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non- proviwoenadospertent application filed on Decenber 6, PR®AS2005l0a389% t he
benefit under 35 U.S.C. Section 119(e) of provisional patent application,
U.S.S. N 60/634,155 filed on Decenber 8, 2004; provisional patent
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the United SNasneaRlt: yools CABRERH MBI LY prbvidHial ke pppeaibar es ar e
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obstructiv eﬁ§ (ﬁdé?%@ g§ %H %ecélﬁBﬁtgaQG@é’ ﬁJré’v@i'ehélepa&rn?E%# 110686, di seases.

These procedu oon and Taseéer gi opl ast'y, erect ony,

endovascul ar _ st ent
U.S.S.N. 50/663,859 filed on March 21, 2005; provisional patent application,

U.S.S.N. 60/682,054 filed on May 19, 2005; provisional patent application, U.S.S.N.

60/ filed on : and, claims priority under 35 U.S.C. Sections

10 120, 363 and/or 365 to co-pending international patent application

PCT/US filed on even date herewith (also known as Attorney

Docket No. ELV-002PC); and, co-pending international patent application

PCT/US : filed on even date herewith (also known as Attorney Docket
No. ELV-008PC); the entire contents of each of the foregoing incorporated by

15  reference herein.

Backeround of the Invention

[0002] Cardiovascular disease accounts for over 50 million deaths in the world and
1 million deaths in the United States each year. Approximately 1.5 million
procedures are performed each year in the United States in an attempt to alleviate

20  the obstructive arterial lesions that spontaneously arise from these diseases. These
procedures include balloon and lase‘r angioplasty, atherectomy, endovascular stents
and bypass grafts, to name but a few. The long-term effectiveness of angioplasty,
vascular bypass grafts and even organ transplantation is limited by accelerated

arteriopathies following such procedures. The loss of endothelial integrity,

1



and bypass grafts, to name but a few. The long-termeffectiveness of

angi opl asty, vascul ar bypass grafts and even organ transplantation is
limted byoaocwaices7at ed arteriopathies follow ng such precedise@s/o43Bhe | 0ss
of endothelial integrity,occlusive thronbosis, spasmand the m gration and
proliferation of snooth nuscle cells resulting in intiml hyperplasia
typify such arteriopathies. For exanple, restenosis |eads to obstructive

arterial |esiQeRsive tROnitRsROAYnah By et rﬁ%%t%ta‘ﬁd_pygﬁfgfa@ioh RIF8B041A ndisklemoNnt hs
after coronary angi opl asty, oOver a third of patients require additional

i ntervention, I [ . y ctony
devi ces are ncgﬁgg%sp g{n,gqggﬂt%%g%%%g%rs lagyﬁg’é%gﬁft grlg t?igé't Ié%lp%xgﬁ E) r's
procedure increases, the rates .of restenosis e.clinbed from1Q ta 47%
e use of  cdttosstre® eoBuRetns et G B ar e KGN ¢ hi s
regard. A recent study reports a 35%rate of restenosis in addition to the
appr oxi mat el yhwedte sixgaentanefier sronay angiopistn ovete bagdmipatentorequdech as
abrupt closure within the first few days after insertion. [0003] Simlar
probl ens aveddémnabintevertidn anofet pegivplaviyor evaherypess/asgarly aAtizyqassy
surgery. The nean lifetinme of a saphenous venous aorto-coronary

i nterpositi onjegicas hreir ¥Med; a6 HEBTUNYIRALS paticdits aBjeeRAto eHis ptdcediti€ the@dagdsi s ar e
occluded within the first weeks after surgery. At one and five years, 20

and 35% of grigf {.8.A81GeQEdsidRde chEBLLELIVR) 16-4794. L BEd IQgeV&%ﬁeévaEélﬁérté@%s in

dialysis patients are subject to the sanme pathology limting the efficacy
of henvodi al ysi s. Q04] The hal | mar.k.of. accel erated _arteri,opathie such as
estenosi o, 1168 akR RS AR St Alre R Lt RS Fesfhf! Rap Gt SHaREb I E35
deposition of a |l arge a n f extracel |l ul ar rj ener at ed_ by these

c e|p| :I I|t hadatgfr %qgolggé@g% tci( q&ilgtap%f(ﬁnately%r% ofL }))(atlgents who su?fer Xn acu’[eS

10 complication, such as abrupt closure within the first few days after insertion.

[0003] Similar problems have been observed in patients who undergo vascular
bypass surgery. The mean lifetime of a saphenous venous aorto-coronary
interposition graft is only seven years. Ten percent of all such grafts are occluded
within the first weeks after surgery. At one and five years, 20 and 35% of grafts are
15  occluded, respectively. Arterio-venous fistulae in dialysis patients are subject to the

same pathology limiting the efficacy of hemodialysis.

[0004] The hallmark of accelerated arteriopathies, such as restenosis, is exuberant
smooth muscle cell proliferation and the deposition of a large amount of
extracellular matrix generated by these cells. It has now become evident that both
20  native atherosclerosis and the accelerated arteriopathies that follow mechanical
interventions share a common initial pathological event, loss of endothelial cell

integrity and function.



native atherosclerosis and the accelerated arteriopathies that foll ow
mechani cal interventions share a common initial pathol ogical event, |oss of
endot hel ivab 20@ld6287mt egrity and function.[0005] The endotrheltisadosmussas ayer
lines the arterial wall and serves as a two-fold bioregulator of vascul ar
physi ol ogy. The endot hel i um provi des structural integrity to the bl ood
vessel by form ng a continuous, selectively perneabl e, nonthronbogenic

barrier bet Sfi r"[(l:lgleﬁ&tﬂaia@gﬁgﬁl{}‘/ﬁg?ﬁQQh@ﬁeﬁfﬂ Hal1%Rb serv¥®s a tvo-fold

becom ng i ncreasingly appreci t he endot helium al so produces and

suppl i es products ich contrqgl blood.flow, ssel tone, lLusi.ve.

t hr onbosi s, E}Oé‘t‘?éﬁlg{’]f %c‘fais‘i}lell?ri pg—‘ﬁ',sm %ﬁ%fes'ﬁthg i ,nd?i[ﬁe lué?ggfogggﬁsi Sgﬁ?tﬁ agzrkt%%We

adhesi on, nonocyte infiltration and spooth nuscle cell pjgration and
proliferati off thejblrad \é%%ifi%ﬁf%egéCE%WHPUOHfatSSIQ%%‘éE%éP%T uitous within the
arterial wall, it is the presence of an intact endotheliumthat maintains

t he normal bhoudironatsgshicibarrier dgivessoaimculsting bloodpahtheariegiel well.r ¥apitds of t he
endot hel i um conpounds secreted by the endotheliumare renoved as well, and
a sequencg obeensifg $ndréashgly appireciaed tlantheleatothelads also pfrbducenaminduppli¢sed
proliferation and mgration of snmooth nuscle cells resulting in obstructive

arterial | eshanmctsAROBLoMRNYIRUI v AesseMoBE, \RBIULRB ShioHboS I IMeRAPI oyed to
treat cardiovascul ar di seases, including coronary angi opl asty, coronary

