 ahd-AudimndldQ. ithdr' fRh f%huRd ARRELAT,
self-tol eré%sgggbl;r} ?ﬁ‘ggl\re{éds(g&ﬁgm@cela{l resplonsélzt?i n virvo and that the A
mechani sm byggehiing tHahitle majourghysislogivabugl of Ab-2erpariei torlimit dr regulatat faghsr of
CD4+1CD25+ reqgulatory T cells. 1t is, therefore, ¢ | at ed, t hat , ABM SC
coul d be eMHGANGHE e ETPPRIGP (felsgyhi Hroe Begiiory TrofiBy 21‘?1%2?18?“%"% Pty
suppor ti ng rh,hg,pRtyrasbgil 30ks T(zom,?g'l ak @iMolyl St thhOWAoE Habduoes also
up-regul ation of IL-2. Exanple 19 Human ABM SC i nhibit mtogen-induced

peri pher al ctiticddonprontiogesalf-telerance bylsiprressingoh ceh4gsppnsgstinaére: anduhetrtbadul t

bone- marrow deri.ved. somati.c gcells (ABM SC re cultured in, vj r 96
hours in afMGRFHST; BY @ba{ﬁﬁr Of %rlSSMttﬁgne §§1§I§ge %nl%%{ugaé{o\%elof
round bot t @4l/@bes+ akgdateSNT RIS Al BNthefefaR, 68flempRivdethacABS-SC ¢duld be
RPM conpl ete nedi a (HYgCLC]\l ) . Humangperi pheral bl ood nononucl ear. cells

(PBMO) wer emplgiyedr therapeutieallys &paindecs) i -eall delgrapoe bl indiredtly; sup#oviing dhpl et e
nedi a, i t h_ ABM : 1 | at i
doulb?i ngg)vr}nba&urﬁél‘%ﬁtggré(@h%g u %ﬁ%‘d—(@gﬁ%gﬁh{:%@gﬁ ghﬁﬁgﬁdgﬁb bggﬂjngsl) .OnTo

stinmulate PBMC proliferation, cultBssfipldde i nocul ated with 2.5m crog/nm
phyt ohaermaggl utinin (Sigma Chemcal Co.). After 56 hours in cul tl{%"e, .cells
ver e parmen ABM-SEiphibif mifogensindpced peripherak plagdmeggnuciear cell proliferation
Cells har v at 0 LN bbb RIIMBSHh [VEsBRI-soNt@r@l ass
fil ter[(gﬁrlﬁi I tergie\t/t\@rbg' ré{a %ﬁn%?&?ﬁ%&?o& g%%‘r%g usi ﬁ{gc gﬂ SN?(T Topcguntr

Sci nti | | at calured imtiew. forRérhoursis 2 hamydified skebataredddsr ik €O} theh passagealsonto

Rescar oh BOBPHJIRA: P GIAEHADS SCorsaratpBu, 200 VR PRt SoRr ) -
Statisti calcoﬁpl%{élﬁlvfé_gia GEONETYEA HRn ANSeriMiéraf NG hdhcHuRRS c8lis Mﬁﬁﬁe) :

[ 0472] Resul't st "PBMC- i nduced proliferation was significantly reduced whe
chal | engedwetd buleiredeithérosepafatedBlet 360,060 <elds/md.1in. RBYHcoRipigie enc@iéa, or with

Mesenchynmal, st ell re.incl uded a si.tive . contyr ol

dat a suggeé@% iﬂ@l\g%égﬁﬁ @ﬁr‘g}ﬂ‘i“ﬁﬁi i %oﬁf%agﬁﬁpﬁ%\é%%bq%@l ?rf%lﬁégisté)ﬁ of
the total g@b’@uﬁﬁfeﬂa{oﬁhﬂ)&ﬂAﬁ‘% hiB@én Hbﬁblﬁ{(%gﬁenﬁﬁ_sﬁfnula‘(@PBMC proliferation,
2011/ 150398PCT/ US2011/ 038445 - E.)L16 - ABMSC 1n this assay system does not

i nduce pr okiltweaweerinefulated withS. eictogdmbphptahaeegautinin KhigmaKiepriedd 4108k i on
(e-g., mn%%} S8 hottrs 3n lélll,ll?lﬁ‘g,tceeﬁé vJe}/enf))LHshe%C\%ft}?ﬁmeidine-[Methyl-3H] (Perking Elmer,
ImicroCi/well). Cells were harvested at 72 hours using a riltermaster harvester onto
glass filters. Filters were read in Omnifilter plaférs using an NXT TopCount Scintillation
counter. Human mesenchymal stem cells were included as a positive control. (Human
mesenchymal stem cells were obtained from Cambrex Research Bioproducts; now owned
by Lonza Group, Ltd, Basel, Switzerland). Statistical analysis was performed by one-way
ANOVA (analysis of variance).
16472} Results: PBMC-induced proliferation was significantly reduced when challenged
with either lot of ABM-SC (P < 0.001). See, Figure 26. Mesenchymal stem cells (MSC)
were included as a positive control. These data suggest that ABM-SC not only inhibit

mitogen-induced proliferation of the total PBMC preparation, but that the presence of



Exanpl e 20 Col | agen-Based, Bioactive Devices [0473] The foll ow ng

abbrevi ations are used in this Exanple: ADG Media formnmul ation based on
Advanced WhEM Miso3dvsL- gl ut am ne and HEPES BSC, bi osaf et y pcahisp@ti/ofs4asn nar
fl ow hood) BSS, bal anced salt solutiongFM G a cryopreservation medi um
containing MEM glycerol, calf serumand FBS DVEM Dul becco's nodified
eagl es nedi um DPBS, Dul Lecco's phosphat e-buffered saline ELI SA )
enzyme- | | nEMiSErimibisaskasrystessdaes Bphipduce prplifestiom o mariperecell-sehpanulations or

deas col )il BTSRRI ore, oo Ot ved

m nute VEGF, vascul ar endot hel i al mxaWpke 20act or | ntroduction [0474] Human
adul't bone marrowderived stromal cells (hABM SC) secrete a wide variety of
factors involved in tissueColdggenrBased, Biogeties BeYig#f. \Wien combined with rat

bonst BT 0S " o aPE 38 ,nhégbtg:%xh%gsp%ggsea ket pdafredays, cause the

construct'to contrac ose- ent manner and rel ease factors into
the medi a (WG aviedia foinudnidibas@tled Advaiced DMEbbwith Luglitagenearst BEPES om
combining and cul turi n%, hABM SC and rat tail collagen is a pliable entity
cont ai ni ng BkePigsaighi cebingt flaminar R 0QY) t he potential to be marketed as a
medi cal deyicgep i Itheg ¥ asmlién Pr ovi des nmet hods of preparing clinical grade,
GW col | agen-based, bioactive nedi cal devices.

CFM-G, a cryopreservation medium containing MEM, glycerol, calf serum and FBS

DMEM, Dulbecco's modified eagles medium

DPBS, Dulbecco's phosphate-buffered saline

ELISA, enzyme-linked immunosorbent assay

FEthD-1, ethidium bromide (red stain for dead cells)

Glut, glutaraldehyde

hABMSC(s), human adult bone marrow-derived stromal cell(s)
HEPES, .

PBS, phosphate-buffered saline

RPM, revolutions per minute

VEGF, vascular endothelial growth factor

Introduction

[0474} Human adult bone marrow-derived stromal cells (hABM-SC) secrete a wide
variety of factors involved in tissue repair and regeneration. When combined with rat tail
collagen, these cells survive for a period of days, cause the construct to contract in a dose-
dependent manner and release factors into the media (refer to study RND-04-032-3). The
construct generated from combining and culturing hABM-SC and rat tail collagen is a
pliable entity containing therapeutic factors that has the potential to be marketed as a
medical device. This Example provides methods of preparing clinical grade, GMP
collagen-based, bioactive medical devices.

[0475] Four major steps were involved in the production of collagen-based, bioactive
devices: 1) cell preparation, 2) collagen gel formation, 3) culture of collagen plus cell

constructs and 4) collagen construct processing. Each step contained a series of variables



[ 0475] Four major steps were involved in the production of coll agen-based,

bi oactive devices: 1) cell preparation, 2) collagen gel formation, 3)

cul ture ovocollmg®a plus cell constructs and 4) col | ageRCTAIs3a1088445

processing. Each step contained a serigs. of variables WO

2011/ 150398PCT/ US2011/ 038445 - 117 - and opportunities for adjustnment. Over

200 different devices with varying degrees of bioactivity, durability,

flexibili twndawogjlmEGW\éJTeadcm%taﬁléd. Oye42¥) difterend slemiges afith warmingt degraediof agen

concentration, .an r.coll agen..gel volunme resulted in higher bioactivity.

I n enbodi n@ﬁ?agflvg’@gfa}bi&gnﬁ%ﬂﬁ@gh?PiflizgWeléefCIS?L{? ier 4 ng/?ﬂ or 6 ny/n d

resul yegre]n opt iin@kbadthOaelli ¥érsity, Rollddes Sénidittrationy i Rforpesithges dgdlr astume

col l agen gel volunmes up to 9 m were feasible and resulted in hi ghe | evel s
0

of hVEGF. Haesalted |in thighasi Rjpeativitsl ulecpbedimeats. peenlidgen COREHIRTIPR OF SHPHr 2d to
ot her devi | terat] ) ¢ = | .k nki C : j ed
Co ot ocess et Sh BB e UM I BLASRY PRaGH 132 (TS, SR AT ST
on pol yet hybBapenplehsilendsnupatd aminaeref feasiblocamd readteldtiachigerdevdy bf ¥ BGTat
was thin, flexible, and able to be stqred at room t enperat ure.

[0477] Col | &lpstevBRskE, hishgarelnpe edvited wdygededuabiliss spmpaipds ton PRERIEY isi ng
NASM SC_aNdefitioh C 8102 AT EbAR A BRRntrdkfs "Bkl QI GLRE MdEGsiructs

provi des nethods of " produci'ng non-living, bioactive nedical devices with
rel ativel y wepswiiasl, bethugemd. 00 3% - A5 %6t Bohydratjon dmpapttbyiene plastioin & laminar
invention, the paraneters identified as optiyal .incl.ude: 6e6 hABM SC 3 or 4
days in culftoyf Qg%{ B?Suge ﬁi‘?qy&ﬂel thgkiag t %mﬂeé](l?ﬂe’ %FLP?PE% t‘b%ﬁo%%yé%‘i% and
0. 005% gl utté}ﬁﬁérgg{rbyde. OBJECTI VES [ 0478] The objectives of this study were

to devel op nedical devices that 1) were devoid
[0477] Collagen-based, bioactive device s were successfully fabricated using hABM-SC

and clinical grade porcine collagen. The following protocol provides methods of
producing non-living, bioactive medical devices with relatively low COGs, durability and
stability. In embodiments of the invention, the parameters identified as optimal include:
6e6 hABM-SC

3 or 4 days in culture

4 or 6 mg/ml collagen

6-9 ml gel volumes

0.005%, 0.01% and 0.005% glutaraldehyde.

OBJECTIVES

[0478] The objectives of this study were to develop medical devices that 1) were devoid
of living cells but retained bioactive factors 2) were amenable to long term storage and

easy shipping and 3) could be scaled up for GMP manufacturing.

STUDY DESIGN

[0479] In this Example, production of collagen-based, bicactive devices using hABM-
SCs involved 4 major steps as outlined in Figure 4€. Each step entails muliiple
components that can be altered to produce devices with different characteristics. This
Fxample is a summary of many smaller experiments wherein components were altered in

a step-wise fashion in order to identify the best combination for production of a non-



of living cells but retained bioactive factors 2) were anenable to | ong
term storage and easy shipping and 3) could be scaled up for GW

manuf act Wworeg11/15139BY DESI GN [ 0479]i n t his Exanpl e, prodecriusnoiaf3s44s

col | agen- based, bioactive devices usipg hABM SCs involved 4 major steps as
outlined in Figure 40. Each step entails nultiple conponents that can be
altered to produce devices with. different characteristics. This anple is

) Ex
a sumary ?WI%W@%%IS@ICB%H%@%%I@@W& e ruaBRay il 1he PRETRESS (RALHFIF n a
step-w se i ' I hdentify the best conbination for production
of a non- a@\%%%ﬁ‘ﬁ%@éﬁ@&éﬁfﬁ 2011/ 038445 -118 - living, bioactive,
scal e- abl e, nedTable 4 ursniReters wiroinycredtingdmupdypladetiee stetdtimswer e al t ered

is presented in Table 4 Table 4. Paranmeters varied in creating nultiple
device iterat

Gel Formulation multiple {change with collagen conc. and gel volume;

Collagen Concentration: 2mg/ml, 3mgémi, 4mg/ni, 6mg/ml, 8mg/ml

Celt Number: JeB, Ba8, 7.5e6, 188, 18e8
Gal Volume: 2mi, 3ml, 4mi, 5mi, 6ml, 7ml, 8mi, 9ml
i Cudture Time: 1,2, 3,6, 9days
Feed Regimen: no feed, 80% svery second day. 100% every third day
Cell Preparation: frozen, sultured

- Xlink Concentration:  none, 0.0001%, 0.001%, 0.005%, 0.01%, 0.05%,. 0.1%, 0.5%
 Xiink Time: 0.5hr, 1 hr
Xlink Quench Time:  1hr, 2hr, 4hr, overnight

Wash Buffen nhone, PBS, DPBS. BSS, BSS+Dextrose

Dehydration Surfsce: plastic, foll, glate

[0480] Over 200 distinct combinations/ devices were created. The devices were first
evaluated by physical observations and measurements; size, texture, color, surface profile.
Devices that were deemed acceptable by their physical features went on for further

testing; quantification of factors by ELISA, mechanical testing, collagenase digestion.

