WO 2011/ 041186PCT/ US2010/ 049850 MAMVARY ARTERY DERI VED CELLS AND METHODS OF
USE I N Tl SSUE REPAI R AND REGENERATI ON 5 RELATED APPLI CATI ONS Thi s
appl i cat iwo 208/@1186Nn- provi sional filing of a provisionalPcapstiioasissn U. S.
Pat. App. No. 61/247,228. FIELD OF THE | NVENTI ON The invention generally
relates to mammal i an mammary artery-derived cells isolated 10 from
manmmal i an internal manmary arteries. The invention further relates to
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BACKGROUND OF THE | NVENTI ON The internal mammary artery, also known
as ghe #%g&g@ §¥Eﬂé%iﬁdﬁ§ ery, perfuses the anterior chest wall and
manirar 3 manmary artery has a superior, |longterm

pat ency co red t.o saphenous vei.n grafts, and.i.s regarded he primary
vessel of 2 P CHin IEBPHBTIP&?‘S}SI%IF& 989 pALYigeng f‘l%ﬂbc?‘“% ﬁ)é‘H ARp-
coronany, afd4gapgtid arteries, the mammary artery is highly resistant to
arthrosclerosis. This long-termresistance of the internal mammary artery
to graft atherosclerosis, conpared with the saphenous vein has been

attrib £4q i , to its superior endothelial cell function. In
additiuﬁﬁg?%QE}ug 3@9@3§£ﬁ§§é internal mammary artery to nechanical injury
is also different fromthat of coronary arteries. Human 25coronary arteries
respond to baILoon_angiopIastY by pronoting cell mgration and

prol i f erati die ipeatiphmgenasalbynislatesripmanypalih masnaty areraderivedselniselased n
aPROOXiTR Gl 400 e AP S mal R Sler 1AL LKERBOT AMALY BRI A AN SARNENOUS
vein graft, restenosrs was not’ found in internal manmary artery grafts
after p@istivhafelimatmbraiish inemal mangiaopirasy-erivddareti§ oCembirigs thotisiaed

manmmary artery could be a valuable tissue source for vascul ar progenitor

cel | s. Intpgyabmamynmay 48EPErrivaert b/ odusseiisld pRYdch@ethodeiar Vot miited t hat
ectopi%n%&§ég€Feﬁ?@posed of cartilage, bone, and fat, is able to form
within the wall of arteries. This phenonenon is ternmed netaplasia and
suggests that nultipotential progenitor cells nmay reside wthin the

arteri e i ) ogenic differentiation within the

artl ryigﬁﬁgkh%ofﬁﬁﬁgﬂfﬂgil@$€ﬁﬁﬁiﬁg§ as vascular calcification and this

type of mneralization is associated wth increased cardi ovascul ar injury.
10Vascul ar calcification is known to increase aortic stiffness, resulting
i n systolic Thygpetctnehmipmmary erteomazlyo kimguf 45 the eriepal thefaticvaetaty, penfiisgs the

hypertrophy, jschem a, and congestive heart failure. In fact, approxinmately
88% of “Beahele S B el pih B 2 M ObTe gehradly s SrubsE Bk
suggestig@eh phatcyRbageridtekaphehdis woirt fafts,tahe igfcbadyd Wedhk phi@hy védkéaypfa role in
pl aque formation, calcification and arthrosclerosis. Therefore

und8r stcAPiEr fy MBWneReREer:Bynass gefing. Kurepares tpRosar aid qsaetiortgips. the wel |

as repaj ] - ' d ' 1ol L gl i ons.
TN e B S S R S A S e e
cel | s inavasguriary phprsft ahe@yclelobishasnpaeehw Bh ciarsapivibusidiih haob@ansgribend,ai n
stemcel|ls that are involved in orgap_ maintenance and repair after injury.
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puposesronary arterigs regpondeto ballogn angeidstybydproonsing atle chiglagoexndpreh teatamn, a

“vascul ogenic zopne' in the adult human vascul ar wall . t.hi s study,

put at | VEIHHIG M Gmaia el aglgﬁa%tgwsm ﬁpmamtqlﬁf‘@ﬁé!caﬁeﬁoP?z&yegen
arteri ggikd. QOrBﬁlafrg %ﬁ&nés%dvsglbﬂe_ﬁouﬁeq@gﬂaﬁ,sre\@@%flssima@ﬁ& ol GiigRsdaed Wi th
trypsi n/ EDTA at 2537C for m nut es. “Non-di gested tissues were renoved by
fi |t r attasmmarprastegugiodnsitaserasangeys trankluguarl angioplstyr ddateforagthe giterplel | et

nas 1 estspended LNt o PRIRLICLR) QLN Gl LULS, el um andi Pl ated onto
col | agen—or PiBronet Rty e& drEfegu e CetPOENBhet Pat ed t he
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expression of CD34. Progenitor cells, expressing KDR Fl kl and CD45 were

al so shown to be present within the vascular wall of the internal mammary
artery. These data suggest that there 30is a pool of progenitor cells
within the wall of the internal mammary artery. The identification
and isolation of a vascular wall progenitor cell that is manufacturable and
resistant to atherosclerosis mght prove to be beneficial for cell therapy
and tissue engineering applications. In an attenpt to harness the internal
manmary artery's uni que anti- atherogenic and nechanical attributes, we
have isol ated and characterized uni que progenitor WO

2011/ 041186PCT/ US2010/ 049850 5cells from human internal manmary arteries
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WD 2011/ 041186PCT/ US2010/ 049850 5droplets within the cells stain red. |nage
of day 5 culture shown in |lower |eft panel was obtained at 400x

magni f i cawoan11/0di186ot her i mages were obtai ned at 200x megmiUSe@aissso Fi gure
5: Cellular infiltration/capillary density. Data bars represent the nmean
per cent age of area conprised of cells/capillaries per total area
evaluated. N= 5 or 6. Error bars represent 10 standard error of the nean

(SEM. Figure 6: Go kinetics. Cells . were isolated froman interna
narrma_r y art eryAsteat W&%ﬁ50&%@%ﬁﬁl@becmpg%tﬂ%rfomﬁgf%ﬁ%ﬁlaggo&l@e andt 19 20,
150 m nyias forkh&ithR! ths wlRr YR ds PR ?iﬁ&{bn’i%fnoh e ndd MBrapalidhid WeSRstk hen

cultured on tissue culture plates until cells reached senescence.
15Seneskat modtipeentoé pogmitedclbhaay résedcoeithis thcdrtceid] wall. ablvicegeniomsd popul ati on

doubl i ng during t. romth interval . Cumul ative ul at.i on_doubl i ngs (PD)
has  decDpithed Bl Both o AT RipeFeRRRm A 3Ry iRes

up- r egibRifRaB88l @A@Y §he 6€MincrBIZk@SSisabdoRTatdd @il MRFdasdd dabdienaehiBehjuRy.
differentiation nmedium Expression (% refers to the percentage of 20cells

wi thi n MaseulpngasiGedtionduknqyyetogagratsgtaotic stifaessesepvléas in sistolie dtypertansiorer .

Per cent f. l.s. expr, gt .marker e h.l dard
G corronat Rl R SpbiohBE WG, ot et e FuBe MR G

t est ed faaf dpproxaimbety §3%0f plagiicstalifieg estbhat itloomiseds it dalifek Ibledsdleen 25Fi gur e
8: Snmooth nuscle cell differentiation: Snpoth nmuscle cell markers remain
expr es SBERBEA Shat Prepgnien s Midy the atteny wHl wiadb Pl el ia plague formation,

differ t@at L i I 0 I : f cells
it n R R R Rl Rt PR ford IR ELEIT % S, RA% EERHENE 10
Pen6entvagmlafpatheldgy, @xypelessicngr trhighttlesltte dnpevke theadpi@rfogeapdbhascnlast andar d

i MAC cel|l. culture nedium (white bars). Percentage of cells expressing the
tested'f ?aé’@ins'afte_r growth in 30differentiation medium (black bars). Figure
9: Car di onyogytyelabbhiofite el catb Ry folhRdANMISTMAGNLEhTRIKSS ScRSII¢iRr egul at ed
after culturing i MACs in cardionyocyte differentiation nedium Expression
(% refvesalarphysieloger demsdgen sfovarthhsadni ttaiganstchatain\is@n cells thatearp opalvatli on
that express the tested, marker. 35Percentage of cel.l.s expressing.the tested
rar ker PRAR P BRAACT AL ERRAATH TRG Ol g €Oy oo yipt it sadtt rodehitol St
2028/ 0434 86 RoTtddS26kh MR I8 90t SIMBHLHT drvhhi ti&ubaThdse tBQICHBELHGPretenred | S
expressing the tested marker after growh in differentiation nmedi um (bl ack
bars) . cellygaplg thenhe cxpletterd g yisnre-sprmbc desehsyti¢ pBRPs- scaf f ol ds. Tubul ar

scaf fol ds wer.e . e i . Ut e fac ells
and cul tar e TESt B-or ey 4 ek aRE b SRR HLC  FHoRRRE AN T WSS

scaf f olhdmaneneutdr vedl. vih this ftadygluitativapebgehadmetls wicthisblared iy himaminderedsi n.
Figure 11: Live/Dead staining of electrostatically. spun PCL scaffolds

g !
seeded hreFc pRipigese dio harvest e Cplos preniesarqry mingsd andidigeaied path sy PG4 dher e
seeded wi I VA I g I J I ChRIg days. The
ce??s \ﬁgﬁ ée@%%@?ls“ﬁﬁiﬁgﬁgg% Sfeﬁé%%%tg ?vr%@%e?l%gﬁf?%%{{eop a?ur e %65 gn ‘gash oﬁr s,
t hen r eturifiegtdtand ghesearitiag celcellet wad tesuspendeclub@tandothdlialignalvthatbdret | nes,

pi eces of .the scaffol e cut .off and stained with Liyel/Dead st ai,n.
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i nvent ieQpreb oot CDBA PR AirRANS, e peXindRDROAR] ah§ @BRI3Sere GRIRRURER be
conpositions or biological systens, which can, of course, vary. It is also

to be umesenisvitiod theneasculiiewalbphihn oitomy! memthahertdry. iThepodata beggssirthydkerof

desgri bin articul ar enbodi nents anl and s not intended to be limting.
re i ot F oAl b USRI Mt s, BB e b &he sl ngul ar for o
"a", "an" aruheiddnifichtiel didasqhtivradf o ekanant sl prokesifor cbie thibkanirifctabsiar | y
di ctates otherwi se, Unl ess defined otherwi se, all technical and scientific
terns @8edcsHEMSIhatherpeclenaals sx gkt nievnioly bescfiarhienta) theraey arbbdudy one of

or di nary_ski | D rt [ I At | [ n

et hod<SSReL e APHEBrE] In bl athfle bl E BbAR BERE or s WRHE B
be usedtlicrodeh gadandchascdlattribess,iwvighak iddiecpambantactarizedihiqoe ptogenipyref er r ed
materials and 30 net hods are described herein. In describing and cl ai m ng

t he present invention, the followng termnology wll be used. "Cells
of the invention" refer to a mammalian internal manmary artery-derived
cell. "Differentiation” is the process by which an unspecialized
("uncommitted”) or l|less specialized cell acquires the features of a
specialized cell, such as a vascular cell, for exanple. A 35"differentiated
or differentiation-induced cell"” is one that has taken on a nore
specialized WD 2011/041186PCT/ US2010/ 049850 5("commtted”) position wthin
the lineage of a cell. The term"comrtted,” when applied to the process of

differentiation, refers to a cell that has proceeded in the differentiation
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Generally, a "trophic factor" is defined as a substance that pronotes
survival, growh, proliferation, maturation, differentiation, and/or

mai nt enarwo 20f/@18el |, or stimnulates increased activityPoff/us2@elohessé Tr ophi c
support™ is used herein to refer to the ability to pronote survival,
30growt h, proliferation, maturation, differentiation, and/or maintenance of
a cell, or to stinulate increased activity of a cell. The mamral i an

i nternal ry artery-derived cell of the invention produces.traophic

{ ncbor Seily REMIUHG HEE BRI padissand g fegrerey PupeukeainBag
differ%?bﬁ@ﬁmgg factors. "CGene expression"” refers to transcription of a
gene into an RNA product, and optionally to translation into one or nore
pol ypepti de sequences. WD 2011/ 041186PCT/ US2010/ 049850 5l n one enbodi nent,
an isoé&@ggggﬁk }%i @Ehﬂiﬁgiggmgannary artery-derived cell is provided. The
cell i Fe—OT—S and expansion in culture wherein the cel

is positive for the expression of each one of cell-surface markers CD29,
CD44, CDr73, CD 166 and HLA-1, and negative for each one of cell-surface
marfRer s CD1OVe digliose mppmaligppyernappammepgaterpdesyedapds psolatrsiomcpss, CD104,
CD105, %Zﬁ nqgge%ig il %ﬁ%% aﬁgrig.:) ]I\ﬂg'tp (%qgoflﬁie iyd‘:l'ét%dmflé Bra %aﬁ lirlft'er:haﬁnd
HLA- 2. T anot Rer enBd I ment, Re ramrali an 1 nter nal manmmary

art er y nilgnmugthree}-terivadpols drc\uBofppsvitldie Mxphasish aneraél mahmasuirtcagdetiegdker