stenting and a@tﬁ&%&ﬁcat elds)né %ﬁg %ggrﬁggt?oqm‘itﬂ(égﬁga&ﬁ'sﬁg? ﬁ?ﬁ?c@g}rﬁe\/ﬁﬁ%ﬁ{ﬁiﬁﬁl a3 e d

surgi cal procedures. asi ve endovascu vent1 o
strategi es should be acc ani ed by a simJarly mninally-invasive
endovascul ar S%89 %?chee?eﬁ)kr}g’tgfﬂb)neﬁn@%?‘é%@ﬁ‘??'cg%ﬁ? éli“iog&l lflﬁsciehcé’ s‘T”\t{%geBF
vascul ar intervention to treat the resulting injured or diseased target
are ubiquitous within the arterial wall, it is the presence of an intact endothelium that
10  maintains the normal blood vessel in a quiescent state. Upon damage or removal of
the endothelium, compounds secreted by the endothelium are removed as well, and a

sequence of events is set into motion that leads to the uncontrolled proliferation and

migration of smooth muscle cells resulting in obstructive arterial lesions.

[0006] Many clinical interventions currently employed to treat cardiovascular

15  diseases, including coronary angioplasty, coronary stenting and atherectomy, can be
accomplished using non-invasive closed surgical procedures. These non-invasive
endovascular intervention strategies should be accompanied by a similarly
minimally-invasive endovascular mode of delivering a therapeutic material to the
site of vascular intervention to treat the resulting injured or diseased target

20  endothelium.

[0007] Furthermore, current methods of delivering therapeutic materials
endovascularly rely on administration of the materials to the interior luminal surface

of the blood vessel. However, administration of therapeutic materials or agents to



endot helium [0007] Furthernore, current nethods of delivering therapeutic
mat eri al s endovascularly rely on adm nistration of the materials to the

i nterior wWormesale2&ur f ace of the bl ood vessel . However, admiuse@snadsyon of
therapeutic materials or agents tothe interior lumnal surface provides
only transient benefit to an injured or di seased target endothelium as
contact with circulating blood Iimts efficacy and duration of activity.

[0008] One objemtdriog MinkIN@rRESPRRdeL BYEHanSRnd &n%ﬁt i@)ra(ﬂ\{hﬁ?ed@ftc%éa@écﬁ and
met hods for delivering non-invasively of mnimally-invasively a therapeutic

formul ati on i acent
or in the vi %lir (l&?el 3? dgtfhmuﬁ% gk f[1 &l‘%ﬁldglrlgbgl at@% Ogjgégrggg%lgécf d[ntd:d t%a(fqil um and
subsequently to.reduce the incidence of occlusive thronbosis, restenosis,
inti ml hypePpt¥98ia, and other clinical sequel ae associated with vascul ar
interventions or cardiovascul ar di seases. Summary of Invention [0009] The
present invention exploits the discovery that cells engrafted in, on or
within an i miP8 aifpne qbjeshiae P& thegipwsat myeRioadn torroyisie matetadyandomehas i pl e
nodes of mninally-invasive delivery, for exanple, endovascul ar

adni ni strati éor dhsepes nonagwasinely de posintallynnedsiveldi deeapeutor formutatienwifci ni ty
of an extralum nal surface of a tubular anatom cal structure such as but

not limted telatolneatdahasial or pdriviasaildryito g adjdeend of invihe yicadity &fh fife o&r ound
an exterior surface of a tubular anatomi cal structure is also contenplated

herein. In the,case iRtadl WHm‘éPé?&'thehhﬂﬁmﬂ%hgg gﬁélﬁl%%d@% I?ﬁkdﬁcﬂfenéeh&

present invention are suitable for treati ng and nmanagl ng clinical

occlusive thrombosis, restenosis, intimal hyperplasia, and other clinical sequelae

associated with vascular interventions or cardiovascular diseases.

10 Summary of Invention

[0009] The present invention exploits the discovery that cells engrafted in, on or
within an implantable flowable composition can be formulated for multiple modes
of minimally-invasive delivery, for example, endovascular administration and
perivascular deposition at, adjacent or in the vicinity of an extraluminal surface of a
15  tubular anatomical structure such as but not limited to a blood vessel. Minimally-
invasive delivery at, on or around an exterior surface of a tubular anatomical
structure is also contemplated herein. In the case of blood vessel, the materials and
methods of the present invention are suitable for treating and managing clinical

sequelae associated with vascular interventions or cardiovascular diseases.

20 [0010] Inone aspect, the present invention is a flowable composition for treating
an injured or diseased site on an interior lumen of a tubular anatomical structure
wherein the flowable composition comprises a biocompatible matrix and cells and

wherein the flowable composition is in an amount effective to treat the injured or



sequel ae associated wth vascul ar interventions or cardi ovascul ar di seases.
[0010] In one aspect, the present invention is a flowable conposition for
treati ng wo 2005/06es5d or di seased site on an interior | unmeoTafS2@soudsed ar
anatom cal structure wherein the fl owabl e conposition conprises a

bi oconpati ble matrix and cells and wherein the flowabl e conposition is in
an anount effective to treat the injured ordi seased site. According to one

enbodi ment, hﬂgasteg Qﬂé aAcc%@@ﬁggéégﬁé erﬁ%cﬂ@k (;[ﬁbfﬁalbé #gnﬁéﬁssﬁﬁkturér ﬁea

fl owabl e conp05|t|on i's pro accor sone e iments, 1n an

anount effec th | . f I
t hr gnbosi s, Hﬂogﬁﬁfse %@@gﬁgcom@é@ﬁowgﬁg&é% m% %nr??cof(r:]f Ijzlrr;/rgtl on

or vasodil ati on to name but a few, at the injured or_diseased site. For
pur poses of Em& ém@@@nﬂﬂﬂhméﬁﬂﬁ6Hkﬂﬂﬁd&ﬁEWée@@ﬁﬂ@§ﬁ@¥5ﬁfﬂéﬁﬁ%eé“@@np03|t|on
susceptible to adm nistration using an injection or injection-type delivery
devi ce such asgludiu¢ thranbdsisyintadaltiyypermplasiecistenoss, sypnierng ehmonicanfamimation .

O her delivery devices which enploy extrusion, ejection or expulsion are

al so contgnpbataddhaloal b ndnddbdi]a RGCartid mGurt® opdiseB oich. Mvitpurpdses ekl | s of
the flowabl e conposition are endothelial cells or cells having an

endot hel i al - b ke QRERQLYRA: ﬂ’S‘%Pfe g%oglﬁoﬁlﬁféﬁﬁkeéﬁ c@rﬁp&ﬁidﬁ[’sﬁgeephh% el s are

a co-culture of two or nore cel he two or nore cell "types are

I df |, 11 I
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and cardi onyocytes. A preparation of eIIs ui tabl e for. us
present inve mlﬁﬂt%:aﬁrpeﬁ‘éleo%ﬁﬁﬂrfg@d”@rcé ter. spﬁtj’l’fé W%Iﬂevd?esﬁglp\é\g‘m%onors

[0012] According to another enbodi nent, the bioconpatible matrix is a gel,
a extrusion, ejection or expulsion are also contemplated herein.