MATERIALS AND METHODS

Cells

{3481} Cell type: Product level hABMSCs (multiple lots were used throughout this
study)
{64821 Culture vessel: none, cells used from frozen vials directly after thawing and

resuspending



Livin Construct P4ratri:t.q!s: Gel Formulation:nultiple
(change with collagen conc. and gel volune) Collagen Concentration:

2nmg/ ni |, 8ogonl150398y/ rnl, 6ng/ m . 8ng/ nl PCT/US2011/038445
-119 -
[0483] Seeding density: Seeding density within the collagen gel constructs was varied

throughout these studies, but included total cell numbers in each device of 6¢6, 7e6, 8eb,

10e6, 15¢6 viable cells.

Materials and Equipment

Device Materials and Equipment:

Advanced DMEM with L-ghutamine (ADG): Advanced DMEM, 4 mM glutamine, 20
mM HEPES

Collagen: TheraCol collagen from porcine skin 10 mg/mi (1% ; Sewon Cellontech,
Korea)

Collagen Buffer Solution (for 4 mg/ml collagen gels): 16 ml 7.5% sbdium bicarbonate, 4
ml 1M HEPES, 2 ml IN sodium hydroxide, 78 ml sterile water

Collagen Buffer Solution (for 6 mg/ml collagen gels): 20 ml 7.5% sodium bicarbonate,
6.66 ml 1M HEPES, 5.3 ml 1IN sodium hydroxide, 68 ml sterile water

10X DMEM with L-glutamine: 10X DMEM, 10 mM L-glutamine
workiné”glutaraldehyde solutions: 8% glutaraldehyde stock solution diluted in 1X DPBS
to final concentration

5M glycine solution: glycine powder (Sigma), 1X DPBS

1X DPBS

Suspension culture 6 well plates (35mm diameter wells, Grenier BioOne)

Flat end spatulas

V. Mueller sterilization pouches 12"x15" (polyethylene plastic)

Trypan Blue-Gibco cat# 15250-061

Biosafety Cabinet (BSC):

Incubator: Forma 3150

Centrifuge: Beckman Coulter Allegra 6R

Hemacytomer: Brightline

Invert Phase Microscope: Nikon Model TS100

Device Testing Materials and Equipment:

calcein AM and FEthD-1 stains (Live/Dead Cell Viability/Cytotoxicity Kit, Molecular
Probes)



Cell Nunber:3e6, 6e6, 7.5e6. 15e6, 18e6 Gel Vol une:2nml, 3ml, 4nil, 5ni, 6nd,
7ml, am, 9nl Culture Tinme:1, 2, 3, 6. 9 days Feed Regi nen:no feed, 50%
every secwnaodansp39800% every third day Cell Preparati onPCTamseo1/03844% ur ed
,lon-'"441-alLconstruct Paraneters: )(!i2k- Concentration: none, 0.0001%
%1001‘;? 0.005% 0.01% 0.05% 0.1% 0.5% Xlink Tine:0.5hr, 1 hr X ink

ench Tine:ihr, 2hr, 4hr, overnight Wash Buffer;none, PBS, DPBS, BSS,
BSS+Dext ro§611%e|nw/hyalqrewd@§r(§§€b8%FS%I%GO&gI%S&PF-? plate ' [0480] Over 200

di stinct c%%hﬁﬁéaggﬁfuéﬁgghggs) were created. The devices were first

eval uated by p rvations and neasurenents; size, texture, color,
surface pr ofEGEELD®AI(VES R FalS AMuantikéented, Ruwdd Systatse by t heir physi cal
features went on for further testing; quantification of factors by ELI SA,
mechani cal S¢$€8¥¥¥ ng, col | agenase di gesti on. MATERI ALS AND METHODS Cel | s
[g_40ell t YRErerPagdiatobevel hABMSCs (nmultiple |ots were used throughout
this

vortex

Experimental Procedure

Device Production

[0484] Four major steps were completed in the production of collagen-based, bioactive
devices; 1) cell preparation, 2) collagen gel formation, 3) culture of collagen plus cell
constructs and 4) collagen construct processing as outlined in Figure 40 above.

[0485] In brief, constructs were formed by encapsulating hABM-SCs in a collagen gel
solution. Six well suspension plates with a well diameter of 35mm were filled with the
cell containing gel solution and incubated at 37°C for gelation. Once the gel solution had
solidified it was detached from the well and cultured in suspension with media. The
collagen gel constructs were cultured under low O, conditions, during which the cells
actively contracted the collagen gels. At the end of the culture period, the constructs were
processed by glutaraldehyde cross-linking followed by glycine washing. The construct
was finally dehydrated rendering the cells inactive while preserving the bioactive factors
secreted by the cells.

[0486] In each step, there was opportunity for variation. Wherein the process was

modified or multiple iterations conducted details are provided.

Cell Preparation

{4871 Most devices were made using hABM-SC thawed directly from vials stored under
liquid nitrogen. For these constructs, the following steps were taken to prepare the cells:
1. Frozen vials were removed from liquid nitrogen tank and thawed in a 37°C water

bath for 6-10 mins.
2. Cells were resuspended with ADG media in 50 ml conical tubes.

3. Cells in conical tubes were centrifuged at 1,240 rpm for 5 mins to pellet cells.



study) [0482]Culture vessel: none, cells used fromfrozen vials directly
after thawi ng and resuspending WD 2011/ 150398PCT/ US2011/038445 - 119 -
104831SeeawiOngliden®st y: Seedi ng density within the col | agem/used1106838% r uct s
was varied throughout these studies,_pyt. i ncluded total cell nunbers in
each device of 6e6, 7e6, 8e6, 10e6, 15e6 viable cells. Mterials and

Equi pnment Device Materials and Equi pnent: Advanced DVEMw th 1 g| ut am ne
(ADO): Advancéd SDhEwhtantsérg Iremayridrand cedls are rasespPadehga it ADFh ated

col | agen fron1porC|ne skin 10 inglral (1% ; Sewori Cellontech, Korea)
Col | agen Buffer “8¥& on (for 4 ny/nmi col l agen gels): 16 m 7. 5% Odi um

bi carbonate, 4 mM 1M HEPES, 2 m 1N sodium hydroxide, 78 m sterile water

Col | agen Buf fgr 150hiahle 6f €1l Suspesion wad {a&@ean@dilﬁt):d 1210 il ADG#tediadCelin
bi carbonate, 6.66 ni HEPES, 5.3 ml 1N sodlun1 rOX|§ G%ng eril.e
wat er 10X DVEM &pPeming gmmwmé Was(038SESREhbY 1esiRAVIILS §AmPleninng rdk‘?-lh%“ of

Gateral dehye ol bR a Ruihub SEek AR mhactonRlibh R llditogul Bud X

DPBS to final ntrati on glycine so t|on glyci ne powd i gna) ,
DPBS and dead cells were counted that retained the dye to stain blue.

6. The final cell concentration was used to aliquot the appropriate number of viable

cells into a single 50 ml conical tube.

7. Conical tubes with cell suspensions were again centrifuged at 1,240 rpm for 5

mins to pellet cells.

8. All supernatant liquid was removed from the cell pellet. The pellets were then

ready for mixture with the collagen gel solution for construct formation.

Collagen Gel Formation

[0488] Collagen gel constructs were formed by mixing the gel components together with
the cell pellets. The components were always mixed in the following order: 10X DMEM
with L-glut, collagen buffer solution, stock TheraCol collagen, and then mixture is added
to resuspend the cell pellet.

[0489] Table 4 summarizes the different parameters used in generating the devices.
Three different collagen buffer solutions were used for the 4 mg/ml, 6 mg/ml, or 8 mg/ml
gels. All gel solution components were kept at 4°C until they were combined with cells to
initiate gel formation.

1. 10X DMEM with L-glutamine was added to either a 50 ml conical tube (if making 6
gels) or a 250 ml bottle (if making 12 gels). Volume of 10X DMEM for each
construct was 1/10 the final gel construct volume to bring the DMEM to a 1X solution

within the construct.

2. The collagen buffer solution for the appropriate 4, 6, or 8 mg/ml final collagen
concentration gel was added to the 10X DMEM and swirled to mix.



1X DPBS Suspension culture 6 well plates (35nmdianeter wells, Genier

Bi oOne) Flat end spatulas V. Mieller sterilization pouches 12"x15"

(pol yet hywerrelpisessi c) Trypan Bl ue- G bco cat# 15250- 061 PBrasadiewgs4@abi net
(B SC): Incubator: Forma 3150 Centrifuge: Beckman Coulter Allegra 6R
Hemacytonmer: Brightline Invert Phase M croscope: N kon Mdel TS100 Devi ce
Testing Materials and Equi pnent: calcein AMand EthD- 1, stains _(Live/ D?
Cel | Vi abi I3+ t Vheogtoek éQm@g/trgl TaeraColsplation ayas pgek By le@lngt e Collagen into the

014 0SS S e A R B

Quant i ki ne Ki¢olut®D Systens) scissors water bath at 37C

4. The components were rapidly mixed into a homogenous solution by quickly pipetting
the solution up and down with the same pipette (collagen will coat the inside of the
pipette, but will continue to flow out with pipetting up and down during mixing). The

bottle containing the solution was also swirled during pipetting to aid in mixing.

5. The solution was fully mixed with the appearance of even pink color throughout

combined with even consistency of viscosity.

6. The gel solution was pipetted onto the cell pellet and quickly pipetted up and down to
thoroughly re-suspend the cells into the gel solution. Pipetting continued until the
solution became evenly cloudy with cells resuspended and no visible signs of cell

aggregates.

7. This cell suspension was then evenly dispensed throughout the rest of the collagen gel
solution with repeated pipetting up and down to evenly distribute the cells throughout

the gel solution.

8. A defined amount of cell plus collagen solution was pipetted into each well of the
suspension culture 6 well plates. This final volume ranged from 3 ml to 9 ml as

different devices were created and tested.

9. The culture plates containing the gel solutions were immediately placed into the
humidified incubator at 37°C with 5% CO, and 18% O,. The plates remained

undisturbed for 1 hour to complete gelation of collagen.

Culture of Collagen and Cell Constructs

1. After 1 hour incubation, the plates were removed from the incubator and placed in the
BSC.

2. Collagen gel constructs after complete gelation were lifted from the wells of the plates
using a flat end sterile spatula. The spatula was inserted between the edge of the gel
and wall of the well and cut around the circumference to completely pull the gel away
from the wall of the well.



vortex Experinmental Procedure Device Production [0484] Four nmajor steps were
conpleted in the production of coll agen-based, bioactive devices; 1) cell
pr epar at iw0,20R2)15e3981 agen gel formation, 3) culture of ceCragen1pBbssgscel l
constructs and 4) coll agen construct-pedcessing as outlined in Figure 40
above. [0485] In brief, constructs were fornmed by encapsul ati ng hABM SCs in

a col |l agen tion. Six | Si o I at es ter of
35nm wer e f | v%ﬁ% APatila thesgsts W&Fﬂ%&‘?ﬁe i QB?Ithfé @ )Fl’\eéﬁfﬁ LRENEE 37C
for gelation. ﬂ@fégeméar@éhe%mw@athﬁa‘ar@m @r@mq ed it was detached fromthe
well and cultured in suspension wth nedia. The col ]l agen gel constructs

were cul t urledFandet. 6, end Gomt seliolime sonsiyeisng mieichDOhacdia|was added (eepagh
contract ed t hwelabhtageng thel ®llagen g¢leosstucts Foh8 and| ml gebesliod congimicts, 4
constructs wendop AdXeardth was aglded.ar al dehyde cross-1inking foll owed by

gl yci ne washi ng. The construct was finally dehydrated rendering the cells
i nactive WH.| Baglr egstruétngad disulddaadie frecly dottmg withar dicadediy, drheseccabpaula

[0486] I n eachwas gged tb @tier WRShOpRBELYokpldtely. vari ation. Wierein the
process was nodified or multiple iterations conducted details are provided.