HLA-1 and negative for_ expressiaon of each one of cell-surface markers CD
10, cDs¢lls @g@@}la@g&wedc%is fﬂ@ﬁ@@iogémaromppﬁfw% surtacs Barker ghenotype,

enbodi e ed HRRNBIRE bAftedsine iR polEIPdiYic AR igtf AR Y88 hehhgibsedis 15
additional?ybpogﬁgggg %ggegxpfessﬁgn 0 éDSQ,ICD44, éD?S,quaf%6geénd
addbt i an@bityy HegatélisealontildRib; badib2d] ailcDes%pe OR6RqEringBpplicaGbBs, CD104,
CD105, CD117, CD138, CD146, VECadherin, and HLA-2. |n another enbodinent,
the mammal i an internal mammary artery-derived cell may secrete the trophic

f act or BRI PESCIAPTION OF FHEA IdERESNase- MB, ENA-78, endot helin-1,

20eotaxin, taftty aci rnding protein, ferritin, basic FG interleukin-86,
interleukin-8, insulin, MCP-1, PAI-1, stemcell factor, TIMP-1, VCAM 1 and
VEGF. Thaureél MapbslogptiMEECy @iterngbmatindare itapdicHaed oallspwefeDGRuteld.on I n

yet, .anot her enbodi.nent, an jsol ated mammal i an i nternal  mamar

2 oy Shlfieoagagt e ol SRt cunes Tt Sog b T atsnen 2 b
expansi ﬁa%éw ¢8| Al Rassappenern thE $8l a hendRnBARI 1ib8lab@ mBRIMSIsRYPT €SSi on
of CD13, chenokine ligand 2, Ephrin A2, Ephrin A3, Endoglin, Endotheli al
PAS domai n protein 1, Fibroblast growh factor-2, Fibroblast growh factor

recept .- 3, ,Hypoxi.a-.i nduci factor-1., Matri x metal enopr etinase- 2

e opi e 2 CRPRUERPARGPENER VRS Rl fea SERe i BRSSP RBL B SR 0ty v

i nhi bi tvafre RarvddtddParddoubict @%ery,3-3 Miysladd poplilaienisubling Yas détervinel- Bubinds
VEG--C, tripartite notif-containing 33 (TRIM33), SRY (sex 30 determ ning

r egP on Wore pig ta achiasiont hepyt 41xbpomligrsionlines( Dr osophi | a) (NOTCH-2), cystei ne
rich transnmenbrane BWMP regulator 1 (CRIM1), honeobox D9 (HOXDO) and POU

cl ass 3 honeobox 3 (POU3F3). I n one enbodi nent, we provide a

met hod Higure Bs @apiliangfoamasemaliAafs dndthennalintoaahmaynnary ensry dedotielthi celld . Thi s
met hod ¢ ri ses obtaining internal mamyary artery. ti ssue,  digesting 35the
artery (Eééfwsicaltwdﬁw yondyatriggl SBtam e Yulprdlapplognptign Wasehssietg t he
cells Tde@mv&ea@cuﬁﬁ&%@mﬁ{e%ﬂf%&éﬁ%e%%%waﬁgﬁfaﬁﬁgq hgagt @fbvffﬁtl\%diﬁh; and
culturing the cells in gromh nedia to provide the Internal nmanmmary

ar 8ér y<ddotheled gosithsnediime-2f (B S -20 og emootb must epel dnfferesteion mdinen (g Ct he
tissue in.the presen of. a nmetall oprotease, . a neu r ot eas nd/ or a
ool y b RS L e e Bfsisd 5 ulernot B AGs BT H I HARer < he
artery GRekeMed@MBVEQY-b hen g rdiabbieRba b1 RUnddMifichebn | ayer of the
artery. Suitable enzynes include, but are not limted to coll agenase,

di spase and hyal uroni dase 10 and conbi nati ons thereof In one enbodi nent,
the artery i,s \dj.gested i | | agenase, and,.di spase. .l n. one enmhodi t. the
ar tery e 42 RHREEH R IMAREREIRRG) AR RRI b QiR ReBIRTE SR 1 o
abgst GQilfrRULEs fixdhendadihedvit Gl ResDash @iyk 81 ¥0,ia8d tIBgiastiadmed. Liga t he
enzynme m xture and in a second digestion step placed into a fresh enzyne

m xture for a sufficient anount of tinme to obtain the digested nateri al
containing the internal mammary artery-derived 15cells. In one enbodi nent,
the artery is incubated in the enzynme pixture in the second di gestion step
for about 30 mnutes to about 60 m nutes. |In another enbodinent, the artery
is incubated in the enzynme m xture in the second digestion step for about
60 mnutes. The cells isolated fromthe digested material are then plated
onto a collagen coated tissue culture vessel and cul tured under standard
conditions in growmh medium After a brief culture period, the cell is
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WO 2011/ 041186PCT/ US2010/ 049850 5 mammary artery derived cells can al so be
utilized within a device for the pronotion of neovascul ari zation, cel

survi val woaot/ssise repair. An inportant chall enge in tReTfUSedid/oef85e i ssue
engi neering/organ reconstruction is how to adequately vascul ari ze the

t herapeutic device. For any construct to be of value it nust be generated
in such a way that it contains a nicrovascular conponent. These capillaries

woul.d ensyre that the, constr as de uate su I utrients,
o Sar oS bt R Tt o NSy BB e e ge et vty
any ma,pRave aYab@%@mfagﬁlﬁEétﬁlu%lﬁ&ﬂbf‘ﬁ% b@@eﬁmﬂtdlﬁ&f 4t908x magnificad$Pt her

application of gene therapy pernmts the use of a drug in a high
concentration, which is nornally considered to be dangerous, by providing

RS e R A e S T S e o v

I's possidl @®nipRisedsf oeueﬂdaplnmestﬂeeaﬁmma HalvagdaN=andr & e baty téBrekéht hi gh
concentration by transferring a gene having drug resi stance agai nst the
anﬂpcaﬁ@@dméﬁﬁ@foeﬂ@In@@K%E@Berr|ng a multiple drug resistant gene into an
expanded cel |l preparation conprising mamralian internal manmary
artery-derived cells. A deficient protein can also be induced and expressed
by tramsfee 6i @oatigienetisnCelth wgredsolacgfdmpindheinal mahndrhartemthelvwan

internal 20 manmary artery- gerlved cell under the control of U|t bIe

pr onot EXPOSPAL digsstioasingymey fof AR G 8Peh2N: Lahmpriteso diheseiledertigd

Same aghdi Fﬂé gointh DRte @BT &hing By «iid 518 cﬂﬁ’ﬁrg rrp?altt) esSRT SR O hED séﬂeyé%ncé t ' S
al so possible to insert a gene enco ozyne, an antisense nucleic
acild orSehéseeﬁqueasaieteamuteﬁevheauh& addls efalmlrte acintee driegpopabmmah dawblingtdering lthe
manmary ar rived cell to con ssion of .a specific gene

o oauc RG] ICSRBHRS noRRibnt dattingh I Ve G bases 28 For
exanple, the mammalian internal manmary artery-derived cell can be
subjected to gene nodification to express an antisense nucleic acid or a
ri bozyrFegurv\ﬂ | Enﬂqtlenilabcéb@fﬁeregﬂmm lMA@euM@eliﬁée i:miomvélak eallgearkeys géiar

i ncl udin

t oat ur deTmeh b dnap b SRy medhiry. ExwRon [ ol o' B pt0URR &7
prabi f eeRd wiahin tHé IR o@lthﬁég)opﬁratlﬁﬁl it ¥reRTtheRbes ntabiad: MrRyy@ntdag of
potential to form manmal i an 30 internal nannar%4arter y-derived cells.

Exanpl ésllogxpseromedbeiosied aeskes gfipr eraptiomustangdardiMAb sail sulturg medesos e | uI ar
pr ot ei I f

CF 1 cachn ERchizp Or PR T EeRa BE Al bkl A RTRRTE e Bluahll BOUENY o
for inf(blaelabarsy the proliferation, differentiation, or survival of cells
that have the potential to forma mammalian internal mammary artery-derived
cell by contacting the cells with an agent or WO

2033/ 0434 0 ROTLLSRMARARE Rk fof. ISHRIOAA Gl Bul1 FBcFOLAARY a9 rd¥&dgnod.
The iden i ed agents can be fornmul ated as a pharnaceutical preparation.
It is ﬂne&freamdeaftetrItua'atrmdmewuihfsﬁmp&%usﬁcecblb@ﬁb&nb@dnnedﬂm fExprassine (Pat i ent

that is eln trea .avoi ere wever re

it of og8s B B o« Fhat MK AT CiserohEhling Mg SRR St elBE The
differ %Hrk@ft @@rc‘éﬁiak@ of &1 eﬁﬁﬂé%)ﬁfth% héked BalReF MRRRERYthIn Bdhddre Mvia (L&and
oxygen required by the cell and therapeutic factors the cell is secreting,

yet i nwekn@mdeuméwtlmrhﬁe) hBereenthed efces sxpaerdingeh¢ testepmedtiesralfiey grokgh in
ps I h al | is easily and stably situated in a target
gg %1 U§1 ¥E%“H%§%g%ﬂ%¥gtection to the inplanted structure.
Protectlon fron1|nnune rejection can al so be provided by genetic
nodi fication of the dlfferentlated cells, accord|§% to any met hod known in
the ar tFigugPoamdiaempyerifarntistos; Jihsrardigryavte makenevasnpmasddcdafivig

5. 3o, FIEL B AE?%%@8&%@%@%@@%5%?9{"“3%25%%?8%233fefg§%ﬁ%" e

W01995/ptit@ithge &F ¢edls naithiity ey M 8@ belatre popudétionethatsixprdss theaesedinbdker.ent i at ed
cells is acconp ed by .culturi these cells in th rese of

aubdant’ PEF&HV%P‘L P> CXREB G e SR BT er%tf&tb.%&aeia GG g9 & YHES fic
autoantigens. As a result of these techniques, cells having increased 20
resi stance to destruction by anti body or T-1ynphocyte dependent nechani sns
are generated. Such cells can be ianaQted into an appropriate host in an
appropriate tissue as disclosed herein'and have increased resistance to
destruction by autoi nmune processes. Likew se, the human | eukocyte antigen
(HLA) profile of the differentiated cell can be nodified, optionally by an
iterative process, in which the differentiated cell is exposed to 25nor nal

aIIogenelc Iynphocytes and surV|V|ng ceIIs selected Alternatlvely, a site
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5 EXAMPLE 1 Cell Isolation Optimzation Initial experinments were conducted
to determne the optimal tinme necessary for tissue 10 digestion. A five
cent i net ewoportta4ors6of the human internal mammary art eryPaadiSetaisssd from
the National D sease Research Interchange (NDRI, Phil adel phia, PA). The
artery was trimed and washed in Dul becco's nodified Eagles nmedi um

(DIVEIVH ow gI ucose; Invitrogen, Carlsbad, CA) or phosphate buffered saline
(PBS; n), to renove bl aod, and debrls tire artery was then
{r ot cradiem (8RR S P el ol S e R T pb i et Hatiinon

di gest egtrerb@fatbamyddign @BUNEEs)0f time in an enzyme mxture containing 0.25
Units/milliliter coll agenase (Serva El ectrophoresi s, Heidel berg, Gernmany)
and 2.5 Units/mlliliter dispase (Roche Di agnostics Corporation,

I ndi anapol i The ] re was..the nbi endo

ar ow h THEHF dfh Dbt SR Wlhae ST d SR iRty SRS figh 'R
cont ai Ahdnthdrdtduss Wesfade@MtRiNMAL ddligesd sfur@NiayEsrcwesr dlinibee fiapedyat 37C
in an orbital shaker at 225 rpmfor increasing anmounts of tine (30, 60 90,

1200 159 this pimce ghe. scaffoldw crrfixcdrwidniormelinend vigiaed with hempiozylipped sassl. at ed
fromthe resulting digested material. The partially digested artery was
then transferred to a 50nL conical tube containing a m xture of fresh
enzynmeFigurd 1 EQMv2/Dead sﬁauﬂrtgteﬁeleﬁt@e&tlaﬂlyastpuﬁ PCLf enffblde s¢edndmivihinAGC oEls.
intervals. At the end of each tine inter the.resultjng dl§L§St'ms

centri f%%@st@aa%ﬂymentubglla\‘f@ﬂsscerffﬂ@tsé‘sere %%@e%WﬁEﬂMétCa?ﬁ”S\ftﬁg Pdited. The
pel | et i was
Phen 11 R e o TR A AL T T o R R R

Bi dsci efmcbhoursahetﬂmaﬂfnedm)a statlerd ¢ellltaudttie inadatdreft mdsaep emosdpicces EGMeZ
(total valyne 50 mllilite trifuged at 150 x g for 5 mnutes. The
superné?%tjﬁﬂlfd\)ﬁge %Biﬁlr %%N@thE S\tﬁé‘?e resuspended i n anot her 15
mlliliters of fresh EGMZ and 30pl ated into a tissue culture flask that
was coat ed vvlth SOJg/cer rat tail type | col lagen (1 naned, Freenont, CA).
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(“committed”) position within the lineage of a cell. The term “committed,” when applied to the
process of differentiation, refers to a cell that has proceeded in the differentiation pathway to a
point where, under normal circumstances, it will continue to differentiate into a specific cell
type or subset of cell types, and cannot, under normal circumstances, differentiate into a
different cell type or revert to a less differentiated cell type. A “lineage-specific marker” refers
to a characteristic specifically associated with the phenotype of cells of a lineage of interest and
can be used to assess the differentiation of an uncommitted cell to the lineage of interest.