10 [0011] According to one embodiment, the cells of the flowable composition are
endothelial cells or cells having an endothelial-like phenotype. According to
another embodiment, the cells are a co-culture of two or more cell types. The two or
more cell types are selected from the group consisting of endothelial cells, epithelial
cells, smooth muscle cells, fibroblasts, stem cells, endothelial progenitor cells and -

15 cardiomyocytes. A preparation of cells suitable for use with the present invention

can be obtained from a single donor or multiple donors.

[0012] According to another embodiment, the biocompatible matrix is a gel, a
foam, or a suspension. The biocompatible matrix, in yet anothc;r embodiment,
comprises particles or microcarriers. In certain embodiments, the particles or
20  microcarriers further comprise gelatin, collagen, fibronectin, fibrin, laminin or
attachment peptide. One exemplary attachment peptide is a peptide of sequence

arginine-glycine-aspartate (RGD). According to another embodiment, the particle or



foam or a suspension. The bioconpatible matrix, in yet another enbodi nent,
conprises particles or mcrocarriers. In certain enbodinents, the particles
or m crocwonievs297ur t her conpri se gel atin, collagen, filpconmsedansogs3shs brin,

| ami nin or attachment peptide. One exenplary attachnent peptide is a

pepti de of sequence arginine-glycine-aspartate (RE@). According to another

enbodi nent, the particle ormcrocarrier has a dianeter of about 20 m crons

to about 500 Hicedcanfer hRé £HRMANNOrAbStB0BABforRTo aRRAN 508 MciBhs P& rably3013] I n
anot her enbodi ment, the flowable conmposition further conprisés a carrier

fluid. In a Qﬁ&h'étgﬁcﬂfaarbloﬁt %@ﬁﬁ&{)&d enbodi ment, the flowabl e conposition is
shape-retaining, thereby permtting the practitioner to control deposition

to an extent necessary given a particular deposition site. [0014] In

anot her aspe he _present inventjon is met hod.of treating an injured or
di seased si tghglnglaﬁniaﬁf)éllﬁf SIPE)P%H)@H{@}C fgowqa%%?(gpp%gmﬁﬁgq Coﬁrﬁﬁﬁﬁr e. The
met hod conprises the step of contacting with a flowable conposition an

extral uni nal <8t Juid. Jp & pastieylprly Brefemied eathodinend the pyeble sompesiign dscent  or
inthe vicinity of the injured or diseased site on the interior |unmen of

t he tubul &r eashapoieiadringsthetgby peemitting the praotiti@rep katwetiohdemisitionttatn axtent
non-lum nal, also termed an extralum nal, surface can be an exterior or

perivascul ar reueskaggiveh @partadead depofitien ity poses of this invention,
non-lum nal or extralumnal site is any. site except an interior surface of
the lunen. In the case of a blood vessel, for exanple, an extralum nal or

non- | umi nal  q0OR] Can aR6thek hdpett, IHAGrAENERTdrtoR is FRMANRA Fhrehfibd aﬁ?i@ire&lop' ood
vessel ; in the case of non-vascul ar tubul ar anatom cal structures,

correspondin gii&%@:’d'sﬂ@oﬂ%h iﬁtiefigrs e owa ttmﬁrfartaggtoﬁﬁgﬁ Structure. The method

comprises the step of contacting with a flowable composition an extraluminal

10 surface of the tubular anatomical structure at or adjacent or in the vicinity of the
injured or diseased site on the interior lumen of the tubular anatomical structure. It
is contemplated herein that a non-luminal, also termed an extraluminal, surface can
be an exterior or perivascular surface of a vessel., For purposes of this invention,
non-luminal or extraluminal site is any site except an interior surface of the lumen.

15 Inthe case of a blood vessel, for example, an extraluminal or non-luminal site can be
within the adventitia, media, or intima of a blood vessel; in the case of non-vascular
tubular anatomical structures, corresponding non-luminal sites are within the scope

of the present invention.

[0015] According to one embodiment, delivery is accomplished by traversing or
20 penetrating an interior wall of the tubular anatomical structure and then depositing

the flowable composition on an exterior surface of the tubular anatomical structure

at or adjacent or in the vicinity of the injured or diseased site. According to another

embodiment, the method further comprises the step of identifying a site for



of the present invention. [0015] According to one enbodi nent, delivery is
acconpl i shed by traversing or penetrating an interior wall of the tubul ar
anat om cavoweaasksme and t hen depositing the flowabl e ceapasktansomsen an
exterior surface of the tubular anatom cal structure at or adjacent or in
the vicinity of the injured or diseased site. According to another

enbodi nent, the nethod further conprises the step of identifying a site

f or deposi ti nq%@cJaﬁilng'tﬂéﬂﬁ%sbmm@%hﬁéé@an on ARSI Pb B R HRUEhAge of the
t ubul ar anat om cal “structure. According to one enbodi nent, the identifying

step occurs prior.tpo or _coincident wth the.tr I si;ng.or etrating step.
The identi fygﬂado@[cg S,m}cﬁur?)‘n C&?}"'@g@itﬂgﬁ? ,emlggdlace %é rrpel 19%’%(5@1“558 %n%cﬁﬁ}r?g gThe P
identifying step, in another enbodinent, is acconplished hy tactile .

pal pation. [ QOGP of fomsileahyhithretrversing ‘?r\I@P?r"PtglggEeé’o 5 lg%/fggylﬁ‘ﬁ SRt Br i ng

t he perivascul ar space by percutaneous adm ni stration and then depositing

t he flowabl e onoepbwliment ivaccamplisited bydmagingf dbe idshtifiheg stepunanoteat omi cal
structure at or adjacent or in the vicinity of the injured or diseased
stat e. Acgor dimbeditnengividtemptishichynmetile palpatsornet hod further conprises the
step of identifying a site for depositing the fl owable conposition on an
exterior surface of the tubular anatom cal structure. The identifying step

can occur pr ![mm{ OIPbn& GhBEdiHRAE, deliveny 'Eshﬁc@fﬁf)ﬁﬂieﬂgy sheping Thepdril@sduldryi ng
step, according to one enbodinent, is acconplished by inmaging. The

i dentifying ' o thén g 'tl?é‘ﬁﬁw?é’l b di8
pal pation. | 8‘%@8}"’&%@2‘%‘%&?% 0 v%g?tg%géngngod?‘%@glt{@éo t he n%%ﬁ%g{)glt%ne
exterior surface Otf .t he tubul g% ; na}t om tcal. ﬁt r uct ure i sd.ei t ktler 8
non- 1 um nal SBERSKEriQL SUL Eﬁf ubular anatomical structure af or adjacent or in'the
vicinity of the injured or diseased state. According to another embodiment, this
10  method further comprises the step of identifying a site for depositing the flowable
composition on an exterior surface of the tubular anatomical structure. The
identifying step can occur prior to or coincident with the entering step. The

identifying step, according to one embodiment, is accomplished by imaging. The

identifying step, in another embodiment, is accomplished by tactile palpation.