Cel | Preparq@t TRE chifs Hidves iveftethis PFace® i tHEIS oSyl 490BM S Chaveshidificect |y

fromvials stgreshindgrod icgiduftyfd trogen. For these constructs, the
foll owi ng steps were taken to prepare the cells: 1. Frozen vi al's were

r ermved fr o tbﬂéﬂfu‘étsr\k/éré Q@R Foky RRGy IJ1GUBH, N0 c%ﬁ&rd@%t\%rel%ﬁftﬁ‘eﬁ %r & 10
mns. 2. }%a'{ bresuspended with "ADG nmedia in 50 m conical tubes. 3.
u

Cells |n conl ca es were centrifuged at 1,240 rpmfor 5 mns to peIIet
cells. WD 2011/ 150398PCT/ US2011/ 038445 - 121 - 4. Supernatants were

renoved a”%(ﬁﬁ'ghﬁé’é{ﬁléﬁuwﬁ%%?&ﬂ%ed again in ADG nedia for counting.

[0490] After culture of the cells in the collagen gels, the constructs were processed to
render a final non-living device. The processing included glutaraldehyde cross-linking,
glutaraldehyde quenching and dehydration.

[0491] The glutaraldehyde cross-linking reaction was terminated under the condition of
excess amine groups. The addition of a high concentration glycine solution allowed
unreacted glutaraldehyde free ends to react with the glycine. This quenching step can
prevent and limit the potential toxicity of using glutaraldehyde as the cross-linker.

1. Cultured constructs were cross-linked by the addition of 6 ml of glutaraldehyde
solution. The gel constructs were kept in the original culture plates throughout the

glutaraldehyde cross-linking and washing steps.

2. The cross-linking with glutaraldehyde was carried out for 30 mins or 1 hr at room

temperature with slight movement on a plate shaker.

3. The glutaraldehyde solution was then removed from the wells and 6 ml of 1X DPBS

was added to begin washing out of residual glutaraldehyde.

4. At least four total washes of 6 ml of 1X DPBS were added for 10 mins and removed
from each well. For at least two of the washes the plates were placed on a plate shaker

for gentle agitation.



5. 100ul sanple of cell suspension was taken and diluted 1:10 in ADG nedi a.
Cell counting and viability was assessed by using this sanple in a 1.1

di I uti on wO 20r1yg5e398bl ue i n a hemacytoneter. Live cells weraScannssads t hat
excluded trypan blue and dead cells wepg£-counted that retained the dye to
stain blue. 6. The final cell concentration was used to aliquot the

appropriate nunber of viable cells into.a single 50 oni cal . 7.
Coni cal t ubes [ @Hitaraldehydesprapssligag weacon guas ueBeed l?yué’écﬁdéltloil ‘?b% M £ or
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pel l ets. onent s alvva he follow ng order: 10X DVEM
Rt Ll ut AohagEh ob ghd efcs) Tengine o RIS o R T A0 AR COREn
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different parameters used in generating the devices. Three different

col | agen buf f specHsidunisisnd. were used for the 4 ng/m, 6 ng/m, or 8 ng/n
gels. Al gel solution corrponents were kept at 4C until t hey were conbi ned

with cellsto f tk OF I - i

added to oit nafiehteghiEh, {s3nH haR by relt B BND ot O BB |
(i f making 12crged- Bx)ked\bahstﬁnztafbégﬁﬁ(ﬂl@l\vﬁh&draﬁore@mhe comsiutisctithimehe BSKQ t he
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door open to its appropriate functioning height.

11. The constructs dehydrate into a very thin paper-like disk after dehydration overnight
in the BSC producing the device configuration that was used in further test

experiments.

Device Testing

[0492] Device testing was performed according to methods described herein. The
following tests were performed: evaluation of Physical Parameters, Collagenase

Digestion and Bioactivity with VEGF ELISA



7.This cell suspension was then evenly dispensed throughout the rest of the
col l agen gel solution with repeated pipetting up and down to evenly

di st ri butwot2zbe/ise398s t hr oughout the gel solution. 8. A #efTiused1assaunt of
cell plus collagen solution was pipetizgsl-into each well of the suspension
culture 6 well plates. This final volunme ranged from3 m to 9 m as
different devices were created and tested. 9. The culture plates containing
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conpl ete gelati.,on qf, ¢col | agen. |ture of Collagen and Cell Constructs 1.
After 1 houfariaHenBativang Cf’%%f‘lﬁ? FRVCREY e renoved fromthe incubator and

placed in the B SC. 2. Col|agen gel constructs after conplete gelation were
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the gels were ljfted froqmithe bott of .the wells by gently pushing the
edge t ovar de FlagehEdand Pl e @?ﬂghamthwethewﬁa&enﬁs@- 4, 5,6, and 7 ni
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ADG medi a wéLeadglsiml sind Exbhcatlomylt weretexpbosed ms thesel studidse Conséiugtsfrasist fong

Wi thin the, ia, or else.a ul a sed t,o further lift t Stk uct
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from1l day to 9 days. Mst constructs were cultured for 64- 72 hours.

Col | agen Csitberrdiore/mt or d98e/nd (B owlow)lmne of ceeht geh)-e Toe third varigblesin Hhis pmatial

col I agen 9%{u%iy VElaQecu‘ft%Hﬁé i RBYEEE s%éc?e%ec%?lgger} els for 1, 3, 6, or 9 days under low
oxygen tension of 4% O,, 5% CO,, buffered with N, at 37°C. Figures 41 & 42 represent
the results of this initial study with analysis of cell viability, cell morphology, cell
activity, and construct bioactivity.

[0495] Figure 41 represents images of cell viability (calcein AM in green= live, EthD-1
in red=dead) staining of living constructs from the first studies completed. The top row
of images in Figure 41 highlight the difference in cell seeding density and collagen
concentration on cell morphology between four devices after 3 days in culture.
Constructs seeded with a higher concentration of collagen appear to have more live cells.
Cell death in the 3 mg/ml constructs was also slightly elevated, observed by more EthD-1
red staining. It also appears that the collagen gels can tolerate and maintain up to 5
million ABM-SC per 1 ml of collagen gel. Because constructs with higher collagen
contract more and therefore are more dense (refer to Figure 42 for evidence), it is
possible that the appearance of more viable cells in the 4mg/ml 5e6/ml devices is actually
just due to reduced gel size and increased overall density.

[0496] In the bottom row of Figure 41, devices seeded with the same number of cells but
cultured for 1 to 9 days highlight the impact of culture time. Within the first three days of
culture of the cell-seeded collagen constructs the cells manipulate the gel and contract it

to a smaller volume. The morphology at Day 3 (Fig. 2f) shows some alignment of the



render a final non-living device. The processing included glutaral dehyde
cross-1linking, glutaral dehyde quenchi ng and dehydration. [0491] The
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further teghs@XPEF §dBNESnstructs, the supernatant was not analyzed and therefore, the blue bar
is missing from that set of data.

[0500] The ELISA data summarized in Figure 43 indicates that 1) adding more cells
(15e6 vs 6¢e6) results in more VEGF per construct, 2) increasing collagen content in
constructs (3mg/ml to 4 mg/ml) results in more VEGF per construct, and 3) culturing
devices more than 6 days leads to reduced VEGF content with more instead released into
the culture media.

[0501] Also, results of Figure 43 demonstrated that a feed protocol for a construct
cultured for 3 days was best to have no change in media of this time period, due to a
decrease in VEGF content when the construct had a media change every day. For an
extended 6 day cultured construct, the feed protocol of having a media change every day
or not changing the media at all were similar in resultant VEGF content, but VEGF
content was reduced when the construct had a single media change on day 3. Therefore,

optimal VEGF content within the construct can be achieved by not changing the culture



Devi ce Testing [0492] Device testing was perfornmed according to nethods
descri bed herein. The following tests were perforned: eval uation of

Physi cal waramnetsesss, Col | agenase Di gestion and Bi oacti viPCy/useaih/o8E& ELI SA
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Because constructs w gher coll agen contract nore and therefore are
mor e dense glutahime niedlidfoganlgurd 2f fhercosstiwénce), it is possible that the
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cultured for 1 to 9 days highlight the inpact of culture tine. Wthin the

first three daysowkntcul ture of the cell-seeded coll agen constructs the
cells mani pulate the gel and contract it

2. Higher concentration of collagen led to increased gel contraction, VEGF

secretion, and VEGF capture within the construct.

3. Construct culture times of 1 and 3 days maximized the capture of VEGF

contained within the constructs more so than longer culture times.

[0505] Based on these results constructs with 4mg/ml collagen concentration or higher,
cultured for less than 6 days were pursued for the next studies.

[0506] The focus during this next phase was to prepare N=3 of a few lead devices for a
more stringent analysis and comparison. The focus was on cell density, culture time and
feeding protocol. All constructs were made at the higher collagen concentration of 4
mg/ml. Culture times of 1, 3, or 6 days were considered with 6 day cultures fed either

once on day 3 or not at all. The results from quantification of VEGF content are

presented in Figure 45.



to a smaller volune. The norphology at Day 3 (Fig. 20 shows sone alignnment
of the WD 2011/150398PCT/ US2011/038445 - 126 - cells with their
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device into a thin flexible dry material able to be stored at room temperature. The results
presented within this section summarize the modifications tested for final processing.
From here on in this Example, the term device refers to the non-living constructs that
have undergone processing with glutaraldehyde cross-linking and dehydration to result in
a final product. The term construct will refer to the living cell seeded collagen gel
consiruct prior (o processing.

{06511} The first experiments looked at the impact of glutaraldehyde (glut} concentration
and eross-linking time on construct digestion and cell viability. The results of these first
processed "non-living" iterations are shown in Figure 46.

[0512] An increase in glut concentration or cross-linking time increased the construct's
resistance to digestion with collagenase and reduced cell viability, as shown in Figure 46.
Increasing the glut concentration and not the cross-linking time, proved to be the more

effective method to improving cross-linking of the constructs. All of the cross-linking
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011/ 15039%5%@%’%29n%1foﬁ3s%?§?es al_ljéz _Se_d__a non-stick surface in which the devices were easily

peeled off at the end of the dehydration period. Therefore, all continued development of
the devices included dehydration of the constructs on the polyethylene plastic surfaces.

[0515] The results in Figure 47 re-confirm the initial observation that increased glut
results in reduction of VEGF content or recovery (observe the trend from left to right).
As well, longer fixation time (compare 30min to 1 hr) resulted in decreased VEGF
content or recovery. Cross-linking constructs with glut of concentration of 0.001% for 30
min and dehydrated on plastic resulted in a decrease of VEGF under only 2 ng down from
the non-crosslinked unprocessed construct.

[0516] Considering all the data collected, it was determined that this processing method,
glut with glycine washing and dehydration, was most feasible to produce a cross-linked
dehydrated device that preserves sufficient VEGF. The resultant device was a very thin
paper-like material that was pliable and significantly more durable for handling compared
to an unprocessed construct. The processed construct was also more stable in the
dehydrated state allowing the devices to be stored long term at room temperature.

[0517] To assess cell viability after complete processing including glut cross-linking and

dehydration, a device (6e6 cells, 3 ml gel volume, 4 mg/ml collagen, cultured for 3 days,



[ 0507] When conparing 6 day cultures that were fed to those not fed, a clear
trend energed. Not feeding devices cultured for 6 days resulted in enhance
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for final praocessing. Fromhere on in this Exanple, the termdevice refers
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gl ut aral de - Linki at i t | i ct.
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construct phé bving copstocessthrigd(Ob6 b gTkeealtiehysie fox p@ niinewith delyalratibradppeire

i npact of gl utaral dehyde JUf) caoncentration and cross-linking tinme on
construct d? §ESES d%eee ':hV A5idFyqig of H‘éc"g@sults of these first

proceggfd] " non- Ividgks thd ShBliPHSHRTRhPHNA doBstFiceuU R ¥EGH Qnleal 60 sdvafdl ease
in glut concentration or cross-linking tinmeincreased the construct's

resi st ance deviceli thes hadrbeon timinteinedgemose tamgenatide dedsavefal daysiwiab ianglyzeds

h in Fi 46.. |1 i t.h t t i d t t ,
cr ose- | ni/ 1 rdeatsp G D muck et ew BRET Pk RUisRRl PROMFE I frsimeiy
cross- | i nkiy vadre WRASh&IORRA rd‘ﬂ‘férér-fzb‘gﬂfferé)ﬁnd 0616 QRS -WdrB lgeratedWith more than

2011/ 150398PCT/ US2011/ 038445 - ) )
3mls of collagen. Two methods of increasing the collagen content were tested; increasing

collagen concentration to 6 mg/ml or increasing the volume of the construct from 3 ml of
collagen solution to 6 ml.