“Internal mammary artery-derived cells” as used herein are cells isolated from a
mammalian internal mammary artery. Internal mammary artery-derived cells can give rise to
cells, such as adipocytes, or can give rise to one or more types of tissue, for example, vascular
tissue, in addition to producing daughter cells of equivalent potential. These cells are
“isolated” from the internal mammary artery, which refers to the separation of the cells from
the surrounding tissue by enzymatic digestion. “Digested material” refers to the cells and
tissue that are isolated from the mammalian internal mammary artery after being treated with
an enzyme solution. This digested material is either discarded or directly plated onto tissue
culture vessels. Cells that are contained within the “digested material” can attach to the tissue
culture vessel and can be propagate in culture.

A “conditioned medium” is a medium in which a specific cell or population of cells has
been cultured, and then removed. While the cells are cultured in the medium, they secrete
cellular factors that can provide trophic support to other cells. Such cellular factors include, but
are not limited to hormones, cytokines, extracellular matrix (ECM), proteins, antibodies, and
granules. The medium containing the cellular factors is the conditioned medium.

Generally, a “trophic factor” is defined as a substance that promotes survival, growth,
proliferation, maturation, differentiation, and/or maintenance of a cell, or stimulates increased
activity of a cell. “Trophic support” is used herein to refer to the ability to promote survival,
growth, proliferation, maturation, differentiation, and/or maintenance of a cell, or to stimulate
increased activity of a cell. The mammalian internal mammary artery-derived cell of the
invention produces trophic factors, including but not limited to, growth factors, cytokines, and
differentiation factors. “Gene expression” refers to transcription of a gene into an RNA

product, and optionally to translation into one or more polypeptide sequences.
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In one embodiment, an isolated mammalian internal mammary artery-derived cell is
provided. The cell is capable of self-renewal and expansion in culture wherein the cell is
positive for the expression of each one of cell-surface markers CD29, CD44, CD73, CD166
and HLA-1, and negative for each one of cell-surface markers CD10, CD15, CD23, CD24,
CD31, CD34, CD45, CD62p, CD80, CD86, CD104, CD105, CD117, CD133, CD138, ,
CD141, CD146, VE-Cadherin, KDR/Flk-1 and HLA-2.

In another embodiment, the mammalian internal mammary artery-derived cell is
positive for the expression of cell-surface marker HLA-1 and negative for expression of each
one of cell-surface markers CD 10, CD31, CD34, CD45, CD133, CD141 and KDR/Flk-1.

In yet another embodiment, the mammalian internal mammary artery-derived cell is is
additionally positive for expression of CD29, CD44, CD73, CD166, and additionally negative
for CD15, CD23, CD24, CD62p, CD80, CD86, CD104, CD105, CD117, CD138, CD146,VE-
Cadherin, and HLA-2.

In another embodiment, the mammalian internal mammary artery-derived cell may
secrete the trophic factors 32 microglobulin, creatine kinase-MB, ENA-78, endothelin-1,
eotaxin, fatty acid binding protein, ferritin, basic FGF, interleukin-6, interleukin-8, insulin,
MCP-1, PAI-1, stem cell factor, TIMP-1, VCAM-1 and VEGF. The cell does not secrete Von
Willebrand Factor or PDGF-bb.

In yet another embodiment, an isolated mammalian internal mammary artery-derived
cell is provided, said cell capable of self-renewal and expansion in culture, wherein the cell is
positive for gene expression of CD13, chemokine ligand 2, Ephrin A2, Ephrin A3, Endoglin,
Endothelial PAS domain protein 1, Fibroblast growth factor-2, Fibroblast growth factor
receptor-3, Hypoxia-inducible factor-1, Matrix metalenoprotinase-2, Neuropilin-1, Placental
growth factor, Urokinase, Thrombospondin-2, TIMP inhibitor-1, TIMP inhibitor-3, TNF-12a,
Troponin T type-1, VEGF-B and VEGF-C, tripartite motif-containing 33 (TRIM33), SRY (sex
determining region Y)-box 11 (SOX-11), Notch homolog 2 (Drosophila) (NOTCH-2), cysteine
rich transmembrane BMP regulator 1 (CRIM-1), homeobox D9 (HOXD9) and POU class 3
homeobox 3 (POU3F3).

In one embodiment, we provide a method for isolating a mammalian internal mammary
artery-derived cell. This method comprises obtaining internal mammary artery tissue, digesting

the artery sequentially in two steps to obtain digested material, isolating the cells from the
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digested material, and culturing the cells in growth media to provide the internal mammary
artery-derived cells. The first digestion step comprises incubating the tissue in the presence of a
metalloprotease, a neutral protease, and/or a mucolytic enzyme for a sufficient amount of time
to partially digest the artery thereby removing the external debris and intimal layer of the
artery. Suitable enzymes include, but are not limited to collagenase, dispase and hyaluronidase
and combinations thereof. In one embodiment, the artery is digested in collagenase and
dispase. In one embodiment, the artery is incubated in the enzyme mixture in the first digestion
step for about 60 minutes. The partially digested artery is then removed from the enzyme
mixture and in a second digestion step placed into a fresh enzyme mixture for a sufficient
amount of time to obtain the digested material containing the internal mammary artery-derived
cells. In one embodiment, the artery is incubated in the enzyme mixture in the second digestion
step for about 30 minutes to about 60 minutes. In another embodiment, the artery is incubated
in the enzyme mixture in the second digestion step for about 60 minutes. The cells isolated
from the digested material are then plated onto a collagen coated tissue culture vessel and
cultured under standard conditions in growth medium. After a brief culture period, the cell is
characterized for morphology, surface marker expression, gene expression, trophic factor
secretion and multipotential differentiation.

In another embodiment, we provide a method of diagnostic and prognostic evaluation as
well as for drug discovery for cardiovascular disease which uses mammalian internal mammary
artery-derived cells to characterize cellular responses to biologic or pharmacologic agents
involving isolating mammalian internal mammary artery-derived cells from a statistically
significant population of individuals, culture expanding the mammalian internal mammary
artery-derived cells from the statistically significant population of individuals to establish a
plurality of cell cultures of mammalian internal mammary artery-derived cells, contacting the
mammalian internal mammary artery-derived cell cultures with one or more biologic or
pharmacologic agents, identifying one or more cellular responses to the one or more biologic or
pharmacologic agents, and comparing the one or more cellular responses of the mammalian
internal mammary artery-derived cell cultures from individuals in the statistically significant
population. The mammalian internal mammary artery-derived cell of the invention can be used
in vitro to screen a wide variety of compounds for effectiveness and cytotoxicity of

pharmaceutical agents, growth/regulatory factors, and anti-inflammatory agents. To this end,
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5  the cells of the invention, or tissue cultures described above, are maintained in vitro and
exposed to the compound to be tested. The activity of a cytotoxic compound can be measured
by its ability to damage or kill cells in culture. This can readily be assessed by vital staining
techniques. The effect of growth/regulatory factors can be assessed by analyzing the number of
living cells in vitro, e.g., by total cell counts and differential cell counts. This can be

10 accomplished using standard cytological and/or histological techniques, including the use of
immunocytochemical techniques employing antibodies that define type-specific cellular
antigens.

The cells and tissues of the invention can be used as model systems for the study of
physiological or pathological conditions. The cells and tissues of the invention can also be used

15  to study the mechanism of action of cytokines, growth factors, e.g., inflammatory mediators,
e.g., IL-1, TNF and prostaglandins. In addition, cytotoxic and/or pharmaceutical agents can be
screened for those that are most efficacious for a particular patient, such as those that reverse,
reduce or prevent arthrosclerosis and other cardiovascular pathologies. Agents that prove to be
efficacious in vitro could then be used to treat the patient therapeutically.

20 In another embodiment, iMACs can be administered in conjunction with an acceptable
matrix, e.g., a pharmaceutically acceptable matrix. The matrix can be biodegradable. The
matrix can also provide additional genetic material, cytokines, growth factors, or other factors
to promote growth and differentiation of the cells. The cells can also be encapsulated prior to
administration. The encapsulated cells can be contained within a polymer capsule. The

25  polymers used to prepare carrier devices, scaffolds, or matrices described herein are
biodegradable and biocompatible. The biodegradable polymers readily break down into small
segments when exposed to moist body tissue. The segments then either are absorbed by the
body, or passed by the body. More particularly, the biodegraded segments do not elicit
permanent chronic foreign body reaction, because they are absorbed by the body or passed

30  from the body, such that no permanent trace or residual of the segment is retained by the body.
The expanded cell preparations of the invention comprising increased numbers of mammalian
internal mammary artery-derived cells can be used to construct tissue-engineered devices such
as a bioartificial blood vessel or other cardiovascular device. The cells can be combined with,
or seeded onto scaffolds composed of natural of synthetic polymers. These devices can then be

35 implanted into a diseased or injured animal or human patient. The mammalian internal
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were cultured on coll agen-coated flasks for 81 days. Cells were harvested
and counted every 3-5 days and popul ati on doubling and viability was
det gr mnrllfn(ljmary artery derived cells can also be utilized within a device for the promotion of
neovascularization, cell survival and tissue repair. An important challenge in the field of tissue
engineering/organ reconstruction is how to adequately vascularize the therapeutic device. For
any construct to be of value it must be generated in such a way that it contains a microvascular
component. These capillaries would ensure that the construct has an adequate supply of

10 nutrients, proper gas exchange and waste removal. iIMACS have pro-angiogenic activity any
may have value for tissue engineering applications.

Another application of gene therapy permits the use of a drug in a high concentration,
which is normally considered to be dangerous, by providing drug resistance to normal
mammalian internal mammary artery-derived cells by transferring a drug resistant gene into the

15  cells. In particular, it is possible to carry out the treatment using an anticancer drug in high
concentration by transferring a gene having drug resistance against the anticancer drug, e.g.,
transferring a multiple drug resistant gene into an expanded cell preparation comprising
mammalian internal mammary artery-derived cells. A deficient protein can also be induced
and expressed by transferring a gene encoding a target protein into the mammalian internal

20  mammary artery-derived cell under the control of a suitable promoter. The expression of the
protein can be controlled to obtain the same activity as that obtained by the natural expression
in vivo. It is also possible to insert a gene encoding a ribozyme, an antisense nucleic acid or the
like or another suitable gene into the mammalian internal mammary artery-derived cell to
control expression of a specific gene product in the cells or to inhibit susceptibility to diseases.

25  For example, the mammalian internal mammary artery-derived cell can be subjected to gene
modification to express an antisense nucleic acid or a ribozyme, which can prevent growth of
pathogens in the target organ including, but not limited to, HIV, HTLV-1, and HTLV-II.

The invention features a method for identifying agents, which influence the
proliferation, differentiation, or survival of cells that have the potential to form mammalian

30  internal mammary artery-derived cells. Examples of such agents are small molecules,
antibodies, and extracellular proteins. Identified agents can be profiled and assessed for safety
and efficacy in animals. In another aspect, the invention contemplates methods for influencing

the proliferation, differentiation, or survival of cells that have the potential to form a

mammalian internal mammary artery-derived cell by contacting the cells with an agent or

10
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invention can be carried out according to known methods. For example, but not by way of
limitation, cells can be suspended in a “freeze medium” such as, culture medium further
comprising 0 to 95 percent FBS and 0 to 10 percent dimethylsulfoxide (DMSO), a
cryoprotectant, with or without 5 to 10 percent glycerol, at a density, for example, of about 0.5

35 to 10 X 10° cells per milliliter. Alternatively, other cryoprotectants may be used such as,
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are dispensed into glass or plastic ampoules or other vessels that are then sealed and transferred
to the freezing chamber of a controlled rate freezer. The optimal rate of freezing can be
determined empirically. A programmable rate freezer for example, can give a change in
temperature of -1 to —10°C per minute through the heat of fusion can be used. Once the

10 ampoules have reached —180 °C, they are transferred to a liquid nitrogen storage area.
Cryopreserved cells can be stored for a period of years, though they should be checked at least
every 5 years for maintenance of viability. The cryopreserved cells of the invention constitute
a bank of cells, portions of which can be “withdrawn” by thawing and then used as needed.
Thawing should generally be carried out rapidly, for example, by transferring an ampoule from

15  liquid nitrogen to a 37°C water bath. The thawed contents of the ampoule should be
immediately transferred under sterile conditions to a culture vessel containing an appropriate
medium such as DMEM conditioned with 10 percent FBS. Alternatively, a whole internal
mammary artery or an internal mammary artery cut into segments or minced into pieces may be
cryopreserved in a similar fashion. The mammalian internal mammary artery-derived cells

20  may then be isolated from the thawed whole artery, artery segment(s) or minced artery pieces.

In a further embodiment, the mammalian internal mammary artery-derived cells of the
invention can be cultured in vitro to produce conditioned media or cell lysate in high yield. For
example, such cells, which either naturally produce a particular biological product of interest
(e.g., a growth factor, regulatory factor, or peptide hormone), or have been genetically

25  engineered to produce a biological product, could be clonally expanded using, for example, a
three-dimensional cell culture system. If the cells excrete the biological product into the
nutrient medium, the product can be readily isolated from the spent or conditioned medium
using standard separation techniques, e.g., such as differential protein precipitation, ion-
exchange chromatography, gel filtration chromatography, electrophoresis, and HPLC, to name

30 butafew. A “bioreactor” can be used to take advantage of the flow method for feeding, for
example, a three-dimensional culture in vitro. Essentially, as fresh media is passed through the
three-dimensional culture, the biological product is washed out of the culture and can then be
isolated from the outflow, as above. Alternatively, a biological product of interest can remain
within the cell and, thus, its collection can require that the cells be lysed. The biological

35  product can then be purified using any one or more of the above-listed techniques.