15  [0017] According to various embodiments of the method, the exterior surface of
the tubular anatomical structure is either a non-luminal surface or occupies
perivascular space as described elsewhere herein. According to one preferred
embodiment, the tubular anatomical structure is a blood vessel. According fo
another preferred embodiment, the blood vessel comprises a stent. In yet anther

20  preferred embodiment, the treated tubular anatomical structure is a non-vascular

structure such as, but not limited to, a fallopian tube.



perivascul ar space as descri bed el sewhere herein. According to one
preferred enbodi nent, the tubular anatom cal structure is a blood vessel.
Accor di ngvoaoensdter preferred enbodi nent, the bl ood vegsgluscasprisses a
stent. In yet anther preferred enbodi nent, the treated tubul ar anatom cal
structure is a non-vascul ar structure such as, but not |limted to, a

fall opi an tube. Brief Description of the Drawings [0018] FIG 1 is a
representative cell growth cury&rassetsidibhiiRe BRhwihtystrative enbodi nent of
the invention. Detailed Description of the Tnvention [0019] As explai ned
herein, the invention is based on the discovery that a cell based therapy
can be used {gdsf ealic 30k LA ALG.iIRIA0GARALAL. Ladus, 0, RragLRas! on of
clinical sequel’ae associated w vascutar i nterventi ons or cardi ovascul ar
di seases, particylarly_.qcclusive thronbosis, restenosis, intim
hyperplasia,eFﬁ?HEWﬁﬁPf B¥d"08so0di | ati on. The invention further benefits
fromthe additional discovery that a heretofore undescribed fl owabl e
conposition, for exanple a particulate formulation, is capable of

sustai ning a confluent popul d25takeddes S l e cells and that
this conposition conprising cells engrafted in, on or wwthin a

bi oconpat Bbl d0Gk r i As expdainesklzarpihetha invienp b st talbd deorpthie tdiscaVv ey éhatatcelli al , can
be effectively adm nistered using a mninmally-invasive node of

adm ni str at i Gasedfthérapy aspbeusd 1€ teay aselidratk, Mandge @ad/op eddiide drRaRUGes&In very
during a closed procedure, w thout dimnishing the clinical effectiveness

or the viabi ljrtnied] s’é&&‘el&é‘l%'s@dﬁt@@bﬁth“a@é‘@ﬁ'iﬁteﬁ%ﬁﬁ?&?si drianiisvRpgLAaf ted cells.
The teachi ngs presentéd bel ow

diseases, particularly occlusive thrombosis, restenosis, intimal hyperplasia,
inflammation and vasodilation. The invention further benefits from the additional
10  discovery that a heretofore undescribed flowable composition, for example a
particulate formulation, is capable of sustaining a confluent population of
sufficiently viable cells and that this composition comprising cells engrafted in, on
or within a biocompatible matrix, for example an implantable particulate material,
can be effectively administered using a minimally-invasive mode of administration,
15  for example an endovascular or local percutaneous delivery during a closed
procedure, without diminishing the clinical effectiveness or the viability of the
implantable flowable composition’s engrafted cells. The teachings presented below
provide sufficient guidance to make and use the materials and methods of the
present invention, and further provide sufficient guidance to identify suitable criteria
20  and subjects for testing, measuring, and monitoring the performance of the materials

and methods of the present invention.



provi de sufficient guidance to nmake and use the materials and net hods of
the present invention, and further provide sufficient guidance to identify
sui t abl e woi2v@vicas7and subj ects for testing, neasuring, @ou/useevsessdng t he
performance of the materials and nmet hods of the present invention.[0020]
Accordingly, a cell-based therapy for clinically managi ng vascul ar

i nterventions or cardiovascul ar di seases has been devel oped. An exenpl ary

erbodi ment ofygbPP AIEsEMaly NRNH00 GBI S HinRahl ARATRALIAAAAL 1 X and

cells suitab use w rea paradi g erein.
Specifically, in aone preferred odi nent,. t he inpl bl e fl.owabl e
conposi ti on PEHPFTIOES o5 CH; B’éfﬁﬁ‘fﬁgﬂ'ngﬁ%geﬁg?wefngﬁﬁeq&ﬁ%gt BEFAPPIA| | s or
endothelial-like cells. In another preferred enbodi nent, the inplantable
f1 onabl e cong/BBedimsAt elthp Presey l@mapﬁévmanseé@|bfl%coa%pa€hk?dwél|xuaa1i ctlice cells,
preferably human aortic endothelial cells and a particul ate-type

bi oconpat i bl suitahterfox usq 90R e treaphent tpatidégniy deaeribed heosipoSpedibenllyf intdne
present invention conprises cells engrafted on, in and/or within a

bi oconpat§ bl grefatdd embddigedf the dmpRandlShROMIbHE gbrﬂ{odsﬂﬁhﬁﬁbnvpr&e@sl | to cell
and/or cell to matrix interactions such that the cells withstand the rigors

of the prepas&k&hpatm@#@%faﬂcp&ﬁoﬁfeﬁal QAsdr éh%ﬁienal fige SAR! 2 RRAnG! sewher e

herein, an operatfve e ment of inplantable flowable corrp05| tion

conprises a ne onf.l u onfl nf | on
havi ng a pr ef rgf%e ;%bo (51%161?5[ elup p &%H’d%r‘g%zeo%%ﬁ%osft%%ﬁ%) n%%lses n%!g}EﬁM
|rrplantableflovvabl n like shed cells duri. reparatory
mani pul at i on€liiEB Otgﬂg%ﬁ?’i(@ ,Qre(f%qa{)}gr }é‘r‘lné‘nﬁ{%’fma@d@ﬁ'@h?]e‘%f% a%éi? ached as
are other cells. Al that is reqU|red is that

particulate-type biocompatible matrix.

10 [0021] Implantable flowable composition of the present invention comprises cells
engrafted on, in and/or within a biocompatible matrix. Engrafted means securely
attached via cell to cell and/or cell to matrix interactions such that the cells
withstand the rigors of the preparatory manipulations disclosed herein. As explained -
elsewhere herein, an operative embodiment of implantable flowable composition

15 comprises a near-confluent, confluent or post-confluent cell population having a
preferred phenotype. It is understood that embodiments of implantable flowable
composition likely shed cells during preparatory manipulations and/or that certain
cells are not as securedly attached as are other cells. All that is required is that
implantable flowable composition comprise cells that meet the functional or

20  phenotypical criteria set forth herein.