[0520] Increasing the collagen concentration within this experiment resulted in no
increase of VEGF contained within the device, but doubling the gel volume resulted in
doubling the quantity of VEGF. The doubling of the collagen gel volume resulted in the
most outstanding improvement in maximizing the quantity of VEGF contained within the
device. Increasing the gel volume had a comparable impact on VEGF content to
increasing the cell number seeded from 6e6 to 15¢6. This was a remarkable finding
because the cost of goods in increasing the amount of porcine collagen used to produce
the devices is significantly less expensive than increasing the number of hABM-SCs

required for each device.



protocols resulted in collagen constructs that were nmuch nore durable to
handle. G ut fixed devices naintained their integrity, unlike the

unpr ocesswo 20nsbIoBct s that could easily col |l apse and f &Cir/usp@niossspdn fir st
handl i ng. [0513]Wile the fixation prpdlocol was continuing to be optim zed,
met hods for dehydration were incorporated. In the absence of access to a
vacuum drier and anticjpating that one ul.d b ilable d

manuf 8834H i ng, &ontigpsd eperimentsypbeheneghiadng H’egﬁl vﬁ@%@% éthht ?f’@en
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referred t as p astic and t e tissue culture plate used to culture the
const r uct s of MEfiF at 87 nglvsq:sl thy slewhe withstd6t eellofat 14hag/|mi| aollagensefualg mlewilime

different surfa wel |, as fu er, Vv he. cro

condi ti ons °% ]’He‘gﬁ(& f 3@@@8&%"%%‘“&%‘&”3@ 03@@&% é\%f‘g 35[‘6‘5‘&? W&Fag?(rgﬁhlf‘)n
the plasti gesibh angxiigldacthePVBEE KQell MOWEDS tME@raBuEt e thite dekaby Hradtdodn
period conpared to other surfaces. Unfortunatel , dehydration directly in

t he ti ssueaceeptablee Pliaverydewd¢vebdf ¢mssinking . Qqﬂlfyegﬂm&ffdéehyldé wesiad ebledel

devi ce makl n i cal surfa e.for, fu C

processi ng® 9%%‘2“%%85% B% $HiR IP?]‘& aiing IltSpIHgl%l athksﬁtrﬂrtl g%eesfl YT owe

a non- st i ckasiyrdofieSsell dnRElF And Becadtvdtamade ITherAste| M meebﬁaudﬁdfthata drbs- end
of the dehydration period. Therefore, all cont(l)nued devel opment. of the
devi ces i néinkigeonesnjiation obaluspt phbighesriben 0904 %onay ﬁ@efﬁarsy& PrPAasFedeyicssti ¢

surf aces. kha? ]v§c%re d-[lrx]golé %ﬁg&%} td Qvn'l:l'stg %aﬂgln{rgg agé%tg%a('r)% 'H‘g{’lﬂ%@g@l@ﬁt‘ %dtphcatlon

observati on i'ncrease resu S In nt or

recovery ((Ifhisaﬁmﬂdtﬁiﬁvetvéﬁmdmbfmﬁsé ﬂlfetblctaatmtgbfﬂle désiceel |, | onger fixation
time (conpare 30mn to 1 hr

d
r ecov#322] or oss Gonpirichy Wé@ %tn?gﬁ &elﬁn@ ﬁgerdgg’sgzoﬁgﬁﬁ‘iﬁg n%?&g l§B%6 £ or
S0 m ' andcaahndbRt @ AvDLRRhlfre! ei’h'é bef SibofridiRCERER %ﬁh\(ﬁ@ﬁ%@ﬁg opnly

2 ng down & Non-crosslinked unproces construct. [0516] Consi dering
al | the dafFigureldlewhethat uncrmmgdhe eohageadcconbattratinn go or mg@slsatrtgcmei -hddng gl ut

with glycine washing dration, sible t roduce

cross-| i nké@‘cﬁgﬁ?%?gg%gg é&t Fﬁ‘ﬁm‘ﬁ?‘g@}ﬁ v gF {‘ﬂ" (?ll %ql%??fecflﬁgﬁt%e&ﬁga 10DS.
resul tant %Yéa%ﬁl V@S c’éux nytotéﬂnlfg/mraﬁf nbt ﬁﬁth@ﬂrﬁ:'iéa@é thFEORS TRE iréhlte iand
significantly rro e durable for I'ing conpared to an unprocessed

construct. Fi’gm*ep*&)oéstb@dﬁrsimmstmnﬂpmé@eal with rroeellagen xoacéntratipe ﬁ&yltﬁ/mi ed

0517] To. abthted BEpP TUrERR oy PET 6B Rors BBt R8N SRadl Autaf ot
cross-1i ”kb&%géﬂ@ec%@/ﬂ{e%llﬁgbn @1 dauiisefdrRRfition Was noBopimized fdtQhélmm /1
mg/ M colla cultured for 3 days, WD 2011/150398PCT/ US2011/ 038445 - 130

- pr ocesseég\mﬂ&ge@ 00, dévaeest ecated for ribe r@l%ﬁ%?d@%ﬁgﬂl’ev& ware caer vihe rgel
scissors t an, a &S di a
R T R T
plating andéxﬁfaceamﬁgstmrcunﬁre%awa SThefefern) wWhe ﬂw ﬁ@lﬁ%&ﬁﬂ)rdﬁlﬂtl@ﬁ thdB6 ingtn i eI d
and fluorescent inmages fromthe culture are presented in Figure 4
collagen constructs did enhance the VEGF capture within the device compared with 4
mg/ml and 8 mg/ml iterations.
[0523] The glut concentration of 0.05% was ruled out due to the decreased pliability and
increased stiffness with handling of the device. Glut concentrations selected for future
devices included 0.001%, 0.005%, and 0.01%.
[0524] Another set of devices were prepared to compare the 4 mg/ml constructs with the
results presented in Figure 51. This data displays all possible iterations that were

contenders for further development up until this point in time. Multiple iterations were

performed in order to finally narrow the modifications to under ten device iterations. One



[0518] Debris and cell remmants were present within the culture, but no
change over the culture period was observed to indicate expansion of viable
cel | s oriwyorat/1sg398r om t he device. After 6 days in cultece/ush@idstans s was
stained with cal cein AM dye, which is;gctively taken up by only viable
living cells and stains them green. e brightfield image in Figure 48

hi ghlights a device/cell debris cluster present after 6 days in culture.
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i ncreasing_the col ha &&S&eﬁnt ent were tested; increasing collagen

concent r at "6 £628 ﬁg of increasing the volume of the construct from3
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| evel , however, the durabily of this devj t HSisVery
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moder at e hapdbitifalwohtsumBbmtsidih fgrthc devioé develdpmendf Inereahiapdhe erglagerherl
device easily collapsed on itself and became deformed. Therefore,. it.was
concl uded tvohime abovsse nhli s5RMAY te slsersater heisgangh (ﬁltgg dgyicey byl theRsr LIGraLaNS

0. 001% was necessary.to ' t efits,
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however, cqa&[migﬁert\l’mbicommvi ty of the device. [0522] Constructs with 4

ng/ M collagen cultured for 2 days result in, VEG- | evels.co rahl.e to 3
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col | agen. Thel%eandde@5%r eated for the results of Figure 50 were after the
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capture withrn the device conpared wth 4 ng/m and 8 n%/m i,terati.onfs.
iterations. The dehydration surface of polyethylene plastic proved superior Over tin oil



[ 0523] The gl ut concentration of 0.05%was ruled out due to the decreased
pliability and increased stiffness with handling of the device. Q ut
concent r awpansl/se39gct ed for future devices included 0. 0@CTUSRI003945 and
0.01% [0524] Anot her set of devices weyze. prepared to conpare the 4 ng/ni
constructs with the results presented in Figure 51. This data displays all
possible iterations that were contenders for further devel opnent up until
this point ahd thé welturbdistiep! €Thet polnethplene wenld breptelizaddand abowied amentstigh) | v
narrow t he di f.ications ta under ten devi [ ' One WO

2011/ 150308BRae RSP Deginsss warssasl Gior s S @ difan "V i hese

resul 1@53025 t 0 QRSHr ¥@ort N6 BESBRS 8s huchNVESES botgertteds pousitier fiwd | prosissight | y
to abov e6 (instead of the previous |leap from®6e6 to 15e6 cel]ls

1]s).
Di scussi on pf@sas} Guiludegere asking abitbacritvied ropieiss belqre &%@%@Flaﬂq)effﬁﬁ'
fabricat Edtliﬁﬁ{pg%yaﬁg%%%h?nd%@f'{3{}4}3@3@3%& BpRgi ne col lagen. Miltiple

devi ces w i gen concentration, collagen gel
volume, culture time, glutaral dehyBgaplesA-1i nking concentration and time,
gl ycine quenching tine, wash buffers, and dehydrati on]ésqutIaCﬁ re created
and t est €ollagasBasethBienctiye DevieryyAssesynent; of Devices for Hand Tgn %‘?\A?\jpé%m d
signi fi tly ingr I i idiki n a devi ce.
Homevé(?é,\ﬁgddi ng%%gg%gfapgnsg#gérﬁa%%% 'Tlr;%%gr(:) i@gg;ﬁg%a#ﬂéﬁd therefore it
was determ ned that devices would contain no nore than 6e6 cells/device and
ot her nethods for elevating VEGF migt%g?ul d be pursued. [0527] The nost
significant finding anong these s 5 that raising the coll agen
content of the constructs, by either concentration or volune, could

i ncreggg32) he bi ¢R¢ thaMd tivndohhephiRCtheadditeCidcdagen Wi ichitrorg ennghrioctolanae t
likely contributed to both increased activity of the ce|lls_ to sg,’ re\{ﬁ? nor e
factors anduturiag dpiifselfyorofecient tifspe,t ) sraia rroleyant MopsBERERL: oSO n
t he construyct,. After t i i de f collagen concentrations and
vol unes, | aﬂ%}?gnbgt%laget%ﬁ%?‘?cgﬁe\éﬁlﬁiagd??&t lg'n 6mg/ ml did not afford

subst ggtiaal i ncrRAagE-baseVEactoatdenices Asfilingethol prelimadarngateriat of6strpngth. was
sel ected as the optimal concentration used in fyrther device devel o nt .

| ncr easi ng bigRetivisy.| ApRSATaHES: JeASIEY a ‘Efvécge' @%W@Béﬁg&lpga%ftmgﬁt
strength ofy & b&AGVLGE subitks it 8fd FRERICIP SeMhRd Sisins! hABNES UK eisdrided
further teg#@d&%&%ﬁ\;ﬁ%ﬁ%ﬁf as they prg\%eded ot herg benefits, such as
hi gher VEGheednt Sit deViGs28¢rdeceminedgtodfave liee vedessare dhare¢terigise de gowwl foagen

constructs by gl utaralde e cross-1linpking and dehydrat.ion.result i,nqa
devi ce contWither ni§stHg P&t B‘i‘réleiSablﬂleéee%F?CS% o ‘%B]Iegm?%’ BXP: ﬁ‘ld ald

farther in ggc?égﬁgﬁg;ﬁ wHilBGh SRS g (e cSte Hegindbiaiy ds SeRnEBALARE aad thespdutied in

a nore dur struct, but Toncentrations above 0.05% decreased the
fl exibilitwpplicatioe. resul tant device. A ut concentrations further considered

nere ?05%91?% 0. %]Ieo{%er?tg C’zo Q[he0 Ec‘i(z{%ices presented are 1) the use of GMP-grade materials, 2)
methods of production that can be scaled up for manufacturing and 3) physical and
functional characteristics that satisfy the end-user: hand surgeons. The final six devices
were thin and fiexible. They were be easily manipulated and repeatedly handled upon
rehydration. VEGF, used as a surrogate marker for bioactivity, was measured at
nanogram levels in all devices. As well, all devices can withstand the suture retention

test, holding several grams of weight before reaching load failure.

OBJECTIVE

[0535] The objectives of this study were to 1) use GMP materials and methods to create
collagen-based, bioactive devices for hand tendon repair and 2) assess the physical and

functional characteristics of these devices.



[ 05291To keep the overall processing tinme shorter and because | onger tines
negatively inpacted bioactivity, a cross-linking tine of 30 mns was

sel ect ed wonrofwisos9e devi ce iterations. The dehydrati on POTfiseE 1088445

pol yet hyl ene pl astic proved superior-o3¢ tin foil WO

2011/ 150398PCT/ US2011/ 038445 - 133 - and the culture dishes. The

pol yet hyl e I terilized and allowed a non-stick surface in which
t he devi cemg@:a&%@ renovabl e after dehydration. [0530]1n an effort to
preserye. as much VEGF content as possible, .fipal processin rotocol s

ol udEsPio. was HRAE S HSTEAt dh Kool RribiRatons afsy éﬁifﬁﬁtt‘gr"gﬂa@e%;?ﬂé” of
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Col | agen- Base Bi oactive Devi ces: sessnment Devi ces for Hand Tendon
Repai r [ 053¢julteencatsbineluiledt;il)msvica niada fjmne GMP-araleahsterials.c) procashitmit Exaddpl e.