12
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cna” Pt i R B B 5

Initial experiments were conducted to determine the optimal time necessary for tissue

10 digestion. A five centimeter portion of the human internal mammary artery was obtained from
the National Disease Research Interchange (NDRI, Philadelphia, PA). The artery was trimmed
and washed in Dulbecco’s modified Eagles medium (DMEM-low glucose; Invitrogen,
Carlsbad, CA) or phosphate buffered saline (PBS; Invitrogen) to remove blood and debris. The
entire artery was then transferred to a 50-milliliter conical tube.

15 The tissue was then digested, for varying amounts of time in an enzyme mixture
containing 0.25 Units/milliliter collagenase (Serva Electrophoresis, Heidelberg, Germany) and
2.5 Units/milliliter dispase (Roche Diagnostics Corporation, Indianapolis IN). The enzyme
mixture was then combined with endothelial growth medium -2 (EGM-2) (Lonza,
Walkersville, MD). The conical tube containing the tissue, EGM-2 and digestion enzymes was

20  incubated at 37°C in an orbital shaker at 225 rpm for increasing amounts of time (30, 60, 90,
120, 150 minutes). At the end of each time interval, cells were isolated from the resulting
digested material. The partially digested artery was then transferred to a 50mL conical tube
containing a mixture of fresh enzymes and EGM-2 and further digested at 37°C for the
remaining time intervals. At the end of each time interval, the resulting digest was centrifuged

25  at 150 x g for 5 minutes, the supernatant was aspirated. The pellet was resuspended in 20
milliliters of EGM-2. The cell suspension was then filtered through a 70-micron nylon BD
FALCON Cell strainer (BD Biosciences, San Jose, CA). The filtrate was then resuspended in
EGM-2 (total volume 50 milliliters) and centrifuged at 150 x g for 5 minutes. The supernatant
was aspirated and the cells were resuspended in another 15 milliliters of fresh EGM-2 and

30  plated into a tissue culture flask that was coated with 50ug/cm” rat-tail type I collagen (Inamed,
Freemont, CA). The cells were then cultured at 37°C and 5% CO,. Growth potential was then
evaluated. Cells isolated were plated at 5000 cells/cm® onto type I rat tail collagen coated T75
flasks in EGM-2 and cultured at 37°C in 5% carbon dioxide. Cells were passaged every 3-5
days. At each passage, cells were harvested with TypleLE (Invitrogen), counted and viability
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Positive Negative CD45 Positive Negative Endothelial cells VE Cadherin
Positive Negative KDR/ Flkl Positive Negative CD31 Positive Negative

CD104 Poswoizor/iMeat i ve Snooth nuscle cells CD141 Posi t ip¢g/uNe@atoiasso
Mesenchymal stemcells CD10 Positive Negative CD29 Positive Positive CD44
Positive Positive CD73 Positive Positive CD105 Positive Negative CD166
Positive Positive Other CD15 Positive Negative

5  was measured using a Guava instrument (Guava Technologies, Hayward, CA). Population
doublings [In (final cell yield/initial number of cells plated)/In2] were then calculated.

Data showed that the cells could be isolated from the internal mammary artery by
sequentially digesting the artery. The cells obtained from the 30 or 60-minute time interval
grew poorly (Figure 6). Cells isolated from the 90-minute time interval were shown to have

10 maximal growth potential. We determined therefore that the artery must initially be digested
for about sixty minutes to remove external debris and the intimal layer of the artery. After the
initial 60 minute digestion, the artery must then be transferred to a fresh enzyme mixture and
further digested for an additional 30-60 minutes to obtain the cells that had maximum growth
potential. This sequential digestion method allows for the isolation of a cell that is located

15  within the adventitial/medial layer of the artery while excluding any cells from the intimal layer

of the artery and from any external debris leftover from harvesting the artery.

EXAMPLE 2

20 Isolation of human Internal Mammary Artery-Derived Cells
The optimal digestion time interval (described in Example 1) was then applied to isolate
internal mammary artery-derived cells. A five centimeter portion of the human internal
mammary artery was obtained from the National Disease Research Interchange (NDRI,
Philadelphia, PA). The artery was trimmed and washed in Dulbecco’s modified Eagles medium
25 (DMEM-low glucose; Invitrogen, Carlsbad, CA) or phosphate buffered saline (PBS;
Invitrogen) to remove blood and debris. The entire artery was then transferred to a 50-milliliter
conical tube.
The tissue was then digested in an enzyme mixture containing 0.25 Units/milliliter
collagenase (Serva Electrophoresis, Heidelberg, Germany) and 2.5 Units/milliliter dispase
30  (Roche Diagnostics Corporation, Indianapolis IN). The enzyme mixture was then combined
with iMAC Growth Medium (Advanced DMEM/F12 (Gibco), L-glutamine (Gibco) penicillin
(50 Units/milliliter) and streptomycin (50 ug/mL, Gibco)) containing 10% fetal bovine serum
(FBS)). The conical tube containing the tissue, IMAC Growth Medium and digestion enzymes
was incubated at 37°C in an orbital shaker at 225 rpm for 1 hour. The partially digested artery

35  was then transferred to a 50mL conical tube containing a mixture of fresh enzymes and iMAC
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CD23 Positive Negative CD24 Positive Negative CD62p Positive Negative
CD73 Positive Positive CD80 Positive Negative CD86 Positive Negative
CD117 Poswoizor/iMeat i ve CD138 Positive Negative HLA 1PPDAISRINA4BEGIti ve
HLA 2 Positive Negative Table 3: Cell surface marker phenotype. i MACs were
characterized by flow cytonetry 10 using the anti bodi es described in Table
1. Markers were organi zed according to known surface markers of specific
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EXAMPLE 3

Human Internal Mammary Artery-Derived Cell Morphology
20

Fresh iMACs, isolated as described in Example 2, were plated at 5000 cells/cm” onto
type I rat tail collagen coated T75 flasks in iMAC Growth Medium and cultured at 37°C in 5%
carbon dioxide. Cells were passaged every 3-5 days. At each passage, cells were harvested
with TypleLE (Gibco), counted and viability was measured using a Guava instrument (Guava
25  Technologies, Hayward, CA). For morphological evaluation, iMACs were assessed by light
microscopy and morphological characteristics of the cells were observed using a Nikon
microscope and LCD digital camera.
IMACs were assessed by light microscopy and morphological characteristics of the
cells were observed using a Nikon Microscope and LCD digital camera (Figure 1).
30  Consistently, cultures of iMACs showed a fibroblastic morphology. Morphology was stable at
late passage (Passage 23).

EXAMPLE 4

Human Internal Mammary Artery-Derived Cell Growth Potential
35
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i ncludi ng; CD 13, chenokine ligand 2, Ephrin A2, Ephrin A3, Endoglin,

Endot hel i al PAS 20domain protein 1, Fibroblast gromh factor-2, Fibroblast
growt h f awoaniwvEewpt or -3, Hypoxi a- inducible factor-1, WRTAIS2010/049850

nmet al enoproti nase-2, Neuropilin-1, Placental growh factor, Urokinase,
Thronbospondi n-2, TIMP inhibitor-1, TIMP inhibitor-3, TNF-12a, Troponin T
type 1, VEGF-B and VEG--C. In addition, cultures of i MACs were eval uated by
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long internal mammary artery.

Passage 0 1 2 3 4 5 6
Cells plated nd 4.13E+05 | 2.73E+05 | 1.00E+06 | 1.00E+06 | 1.00E+06 | 3.75E+05
Cells harvested 4.13E+05 | 2.73E+05 | 1.06E+06 | 2.15E+06 | 3.66E+06 | 5.89E+06 | 1.01E+06
Viability 96% 97% 98% 99% 98% 99% 99%
Days 0 4 2 2 5 3 3
Doublings nd -0.6 2.0 1.1 1.9 26 1.4
Cumulative 0 4 6 8 13 16 19
Cumulative doublings 0.0 -0.6 2.0 3.1 5.0 7.6 9.0
Passage 7 8 9 10 11 12 13
Cells plated 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 [ 3.75E+05
Cells harvested 1.07E+06 | 8.87E+05 | 1.10E+06 | 7.49E+05 | 1.21E+06 | 1.22E+06 | 1.30E+06
Viability 100% 98% 98% 97% 99% 99% 97%
Days 3 3 3 4 3 4 3
Doublings 1.5 1.2 1.6 1.0 1.7 1.7 1.8
Cumulative doublings 22 25 28 32 35 39 42
Cumulative doublings 10.4 11.7 13.2 14.2 15.9 17.6 19.4
Passage 14 15 16 17 18 19 20
Cells plated 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 | 3.75E+05 [ 3.75E+05
Cells harvested 1.20E+06 | 8.78E+05 | 1.67E+06 | 1.52E+06 | 2.72E+06 | 1.12E+06 | 2.11E+06
Viability 98% 98% 100% 100% 98% 98% 95%
Days 4 3 4 3 5 3 6
Doublings 1.8 1.2 22 2.0 29 1.6 25
Cumulative doublings 46 49 53 56 61 64 70
Cumulative doublings 21.2 224 24.6 26.6 29.5 31.0 335
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Hs. 631558 Troponin T type 1 (skeletal,
B Hs. 435215 Vascul ar
Angi ogenesD=x0Rdl4at8ed Gene Expressi on.
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ctor

endot h

elial

Cul tures of

sl ow) Hs. 78781 Vascul ar endot hel i al
grow h factor
I MACs Paeris2@valiasat ed by

C 5 Table 4:

A igomeric hybridization arrays and then eval uated using the software

provi ded by the manufacturer.

d obal

background val ue was obtai ned and then

subtracted fromthe val ues obtained fromthe identified hybridization

si gnal s.

backgr oun
Accessi
0. 05 2467
13. 63 13.
NM 016441

Genes shown here are expressed by i MACs 10at a | evel

above

LE 3 Gene Synbol nRNA

TRI MB3 NM 015906 14.5

1 2431202 13.57

.25 13.18 CRIML

gd—values.—Probe Set— 1 D SAMPLE 1 _SAMPLE 2 SAMP
PPSAYERAGE STD IOEV 12429144 1288 42| 14823447 [1425]
g8 piated 90 13 OWEDE | 13TSESOIX] 3.73MSQ0ITPERS ] 4.76E+0p
Bis hNDkelE? NM ©28408 1B5E+05 0 960%+@B4//77BERS5 1361693051
Viability 97% 99% 97% 96% 96%
Days 4 3 4 3 3
Doublings 2.8 23 1.4 1.1 0.8
Cumulative doublings 74 77 80 83 86
Cumulative doublings 36.3 38.6 40.0 411 41.9

Table 1: Growth kinetics. iIMACs were cultured on collagen-coated flasks for 81 days. Cells

were harvested and counted every 3-5 days and population doubling and viability was

Human Internal Mammary Artery-Derived Cell In Vitro Capillary Formation

For capillary formation, passage 7, cryopreserved iMACs, isolated as described in

Example 2, were thawed and seeded at 5000 cells/cm” onto Matrigel coated 24 well plates (BD

Matrigel Matrix Cellware, BD Biosciences) and cultured in iMAC Growth Medium,

endothelial growth medium-2 (Lonza) or smooth muscle differentiation medium (Lonza) for 3

days at 37°C in 5% carbon dioxide. After 1-5 days in culture, capillary out growth was

Figure 4 shows that iIMACs, cultured on Matrigel within iMAC Growth Medium or

endothelial growth medium-2, differentiated into a dense network of capillary-like structures.

iMACs did not differentiate within smooth muscle cell differentiation medium. Human

thoracic artery derived endothelial cells (Cell Applications, Inc. San Diego, CA) were also

cultured on Matrigel coated plates. These cells failed to differentiate into capillary structures,

indicating that capillary differentiation is unique to iMACs.

Human Internal Mammary Artery-Derived Cell Adipogenesis

For adipogenesis differentiation, passage 7, cryopreseved iMACs, isolated as described

determined.
10 EXAMPLE 5
15
evaluated by light microscopy.
20
25
EXAMPLE 6
30

17

in Example 2 were thawed and plated at 5000 cells/cm” onto non-coated or type I rat tail



13.2 0.04 2516866 12.80 12.91 12.91 HOXDO NM 014213 12.9 0.07 2497821 12.41
12.59 12. 37 POU3F3 NM 006236 12.5 0.12 15 Table 5: Mcroarray Gene

Expr essi omOAnHlossi8s. Passage 10 cultures of i MACs were @calusatiem498sé ng
Affymetrix mcroarray Exon ST 1.0 microarrays. 500 nost highly expressed
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Sanple 3) are relative gene expression is represented by fl uorescent
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Example 2. Cells were expanded to passage seven in growth medium on type I collagen coated
T75 flasks at 37°C and 5% carbon dioxide. Adherent cells were washed in PBS and detached
with TypleLE (Gibco). Cells were harvested, centrifuged and resuspended in 3% (v/v) FBS in
PBS at a concentration of 1x10” cells/mL. Each specific antibody was added to 100 microliters
25  of cell suspension and the mixture was incubated in the dark for 30-60 minutes at 4°C. After
incubation, cells were washed with PBS and centrifuged to remove excess antibody. Cells
were resuspended in 300 microliters PBS and analyzed by flow cytometry. Flow cytometry

analysis was performed with a Guava instrument. Antibodies used are shown in Table 2.