[0022] Implantable flowable composition of the present invention was developed
on the principles of tissue engineering and represents a novel approach to addressing

the above-described clinical needs. The implantable flowable composition of the



i npl antabl e fl owabl e conposition conprise cells that neet the functional or
phenotypical criteria set forth herein. [0022] |nplantable flowable

conposi t iwo 2066/d6ks1 pr esent i nventi on was devel oped on t ireTpIs2ovsiopises of

ti ssue engineering and represents a novel approach to addressing the
above-described clinical needs. The inplantable flowable conposition of
thepresent invention is unique in that the viable cells engrafted on, in

and/or w thi e é}{%l@eﬁﬁ W@l&n m@m 18cé '&2&@%@%&&%&@%' ar

anatom cal s ure nu cel base products 1 n physiol ogica

ti d I f b d el
erein, cor | BocampBEErRER g ALl SR %tqﬁ%?%ﬁa&@é@ml@aﬁ?@%@ﬁ%ﬁeim%ﬁ

are endothelial or endothelial-like cells. Local delivery of gultl
conpounds bycelhbased perdustsan ahysiolngisalameperians yadey Alysielogisali fagbarkov de mor e
effective regulation of the processes responsible for maintaining a
functional | eoitrodl Asridstribed elsawhérmperdimmellysuitable fenasstwigh thelimplantagle f or
exanple, in the inplantable flowabl e conposition of the present invention

are protext efoWhBIBCbROSIEOS hicenbidelal for erdothdlial-lika céll 0 dtbedbdaiebrysofi nt er i or
| umen because of its preferred placenent at a non-lum nal or extral um nal

site. [0023] mﬂggjé% g@%lg@&rgl? lbg tﬂlil sOVal fd 9%10?1&'ﬂtyh ynbRg MshpSitbyidgvention,

when wr apped erw se co an extralum nal or
non-lumnal site in the vigc

adj-a seased
target | unmen™O5 ?@eecgwf Ségruiag?fla hegporeREd rgs[ngSIBVe @ﬁ%%mtam hgfg?&{ ngfnt abl e
fl owabl e conposition of the_present inve n _admn d
extral um naIrTF‘VllééernﬂPg\? I Amperidnt lryoﬂ}?eﬁﬁ‘fq t\\mif’éwﬁ% lﬁ?rces“agﬁ%% T?‘Pve
physiology and is conducive to pronoting functional
implantable flowable composition of the present invention are protected from the

10  erosive blood flow within a blood vessel’s interior lumen because of its preferred

placement at a non-luminal or extraluminal site.

[0023] The implantable flowable composition of the present invention, when
wrapped, deposited or otherwise contacted with an extraluminal or non-luminal site
at, adjacent or in the vicinity of an injured or diseased target lumen, serves to

15  reestablish homeostatis. That is, the implantable flowable composition of the
present invention when administered extraluminally can provide an environment
which mimics supportive physiology and is conducive to promoting functional
interior lumen. As contemplated herein, tubular anatomical structures are those
having an interior luminal surface and an extraluminal surface. In certain structures,

20  the interior luminal surface is an endothelial cell layer; in certain other structures,
the interior luminal surface is a non-endothelial cell layer. Again, for purposes of
the present invention, an extraluminal or non-luminal surface can be but is not

limited to an exterior surface of a tubular structure as described elsewhere herein.

10



interior lumen. As contenpl ated herein, tubular anatom cal structures are
those having an interior lumnal surface and an extralum nal surface. In
certain swouotasesy the interior lumnal surface is an eodaisb@sioads4cel |

| ayer; in certain other structures, the interior lumnal surface is a
non-endot helial cell |ayer. Again, for purposes of the present invention,
an extralum nal or non-lum nal surface can be but is not limted to an

exterior sur Fdri :

ner oi n. [ 0024058, L baltle, Bl AR RICRE GNRE Vaf AR etin, o1y o
agents that in _conbinatign can i.nhibit or mtigate adverse physiq] ogica
events associoRueR Wnt“ﬁmé@u]?l OEW#%%%%P%?@%?@@W%%VC\? saéﬁchqlél(fw&%r\g/enti on
or cardiovascul ar di sease. As exenplified herein, a_conpositjon and nethod
of use that acatsemnlicatiens fabewing yargHardnigygneoronestioyascalapdissase: &8 enhance
endot hel ium functionality as well as pronote |ong-term patency of such

| umen endot hedemphified hpietg klcpmpbsitian medmethad lofi dssthdexsogpitulates nammal npl ant abl e
fl owabl e conposition of the present invention at, adjacent or in the

vi cinity 50f gHysioldgy £d dokingiis easado ealmes eiotdaling funatioddity sxaeiphe, in the
perivascul ar space external to the lumen of the subject vascul ature. Wen

deposited or Y. i Ny u i imseased bl ood
%rgfnllager l‘g}ng ?%rgxﬂlf)‘cﬁ%ﬁg JPSu@Mubf2h Ch&Hhe IRUTHHIcERH 1RhtnHn®

vessel, the ntabl e fl owabl e conpoSition can provide

wt h | .at to.t ' . , I h
inder 'yi ng shEGET FRSEFEELE D UGIT O RS s ARGHUBLUE o e TATRER 1°, fo”
, the inplantabl e fl bl. iti f t.h [ [
or ovi 465 an B HARERUE ARpYSIT i CHBICE of BORSaH S CONBRSRES, Prom (e

cells while being protected fromthe nechanical effects of blood flowin
the interiorey ipthetitesivassylaes spagp external to the lumen of the subject vasculature.

10  When deposited or otherwise contacting an injured, traumatized or diseased blood
vessel, the cells of the implantable flowable composition can provide growth
regulatory compounds to the subject vasculature, for example to the underlying
smooth muscle cells within the blood vessel. While outside the blood vessel, the
implantable flowable composition of the present invention provides an effective

15 supply of multiple regulatory compounds from the cells while being protected from

the mechanical effects of blood flow in the interior lumen of the vessel(s).

[0025] Treatment of an injured or diseased blood vessel with a preferred
embodiment of the present invention can encourage normal or near-normal healing
and normal physiology. In contrast, in the absence of treatment with a preferred

20  embodiment of the present invention, normal physiological healing is impaired, e.g.,
native endothelial cells and smooth muscle cells can grow abnormally at an
exuberant or uncontrolled rate following vascular intervention or cardiovascular
disease. Accordingly, as contemplated herein, treatment with the implantable

flowable composition of the present invention will result in normal or near-normal

11



[ 0025] Treatnent of an injured or diseased bl ood vessel wth a preferred
enbodi nent of the present invention can encourage normal or near-nor mal
heal i ng awo 2nawased71physi ol ogy. I n contrast, in the absemrce/ustoosnemsusent
with a preferred enbodi nent of the present invention, normal physiol ogical
healing is inpaired, e.g., native endothelial cells and snooth nuscle cells
can grow abnormally at an exuberant or uncontrolled rate foll ow ng vascul ar

intervention 1Rp1iAsEHBVAEEHEAS tHl SRR Fasc MG Rt B o or%ﬁrdf&%&gal cﬁéeﬁge
I I the present

herein, treatnent” wth the inplantable flowable conmposition o

i nvention wl Eﬁul | &%! . r-normal heal i of native tissue at
the site of vférs%:u rlé’is{ﬁ 1(ca"?e\(i/)léntl 81%{:(%1?ggrénragg&e%ag@ﬁflg?f]\%’lsgeéggtg?c)f'or exanpl e,
sufficient to nmaintain normal or near-normal vessel patency. [0026] The