Shough t o AEEMEOLAS SR an o S Hhish Crul bgsERed Firognat Rpgrhudp H0
rel evant biggaatibVRr e R stability Ol BERNRI RORES Rgv e &un@mgsreata%sﬂi) Reythin
e

and flexible. I[2053C;ol I a?en- based bioactive devices fulfilling
prel i m nar yhior 2} 8exiklenB) sasyergmanipbladadl svpng enangpdarhohd @ supwegngis) ilerge f or

scal e-up G\ ufact uri nd_Qr.oduc istribution were successfully and
r epr oduci b|e§}°‘£’2t rbgtcgg{oJE%ﬁge%{ggﬂzgénégg@gsCri bed herein. Six devices were
deter @33yl t o h®uged hgpoRears pasperidsaiofcther Usticess the Gasibiity ofor f largehatale
testing by hand surgeons. These devices vary in_dinensiaon, strengfh and

bi oact i vi t ynamufacering atsaibsatref davices overe radyenced fenedditigpal nfgstiuac £ bisi 1§B0Tnd

ther gfeugtvgglé@g@gggrsg% ggg}ég,@%g@aﬁln@mtaﬁaws bPedEYiS B RAESENLEH R G L) the

consideration.

MATERIALS AND METHODS

Cells

Cell type: hABMSC Lot # P15-T2S1F1-5, approx. 50e6 cells per vial
Culture vessel: none, cells used from frozen vials directly after thawing and resuspending

Seeding density: 6e6 viable cells seeded in each collagen gel construct

Materials and Equipment

Device Materials and Equipment:

Advanced DMEM with L-glutamine (ADG): Advanced DMEM, 4 mM glutamine, 20
mM HEPES

Collagen: TheraCol 1% collagen from porcine skin 10 mg/ml (Sewon Cellontech, Korea)
Collagen Buffer Solution (for 4 mg/ml collagen gels): 16 ml 7.5% sodium bicarbonate, 4
ml 1M HEPES, 2 ml IN sodium hydroxide, 78 ml sterile water

Collagen Buffer Solution (for 6 mg/ml collagen gels): 20 ml 7.5% sodium bicarbonate,
6.66 ml 1M HEPES, 5.3 ml 1N sodium hydroxide, 68 ml sterile water

10X DMEM with L-glutamine: 10X DMEM, 10 mM L-glutamine

0.005% or 0.01% working glutaraldehyde solution: 8% glutaraldehyde stock solution, 1X
DPBS



met hods of production that can be scaled up for manufacturing and 3)

physi cal and functional characteristics that satisfy the end-user: hand

sur geons.wohe11fisn®B8 si x devices were thin and flexi bl e. PChas2ew/0884b% easily
mani pul ated and repeatedly handl ed upppy rehydration. VEGF, used as a
surrogate marker for bioactivity, was neasured at nanogramlevels in all
devices. As well, all devices can withstand the suture retention test,

hol di ng seg®1 glycige aomtiof: ghpdinhpowddr¢SignradachDPBS oad fail ure. OBJECTI VE

[ 0535] The objectives of this study were to 1) use GW materials and net hods
to create é?dlp}ei%@n- based, bioactive devices for hand tendon repair and 2)

assess the Li5A! fWOChIRE P srhaiARéer welld, Gredlér Bioeme) devi ces. WO
2011/ 15039§g%¥?’h§§(311ﬂ?‘7ﬂg3?84455-a B Y Rt 4 A e [0536]In this study

el enent s i Flatend speguleonbi nati ons were altered to create a series of devices
that ful fil ot h nuf act ur.i ng~and.cl i,ni.cal. . cri ia. For manufacturing
t he requi ré)nz\g‘ﬂ"glef ?fﬂqﬁ@é&npfycﬁéggéggng%oéy?ﬁf}@ﬁ?%tgcpade materials, 2)
process th%&g@lqe_@ﬁwggml e-up and 3) device which could be stored
at roomtenperature and have potential for long termstability. Preferred

devi ces hawBeosafaty CobinoiiB¥g )f eat ures; 1) very thin, 2) flexible, 3) easy to

mani pul ate_4).stro e h to hold a suture and 5) | arge enough to be cut
to their dé%‘%upgtar's}gg%nagﬁﬁshape. [ 0537] Based upon the properties of the

devi ces, tlgRnfrgasd: Webkiyn Cotltdrasiggrs6RI e manufacturing, a subset of devices
wer e advanced for additional testing. This report sunmarizes the nethods of
maki ng and Hemacylomer:ddrighiing ypset that was sel ected for further

consi der at 'Irgv n%lgﬁi%g%@%}\@ﬁm@gllb@ Cell type: hABMSC Lot #

P15- T2S1F1 appr ox. s per vial Culture vessel: none, cells used
fromfrozen vials directly after thawi ng and resuspendi ng Seedi ng density:
6e6 vi abl e Deelde estmgibitarialsemdEquaprhergen gel construct Material s and
Equi pment Device Materials and Equi pnent: )

calcein AM and EthD-1 stains (Live/Dead Cell Viability/Cytotoxicity Kit, Molecular

Probes)

collagenase/hyaluronidase (Stem Cell Technologies Inc.)
balanced salt solution (BSS, )

VEGF ELISA (VEGF ELISA Quantikine Kit, RnD Systems)
Balance

mechanical testing apparatus (two lab ring stands with clamps holding bar with small
clamp to secure device)

3-0 Ethibond suture (Ethicon)

weight basket (gauze with paper clip and staples)

weights (5g, 10g, 20g)

scissors

water bath at 37°C

vortex



Advanced DVEM wi th L-glutam ne (ADG : Advanced DVMEM 4 nM gl utam ne, 20 nmM
HEPES Col | agen: TheraCol 1% col |l agen from porcine skin 10 ng/m (Sewon

Cel | ont ech 2688398 Col | agen Buf fer Sol ution (for 4 ny/ mpCTaisk@gessgel s): 16
m 7.5% sodi um bi carbonate, 4 mM 1MHBRES, 2 ml 1N sodi um hydroxide, 78 m
sterile water Collagen Buffer Solution (for 6 ng/m collagen gels): 20 ni

7. 5% sodi u%i car bop(xg 6.66 mM 1M HEPES, 5.3 m 1N sodi um hydroxi de, 68
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culture of collagen plus cell constructs and 4) collagen construct processing.

[6539] In brief, constructs are formed by encapsulating hABM-SCs in a collagen gel
solution. Six well plates with a well diameter of 35mm are filled with the cell containing
gel solution and incubated. Once the gel solution has solidified it is detached from the
well and cultured in suspension with media. The collagen gel constructs are cultured
under low O2 conditions for a period of approximately 3 days, during which the cells
actively contract the collagen gels. At the end of the culture period, the constructs are
processed by glutaraldehyde cross-linking, glycine quenching to stop glutaraldehyde
reaction, and dehydration rendering the cells inactive while preserving the molecules
secreted by the cells.

[0540] In each step, there is opportunity for variation. Where-in the process was

modified or multiple iterations conducted details are provided.

Cell Preparation

[0541] Most devices were made using hABM-SC taken from vials stored under liquid
nitrogen. For these constructs, the following steps were taken to prepare the cells:
1. Frozen vials at 50e6 hABMSCs/vial were removed from liquid nitrogen tank and
thawed in a 37°C water bath for 6-10 mins.

2. Cells were resuspended with ADG media in 50 ml conical tubes.
3. Cells in conical tubes were centrifuged at 1,240 rpm for 5 mins to pellet cells.

4, Supernatants were removed and cells were resuspended again in ADG media for

counting.

5. 100ul sample of cell suspension was diluted 1:10 in ADG media. Cell counting

and viability was assessed by using this sample in a 1:1 dilution of trypan blue in a
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The final cell concentration was used to aliquot either 36e6 or 72¢6 total viable
cells into a single 50 ml conical tube. 36e6 cells were used if making a batch of 6

gel constructs and 72e6 for making a batch of 12 gels.

Conical tubes with cell suspensions were again centrifuged at 1,240 rpm for 5

mins to pellet cells.

All supernatant liquid was removed from cell pellet. The pellets were not

resuspended yet.

For the one device made with cultured cells, a vial was thawed, hABM-SC were

plated in T-flasks and incubated overnight at 2.2e4 cells/em®. The following day cells

were harvested, washed and re-suspended in ADG media. The harvested cells were then

processed in the same manner starting with Step 5 above.

Collagen Gel Formation:

Collagen gel constructs were made by mixing the gel component together with the

cell pellets. The components were always mixed in the following order: 10X DMEM

with L-glut, collagen buffer solution, stock TheraCol collagen, and then cell pellet.

vortex
6.
7.
8.
[0542]
[0543]
[0544]

Table 5 summarizes the components and proportions used in generating the

different constructs discussed in this study. Two different collagen buffer solutions were

used for the 4 mg/ml or 6 mg/ml gels. All gel solution components were kept at 4°C until

they were combined with cells to initiate gel formation.

1.

10X DMEM with L-glutamine was added to either a 50 ml conical tube (if making
6 gels) or a 250 ml bottle (if making 12 gels).

The collagen buffer solution for the appropriate 4 or 6 mg/ml final collagen

concentration gel was added to the 10X DMEM and swirled to mix.

The stock 10 mg/ml TheraCol solution was added by pipetting the collagen into
the bottle while swirling with opposite hand to evenly distribute collagen

throughout solution.

to
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counti ng. and down to thoroughly re-suspend the cells into the gel solution. Pipetting
continued until the solution became evenly cloudy with cells resuspended and no

visible signs of aggregates of cells.

7. This cell suspension was then evenly dispensed throughout the rest of the collagen
gel solution with repeated pipetting up and down to evenly distribute the cells
throughout the gel solution. At least 2 ml were always kept within the pipette tip

in order to avoid introduction of bubbles.

8. 4 — 9 milliliters of cell plus collagen solution was pipetted into each well of the

suspension culture 6 well plates.

[0545] The culture plates containing the gel solutions were immediately placed into the
humidified incubator at 37°C with 5% CO, and 18% O,. The plates remained undisturbed

for 1 hour to complete gelation of collagen.
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Culture of Collagen plus Cell Constructs

1. After 1 hour incubation, the plates were removed from the incubator and placed in

the BSC.

2. Collagen gel constructs after complete gelation were lifted from the wells of the
plates using a flat end sterile spatula. The spatula was inserted between the edge
of the gel and wall of the well and cut around the circumference to completely

pull the gel away from the wall of the well.

3. Using the spatula the gels were lifted from the bottom of the wells by gently

pushing the edge toward the center along the circumference.
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Collagen Construct Processing:

[0547] After culture of the cells in the collagen gels, the constructs were processed to
render a final non-living device. The processing includes glutaraldehyde cross-linking,
glutaraldehyde quenching and dehydration.

[0548] The glutaraldehyde cross-linking reaction is terminated under the condition of
excess amine groups. The addition of high concentration glycine solution allows
unreacted glutaraldehyde free ends to react with the glycine. This quenching step can
prevent and limit the potential toxicity of using glutaraldehyde as the cross-linker.

1. Constructs cultured for 2-3 days were cross-linked by the addition of 6 ml of the
appropriate working solution of glutaraladehyde; 0.005%, 0.01%, or 0.05%. The
gel constructs were kept in the original culture plates throughout the

glutaraldehyde cross-linking and washing steps.

2. The cross-linking with glutaraldehyde was carried out for 30 mins at room

temperature with slight movement on a plate shaker.

3. After 30 mins, the glutaraldehyde solution was removed from the wells and 6 ml

of 1X DPBS was added to begin washing out of residual glutaraldehyde.
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. e glutaraldehyde cross-linking reaction was quenched by the addition of 6 ml of
0.5M glycine solution to each well. Plates were placed on the plate shaker with
gentle agitation during glycine quenching at room temperature for 2, 3, or 4 hours.
The éffects of 2 and 4 hour quenching time were tested on the viability of cells

cultured on these devices (results shown in in Figure 52).

6. At the end of the glycine quenching, the solution was removed and the constructs
were again thoroughly washed with DPBS for at least four total washes exactly as

specified in step 4.

7. After the last wash, as much liquid was removed as possible from the well around
the cross-linked construct to begin the dehydration of the constructs within the

BSC.

8. A 12"x15" polyethylene sterilization pouch was placed in the BSC with the
polyethylene plastic side facing up.

9. Each single cross-linked construct was transferred from the well plates to the

plastic surface with a flat end spatula.

10. The constructs were spaced at least 10 cm from each other. Constructs were left in
the BSC overnight with the hood light turned off, the blower remaining on and the
hood door open to its appropriate functioning height.

11. The constructs dehydrate into a very thin paper-like disk after dehydration
overnight in the BSC producing the device configuration that was used in further

test experiments.