30  Table 2: Antibodies used in characterizing cell surface markers of iMACs.

Antibody Manufacture |Catalog number
CD34 BD Pharmingen 555821
CD44 BD Pharmingen 555478
CD45R BD Pharmingen 555489
CD117 BD Pharmingen 340529
CD141 BD Pharmingen 559781
CD31 BD Pharmingen 555446

18



ng/ mL nmg/ mL ug/ L ug/ L ug/nL ng/nL ng/nL Least Detectabl e Dose 5.3E-08
0. 0010 0.00030 0.086 3.3E-08 1.4E-05 4.4E-05 6.6E-05 0.0059 2.6E-08 i MAC 1
8. 4E- 07 9WORB0DP45186E- 04 2. 2E+00 4. 7E- 07 4. 2E- 04 1. 2E- 03 PRTNS2@0/02983(E- 02

9.3E-05 i
6.4E-01 1.0E-01 2.5E-04 i

2.6E-04 5.8E-04 1.4E-01 1.4E-02 4.5E-05 No cell control

10

MAC 2 2.5E-06 2.4E-02 1.9E-03 5.1E+00 1.4E-06 9.9E-04 3. 1E-03
MAC 3 3.3E-07 5.0E-03 4.8E-04 9.4E-01 2. 8E-07

4. 6E-08 0. 00051

CDI133 Miltenyi Biotech | 120-001-243
SSEA4 R&D Systems FAB1435P
CD105 SantaCruz Biotech|  SC-21787
CD104 BD Pharmingen 555720
CD166 BD Pharmingen 559263
CD29 BD Pharmingen 555442
[gG-FITC BD Pharmingen 555748
1gG-PE BD Pharmingen 555749
CD34 BD Pharmingen 555821
CD44 BD Pharmingen 555478
CD45R BD Pharmingen 555489
CD117 BD Pharmingen 340529
CD141 BD Pharmingen 559781
CD31 BD Pharmingen 555446
CD49¢ BD Pharmingen 556025
CD73 BD Pharmingen 550257
CD90 BD Pharmingen 555596
HLA-I BD Pharmingen 555553
HLA-II BD Pharmingen 555558
CDI133 Miltenyi Biotech |  120-001-243
SSEA4 R&D Systems FAB1435P
CD105 SantaCruz Biotech|  SC-21787
CD104 BD Pharmingen 555720
CD166 BD Pharmingen 559263
CD29 BD Pharmingen 555442
CD24 BD Pharmingen 555428
CD56 AbCAM MEM188
CD138 BD Pharmingen 550805
E-cadherin BD Pharmingen 612130
[gG-FITC BD Pharmingen 555748
1oG-PE BD Pharmingen 555749

Table 3:

iIMACs were characterized by flow cytometry (Table 3). Passage seven cultures of
iIMACs showed positive staining for CD29, CD44, CD73, CD166 and HLA-1 and negative
staining for CD10, CD15, CD23, CD24, CD31, CD34, CD45, CD62p, CD80, CD86, CD104,
CD105, CD117,CD133, CD138, CD141, VE-Cadherin, KDR/Flk-1 and HLA-2. Table 3
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4. 3E-05 0.18 3.7E-08 1.6E-05 0.00016 0.00043 nd 1.1E-07 Anal yt es
Cancer Antigen 125 Cancer Antigen 19-9 Calcitonin 01700 CD40 Ligand
Car ci noe wbrzgami4c18ént i gen Creatine Kinase- MB C React p¢@/USe@iaie350 dep
ENA-78 Units Unlh Wnl pg/nL ng/nL ng/nm. ng/ nL ng/ L ug/ i pg/ nL ng/ nmL
Least Detectable Dose 0.84 0.049 1.2 0.0042 0.0040 0.17

5  compares the observed iMAC surface marker phenotype to the surface marker phenotype of

known cell types.

Cell type Antibody | Cell-type IMAC
expression expression

Enothelial progenitor cells CD34 Positive Negative

CD133 Positive Negative

CD45 Positive Negative

Endothelial cells VE Cadherin Positive Negative

KDR/FIk1 Positive Negative

CD31 Positive Negative

CD104 Positive Negative

Smooth muscle cells CD141 Positive Negative

Mesenchymal stem cells CD10 Positive Negative

CD29 Positive Positive

CD44 Positive Positive

CD73 Positive Positive

CD105 Positive Negative

CD166 Positive Positive

Other CD15 Positive Negative

CD23 Positive Negative

CD24 Positive Negative

CD62p Positive Negative

CD73 Positive Positive

CD80 Positive Negative

CD86 Positive Negative

CD117 Positive Negative

CD138 Positive Negative

HLA 1 Positive Positive

HLA 2 Positive Negative

Table 3: Cell surface marker phenotype. iMACs were characterized by flow cytometry
10  using the antibodies described in Table 1. Markers were organized according to known
surface markers of specific cell types (Cell type). Surface markers expressed by the specific
cell type (Cell-type expression). iMACs that express tested surface marker (Positive). Positive
staining was determined by comparing test antibody staining profile to negative control
antibody staining. Staining of greater than 75% of cells was considered positive. iMACs that do
15  not express tested surface marker (Negative). Staining was considered negative if less than 25%

cells were positive compared to a negative control antibody.

20



0.084 7.7E-06 1.5 0.015 i MAC 1 1.6E+01 6.3E+00 6.8E+00 nd Nd 2. 1E-01
1.1E+00 nd 1.3E+01 3.0E-01 WD 2011/041186PCT/ US2010/ 049850 i MAC 2 6. 0E+01
1. 7E+01 1WOBeDlo4md6Nd 5. 3E-01 3. 5E+00 5. 8E-05 5. 2E+01 7 P8FEAB20100¥EB5B nd

3. 7E+00 3. 2E+00 nd 5.2E-03 9. 7E-02 4.8E-01 nd 1.0E+01 1.2E-01 No cel
control nd nd nd nd Nd nd 0.0079 nd nd 0.0034

5
EXAMPLE 8
Human Internal Mammary Artery-Derived Cell Gene Expression
10 Cells isolated as described in Example 2, were plated at 5000 cells/cm” onto type I

collagen coated T75 flasks in iIMAC Growth Medium and cultured at 37°C in 5% carbon
dioxide. Cells were passaged every 3-5 days. At passage 10, near-confluent cultures were
lysed directly on the flask using an RNA extraction kit (Qiagen, Valencia, CA) following the
manufactures instructions. Total RNA was then extracted and gene expression was evaluated
15  using Human Angiogenesis Oligo Arrays (SA Biosciences, Frederick, MD) and Affymetrix
Human Exon ST1.0 microarrays following the manufactures instructions
An oligomeric hybridization array was used to characterize the genes expression profile
of IMACs. Data shows that IMACs express 19 out of 118 tested angiogenesis related genes
including; CD13, chemokine ligand 2, Ephrin A2, Ephrin A3, Endoglin, Endothelial PAS
20  domain protein 1, Fibroblast growth factor-2, Fibroblast growth factor receptor-3, Hypoxia-
inducible factor-1, Matrix metalenoprotinase-2, Neuropilin-1, Placental growth factor,
Urokinase, Thrombospondin-2, TIMP inhibitor-1, TIMP inhibitor-3, TNF-12a, Troponin T
type-1, VEGF-B and VEGF-C.
In addition, cultures of iMACs were evaluated by microarray analysis using Affymetrix
25  Human Exon 1.0 microarrays. Table 4 shows the top 500 most expressed transcripts. Several
developmentally regulated genes are highly expressed including, tripartite motif-containing 33
(TRIM33), SRY (sex determining region Y)-box 11 (SOX-11), Notch homolog 2 (Drosophila)
(NOTCH-2), cysteine rich transmembrane BMP regulator 1 (CRIM-1), homeobox D9
(HOXD9) and POU class 3 homeobox 3 (POU3F3) (Table 5).
30

UniGene Description
Hs.311640 [Ribosomal protein S27a
Hs.525622 |V-akt murine thymoma viral oncogene homolog 1
Hs.1239 Alanyl (membrane) aminopeptidase, CD13
Hs.303649 |Chemokine (C-C motif) ligand 2
Hs.532655 |Ephrin-A2
Hs.516656 |Ephrin-A3
Hs.76753  |Endoglin (Osler-Rendu-Weber syndrome 1)
Hs.468410 |[Endothelial PAS domain protein 1
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Anal ytes Endothelin-1 EN RACE Eotaxin Erythropoietin Fatty Acid Binding
Protein Factor VII Ferritin FG- basic Fibrinogen dso-e Units pg/nL

ng/ mL pg/wb 2pg/eisag/ L ng/ mb ng/ nL pg/ nL ng/ nL pg/ nL Leastusbebeewsabl e Dose
1.4 0.0050 8.2 33 0.60 0.20 0.0070 20 4.9E-08 1.0 i MAC 1 5.9E+01 nd 3. 9E+03
nd 1. 3E+01 nd 5. 6E+00 1. 1E+03 nd nd i MAC 2 1. 6E+02

Hs.284244 |Fibroblast growth factor 2 (basic)
Hs.1420 Fibroblast growth factor receptor 3
Hs.509554 |Hypoxia-inducible factor 1
Hs.512234 |Interleukin 6 (interferon, beta 2)
Hs.479756 |[Kinase insert domain receptor
Hs.513617 [Matrix metallopeptidase 2
Hs.131704 [Neuropilin 1

Hs.252820 |Placental growth factor

Hs. 77274 Plasminogen activator, Urokinase
Hs.371147 |Thrombospondin 2

Hs.522632 [TIMP metallopeptidase inhibitor 1
Hs.652397 [TIMP metallopeptidase inhibitor 3
Hs.355899 [Tumor necrosis factor receptor superfamily, member 12A
Hs.631558 [Troponin T type 1 (skeletal, slow)
Hs.78781 |Vascular endothelial growth factor B
Hs.435215 |Vascular endothelial growth factor C

Table 4: Angiogenesis Related Gene Expression. Cultures of iIMACs were evaluated by
Oligomeric hybridization arrays and then evaluated using the software provided by the
manufacturer. Global background value was obtained and then subtracted from the values
obtained from the identified hybridization signals. Genes shown here are expressed by iMACs

10  at alevel above background values.

Probe Set [SAMPLE SAMPLE| SAMPLE Gene mRNA -

ID 1 2 3 Symbol Accession AVERAGE| STD DEV
2429144 14.42 14.47 14.51 TRIM33 NM_015906 14.5 0.05
2467968 13.90 13.90 14.10 SOX11 NM_003108 14.0 0.11
2431202 13.57 13.63 13.66 NOTCH2 NM_024408 13.6 0.05
2477142 13.19 13.25 13.18 CRIM1 NM_016441 13.2 0.04
2516866 12.80 12.91 12.91 HOXD9 NM_014213 12.9 0.07
2497821 12.41 12.59 12.37 POUS3F3 NM_006236 12.5 0.12

15  Table 5: Microarray Gene Expression Analysis. Passage 10 cultures of iMACs were evaluated
using Affymetrix microarray Exon ST1.0 microarrays. 500 most highly expressed genes are
shown iMACs were measured in triplicate (Sample 1, Sample 2, and Sample 3) are relative
gene expression is represented by fluorescent intensity units. Global non-specific background
fluorescence was subtracted each specific hybridization signal. The average fluorescence

20  intensity of triplicate measurements (Average). Standard deviation (Std Dev).
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nd 1.2E+04 nd 3. 0E+01 nd 1.4E+01 3. 3E+03 6. 1E-07 nd i MAC 3 3. 6E+01 nd

2. 6E+03 nd 5.5E+00 nd 3. 0E+00 7.2E+02 nd nd No cell control 2.6 nd 3.7 nd
Nd nd 0. OWo 200/03di8ad 5 Tabl e 6: Trophic facPor/Gsec0at486n
profile. Serumfree culture nmediumderived fromcultures of i MACs was

eval uated for growth factor and cytokine secretion. Amount of factor shown
fromthree i ndependent cultures (i MAC 1, i MAC 2, i MAC 3) was nornalized to

celg nﬂﬁggﬁgﬁnggexpressed as amount of factor secreted per million cells
per - 20 : say detection |imt 10(Least Detectable Dose).