i npl antabl e f bl.e conposi.tign of the present _ inventi.on can be placed in
a variety of[h@aﬁi dF&@ﬁ@ﬂ%?H?ﬁ@b@ﬁg%ﬁ&%?ﬂ}%hﬁ8p5§ﬂﬂﬂ€§F@8?°$ﬁ@§vessels
can be contacted_ in whole or in part; for exanple, the inplantable flowable
conposi tion ®lacehan praisinel confientations atdhe wescalapire éeibe Beated Thaswaspals can
circunferentially or in an arc configuration. A vessel need only be in

cont act wht h barcontaoadin wholiermp limparibeexaingpia heingdagalsk floeabkubiipokitinh t o

i nprove functionality of the vascul ature. [0027] For purposes of the

present i nveIa)tfitlmpre&ﬁﬂinaéﬁtidhg:aﬁ%m?pﬁ'édrt@%é Veseéls biéliniREnkiMI1y bf B AClrk Ng W th
an extralum nal or non-lum nal surface as defined el sewhere herein. In the

case of certabARLRAG r&%s‘%@ﬁ%h%@@ein%ﬁ Y@ WW%E&%&W@?%‘[%& not

required for effectiveness. In other enb gl ments, actual physical contact

is preferred. that i.s reqgumi red. to practice t sent vention is
exct £ ai un nal Tgakls sk Tigh SERAER 19 GRS o B PEBF ERube PRl ' ot
adj acent or in

[0027] For purposes of the present invention, contacting means directly or

10 indirectly interacting with an extraluminal or non-luminal surface as defined
elsewhere herein. In the case of certain preferred embodiments, actual physical
contact is not required for effectiveness. In other embodiments, actual physical
contact is preferred. All that is required to practice the present invention is
extraluminal or non-luminal deposition of an implantable material at, adjacent or in

15  the vicinity of an injured or diseased site in an amount effective to treat the injured
or diseased site. In the case of certain diseases or injuries, a diseased or injured site
can clinically manifest on an interior lumen surface. In the case of other diseases or
injuries, a diseased or injured site can clinically manifest on an extraluminal or non-
luminal surface. In some diseases or injuries, a diseased or injured site can clinically

20  manifest on both an interior lumen surface and an extraluminal or non-luminal
surface. The present invention is effective to treat any of the foregoing clinical

manifestations.
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the vicinity of an injured or diseased site in an anount effective to treat
the injured or diseased site. In the case of certain diseases or injuries,
a di seasaenoanoa/aspsmed site can clinically mani fest on amcirnisesisou3shunmen
surface. In the case of other diseases or injuries, a diseased or injured
site can clinically manifest on an extralum nal or nonlum nal surface. In
sone diseases or injuries, a diseased or injured site can clinically

mani f est on bl aEnibBHﬁﬁén@srof*tH@?rﬁ ISMABIR TR vABEE @ RsitoR o M 1RbseR
non- | um nal surface The present |nvent|on is effective to treat any of the

for egOI ng Cl n@ ?A JE%%I f ﬁ?&ﬂo% zt bqga%%hatgﬂﬁgaq's%& I%I'g UI{lﬁgd’itémL:% pl e

fl owabl e conposition of e pres |nvent|on can to any tubul ar
anat om cal s ruct ure requirin i ntervention thera t.0 nma ntaln
homeost asi s. MAFPY Sh e B@QHwag?%FnASFUﬁ tﬁglmgFPh%Tﬁ?es are
those having an interior |umnal surface and an ext ral um nal or nonl um nal
surface. Forstpiptpesas these haeng aa detprior [ppim pyhaceand ap ekt luminh et Boff ace can
be, but is not limted to, an exterior surface of a tubular structure. In
cert ai n taubulvatinaltsurfedel ries putpgoses oftthe presenit invientibn, smrekarelemisal awfasedanhel i al

cell layer; in certain other structures, the interior lumnal surface is a
non- endot hel palbuERldot lidyed to Eﬁ%xfb"n@ﬁﬁﬂfacé BY 8 Aluld strict@fef dlcknanttgbdlsreat an
endot hel i al -lined or non-endothelial-lined tubular structure. [ 0029]

Tubul ar anat g ¢abs. %ﬁer 1Hf‘etrf‘<5f‘| RitninBCdd& & taﬁ‘éﬁ&&'t”h@ﬁal k1l F}Jéﬁr YREGHIRbtRY St em

t he reproductive system enltourlnary system t dastrol ntesti nal
system the pul nonar st e i rator S d th ventr| cul ar
system of t hgmlf}lgf’% ﬂi/\erf&yegﬁf ﬁh?m?:]gsru&fe %86?@& %tdgm b% ngg%f e SDSP STl ar
anatom cal structures jnclude

invention is effective to treat an endothelial-lined or non-endothelial-lined tubular

10  structure.

[0029] Tubular anatomical structures include structures of the vascular system, the
reproductive system, the genitourinary system, the gastrointestinal system, the
pulmonary system, the respiratory system and the ventricular system of the brain and
spinal cord. Representative examples of tubular anatomical structures include

15 arteries and veins, lacrimal ducts, the trachea, bronchi, bronchiole, nasal passages
(including the sinuses) and other airways, eustachian tubes, the external auditory
canal, oral cavities, the esophagus, the stomach, the duodenum, the small intestine,
the large intestine, biliary tracts, the ureter, the bladder, the urethra, the fallopian
tubes, uterus, vagina and other passageways of the female reproductive tract, the

20  vasdeferens and other passages of the male reproductive tract, a vascular sheath, and
the ventricular system (cerebrospinal fluid) of the brain and spinal cord. For
purposes of the present invention, tubular anatomical structures can be naturally-
occurring or non-naturally occurring such as but not limited to a surgically created

anastomoses.
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arteries and veins, |lacrimal ducts, the trachea, bronchi, bronchiole, nasal
passages (including the sinuses) and other airways, eustachian tubes, the
ext er nal wodbdcscys7eanal , oral cavities, the esophagus, Prhe/Ust@smedssst he
duodenum the small intestine, the large intestine, biliary tracts, the
ureter, the bladder, the urethra, the fallopian tubes, uterus, vagi na and
ot her passageways of the fermal e reproductive tract, the vasdeferens and

ot her passagqﬁosbf] AR PO HEREQ BHEShMBint - rlﬁ%rtalﬁ p\fé}‘éﬁbﬂ anhbsdigahfy, and the
ventricul ar system(cerebrospinal fluid) of the brain and spinal cord. For

purposes of th?cuParGﬁﬁngftenﬁ&l %?&1181'1% mR/l’élipclﬁllaaf 1nJ PRl gﬂﬁgﬁ bl tye(\ah#erﬁ ﬁ}atﬂe be

natural | yoccurting or rri‘ng ed to a
surgically created anasto S 30 red or D| se ed Endot hel j um In
certain pref &7y ! YP&’&BH’E‘&?‘%’ b‘b&&’tﬁ%é{ tt%la’{}%lﬁP AR R ERIPRY niASEN e as cul ar
injuries susceptible to treatment with the present invention inc|ude but
are not |i ni skatinginghigingphaaemetaland drugscelohyg stonis.cuaseardtygass surgerise| udi ng
bare-netal and drug-eluting stents, vascul ar bypass surgeries including
arterial B)ypa’mﬁucgn@ﬁﬂtaiaalhgzlp@ergirqfrsemébeﬂi)g}m33ygaﬂfgrsﬁts, orgganrahsEmgpliant at i on,
arteriovenous fistula and other vascul ar anastonosis formation,

art er i ovenougrteRSFenBikefisthlaand ot eascgraaaﬁast&ﬁdmi foRRatiéd) ert&meu@ nt
vascul ar access-associated i njuries, including needl e sticks incurred

during accesi) ghe?al\ﬁﬁa SBler & Igpa{ft fgéﬁldt‘fo% an Eul%E@?ernt f/ E&Eé g& 15113 rapy.