Device Nomenclature

[0549] Each device was given a 4-5 digit number. The first digit corresponds to the

collagen concentration within the gel, either 4 mg/ml or 6 mg/ml, so that the first digit is
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viability of cells cultured on these devices (results shown in in Figure
52) . RESULTS

Device Production

[0552] Collagen concentration, collagen gel volume, and glutaraldehyde cross-linker
concentration were altered to produce devices with different properties. Many of these
variations are summarized in Tables 5 and 6.

{#553¢ Preliminary assessments of the device were based on feasibility for manufacture
as well as visual and tactile inspection. The following observations were made and
altered the strategy and methods for next generation devices;

1. 4 mg/ml collagen gel constructs were smaller than 6 mg/ml.

2. The maximum gel volume tolerated in the 6 well plates was 9 ml with 4 ml of

media for culture.

3. Gel volumes below 3 ml volumes did not fully gel or form solid constructs.
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than smaller gel volume constructs.

2. The lafger aﬁd thicker constructs take longer than 12 hours to fully dehydrate.
(NOTE: Full dehydration here refers to all liquid evaporation from the constructs
under ihe conditions of ambient laminar air flow in the BSC. This does not,
however, specify that the constructs have been dehydrated to a specific quantified

humidity level below ambient air humidity.)

3. The 4 mg/ml collagen constructs were able to fully dehydrate in less than 12

hours.

4. Dehydration of the constructs led to complete evaporation of any visible liquid

droplets with subsequent decrease in the height of the gels.

5. During dehydration, appearance of the surface went from clear and shiny to white

and opaque upon full dehydration.

Final fully dehydrated devices have a thickness less than 0.5 mm.
185571 As mentioned, it is important to quench any remaining glutaraldehyde as

unreacted residues can prove toxic to surrounding cells. One way to access the potential
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Vas glycine wash time showed an increase in dead cells on the surface of the device after
culture (red stain). The devices with a 4 hour glycine wash time had a high density of

attached and live cells across the surface (green stain).

Physical Properties of Final Dehydrated Devices

[0558] Many devices were not advanced to final testing because they did not meet the
necessary criteria for the indication, the surgeons or feasibility for scale up. Six devices,
listed in Table 6, were deemed acceptable and worthy of additional analysis. A
photograph of five of the 51x final iterations of the bioactive collagen-based device is
shown in Figure 5S.

[0559] These iterations all had a starting collagen concentration of 6 mg/ml within the
construct. Variations in parameters such as collagen gel volume and glutaraldehyde
concentrations of the 6 mg/ml collagen concentration constructs allowed significant
variations in physical properties of the device configurations.

[0560] An increase in initial volume used to generate the collagen constructs results in
increases of both diameter and weight of the device configuration. Visual illustration, as

well as quantitative documentation, of these differences is provided in Figure 55 and

Table 6, respectively.



performed by allow ng the cross-1linked and washed construct to dehydrate on
a pol yethyl ene surface in the 13SC under lamnar air flow Figure 53

i1l ustratwe 200msox¥evi ce iterations during dehydration (&CTrus2016/06kd5 ces of
6 different iterations). [0556] Severajgsabservati ons were nmade during the
drying process: 1. The constructs with larger gel volumes are both thicker
and larger in dianeter than smaller gel volune constructs. 2. The |arger
and thi cker construct Tabkke. Parageeterhafithiefinalisix devicas. y dehydrate. (NOTE:
Ful | dehydration here refers to all liquid evaporation fromthe constructs
under the conditions of ambient | amnar_air flow.in.the BSC. . . This.does not,
however, specify that t Iﬂﬁé@ een dehy i § 11C
quantified hum éi ty. | ev%%E %gg%?\%\/{séfn%%gn algl’) hund. di q"r\@éé‘qs@nilézgﬁrf‘iﬁ@l@ri
col | ag
Dehydr g
liquid
Dur i ngi.
white

Wi tlg sgfequent degy easg

athic S :

any re ut abang@elyde

SUT r oUP g CET ST ONE i

2011/ 15! of ed dev

attenp sl ture jon top of.d he devicgg Eit her hAE@/bgﬁ or human
chondr cv&é $ g dé/?)nn t.on éﬁ;\,, ces. anﬁ_‘h_e -obserived

5| bot h
levi ces

over tjng
chondr! C ¥ S } eSS race—o1
that had glmsllen@ qnemhalngxtderms ax/ereudrémd ByWaryﬂinQahe et wolunge aid
processi ng ﬁ&é‘rﬁld@ﬁy&eh%oﬂ@éﬁhﬁﬁorpr oomg i19Fle TiRSErisas thd paten@ast bad e the

I onger 4 hawr. tr e¥(flllé1 LRRnAL egv‘t%qlafﬁdtﬁe‘?i@vi'bgw Pt Yachfdeb it the
S T T S S S

| " " evi ce
after cul tﬁ?‘@m@f? néls mgf m\/\f@?%enﬁ oﬁﬁﬁ" gll%g \?\/ag,hgt i me had
a high den§f8§/1 Tof0-Qk "t A ghdara Sve cells across the surface (green stain).

Physi cal Properties of Final ‘Dehydrated Devices [0558] Many devi ces were not
advanced to final T&lslteﬂngab’@démsmﬂdvoﬂﬁﬁleﬁ(?fdﬁ’é'é? iterption8cessary criteria
for the indication, up. Si x devices,

66005 28.5+0.7* 99.3+1.6*

Table 7: Table of physical properties of diameters and dry weights of final 6 dev1ce iterations.
Diameters were measured of n = 5 devices. Weights were measured of n = 3 devices.
*measurements taken on only n =2 devices.

[0561] All six versions of the collagen-based, bioactive devices discussed in this section
were similarly thin and flexible in the dehydrated state. Rehydration of the devices
revealed differences in durability, specifically differing with the different glutaraldehyde
cross-linking concentrations. Devices cross-linked with 0.05% were substantially more

rigid, although still flexible. The 66005 device cross-linked with 0.005% glutaraldehyde



listed in Table 6, were deened acceptable and worthy of additional
anal ysi s. A photograph of five of the six final iterations of the bioactive
col | agen-wazed/de38ce i s shown in Figure 55. [0559] ThesecCirtuse@tiosssgs al | had
a starting collagen concentration of. 4gm/ M wthin the construct.
Variations in paraneters such as collagen gel volune and gl utaral dehyde
concentrations of the 6 ng/ m col |l agen concentration cgonstructs, all owed
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of these differences is provided in Figure 55 and Table 6, respectively.
WO 2011/ 150898apEty hsdoant/ombyersions. 145 - Table 6. Paraneters of the fina
si x devices. Table 6. The final six devices were created by varying the gel

vol une and whgﬁﬁ?ﬁlﬂ,g?%q%ﬁ@%g@ﬁg ation. This table summarizes the

parameters an ustrates t nunbering system used to name the devices.

o SpEpRo, e BRI AT O ¢ by oL ot

m | 1ion cekhdotheliab"growth dictoel VEGFD.i9R' rélevintitmrowind¢hatdean Pabtherapeutirally e of

physi cal pEgrPeeftlrc}ail ef%)r QtIssEeeYliea(fhEi\lgi Exr? %gieggrsedion Ga?ﬁ is expressed in high amounts by
hABM-SC in culture. The amount of VEGF contained in the collagen gels was used as a
surrogate marker for bioactivity of the devices.

[0563] Strength of the device configuration is important in the feasibility of handling,
durability, and use of these devices as a potential product. Application of the device as a
product to aid in healing or regeneration of a tissue would most likely include suturing of
the device to the tissue and therefore strength was assessed by suture retention testing to
compare the device iterations.

[0564‘1 VEGF amoﬁhts contained in the ”‘devices were measured by digestion in
collagenase with ELISA measurements performed on these collagenase digests. Suture
retention testing was performed using standard laboratory equipment. The device was
secured with a clamp at the top end and a mattress suture stitch through the bottom end.
The suture was attached to a basket of weights. Strength of the devices was assessed by
increasing weight until the device failed and the suture pulled out. A photograph of the
6601 device contained within the strength testing apparatus during a suture retention test
while holding a 20g weight is shown in Figure 56.

[0565] Figure 57 and 58 demonstrate the results for V..GF quantities (ng) contained
within devices as well as maximum weight loads (g) the devices could withstand before
failure during suture retention testing. Figure 51 demonstrates these results for fifteen

different device iterations with Figure 58 representing the same data for only the final six

iterations.
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measured of n = 3 devices. *neasurenepjs.taken on only n = 2 devi ces.
[0561] All six versions of the collagen-based, bioactive devices discussed
in this section were simlarly thin and flexible in the dehydrated state.
Rehydr at i orObservdtmndevi ces reveal ed differences in durability, specifically
differing with the different glutaral dehyde cross-1inking concentrations.
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wi thout falling apart after handling. Overall, these six devices ranged in

pliability but had acceptabl e manageability and handling. The device
gener at ed fr ofn VEGT édyelsaners %@r%ﬁwﬁglcmdw@é%@ CPRREER SPIPATE 0

rehydration com%gﬂﬂto the 5 and 6 m versions. Functional Properties of
Devi ces '

3. The devices with 6 mg/ml collagen concentration cross-linked with either 0.005%

or 0.01% glutaraldehyde contain on average VEGF amounts of 20 ng or higher.

4. The strongest of the 4 mg/ml collagen concentration devices, 46005 and 4601,
contain less than 20 ng of VEGF.

5. Increasing gel volume, without addition of more cells or increasing collagen

concentration, correlated with higher VEGF content.

6. There appears to be an inverse relationship between strength (glutaraldehyde
concentration) and bioactivity; higher strength or concentration of glutaraldehyde

correlates with lower bioactivity.

7. 6 mg/ml collagen cross-linked with 0.05% glutaraldehyde can withstand more
weight than the devices cross-linked with 0.01%.

8. A trend appears showing decreasing strength with increasing the collagen gel

volume above 5 ml.

[0566] A trade-off was observed between optimizing maximum strength with maximum
bioactivity. Most devices with very high VEGF levels had poor strength, and ones with
more strength had low (under 10 ng) VEGF levels.

[0567] Figure 58 represents the same data from Figure 57 but for only five of the six
devices that were further considered as potential product candidates. Data for 6701
device was not completed because there were too few devices made of this iteration that
were used instead for other studies. These device iterations represent devices that are

feasible with manufacturing and acceptable with respect to achieving the initial target



[ 0562] Bi oactivity and strength of the devices were assessed and conpared.
Vascul ar endothelial growth factor, VEG-, is a relevant protein that can be
t her apeutwoabiwyisi9sefi cial for tissue healing and r egen@Ccatuisoo1mssi45 s
expressed in high anmounts by hABM SC i48 cul ture. The anount of VEGF
contained in the collagen gels was used as a surrogate marker for

bi oactivity of the devices. [0563] Strength of the device configuration is
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retention testing was per usi ng stan bdratory equi pnment. The
devi ce was secumnddciwivbhldaallomatin davice led¢gnpleamndreapuickdy frative s thaotherfizali t ch
t hrough the bottomend. The suture was attached to a basket of weights.
Strength of the §8°8&s was assessed by increasing wei ght until the device

failed and the PUis 6301 @BoPUnd 67PN hAMEAPB0Sd YalRic6 GRIVERY sedhgaPRhal ned

within the strength testing apparatus during a suture retention test while
hol di ng a 20g wbigtivits withowaderate leivglgoébsth, [ 0565] Fi gure 57 and 58
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0.005% or 0.01% gl ut ar al dehyde cont aif¥2BPle9&r age VEGF anounts of 20 ng or
hi gher. 4. The strongest of the 4 ng/m collagen concentration devices,
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correlated with higher VEG- content.

Introduction:

[0570] The principal goals of this Example were to test the mechanical properties,
including pliability, ease of use and handling of the collagen-based, bioactive devices of
the present invention in a human cadaver model of hand flexor tendon repair. A
secondary goal was to broadly discuss relevant biochemical and physical properties of the
devices that could offer advantages in flexor tendon surgery. Lastly, the study evaluated
the potential use of a PLGA-based device as a spacer in the CMC joint-this was also

simulated using the same cadaveric limb.