Uncondi ti oned culture nedium (No cell control). Analytes G owth Hornone

GV CSF ph it &yé}hﬂWarfﬁna;‘} %g‘rfy%%\%d d’@pfrggjzzg BaPror Analysis

Fresh iMAC:s, isolated as described in Example 2, were cultured to passage 7 and then
10  seeded onto a type I collagen coated six well plates at 5000 cells/cm”* in iMAC Growth Medium
and cultured at 37°C and 5% carbon dioxide. Spent culture medium was then changed to a
serum-free medium (DMEM-low glucose (Gibco), penicillin (50 Units/milliliter) and
streptomycin (50 ug/mL)) and further cultured for 20 hours. Conditioned, serum-free medium
was collected by centrifugation at 14,000 x g for 5 minutes and stored at —20°C. Samples were
15  then analyzed using the HumanMAP v1.6 Immunoplex Immunoassay (Rules-Based Medicine,
Austin, TX). Trophic factor analysis was performed on three independent cultures of iIMACs
and normalized to values obtained for unconditioned serum-free culture medium.
The secretion of ninety different growth factors and cytokines were analyzed on
cultures of iIMACs (Table 6, Table 7). Results show that iMACs secrete elevated levels of 32
20  microglobulin, cancer antigen 19-9, creatine kinase-MB, ENA-78, endothelin-1, eotaxin, fatty
acid binding protein, ferritin, basic FGF, interleukin-6, interleukin-8, insulin, MCP-1, PAI-1,
stem cell factor, TIMP-1, VCAM-1 and VEGF. iMACs do not secrete Von Willebrand factor.
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Analytes < < < < <

Units| mg/mL ug/mL mg/mL ng/mL mg/mL ug/mL ug/mL ug/mL ng/mL mg/mL
Least Detectable Dose| 5.3E-08 | 0.0010 | 0.00030 0.086 3.3E-08 | 14E-05 | 4.4E-05 | 6.6E-05 0.0059 | 2.6E-08
iMAC 1] 8.4E-07 9.4E-03 5.7E-04 2.2E+00 4.7E-07 4.2E-04 1.2E-03 2.7E-01 2.3E-02 9.3E-05

iMAC 2| 2.5E-06 2.4E-02 1.9E-03 5.1E+00 1.4E-06 9.9E-04 3.1E-03 6.4E-01 1.0E-01 2.5E-04

iMAC 3] 3.3E-07 5.0E-03 4.8E-04 9.4E-01 2.8E-07 2.6E-04 5.8E-04 1.4E-01 1.4E-02 4.5E-05

No cell control] 4.6E-08 0.00051 4.3E-05 0.18 3.7E-08 1.6E-05 0.00016 0.00043 nd 1.1E-07
55, E5o £ ol o7l 885l 23 2e N 2
sE9 5fe| g 8| a8g =55 S| o3f g 2
Analytes ©< ©< 8 | 0¥ o* x & w
Units| U/mL U/mL pg/mL ng/mL ng/mL ng/mL ng/mL ug/mL pg/mL ng/mL
Least Detectable Dosel 0.84 0.049 1.2 0.0042 0.0040 0.17 0.084 7.7E-06 1.5 0.015
iMAC 1| 1.6E+01 6.3E+00 6.8E+00 nd Nd 2.1E-01 1.1E+00 nd 1.3E+01 3.0E-01
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t -IAIVO | IFN-ganmma V61 261 1.-dei vvbi Units ng/nL pg/nmi ng/nL ng/nL
ng/ mL pg/ L ng/nL ng/nL ng/nL ng/ nL Least Detectable Dose 0.027 11 0.081
1. 3E-06 OW62001/@2184. 2E-08 2.8 0.80 7.6E-08 i MAC 1 nd 4. PEF0B20105B880
2.9E-06 3. 7E+00 nd 2. 1E-05 1.2E+00 nd nd i MAC 2 nd 1.3E+02 1.2E+00 7.O0E-06
8. 1E+00 nd 4.9E-05 nd nd nd i MAC 3 6.5E-02 1.5E+01 2. 2E-01

iMAC 2] 6.0E+01 1.7E+01 1.7E+01 nd Nd 5.3E-01 3.5E+00 5.8E-05 5.2E+01 7.3E-01
iMAC 3 nd 3.7E+00 3.2E+00 nd 5.2E-03 9.7E-02 4.8E-01 nd 1.0E+01 1.2E-01
No cell control nd nd nd nd Nd nd 0.0079 nd nd 0.0034
- £ s
£ 4 c 3| 3% S c g "
@ < = 8] <o . = 8 I )
ES] x o [e) > O Qo = c O
o ' o = £ & O (a] L = 1
o =z i S © = @ s o o O
S I} > g e s [
Analytes w [+
Units| pg/mL ng/mL pg/mL pg/mL ng/mL ng/mL ng/mL pg/mL mg/mL pg/mL
Least Detectable Dose 1.4 0.0050 8.2 33 0.60 0.20 0.0070 20 4.9E-08 1.0
iMAC 1] 5.9E+01 nd 3.9E+03 nd 1.3E+01 nd 5.6E+00 1.1E+03 nd nd
iMAC 2] 1.6E+02 nd 1.2E+04 nd 3.0E+01 nd 1.4E+01 3.3E+03 6.1E-07 nd
iMAC 3] 3.6E+01 nd 2.6E+03 nd 5.5E+00 nd 3.0E+00 7.2E+02 nd nd
No cell control 2.6 nd 3.7 nd Nd nd 0.014 11 nd nd

Table 6: Trophic factor secretion profile. Serum free culture medium derived from cultures of
iIMACSs was evaluated for growth factor and cytokine secretion. Amount of factor shown from
three independent cultures iIMAC 1, iMAC 2, iIMAC 3) was normalized to cell number and
expressed as amount of factor secreted per million cells per 20 hours. Assay detection limit

10 (Least Detectable Dose). Unconditioned culture medium (No cell control).

o o) 2 c @
g Gl s ¢ 8 T £ -
z 9 O £ . 9 s = © < w N s
5 E I Eo2 ke < =2 =y =y o =2
Oz o 2 8 8 2 z =
Analytes = T =
Units| ng/mL pg/mL ng/mL mg/mL ng/mL pg/mL mg/mL ng/mL ng/mL mg/mL
Least Detectable Dose| 0.027 11 0.081 1.3E-08 0.63 0.92 4.2E-08 2.8 0.80 7.6E-08
iMAC 1 nd 4.9E+01 7.5E-01 2.9E-06 3.7E+00 nd 2.1E-05 1.2E+00 nd nd
iMAC 2 nd 1.3E+02 1.2E+00 7.0E-06 8.1E+00 nd 4.9E-05 nd nd nd
iMAC 3] 6.5E-02 1.5E+01 2.2E-01 1.4E-06 1.5E+00 nd 8.3E-06 5.6E-01 nd 3.4E-07
No cell control nd 2.6 nd 3.5E-07 0.14 nd 3.0E-06 nd 6.1 nd
o 2 e © 10 © © 2 .= g
~ O o ~ ~ 3 ~ o T} -
- ] o] = — | 2 =% = 0o o
Analytes = ~ ~ = = = = — ~ =
Units| pg/mL ng/mL pg/mL pg/mL ng/mL pg/mL pg/mL ng/mL pg/mL pg/mL
Least Detectable Dose 3.1 0.24 19 11 0.26 13 11 0.00050 0.29 3.0
iMAC 1] 3.1E+01 6.8E-01 1.6E+02 8.2E+01 1.8E+00 nd 3.0E+01 1.1E-02 8.9E-01 nd
iMAC 2] 6.4E+01 8.5E-01 4.5E+02 2.0E+02 4.2E+00 nd 5.5E+01 2.8E-02 3.7E+00 nd
iMAC 3] 1.4E+01 2.7E-01 6.5E+01 3.8E+01 8.2E-01 nd 1.0E+01 nd 4.1E-01 nd
No cell control 3.0 0.046 17 8.0 0.15 nd nd 0.00079 nd 7.6
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1.4E-06 1.5E+00 nd 8.3E-06 5.6E-01 nd 3.4E-07 No cell control nd 2.6 nd
3.5E-07 0.14 nd 3.0E-06 nd 6.1 nd Analytes o _ - ol - (N - o
c1--- - (WD2011/0188 cOj - Loj - co _j - cO - j - PCT/US2010/049850
o @ 3 0 © o @ < gl 5855
Analytes = = = = = = = E s % S
Units| pg/mL ng/mL pg/mL pg/mL pg/mL pg/mL pg/mL ulU/mL ng/mL ug/mL
Least Detectable Dose| 12 0.035 21 6.5 24 11 0.70 0.17 0.021 0.019
iMAC 1] 1.8E+01 6.0E-02 1.3E+02 nd 1.7E+04 1.8E+02 4.0E+02 2.4E+04 1.6E-01 8.6E-04
iMAC 2 nd nd 3.0E+02 nd 6.3E+04 4.7E+02 1.4E+03 5.1E+04 2.1E-01 2.2E-03
iMAC 3 nd nd 3.8E+01 nd 8.1E+03 9.9E+01 1.7E+02 8.0E+03 6.6E-02 5.0E-04
No cell control nd nd 15 nd Nd 18 0.37 0.32 nd nd
5
Table 6: Trophic factor secretion profile (Cont.). Serum free culture medium derived from
cultures of IMACSs was evaluated for growth factor and cytokine secretion. Amount of factor
shown from three independent cultures iIMAC 1, iIMAC 2, iMAC 3) was normalized to cell
number and expressed as amount of factor secreted per million cells per 20 hours. Assay
10 detection limit (Least Detectable Dose). Unconditioned culture medium (No cell control).

Secreted proteins

2 Microglobulin

Cancer Antigen 19-

9

Creatine Kinase-MB

ENA-78

Endothelin-1

Eotaxin

Fatty Acid Binding Protein

Ferritin

FGF basic

IL-6

IL-8

Insulin

MCP-1

PAI-1

Stem Cell Factor

TIMP-1
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cc 10--R -ccO0O- _0-E-17]j - Units pg/nL ng/nL pg/nL pg/nm ng/nL
pg/ mL pg/ nmL ng/ nL pg/ nL pg/ nL Least Detectable Dose 3.1 0.24 19 11 0.26 13
11 0. 0005wo0nD@4B180 | MAC 1 3. 1E+01 6. 8E-01 1. 6E+02 8. 2EP0T/UB28B40B5Nd
3.0E+01 1.1E-02 8.9E-01 nd i MAC 2 6.4E+01 8.5E-01 4.5E+02 2. 0E+02 4. 2E+00
nd 5.5E+01 2. 8E-02

VCAM-1
VEGF
5

Table 7: Secreted factors. Serum free culture medium derived from cultures of iMACs was
evaluated for growth factor and cytokine secretion. Secreted proteins shown. These are factors
secreted in an amount that exceeds the no cell control unconditioned culture medium and assay
detection limit value.

10

EXAMPLE 10
Human Internal Mammary Artery-Derived Cell In Vivo Angiogenesis Activity

An important challenge in the field of tissue engineering/organ reconstruction is how to
15  adequately vascularization the therapeutic device. For any construct to be of value it must be
generated in such a way that it contains a microvascular component. These capillaries would
ensure that the construct has an adequate supply of nutrients, proper gas exchange and waste
removal. The identification of a cell that enhances neovascularization would be of great value.
We have recently isolated a cell from the human internal mammary artery termed
20  internal mammary artery derived cells. These cells may have important pro-angiogenic
properties. In this study, the Matrigel angiogenesis assay was used to evaluate pro-angiogenic
activity of iMACs. The Matrigel angiogenesis assay has become the method of choice for
many studies involving in vivo testing for angiogenesis. In this assay, angiogenesis-inducing
compounds, such as bFGF, are introduced into cold liquid Matrigel. Then, after subcutaneous
25  injection, the Matrigel solution solidifies and permits subsequent penetration by host cells that
induce vascularization. Assessment of angiogenic reactions in the Matrigel plug is achieved by
examination of histological preparations, stained to enhance the visibility of blood vessels and

to permit the determination of vascular density in selected sections.

30
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3.7E+00 nd i MAC 3 1.4E+01 2.7E-01 6.5E+01 3.8E+01 8.2E-01 nd 1.0E+01 nd
4.1E-01 nd No cell control 3.0 0.046 17 8.0 0.15 nd nd 0.00079 nd 7.6 WD
2011/ 041 16RAIM/I4EE610/ 049850 Anal ytes (N | PCEMUSPO0/0TBS0| - Lo
j - COj - N

Number of Number of .
Group Animals implants Test Material
Number
1 3 6 Matrigel only
2 3 6 Matrigel + iIMACs
3 3 6 Matrigel + bFGF

Table 8: Experimental design.

On the day of transplantation, passage 7 iMACs (prepared as described in Example 2)

were thawed at 37°C, cultured until subconfluent, harvested and resuspended in phosphate

10 buffered saline (without Ca2+, Mg2+). About 400 mL of ice-cold growth factor-reduced
Matrigel matrix (Gibco cat#12760-021) will be premixed with 100ul of PBS containing 1x10°
iIMACs. In addition, Matrigel containing 50-ng/mL basic fibroblast growth factor (bFGF) was
tested as a positive control, and was prepared in a similar manner as the cell-loaded Matrigel
test articles. Cells or bFGF, diluted in Matrigel, was kept on wet ice until the time of

15  transplantation. All handling of the SCID mice must take place under a hood. The mice were
individually weighed and induced by a chamber induction technique using inhalation
anesthesia (Isoflurane at 5.0%), during surgery the animal was maintained with Isoflurane at a
level between 1.5 and 2.5%. After induction of anesthesia, the entire back of the animal from
the dorsal cervical area to the dorsal lumbosacral area was clipped free of hair using electric

20  animal clippers. The area was then scrubbed with chlorhexidine diacetate, rinsed with alcohol,
dried, and painted with an aqueous iodophor solution of 1% available iodine. Ophthalmic
ointment was applied to the eyes to prevent drying of the tissue during the anesthetic period.
The anesthetized and surgically prepared animal was placed in the desired recumbent position.
500 ul of cell suspension in Matrigel was injected subcutancously into the right and left dorsal

25  surface of the mouse using 23G needle.