Each interve results egreé o to t e en cel |

| f th | d
expor Conces. aes elaind Bedia i e Moo diFind dedhthartress 1 Rf’a%’l.yeﬁ §" of

clinically identifiable sequelae, including but not limted to occlusive
t hronbosi s, CEF Elergeational therapy. Each intervention results in a degree of injury to the

10 endothelial cell lining of the vascular lumen. In turn, the injured vascular [umen
experiences a cascade of biochemical events resulting in a variety of clinically
identifiable sequelae, including but not limited to occlusive thrombosis, restenosis,
intimal hyperplasia, acute and chronic inflammation, smooth muscle cell
proliferation, vascular remodeling, vasodilation and the formation of vulnerable

15  plaque lesions.

[0031] Thrombosis or occlusive thrombosis is associated with platelet adhesion,
aggregation and organization; occlusive thrombosis is generally associated with an
organized thrombus. Thrombosis is characterized by loss of blood flow in the
thrombosed area. Endothelial or endothelial-like cells release anti-thrombotic

20  compounds including but not limited to heparan sulfate proteoglycans, prostacyclin
and nitric oxide. Treatment with the implantable flowable composition of the

present invention improves the patency of the treated vessel.
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intimal hyperplasia, acute and chronic inflanmmation, snmooth nuscle cel
proliferation, vascul ar renodeling, vasodilation and the formation of

vul ner ablwopb@peessiesi ons. [0031] Thronbosis or occl usi PeTiUSC@SI0EmUE | S
associated wth platel et adhesi on, aggregati on and organi zati on; occl usive
thronbosis is generally associated with an organi zed thronbus. Thronbosis
is characterized by loss of blood flow in the thronbosed area. Endot heli al

or endot hel i pdosk] kSte‘ﬁ@éﬂsSreﬁt@h&@ssﬂltﬁﬂﬂhﬁ&ﬁﬁﬁﬁ@hﬂ@m@@m}ﬁuﬂ@@cdlmd udi ng but
not limted to heparan sul fate proteoglycans, prostacyclin and nitric

oxi de. Treat SR W df b Qﬁaﬂa@ﬂ%h@&# W#b%trﬁ&t%@%gnscﬁl@fﬁiﬁén% aHlodd sy €SNt

i nvention i roves t he patency e treated vesse 0032] Stenosi s,

t t |
Char actor | 2ol By aBhat T be e iRt hel Pk 0f e BB PREbURR " °
ted with hub t t l e cell wh intg the |
Endot hol | ol oF SRRHSLRGHI el PRiase 6PRBomElsaaodhE bpaEHE: Rt STHETTHenal

area that inhibit snmooth nuscle cell proliferation. Exenplary therapeutic
conpounds5 pr ooscledelbyrodifictetidre| Exdmpdary dhetapdvéicicampbiuds preducsdibsicl ude but are
not limted to heparan sulfate, TG--b and nitric oxide. Stenosis,

restenosi s, kemddtiekial dydRoetisi-Bkevetls frohalelbuitgaloe liagied t@hqbairehemn'ateon are
identified, for exanple, by angiography, intravascular ultrasound or other

ul trasound t §gftp GueSirric'6:888. MBRhoM, trélténlaﬁf'ls imRhahARESadih aveihsomemmasi tion
of the present invention dimnishes the percent stenosis, extent of

occl usion an gél?{)roﬁl@gt?o ea?r € ?(iaetn?? % f@\f%%ﬁ{rpz% ;% | %%{aﬁ)ﬂg,dh{r%aﬁay essel .

[0033] Infla ion i's associ a esi on and

infiltration . . .
uﬁrasound or other ultrasound techniques. Treatment with the implantable flowable

10 composition of the present invention diminishes the percent stenosis, extent of

occlusion and/or improves patency associated with the treated vessel.

[0033] Inflammation is associated with recruitment, adhesion and infiltration of
inflammatory cells, including but not limited to granulocytes, neutrophils,
monocytes, macrophages and lymphocytes. In addition, an increase in vascular

15  permeability leads to a local accumulation of fluid, immunoglobulins, complement,
and other blood proteins in the tissue adjacent a site of injury which, in turn, induce
the expression of adhesion molecules, which bind to the surface of circulating
monocytes and neutrophils and greatly enhance the rate at which these phagocytic
cells can migrate across the lumen surface and into the adjacent tissue. Upon

20  activation, these cells can release hydrolytic enzymes, cytokines, chemokines and
growth factors. In advanced, chronic stages of inflammation, the injured site
becomes covered by a fibrous cap that overlies a core of lipid and necrotic tissue.
Endothelial or endothelial-like cells release anti-inflammatory compounds into the

lumenal area that reduce the inflammatory response. Treatment with the

15



inflammatory cells, including but not limted to granul ocytes, neutrophils,
nonocyt es, macrophages and | ynphocytes. In addition, an increase in
vascul ar wennwalsed7ity | eads to a | ocal accunul ati on of PCwIU$2005/043844

i mrunogl obul i ns, conpl ement, and other blood proteins in the tissue

adj acent a site of injury which, in turn, induce the expression of adhesion
nol ecul es, which bind to the surface of circul ati ng nonocytes and

neutrophi|'s gnd. grRatlowa6RBGRs1BE of ﬁfiegaré‘stenmiv&ﬂiotnhﬁﬁ enbRaRCA By cel | s

can mgrate across the lunen surface and into the adjacent tissue.” Upon

activation, grp Sk | L@ggﬁgf {nﬁaﬁ%%a(gg%gflg gyérélﬁ; g&?@é%?gx&ﬂcﬂ?h Igf;r; '

chenoki nes anda gro it ctors. anced, oni c stages o | ammat i on,

the injured site becones. covered a fibrous cap th verlies core of
1o and netieBicE of BUSTB 1RG0 AN ST o et o eSO L BRSPS s

anti-inflammuatory conpounds into the |unenal area that reduce the

i nf | ammat or ytomsysshgeductos ameliptatafhe pouth diasaHeBIE MO HBE siteohposi ti on
of the present invention can inhibit the activity and/or accurul ati on of

i nf | ammator yvasellasinjurke Aelsticdaemen pravgnpow diidt iaoute anfthnseatost tesponsé cagr owt h
factors and decreasing | ocal vascular infiltration of macrophages to

prevent, redyf@ni evehitd lefdial €o tii6nid GallBnmBfidR MREWMiniasRONSRnafal t he site
of vascular injury. Anelioration or prevention of the acute inflammatory

response_cany Al HtoRie Ahdol PACKRDAIFukibAn mditfzspmgﬂgg;ségi%faiomw eby

m ni m zi ng eventua um nal conprom se” and/or vascul a unction
Addi tionally el i.oration or . rehabilitation of chronically inftlaned tissue
can reduce t#@%&ﬁ@gn ?C@fﬁwﬁ“%fnq@%&t@?‘ﬂﬁ FAREIE Eﬁleﬁlsé\(é O\I;égé%eﬁloglonéi seases
including but not limted to vul nerabl e plague or atherosclerosis.
Addi ti onal dfes@uisks Biehae vosradandiseasss srehading bytmat limiisg to vvinaBPle Rlsue o4
10 atherosclerosis. Additional discussion of vascular diseases, including but not limited
to vulnerable plaque and atherosclerosis, are disclosed in co-pending application

PCT/US filed on even date herewith (also known as Attorney Docket

No. ELV-008PC), the entire contents of which is herein incorporated by reference.