Methods:

[0571] One fresh frozen cadaver was utilized to simulate flexor tendon laceration and
subsequent repair augmented with the devices of the invention. In a standard fashion, an
extensile exposure was performed revealing the flexor tendon sheath, flexor tendons as

well as the pulley system. Using a standard #15 blade, multiple flexor tendons were



6. There appears to be an inverse relationship between strength

(gl utaral dehyde concentration) and bl oactivity; higher strength or

concent r avpan110f50398 ut ar al dehyde correl ates with | ower biPORAIS2MIIN844Y. 6

mg/ M col | agen cross-linked with 0.059@l ut aral dehyde can wi t hstand nore
wei ght than the devices cross-linked wth 0.01% 8. A trend appears show ng
decreasi ng st renc?t h with increasing the collagen_gel volunme above 5 mi .
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studi es. These device | I ons represent vices that are feasible with
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flexible, %) Peiensnrizaythsrappedeiaish theotandpy ta «Lfse taec,o%ﬁletlea%fél U to
be cut to tct]@érfnr%qe?hé ?&ﬁl%h@ Svefd thed ARSIz OROGIHRL hafit dSRACSAI Ut didhace
device iterations are the shown in Figure 55, Table 7, and Fi gure 58.
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has the | ower gl utaral dehyde concentratian of 0.005% whic | d all t he
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Devi ces 65%13%@1?91;@3;112@@914_0%5%@5& good bal ance between strength and

bi oactivity with noderate | evels of both, Devices 6501, 6601 and 6701

differ in the device dianeters and potential thicknesses after rehydration.
6501 has tMResultsil | est dianeter and is the thinnest, while 6701 has the

| argest dianeter and is thicker. [0569] Devices 6505 and 6705 have hi gher

gl ut af@§@¢hyde Eased-oni tegling obf thocepSepazaiel collagen-based bioactive devices (46000,

46001, and 46000-001; Figure 59), the first device (46001, crosslinked) handled easier
than the later devices evaluated (46000, non-crosslinked and 46000-001, air-dried,
crosslinked, air-dréed). M‘All three devices weré“ able to accept sutures (Prolene, 6-0
caliber) that are typically used in an epi-tendinous repair. The device was successfully
stitched to the tendon itself with the use of standard microsurgical technique without
difficulty (Figure 60). Though more difficult, the device could be stitched to itself.
[0573] After submersing the devices in sterile water, all were pliable and able to conform
to the tendon in a circumferential pattern. The non-crosslinked device 46000, however,
became pasty and less solid with further manipulation, suggesting that, at least for the
non-crosslinked device, pre-wetting before application may not be desirable. There was
also kinking of the hydrated devices with active mobilization of the tendon, simulating
early rehab protocols (i.e. place and hold or early active motion) often utilized within
days after surgery. As a result, the concepts of applying the devices in their dry form
and/or cutting the devices into strips were discussed as options to minimize "kinking and
bunching" with early motion (Figure 61). The devices were then tested in their dry
form; unlike those that were pre-wet, these appeared to integrate well with the underlying
tendon without bunching. In embodiments, in the early post-operative period when there
is no active mobilization of the tendon, a product that has an immediate release of factors

may be more effective than one that has a slower timed release. Should the device



therefore result in devices that are nmuch stronger with bioactivity around
10 ng of VEGF. Exanple 22 Testing of Coll agen-Based, Bioactive
Hand Tendwo 2Rapiad398Devi ce | ntroduction: [0570] The pri ncippalusgoaloss4as t hi s

Exanple were to test the nmechani cal prygperties, including pliability, ease
of use and handling of the coll agen-based, bioactive devices of the present

invention in a human cadaver nodel of hand flexor tend . A
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surgery. Last eval potentia use a PLGA- based
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d nb. Met hod [0571] One f d
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of the trafbvepser @apcpmwd kd gaﬁgpmprlatﬂyeswqdef@jrthlselnu@ﬂgd\ﬁér‘éeﬂr EpaithetPagF t h a
standard tglg;hnl q@ consisting of 4-0 Fiberwire with a nodified Bunnell
stitch. Th s were then placed around the repair circunferentially.
They were either sutured in place with 6- 0 Prolene or gently w apped
around the tendon to effect a conpl etBxagiplec281f erential covering. The
tendons were then nobilized to ensure that the device did not displace away
fromthe |lacerated tendon site. Several devices were utilized and anal yzed

according to the e@sgingfof Cotlagd-Baded] Bioyctivedfani Tondon Repsiepeviti t ches, and
ability to remain in place upon nobilization of the tendon. Results:
[0572] Based on testing of three separate coll agen-based bi oactive devices
(46000, 46@9dod@etibrd6000-001; Figure 59), the first device (46001,
crosslinked) handl ed easier '

10575] The principal goals of the study were to test the physical and mechanical

properties, including size, shape, pliability, and handling of the collagen-based, bioactive
devices according to the invention in a human cadaver model of hand flexor tendon
repair. The primary goal of these tests was to assess multiple devices in order to identify

a single preferred device that could offer advantages in flexor tendon surgery.

Study Design:

[0576] Devices were first assessed on their overall physical appearance; size, shape,
pliability, durability, ease of manipulation.
[0577] Devices that were deemed suitable based on preliminary physical assessments,

were cut into strips and applied to a tendon.

[0578] Devices that could successfully be applied to or around a tendon, were evaluated

on the ability to endure movement.

Methods:

[0579] One fresh frozen cadaver was utilized to simulate flexor tendon laceration and

subsequent repair augmented with implantable soft tissue medical devices of the



than the | ater devices eval uated (46000, non-crosslinked and 46000- 001,
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instead laying the ends parallel to each other. In this configuration the device was
secured to the tendon in three places with a stitch at each device end down to the tendon
and one stitch in the middle holding together the adjacent pieces of the device. 6-0
Prolene sutures were used in securing the device to the tendon. The tendons were then
mobilized to ensure that the device did not displace away from the lacerated tendon site.
Several device iterations were utilized and assessed, both in dry and hydrated (10 minute
hydration in water) states, according to the physical dimensions, ease of use, pliability,

capacity to accept stitches, and ability to remain in place upon mobilization of the tendon.



pliability, durability, ease of manipul ation. [0577] Devices that were
deened suitable based on prelimnary physical assessnents, were cut into
strips amdoapplisedst o a tendon. [0578] Devi ces that coul #CIasec@ssssssy be
applied to or around a tendon, were evgl.uated on the ability to endure
novenent. Methods: WO 2011/ 150398PCT/ US2011/038445 - 151 - invention. In a
standard fashion, an extensile exposure was perforned revealing the flexor
t endon she&@ﬁu“$lexor tendons, as well as, the pulley system Using a
standard #15 bl ade, fl exor t endons wer e | acerated at various anat Qmi ¢
zones[058AE| udi n@"hvefoﬂawl@omeﬁn@ ¢ Z8FiEW1 Oﬁél?hgilff?@{ltaFoﬂ%efl‘rpésqu@"acm’e

i nsertion, ,Zane roxismal t r e

ot acar po. HrarSgeB i FER; piclirid T Figlck BSFLTAGKE 8 Splclthy MESvepll Giarion
to the di sppbaddxd&®ide @fftertefﬁgesﬁrhaﬂitsdiedlﬁ%nﬁaﬁ@%htdrd: gﬁaiﬁﬂin) appitoerifite éx aise tm!ildons
were repaired wth a standard techni que consisting of 4-0 Fiberwire with a
nodi fi ed Bapilietion farilenor Enden ©P&4) . The devices were sutured into place at
various | evels (Zones 1 3) within the flexor tendon pulley systemin an
effort to riepeshbyied

Specifical lggaiiit Tl gt LEnnis . fore e G aEaR s
Zone 3, re RhhieRry fiexor te donxmemamMpln addltiomgmpme
augnent at i cgm@¢wthe dAMERt 1 on. Thebmmdeﬁufln er Wasceptable
speci fi cal a deyie 1N Z00geRovedapadi tional | ycammar ea

that repre
systens, a

LeparT e"torthecrigjcal naturée of its pulley

”I,-.Lllalf!éfi}ﬁg' EPaﬁgfsg?hE? neOI’ et Cal Iy aCC.V pt aflgcgedpta ul K

[0580] Prio of;-“t-heetreutar—devi L,ctb WUI % L,U“La nto-t [!)Ioregoefm} (0]
] )\
four strips- -ddle @?@?&s\w5£@ﬁ§¥e6w$?W%@°“*ﬁ%*€%$rﬁewsfr1b “were

applied to either
C|rcunfere
"bovvtie"
applicatio
tendon ove
over |l appi n
was perfor
circunfere

normal tendons by wapping around the

ikl on or with a
rl appi ng
) around the
\nchesgaur ed wi t haqemebist i tch t hrough the
dowpool 0 therdewnice itself,wdhe "bowtie" application
ASEs«and 1 nclyeded wrappi ngyb he devi ce around the
hdon, W thout gyeriap and ipstead |aying the ends
parallel t TethisTeont rguration phe deyi,ceé was secured to the
tendon in wi-t-H-a-stitociat—eachUevr te—end—down to the tendon
and one stitch in the mddle holding together the adjacent pieces of the

The + B18Ghs ver dapTe BT T 0t S dfbuh RsTEE UL dBfich REibiFBL ritng B0
away from whe hbf@l%&fdaf(ﬁchcb@ﬁﬂﬁhty&bﬂ éimeSsivas ahd dewie ectéritemasficreppliestion for

utilized and assessed, both in dry and h drated (10 te hydration in
wat er) staﬂé&ﬂt@@KEWEmmgﬂf% ﬂﬁbpﬁﬁ¥§WééN dT RRAYNEREt MadRe of use,

pliab capgglt c y b Thd RsRh@GE
upon i#i)ﬂét?’f. zat | 3?%% PO T &eERon mc@%gggﬁfﬁkgﬁ 98P![c1:TES/If}t“s‘georflﬂllol g o Lsigipt
Resul t s: [@&&de'flies&@tlefm\ohmgfmeﬂeeses”tbﬁedidmavg this sodidysi x di f f er ent

col | agen- based, bioactive

6501 Device:

i_rg{gai

[0584] The diameter of the dry 6501 device allowed complete wrapping around the
resected flexor tendon of the long finger, in zone 3, but left no excess material for
additional manipulation (Figure 66). The diameter of the 6501 device in the wet state was

still quite small, but the thickness was acceptable. The pliability and suture strength of |

this device was good.



devices (five iterations pictured in Figure 65). Table 8 represents the
overall evaluation of each device after assessnent of dinensions, suture
retenti orwoapprispiosate in use and application for flexoPCrarsdomn/ossipair.
Devices Applied Dr : acceptable accepipble acceptable NP accept abl e
poor to fair [0582] Table 8. Summary of results fromtesting all device
prototype iterations both dry and hydrated for acceptability of dimensions
and sut ur e 668t Blevicon after application for flexor tendon repair (NP = not
performed; NC = no coment nade). [0583LThe foll owi ng section di scusses
speci 10385¢ ommentss stipdd thup6Hodavive wassapipherd tof the estdon ol theesrealkfinges imzensns of

the devices. tested during this study:., 6501 ice: 10 . ' er .. of
g i MR e o o s g
tendon of tRgsk Aiferfdl (@R%Wn inFigaRE6D. MAaHdIngfahd PiaBXieess theRieefcedh bby the
addi ti onal mani pul ation (Figure 66). The dianmeter of the 6501 device_ in the

wet state waeasd hyfragadi states s |accentable during apRlicasion i ghe dewpe 4 (ths terpn.
pliability T%Q%66Ptdlé\r/i%e Ss{rlrpeap Elptec(i) Eut%@s%véi?ﬂ&tﬁ%o%%oqgg thndon and to itself. This
location in zone 3 of the small finger specifically has constrained space around the
tendon, but the device was easily applied to the tendon and sutured with smooth gliding
within the space. During mobilization of the tendon the device remained in place along

the circumference and glided smoothly with the tendon.

6701 Device:

[0586] The 6701 device was able to be cut into multiple strips. A single dry strip was
placed under the A2 pulley repair, surrounding the index finger flexor tendon, with
subsequent closure of the sheath and was well tolerated with mobilization of finger with
device remaining attached to the gliding tendon of zone 2 (Figure 68a). The space
available within this location along the flexor tendon of the index finger is specifically
narrow and constrained, but the device was able to be applied and sutured to the tendon
more than adequately with subsequent attachment remaining during gliding of pulley.

[0587] However, a rehydrated strip of the 6701 device applied to zone 3 of the middle
finger became too thick and did not retain sutures well during application to the tendon
(Figure 68b). The diameter of the 6701 device was preferred allowing excess length after

wrapping around tendon to allow additional manipulations.

6505 Device:

[0588] This device was observed to have a diameter similar to that of 6501, which was
too small, and therefore the 6505 devices were not further tested. Application to tendon

was not performed.