Capillary density within the Matrigel scaffold was assessed histologically at day 10
post-implantation. Gross examination was performed on any animals that died during the
course of the study or were euthanized in moribund condition. Mice were euthanized at their
designated intervals by CO2 inhalation. Gross observations of the implanted sites was

30  recorded. The subcutancous implantation sites with their overlying skin was excised. The

subcutaneous implantation sites with their overlying skin was bisected. Half of the tissue was
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] - COj] -c=M(/) c_S-a_, '5 ¢ _, olUits pg/nL ng/nL pg/nm pg/nL
pg/ mL pg/ L pg/ L ul Ul ng/nmL ug/ nL Least Detectable Dose 12 0.035 21 6.5
2.4 11 0.wO0 201104136021 0. 019 i MAC 1 1.8E+01 6. OE-02 1. 3E€0ASaeioDh49856-04

1. 8E+02 4. 0E+02 2.4E+04 1.6E-01 8.6E-04 i MAC 2 nd nd 3. 0E+02

5  preserved in 10% buffered formalin fixative for paraffin embedding. Fixed specimens were
sent to Paragon Bioservices (Baltimore MD) for histological processing. Histological sections
were generated and stained with H&E. In addition, sections were stained with human specific
anti-vimentin (Dako) and anti-Von Willebrand factor antibodies. Capillary density/cellular in-
growth was quantified, in a blinded fashion, by a Paragon technician. Briefly, five images were

10  obtained for each Matrigel implant. Then the percentage of area occupied by newly formed
cells/capillaries vs. total area of a predefined frame in Matrigel was determined (Table 9).
The degree of cellularity was determined for all Matrigel explants. As shown in Figure
5 and Table 9, very few cells or capillaries (4% of the total Matrigel area) were observed within
group 1 Matrigel only implant. However, compared to group 1, iIMAC seeded Matrigel
15  stimulated cellular infiltration and capillary formation. Cells and capillaries occupied 11% +/-
2% of the iIMAC seeded Matrigel implants. Cells and capillaries occupied 7% +/- 1.9% of the
bFGF positive control Matrigel implants.
The data indicates that iMACs promote cellular infiltration and stimulate angiogenesis
and the formation of a microvasculature within a Matrigel scaffold. These cells may therefore
20  have value in tissue engineering/organ reconstruction applications by providing a means to

enhance neovascularization and the overall viability of an implantable biological device.
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nd 6. 3E+04 4. 7E+02 1. 4E+03 5. 1E+04 2. 1E-01 2.2E-03 i MAC 3 nd nd 3.8E+01 nd
8. 1E+03 9. 9E+01 1. 7E+02 8. OE+03 6.6E-02 5.0E-04 No cell control nd nd 15 nd
Nd 18 0. 3voQ)BA4nts6nd 5 Tabl e 6: Trophic faeCorusseaonessson
profile (Cont.). Serumfree culture nediumderived fromcultures of i MACs
was eval uated for growh factor and cytokine secretion. Anpunt of factor
shown fromthree independent cultures (i MAC 1, i MAC 2, i MAC 3) was
normal i zed to cell nunmber and expressed as anount of factor secreted per
mllion cells per 20 hours. Assay 10detection |imt (Least Detectable
Dose). Unconditioned culture nmedium (No cell control). Secreted proteins 02
M crogl obul i n Cancer Antigen 19-9 Creatine Kinase- MB ENA-78 Endothelin-1
Eotaxin Fatty Acid Binding Protein Ferritin FGF basic

Field1 | Field2 | Field 3 | Field 4 | Field 5 | Average | Overall AVG SEM
Group 1 |Animal1 Left 0.06 0.06 0.03 NA NA 0.05
Animal1 Right NA NA NA NA NA NA
Animal2 Left 0.1 0.02 0.05 0.03 0.08 0.06
Animal2 Right 0.01 0.01 0.01 0.02 0.06 0.02
Animal3 Left 0.04 0.09 0.05 0.04 0.02 0.05
Animal3 Right 0 0 0 0 0 0.00 0.04 0.0106
Group 2 [Animal4 Left 0.15 0.16 0.16 0.18 0.13 0.16
Animal4 Right 0.12 0.11 0.11 NA NA 0.11
Animal5 Left 0.06 0.09 0.07 0.08 0.13 0.09
Animal5 Right 0.1 0.06 0.06 0.05 0.09 0.07
Animal6 Left 0.18 0.21 0.18 0.24 0.19 0.20
Animalé Right 0.06 0.04 0.04 0.07 0.06 0.05 0.11 0.0226
Group 3 |Animal10 Left 0.04 0.17 0.02 0.07 0.02 0.06
Animal10 Right 0.04 0.08 0.08 0.1 0.1 0.08
Animal11 Left 0.07 0.1 0.2 0.18 NA 0.14
Animal11 Right 0.03 0.04 0.07 0.07 0.05 0.05
Animal12 Left NA NA NA NA NA NA
Animal12 Right 0.02 0.02 0.02 NA NA 0.02 0.07 0.0194

Table 9: Cell infiltration/capillary density: Five microscopic fields were imaged per
explant was obtained and the area occupied by cells and capillaries was estimated and reported
as fraction of the total area. (Area composed of cells/capillaries/total-evaluated area). The
evaluator was blinded to group assignment. Refer to Table 1 for treatment group descriptions.

10 Matrigel explant was not detected (NA). Data shown is summarized in graphical form in

Figure 5.

EXAMPLE 11
Human Internal Mammary Artery-Derived Cell Endothelial and Smooth Muscle Cell

15  Differentiation
iIMACs have been shown to differentiate into capillary-like cells when cultured on
Matrigel (see Example 5). Further studies were conducted to characterize iIMAC endothelial
cell, smooth muscle cell and cardiomyocyte differentiation. Cyropreserved, passage 17 iMACs
20  were thawed and seeded onto tissue culture plastic and cultured in endothelial differentiation

medium (DMEM + 10% FBS + 50 ng/ml VEGF) for seven days. Cells were then evaluated by
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preserved in 10% buffered formalin fixative for paraffin enbeddi ng. Fixed
speci nens were sent to Paragon Bi oser v'Oces (Baltinore MD) for histol ogical
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ingromth was quantified, in a blinded fashion, by a Paragon technician.
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Human Internal Mammary Artery-Derived Cell for Vascular Tissue Engineering

In an attempt to harness the unique anti-atherogenic and mechanical attributes of the
15  internal mammary artery, we will isolate fresh iIMACSs and evaluate their utility in blood vessel
and other cardiovascular tissue engineering applications.

iIMACs will be seeded onto hollow tubular scaffolds composed of either natural or
synthetic polymers, and cultured using a rotating wall vessel (RWV) bioreactor (Synthecon,
Inc.) or a perfusion bioreactor (Tissue Growth Technologies, Inc.). One end of the tubular

20  scaffold will be closed using a micro aneurysm clip (Roboz Surgical Instrument Co., Inc.) and
the lumen will be filled with cell suspension (2500 cells/cm?). The other end will be closed
with another clip and the graft containing the cell suspension will be placed in the RWV
bioreactor for 24 hours to allow for initial seeding of cells onto the inner surface of the scaffold.
Alternately, IMA cells will be seeded onto the outer surface of the graft by adding cells to the

25  culture medium bathing the tubular scaffold. After the initial 24-hour seeding period, the clips
will be removed and the graft cultured within the bioreactor for an additional 4-7 days. In other
experiments, the seeded tubular scaffold will be cultured under physiological, pulsatile flow
and pressure using a perfusion bioreactor (Tissue Growth Technologies, Inc.). After the culture
period, cell seeded constructs will be evaluated for cell attachment, viability, proliferattion and

30  phenotype using the methods described above as well as histological methods.

In addition, the anti-arthrosclerosis properties of iIMACs will be demonstrated. iIMACs
and human aortic smooth muscle cells (control cell line) will be cultured in 12-well plates. At
confluence, the cells will be switched to calcification medium (growth medium containing
2 mM inorganic phosphate) for up to 14 days. The medium will be replaced with fresh medium

35  every 2 days. Alternately, iIMACs will be cocultured with smooth muscle cells in calcification
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5  medium. Cells will then be decalcified with 0.6 N HCI for 24 h. The calcium content of HCI1
supernatants will be determined colorimetrically by the o-cresolphthalein complexone method
(Calcium Kit; Sigma). After decalcification, the cells will be washed three times with
phosphate-buffered saline and solubilized with 0.1 N NaOH, 0.1% sodium dodecyl sulfate
(SDS). The protein content will be measured with a BCA protein assay kit (Pierce, Rockford,

10 IL). The calcium content of the cell layer will be normalized to protein content. Tissue
engineered vascular grafts, utilizing iMACSs, may be more resistant to atherosclerosis. IMACs
may also provide for improved graft elasticity. Although the internal mammary artery has been
utilized successfully for bypass grafting, it is susceptible to damage during surgical dissection.
This undoubtedly will result in graft failure. Tissue engineered vascular grafts, composed of

15 iMACs, may prove to be a superior alternative to traditional vascular grafting materials.

EXAMPLE 14

50/50 poly(p-dioxanone-co-glycolide) PDO/PLGA electrostatically spun tubular
20  scaffolds were pre-wet with ethanol, coated for 1 hour at room temperature in 0.02N acetic
acid with rat tail type I collagen (BD Biosciences, Bedford MA) following the manufacturer’s
instructions, and rinsed with phosphate buffered saline (PBS). iMAC cells isolated as described
in Example 2 were then statically seeded onto the outside of collagen-coated tubes at a
concentration of 4x10°cells/ml by pipetting 25ul of cell suspension slowly onto each side of the
25  tube, and incubating for 30 minutes at room temperature. The seeded tubes were then sutured
onto bioreactor chamber barbs (Tissue Growth Technologies, Minnetonka, MN) and the
chambers are filled with iMAC growth media. The inner lumen was seeded by adding iMAC
cell suspension at 1x10° cells/ml using syringes. The seeded tubes within the bioreactor
chambers are then cultured in a rotational manner at 0.5rpm on a cell culture bottle-roller
30  placed inside a 37°C cell culture incubator.After 5 and 10 days of culture, the tubes were
removed from the bioreactor chambers, fixed with 10% formalin and stained for histological
analysis using hematoxylin and eosin (H&E).
Histology results revealed that the IMAC cells attached and proliferated well on the
electrostatically spun tubular scaffolds with some integration into the scaffold spaces. Figure 10

35  shows histological cross-sections of the cell-seeded tubes indicating attachment and growth of
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5  the cells into multiple layers on both the inside and the outside of the tube surfaces. Cells can

also be observed migrating into the inner layers of the electrostatically spun tubular scaffolds.

EXAMPLE 15

10 Electrostatically spun PCL scaffolds were prepared in the following manner. Solutions
of 150 mg/mL of PCL (Lakeshore Biomaterials) in 1,1,1,3,3,3-hexafluoro-2-propanol (HFP,
TCI America Inc.) solvent were prepared and left in a dark environment overnight on a shaker
plate to ensure that all PCL had dissolved and formed a homogenous solution. The polymer
solution (3ml) was then drawn into a plastic Beckton Dickinson syringe (3ml) and placed in a

15 KD Scientific syringe pump (Model 100) to be dispensed at a rate of 5.5 ml/hr. A high voltage
power supply (Spellman CZE1000R; Spellman High Voltage Electronics Corporation) was
used to apply a voltage of +22 kV to a blunt tip 18 gauge needle fixed to the solution
containing syringe. Solutions were electrospun onto a 2 mm diameter cylindrical grounded
mandrel placed 8 inches from the needle tip and rotating at a rate of ~400 rpm to produce a

20  scaffold of randomly oriented fibers. Mandrel translation distance was 18 cm,with a
translational speed of 18 cm/s. Prior to electrospinning, the mandrel was wrapped with a small
section of aluminum foil to aid in tube removal. Upon completion of electrospinning, the
mandrel was immersed in 100% cthanol, and the foil liner was slid off the mandrel, and
carefully removed from the inside of the tube.

25 Sterilized PCL electrostatically spun tubular scaffolds were pre-wet with 100% ethanol,
washed with 0.02N acetic acid and coated with type 1 rat tail collagen (BD Biosciences,
Bedford, MA) for one hour following manufacturer’s instructions. The grafts were then washed
twice with IMAC growth medium and sutured onto barbs of a bioreactor chamber (Tissue
Growth Technologies, Minnetinka, MN). The outer chamber was filled with iMAC media and

30  cell suspension at 1.2x10° cells/ml was used to seed the inner surface of the grafts. Syringes
were used to fill the inner chamber with cell suspension, which was then capped and placed
onto a cell culture bottle-roller placed inside a 37°C cell culture incubator overnight. The next
day the media in the inner chamber was exchanged with fresh media and to remove any
unattached cells. The media in the inner chamber was again changed the next day. On the third

35  day after seceding, the tubes were cut off the bioreactor chamber barbs, washed twice with 10ml

of serum-free Advanced DMEM/F12 medium and transferred to Sml cryovials for shipment.
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m croscopic fields were i maged per explant was obtained and the area
occupied by cells and capillaries was estimated and reported as fraction of
the total area. (Area conposed of cells/capillaries/total-eval uated area).
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also indicated that the grafts remained patent. Histological staining with hematocylin and eosin
after excision of the grafts at the 4 week timepoint showed no evidence of thrombosis
25  formation and showed evidence of cellular integration into the scaffold. These results suggest

that IMAC cells may be useful for repair and regeneration of damage to vascular tissues.