6705 Device:

[0589] Pliability of the 6705 device was good and thickness was satisfactory, both when
dry and after hydration. The application of this device was very acceptable with flexibility

during application around tendon. Was able to suture well with "bowtie" application to



WD 2011/ 150398PCT/ US2011/ 038445 - 153 - 6601 Device: [0585]A strip of the
6601 device was applied to the tendon of the small finger in zone 3. The

di anet er waouersy3vaccept able with a | ength all ow ng t he PODRiS2@E 1/038445
configuration with excess material (sphswn in Figure 67). Handling and
pliability of the device in both the dry and hydrated states was acceptabl e
during application of the device to the tendon. The 6601 device strip
accept ed stendoasnwen¢ 3idtthe duign finger heving aadndeyies $tupiend spfuredrie e tilani on
in zone 3 of ;the small finge eci ficall n i . t he
t endon, buf™f ASTERY, PUHrS §és%ﬁfa§grgpdﬁl%%gd% ?cgg?tr}%e%t %%lggénﬁﬁgégﬁfglrggggymgﬁh
smoot h gl i dihe@p¥detdvaitablalonpasefledduténtion olkid indet tfiagerds spdetfidatindamowhed
device remained in place along the circunference and glided snoothly wth

t he tendon.cowwneéegwc@@ deyisg ayapHblG troke dprlicdeanflasitusg o ‘B@d%{mr%than

mul tiple Staﬁ%cﬁﬁtelf‘ single dry strip was placed under the A2 pulley repair,
sur roundi ng € 1ndex finger flexor tendon, with subsequent closure of the
sheath and was well tolerated with nobilization of finger with device
remai ni ng &#b0@chedce:o the gliding tendon of zone 2 (Figure 68a). The
space available within this location along the flexor tendon of the index
fi ngefodssi speci flihe alidntetenand thielotsc ofisher 6600Sddevinet bbthediyeaidc rhydiatedb@s t o
be applied and sutured to , the te mor e, t han adequat el y..wi t h syubsequent
att achnent VFré’naé’F?Rtﬁ@ed/ﬁrsf%ogth @Bﬁ@y gevigriny tg?/ ny f%‘%@”f‘}s Q%%V\a/é’r the endott of
rehydr at ed ‘| t 7 | &85 i i ) hRbiliAdbeof theger
becane tootﬁlﬁ%%gﬁg%eé’ %’i%g@hg%n g}t\éasi@lﬁlg?gtgtérrgdg c&g%l%ﬁgﬁ?l?ngﬁ%%pl ication to '? he
t endon ( Fi ¢ganden6B6 Ylevith endliredrithuechiof” aidtodd atlthd sviueesitadispaeng itrasdy dranowi ng

excess length after, wapping around tendo o _al |l ow. addi t i onal .

mani pul at i t.en‘iﬁ’?o§ ﬁﬁ@‘%@%ﬂgmégﬁ’ ‘?l%'\lr}‘? i)gw%ggo%%%uégtbo&dw{%@sﬁg{}%g fo the
di amet er sidfdbar WiRntthebully $50h widinloy&s nfobfliZ&iBh vas addptabRr ef ore the
6505 devices were not further tested. Application to tendon was not
perfornmed. 6705 Device: [0589]Pliability of the 6705 device was good and
t hi ckness @nchsionsf act ory, both when

[0591] Based on testing of six separate collagen-based bioactive devices (6501, 6601,
6701, 6505, 6705, and 66005; Figure 65- note 66005 missing from the photo), all were
improved versions compared with devices assessed in Example 22. All second generation
devices were more durable with improved handling, particularly in the hydrated state.
Four of the six devices were well able to accept sutures (Prolene, 6-0 caliber) that are
typically used in an epi-tendinous repair (one being not acceptable and one not tested).
These four devices were successfully secured to the tendon without difficulty (both
suturing to the tendon and to itself) and withstood mobilization of the tendons without
displacement of the device away from the tendon. All devices applied to tendons of
zones 2 and 3, including the constrained space of the index finger of zone 2 and small
finger of zone 3, were easily able to fit within the space around the tendon during
application and after application with mobilization of the tendons. Handling and
application of the devices to the tendons with suturing was preferred in the dry state.
Overall, the 6601 device iteration was the preferred device based on the aspects tested;

device dimensions, pliability, handling, application and securing to tendon with sutures.



dry and after hydration. The application of this device was very acceptable
with flexibility during application around tendon. Was able to suture well
wi th "bowoDebttizagspdoscati on to WO 2011/ 150398PCT/ US2011/ @83A%3014/03845 -
tendon in zone 3 of the index finger. gy ng each device strip end sutured
to the tendon and a single suture through adjacent device pieces (three
sutures depicted in Figure 69). The space available along the flexor tendon
of the i nd®EREREENEESs specifically narrow and constrai ned, but the device
was able to be applied and sutured to the tendon nore than adequately.
66005 Devi é®ry 105801 Miwingi enytiweid esil line diessls with @-ﬁé/cesl@treslr@@ﬁré@?n%d@h
dry and. rehydrat.ed, s very acceptahl.e. A .St i .6e< HR t he
dry stl%ﬂkgn\}\%glhgtﬂ%ﬂ g%’?% eﬁyﬂﬁol’ P dnantg)flgtteﬁgu@%I r?g @41{9@?&@29 nlg? %cbeeg)sﬁ% Vt@he
strai gmglgyerl ap configuration. Upon nobilization of the tendon, the device
endured "bunching" and tore at the suture site displacing it away fromthe
tendon. A second strip was applied using the bowie confi%lcj,}rqti on with

suturing t &axks ef ehddviolegan andeelhbiofagical gsnestn sy BHROETEAN IAREB IR ANf o
was a Gopel st oy 6 ddORS ed on testing of six separate
col|ag’gaﬁl?’%‘g@éﬁ“%srog@?#vjﬁ@éﬁces](l(lgg@i, 6601, 6701, 6505, 6705, and 66005;
Figure 65- note 66005 missing fromthe photo), all were inproved versions
conpar ed wilih edel| tidsmars besséatniing Erusrpiyehro®. neid| digast dnrteragiéone wath stem ¢elli ces

wer e re durable. wth inproyed I — iicularly in the hydrated
state.a"lt—‘lfhfdr @W?‘Fﬁ‘ée@’%nﬁggi %ﬁa%h%gﬂj\}vé?%égﬁéé&t}o accept sutures (Prolene,
6-0 caliber) that are typically used in an epi-tendinous repair (one being

not accept aRldehands oNe Sivial 88l ehived FasE1 {SIUF-19ems tagthse Withshwadnpbietih y
seened to the tendon without difficulty (both suturlnﬂ to the tendon and to

i t sel 19 erhmaicavhendsvolopmenbpl meaakagypestic Prrgeniborarshls ((F )" dBlepd. aBéMetf- of
t he dgg'(%(fqozway fromthe tendon. All devices applied to tendons of zones 2
and 3,7i'ncludi ng the constrai ned space of the index finger of zone 2 and
smal|l finger of zone 3, were easily able to fit within the space around the

t endon dur Migaappldrcalt,i tirfiaiedt ahtdeatampbfl cagthmnblastst diffepdritiatezlatn ovroffranhe

tendons. Handling and applicati on, t he device t endons with
sut ur hegaiRRRIcHs sieeyandProgenitecallsy Jpuy %.%’OGF rgﬁﬁﬁf ﬁé?%)é)ég device iteration
was the preferred device based on the aspects tested; device dinensions,

pliability %tg%?-@hh{ggn ARR! h}@@&dﬂaﬂlgamaﬁ'g%arﬁéaa: i 6hal @A QRrwidl Norstindplased WO
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1. A bioconpatible or biodegradable matrix conprising an isol ated

popul ati on of bone marrow derived self-renew ng col ony-form ng somatic
cells (CPweQpuarsozendi ti oned cell culture derived from airaseallosgs4sher ei n
said CF-SC do not have nultipotent difSerentiation capacity, wherein said
CF- SC have a nornmal karyotype, wherein said CF-SC are non-imortalized,
wherein said, CF SC express CD 13, CD44, CD49c, CD90, HLA Cass-1 and p
(beta) 2Whet BicbdmeBiN i n, and wherein said CF-SC do not express CD 10, CD34,

CDAS, 1CDR3Y, A TP biddegAdhbIe i@ ComBAtihS 8H EsotREPp bl bnt JFdoHB fakrswof
claimil. 3 The matrix of >claim 1, further Conprising a pharmaceutically
accept abdeived ngetfiredewibg ddienyrfirming edmaticaicetl3 (CHHETedm comiticrmdpesiin duliure

T e e
matrix ofhGhR Hid CFROORalS aNgbrihaP kelyBlype S Gheete shidl (Bt NGe HoAUMNERASEEL | Ng

of a natural or reconbi nant human, bovi ne, and/or porcine bl ood pl asna
pr ot ei n. whereibhsnidraiFi-8& ofpress &0 5, CIMér €D 9¢,heDRP otEiAn GlasstlhamhBi (he@) 2-

fibrinogen. 7.. The trjx of c¢laj , ,wherein th tplX .C ri ol | agen
or pol nggaglpEulgbiagl?i Eber%sqﬁél{ﬂ%&oqo BPGFRIESS &Pg&eﬁ?ﬁﬁhﬁ}) t?ﬁ%zi’ or
conpri sespg@s ! agen at a concentration of 4 ng/m to 6 ng/m. 9. A nethod of
treating a nedical condition in a patient in need thereof, conprising
contacting the matrix of claiml1l with the patient. 10. The nethod of claim
9, whér eAfissuveormediissat cepdsing the majrigef atmllogi c. 11. The nethod of claim
10, wherein the wound is a diabetic foot wound, a venous |eg ul cer wound,

or a post-surgical ,wound. ,12. The . f i j nedi cal

condi B oS B stalhic frgf oo b pRiyplec AN hCocp AR ShbARE TIC

derived froma non-human source. WO 2011/150398PCT/ US2011/ 038445 - 158 -
4. The matrix of claim 3, wherein the compound is selected from the group consisting of a lipid,

a protein, a nucleic acid, an anti-inflammatory, an antibiotic, a vitamin, and a mineral.

5. The matrix of claim 1, comprising a protein selected from the group consisting of a natural or

recombinant human, bovine, and/or porcine blood plasma protein.
6. The matrix of claim 5, wherein the protein is thrombin or fibrinogen.
7. The matrix of claim 1, wherein the matrix comprises collagen or polyglycolic acid.

8. The matrix of claim 1, wherein the matrix comprises collagen at a concentration of 4 mg/ml

to 6 mg/ml.

9. A method of treating a medical condition in a patient in need thereof, comprising contacting

the matrix of claim 1 with the patient.
10. The method of claim 9, wherein the medical condition is dermatologic.

11. The method of claim 10, wherein the wound is a diabetic foot wound, a venous leg ulcer

wound, or a post-surgical wound.
12. The method of claim 9, wherein the medical condition is orthopedic.

13. The matrix of claim 1, wherein said CF-SC are derived from a non-human source.



14. The matrix, of claim 13, wherein the non-human source is selected from
the group consisting of: an equine source; a porcine source; a canine
source; awbebinksomeur ce; a bovi ne source; an ovi ne sour CET/US2Tas84nE
source; a canelid source and a nurinelXource. 15. The nethod of claim?9,
wherein the patient is a non-human animal. 16. A nethod of preparing a

Cor Ui Hi Wdgen of G | oS Ra P e BVt e B BB EF B TP Brisoup SHRGn! "0

mar r ow- dgr i ved self-renemnng colony-form ng somatic cells (CF-SC), wherein
said CF-SC do not have multipotent differentiation capacity, wherein said
CF- SC have a nornal karyotype, wherein said CF SC are non-immortalized,
wher ei n aaqiinEBo®Ceexpress CD13, CD44, CD49c, CD90, HLA Class-1 and 13
(beta) 2- M croglobulin, and wherein said CF SC do not express CD 10, CD34,
CD45, CDe2L 106 in the solution of (a); and, (c) transferring the
cel | susap%(ﬁglll%ﬁmgf;e(b) to a tissue nold. 17. A povvder conprising the matrix
of claim1l. 18. The powder of claim 17, wherein the matrix conprises

col | agem @hieGbygkycolic acid. WO 2011/150398PCT/U82011/038445 - 159 - 109.
A method of treating a nedical condition in a patient in need thereof
conprising contacting the powder of claim17 with the patient. 20. The

met hod G ICHN@$IHAR  wherein the nedical condition is selected fromthe
group consi sting of an open wound, a dermal deformty, a vocal cord scar, a

third degrRendNduieand a periodontal injury.

an ovine source;
a caprine source;
a camelid source and
a murine source.
15. The method of claim 9, wherein the patient is a non-human animal.
16. A method of preparing a pharmaceutical composition comprising:
(a) preparing a solution comprising soluble collagen;

(b) suspending isolated population of bone marrow-derived self-renewing colony-forming
somatic cells (CF-SC), wherein said CF-SC do not have multipotent differentiation capacity,
wherein said CF-SC have a normal karyotype, wherein said CF-SC are non-immortalized,
wherein said CF-SC express CD13, CD44, CD49c, CD90, HLA Class-1 and B (beta) 2-
Microglobulin, and wherein said CF-SC do not express CD10, CD34, CD45, CD62L, or
CD106 in the solution of (a); and,

(c) transferring the cell suspension of (b) to a tissue mold.
17. A powder comprising the matrix of claim 1.

18. The powder of claim 17, wherein the matrix comprises collagen or polyglycolic acid.



WO 2011/150398 PCT/US2011/038445
- 159 -

19. A method of treating a medical condition in a patient in need thereof comprising contacting

the powder of claim 17 with the patient.

20. The method of claim 19, wherein the medical condition is selected from the group consisting
of an open wound, a dermal deformity, a vocal cord scar, a third degree burn and a

periodontal injury.