EXAMPLE 16
30  Human Internal Mammary Artery-Derived Cells Reproducibly Isolated from a Second Donor
IMACs were isolated from a freshly obtained mammary artery derived from an new
human donor using the method described in Example 2. Flow cytometry analysis was
performed on this new lot of IMACs. Cells were expanded to passage eight in iIMAC Growth
35  Medium on type I rat tail collagen coated T75 flasks at 37°C and 5% carbon dioxide. Adherent
cells were washed in PBS and detached with TypleLE. Cells were harvested, centrifuged and
resuspended in 3% (v/v) FBS in PBS at a concentration of 5x10° cells/mL. The specific
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Reproduci bljy_lLsolated from a SecdifShdnhar PositiyaaCs weNegptévgl at dd from a
freshly obt|dEndethelialealiy y arterny de®@3fed fyomPesitivew hunaNedativer udi ng t he
met hod desclri bed in Exanple 2| Fl @R164t onet r Paaitied ysi|s waegpeef or med on
this new | osmebthl iviNete clig! | s wer e cpupanded t pgemssage ei Negativd | MAC G owt h

35 Medi um OmeldRByhals#démbkald ¢ol T agefy coaled phdpvd I asks afegatfe and 5%
carbon di oxide. Adherent cellTs$ wergosashed 1 ipEe and detgghed W t|h

Typl eLE. Cel't's were harvested| cenigjfuged amg) fesuspendes,df. 3% (|v/v) FBS

i MAC
| ar

in PBS at a Fsre— g Ie Speti ey Y

D, N 1N N A00ECN o R I V faVWal POSﬁV &
2011/ 041186PCTUS2010/ 049850 Hanti ,Jé( wWa$ dLEj)c Y0100 Ticroriters of cell
SuSpensi on [aRe—the—Fixtore—was—neaont et e ket or FBUWS o dutes at
4C. After ifAE¥Bation cells were viied twi cdRUYH PRS aMPIRWAL ri fluged to

remove excess antihody  Cells|wer £9%8cuspenddi®stive 300 mi Negetiveer s IPBS and

anal yzed by flow cytonetry. Flow cytonetry anal ysis was perforned with a
Guava instrunment. Antibodi es used ar eaS%hown in Table 10. 10 Anti body

Manuf acture Catal og nunber CD10 BD Pharm ngen 555375 CD15 BD Phar m ngen
555401 CD23 BD Pharm ngen 555711 CD24 BD Phar nmi ngen 555428 CD29 BD

Phar m ngen 555442 CD31 BD Pharm ngen 555446 CD34 BD Phar m ngen 555821 CD44



BD Phar m ngen 555478 CD45RA BD Phar m ngen 555489 CD49C BD Phar m ngen 556025
CD62P BD Phar mi ngen 555523 CD73 BD Pharm ngen 550257 CD80 BD Phar m ngen
557226 CD86 2BD/Rnss6m ngen 555657 CD104 BD Phar mi ngen 55BC20S@DIB®ISM | t enyi
Bi ot ech 130090853 CD138 BD Phar m ngen 550805 CD141 BD Phar m ngen 559781 CD
142 BD Pharm ngen 550312 CD146 BD Pharm ngen 561013 CD166 BD Phar m ngen
559263 HLA-1 BD Pharm ngen 555553 HLA-11 BD Pharm ngen 555558 I gG FI TC BD

Phar m ngen 555748 | gG PE BD Phar m ngzen 555749 _
CD24 Positive Negative
CD62p Positive Negative
CD80 Positive Negative
CD86 Positive Negative
CD138 Positive Negative
CD146 Positive Negative
HLA 1 Positive Positive
HLA 2 Positive Negative

Table 11: Cell surface marker phenotype. iMACs were characterized by flow
cytometry using the antibodies described in Table 10. Markers were organized according to
known surface markers of specific cell types (Cell type). Surface markers expressed by the
specific cell type (Cell-type expression). iMACs that express tested surface marker (Positive).

10  Positive staining was determined by comparing test antibody staining profile to negative
control antibody staining.
Staining of greater than 75% of cells was considered positive. IMACs that do not express tested
surface marker (Negative) Staining was considered negative if less than 25% cells were

positive compared to a negative control antibody.
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Tabl e 10: Anti bodi es used to characterize the i MAC cell surface marker
phenotype. WD 2011/ 041186PCT/ US2010/ 049850 5Passage 8 cultures of i MACs
showed posDt2oueé4stsai ni ng for CD29, CD44, CD73, CD 166 amdTHIS26010/0498MACS
showed negative staining for CD10, CD15, CD23, CD24, CD31, CD34, CD45RA,
CD62p, CD80O, CD86, CD104, CD133, CD138, CD141, CD146 and HLAII.
Results (Tabl e 11) denonstrate that i MACs can be isolated from human
|nt %& nanqﬁﬁ%n teries obtained fromdifferent donors and still maintain
nsi ‘Y Pahs reproduci bl e phenotype. i MACs described in Exanple 2
mere derived froma 51 year old female, whereas i MACs described in this
Exanple were isolated froma 56 year old male. It is evident that although
i MACs explesﬁlsohwdwmnkmaEM1MHQMﬂhmmmanwnﬂﬁeeénbhﬁnamth@eﬁi@ehwsofswﬁo is
not expressed by, i n addition, the.s 141 i s
not expr easdtaY! ke en i nEE A ek TR RS r i BN HT
expressed byudbendakbeHiall eql Ih@ganv@for bepralanos Riatls ofebl @li-siiRsemdaica are
consi stent with our EreV|ous find |ngs described in Exanple 7. Further

evaluati on i A3 ariyPi%b (s &8P CR 14 hendkBRYINkpr operti es and
differentiation potential of this donor. However based on these results, it
is expected that these cellular characteristics will remain constant with

past find2ngshe ca’ibﬁcldﬁﬁﬂ wheadinhe eclbisgdaisivaaltyhedsitR@ fblMQ@@GSSi@ﬁ o €D29,
reproduci bly isolated fromdifferent human internal ﬁir:ééarteries. Thi s
b

enhances t h& Iyt &M 13alC D8P, angiadgitionplbsnseativ B)é@]éagqgﬁ 1 CRBpMi cat i ons.

Cel | type A’UL?E}?P@D86C6510HV@E1@3<WI?§157' e 15RED PPV B SEI MR ENAAHIEA bal
progeni tor $§ CD34 Positive Negative CD133 Pdsitive Negative CD45 RA

Podbtive Negative Endothelial cells CD31 Positive Negative CD104 Positive
Negative Snooth nuscle cells CD141 Positive Negative Mesenchynmal stemcells
CD10 Positive Negative itive Positi 4 Positiye Positive

3. T%e ceH %clalm I, wﬁereln e cell is capable o%/ (ﬁffe%atlon into ad\llpocytes

cardiomyocytes, and endothelial cells.

20 4. A method of isolating a mammalian internal mammary artery-derived comprising the
steps of:

a. Providing a mammalian internal mammary artery,

b. providing an enzyme mixture wherein the enzyme mixture is comprised of
digestion enzymes selected from the group consisting of a metalloprotease

25 enzyme, a neutral protease enzyme, a mucolytic enzyme, and combinations
thereof,

c. incubating the mammalian internal mammary artery in the enzyme mixture for a
time sufficient to remove the intimal layer and to remove external debris from
the artery and provide a partially digested artery,

30 d. transferring the partially digested artery into a fresh enzyme mixture and

continue digestion for a time sufficient to provide a digested material,

o

isolating the cells from the digested material,

=

culturing the cells on collagen coated tissue culture vessels.
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CD73 Positive Positive CD166 Positive Positive Oher CD15 Positive
Negative CD23 Positive Negative WD 2011/041186PCT/US2010/049850 CD24
Posi ti ve Wogatl/o4e186CD62p Positive Negative CD80 Positi PETNSQ@biowsss0 CD36
Positive Negative CD138 Positive Negative CD 146 Positive Negative HLA 1
Positive Positive HLA 2 Positive Negative 5 Tabl e 11: Cell surface
mar ker phenotype. i MACs were characterized by flow cytonetry using the

ant i_bodi e scriped in .Taple 10. Markers were .organized_.accordin o0 known
U Pace mir HaRasbobo i e Beie 1§ FuSTrCaTug ) e £4 R e dad
expressed byidhe specific cell type (Cell-type expression). i MACs that
express tested surface marker (Positive). 10Positive staining was

determ ned by conparing test antibody staining profile to negative control
anti body 8 .t ' hod of claim 6 wherein the time to remove the intimal layer and to remove
external debris from the artery is about 60 minutes.

10
7. The method of claim 6 wherein the time sufficient to provide digested material is in the

range of about 30 minutes to about 60 minutes.

8. The method of claim 9 wherein the time sufficient to saturate the enzyme mixture with

15 digested material is about 60 minutes.

9. A cell isolated from a mammalian internal mammary artery by a method comprising the
steps of:
a. Providing a mammalian internal mammary artery,

20 b. providing an enzyme mixture wherein the enzyme mixture is comprised of
digestion enzymes selected from the group consisting of a metalloprotease
enzyme, a neutral protease enzyme, a mucolytic enzyme, and combinations
thereof,

c. incubating the mammalian internal mammary artery in the enzyme mixture for a

25 time sufficient to remove the intimal layer and to remove external debris from
the artery and provide a partially digested artery,

d. transferring the partially digested artery into a fresh enzyme mixture and

continue digestion for a time sufficient to provide a digested material,

o

isolating the cells from the digested material,

=

30 culturing the cells on collagen coated tissue culture vessels.

10. The method of claim 11 wherein the enzyme mixture is comprised of collagenase and

dispase.

35 11. The method of claim 11 wherein the time to remove the intimal layer and to remove

external debris from the artery is about 60 minutes.
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Staining of greater than 75% of cells was considered positive. i MACs that
do not express tested surface marker (Negative) Staining was considered
negati ve wo 2ba#s1t8han 25% cells were positive conpared POTASAMEQAIISTE
control antibody. WD 2011/041186PCT/ US2010/049850 5 What is Cained: 1. An
i sol ated manmmal i an internal mammary artery-derived cell, the cell capable
of self-renewal and expansion in culture, wherein the cell is positive for

t he_expre n C urfac HLA-1.and negative fqr expression of
bach onc BT TCRmeg o LAY B e b Emrs Ui © DogAe disnsd AT s 41
and KDR/ Fl k-e radge df'boaedd mpfutsd BiaBbdocohgnein the cel I is additional ly
positive for expreSS|on of CD29, CD44, CDr73, CD166, and additionally
negative for CD15, CD23, CD24, CD62p, CD80, CD86, CD104, CD105, CD117,
CD138, dhe .15 3.. The cell of claim ere n t he
cel | 1 cbpabraSrodio el Pafehifs s simepdtyt S b S Ssaorle
endothellal(@g%kﬁmnggﬂﬂlfmﬁmﬁG@ﬂn@ﬁa;soIatlng a mamal i an i nternal nannary
artery-derived conprising the steps of: a. Providing a mamual i an internal
maftary artery, b. providing an enzyme mixture wherein the enzynme nixture
is conprised of digestion enzynes selected fromthe group consisting of a
net al | opr ot ease 25enzyne, a neutral protease enzyne, a nucolytic enzyne,
and conbi nations thereof, c. incubating the mamalian internal mamrmary
artery in the enzyme m xture for a tinme sufficient to renove the intinal

| ayer and to renove external debris fromthe artery and provide a partially
digested artery, 30d. transferring the partially digested artery into a
fresh enzyne m xture and continue digestion for a tine sufficient to

provi de a digested material, e. isolating the cells fromthe digested
material, f. culturing the cells on collagen coated tissue culture vessels.
WO 2011/ 041186PCT/ US2010/ 049850 55. The nethod of claim6 wherein the
enzyme mxture is conprised of collagenase and di spase. 6. The nethod of
claim6 wherein the tinme to renove the intinmal |ayer and to renpove externa
debris fromthe artery is about 60 mnutes. 10 7. The nethod of claim®6
wherein the tinme sufficient to provide digested naterial is in the range of

about 30 m nutes to about 60 m nutes. 8. The nmethod of claim9
wherein the tinme sufficient to saturate the enzyne m xture with 15di gested
material is about 60 mnutes. 9. A cell isolated froma mammali an i nternal

mammary artery by a nmethod conprising the steps of: a. Providing a
manmal i an i nternal mamary artery, 20b. providing an enzyne m xture wherein
the enzyne m xture is conprised of digestion enzynes selected fromthe
group consisting of a netall oprotease enzyne, a neutral protease enzyne, a
mucol ytic enzynme, and conbi nati ons thereof, c. incubating the
manmal i an i nternal mamary artery in the enzynme mixture for a 25tine
sufficient to renove the intimal |ayer and to renove external debris from
the artery and provide a partially digested artery, d. transferring the
partially digested artery into a fresh enzyne m xture and conti nue
digestion for a time sufficient to provide a digested nmaterial, e.
isolating the cells fromthe digested material, 30f. culturing the cells on
col l agen coated tissue culture vessels. 10. The met hod of claim 11l wherein
the enzynme m xture is conprised of coll agenase and di spase. 3511. The

nmet hod of claim 11l wherein the tine to renove the intimal layer and to
remove external debris fromthe artery is about 60 m nutes. WO

2011/ 041186PCT/ US2010/ 049850 512. The net hod of claim 11 wherein the tine
sufficient to provide digested nmaterial is in the range of about 30 m nutes
to about 60 mnutes. 13. The nethod of claim 14 wherein the time sufficient
to saturate the enzynme mxture with digested material is about 60 m nutes.
10
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