[0034] Moreover, spontaneously occurring cardiovascular diseases which are
15  susceptible to treatment with the present invention include but are not limited to
acute and chronic inflammation, occlusive thrombosis, intimal hyperplasia,
restenosis, smooth muscle cell proliferation, vasodilation, negative vascular
remodeling, vulnerable plaque lesions within the lumen of the vascular structure,
and various unstable arterial syndromes to name but a few. Additional vulnerable
20  vascular conditions which are susceptible to treatment with the present invention
include any ischemic, hypoxic or injured state where there is an inadequate blood
supply relative to demand. Vulnerable vascular conditions can result from any
injury or repair that negatively impact blood supply. Exemplary vulnerabilities

include unstable arterial syndromes such as ischemia, unstable angina in the heart
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to vul nerabl e pl aque and at heroscl erosis, are disclosed in co-pending
application PCT/US filed on even date herewith (al so known as Attorney
Docket NowoBL/@OBIPC), the entire contents of which is reraispoosmaessapor at ed
by reference. [0034] Moreover, spontaneously occurring cardi ovascul ar

di seases which are susceptible to treatment with the present invention
include but are not limted to acute and chronic inflammation, occlusive

thrombosis, |pfj | F3hGabi f8m SERNeNndURAla8gin8kd angina at
proliferatioggh%% dﬁﬁ*gﬁﬁgﬁégﬁgﬁg??sgﬁggich%r renngeliné}gvulnggggﬁz

pl ague | esions, W thi.n,the |umen gf. the.v r : arious
unst abl e art 8PP 3?“1&}?10&1? ohed eflgheﬁgai%C%ﬁﬁfasggﬁg%%gﬂghg#%é cc{/n?ﬁgoélgabl e
vascul ar conditjons which are susceptible to treat riren Wi th ]Elhe pr esent

| nvent i on | nETGHE 5 HEEHERTCARIFANR © NS P SEAPBIAAPOEHREe | s an
i nadequat e bl ood supply relative to demand. Vul nerabl e vascul ar conditions
can resul t freoel ischeminjtomgmerbut @fea¥.r t hat negatively inpact bl ood supply.
Exenpl ary vulnerabilities include unstable arterial syndromes such as

i schem a, unstable angina in the heartincluding a spectrumof instability
rangi ng f5 onf0@38} cis ecriandexnbddiaienis nd theanaagionaarainjured by, diaeased targeschem a,
peri pheral ischem as including a spectrumof conditions ranging from

i nterm ttent egRkidiuGalsitRAtcHOVBAREe i PantabREdwAbSE @i itich dffike fildtenand renal
ischema, to name but a few. [0035] In certain enbodi nents of the

fnvent i on. afyedlf &3nOtimd' e a0EH HHEh: ERALARN! llckambleCAlEbIME N the

i npl ant abl e bl e conposition the present inventio ne tine of a
Bnast onos < HEBiRE Bt amno pieal S aarrearetara AT AR PSR E8R: om
the vascular intervention, for example, endothelial denuding resulting from
10  angioplasty. According to other embodiments, the implantable flowable
composition is administered to rescue an injured or diseased target endothelium
subsequent to a vascular intervention and development of intervention-associated

clinical arteriopathies, including but not limited to, for example, restenosis or

occlusive thrombosis.

15 [0036] In certain embodiments of the invention, additional therapeutic agents are
administered prior to, coincident with and/or following administration of the
implantable flowable composition. For example, agents which prevent or diminish
blood clot formation, platelet aggregation or other similar blockages can be
administered. Exemplary agents include, for example, heparan sulfate and TGF-8.

20  Other cytokines or growth factors can also be incorporated into the implantable
flowable composition, depending on the indication of the implant, including VEGF
to promote reendothelialization and b-FGF to promote vessel integration. Other

types of therapeutic agents include, but are not limited to, antiproliferative agents

17



t he vascul ar intervention, for exanple, endothelial denuding resulting from
angi opl asty. According to other enbodi nents, the inplantable flowable
conposi t iwo 20&/mmesTiini Stered to rescue an injured or di seava$2a0a/0e38H4

endot hel i um subsequent to a vascul ar intervention and devel opnent of

i ntervention-associated clinical arteriopathies, including but not limted
to, for exanple, restenosis or occlusive thronbosis. [0036] In certain
enbodi nent s ' AL hid i

i ni ot er ed e Fare DD e B R X PtV on of

t he i nplantabl e .fl owab osition. For .exanpl agent s IL.Ggh .prevent or
dimi nt o bl oddeut ofh 8 fhepBac T et B el ARy 38Rl a | o

bl ockages can be adm ni stered. Exenpl ary.agents include, fqr exanple,

hepar an sul fé?‘@ﬁérﬁ?”?@:@gﬁm.sC@h%POW?/‘F‘S@Wﬁ@?%‘Pl@P@WE%f%‘&W%#% can al so be
incorporated into the inplantable flowable conposition, depending on the

i ndi cati on ofcompesiiippl ant, including VEGF to pronote reendothelialization
and b-FG-F to pronpte vessel integration. Qther types of therapeutic agents
i nclude, but are not limted to, antiproliferative agentsand anti neopl astic
agents. Efanmj0tyy]i r@dliSterrea pasyaicrnibedlacting te einphntbEdoviddo yormgmsition.ofAny  of
the foregoing can be admnistered locally or systematically; if locally,

certain agentse sadnbmveRindmtdsstises télish ddlie chilpé alldgrBtie, fdnosed¥icor
conposition. [0037] Cell Source : As described herein, the inplantable

flowabl e conpagiddaQl A cdrfdth 8h Erét'sﬂil’%tréeocﬁ HVRHEPEIS €n 6EHESved FR)nd § Can be

al | ogenei c, xenogenei c or aut ol ogo n certaln enbodl nents, a source of

living cells sﬁf’%‘e{%lebgor%er} or \r/neuqtif;lg A0A&s. In certain other embodiments, a source of cells

can be derived from a cadaver or from a cell bank.

10 t0038] In one currently preferred embodiment, cells are endothelial cells. In a
particularly preferred embodiment, such endothelial cells are obtained from vascular
tissue, preferably but not limited to arterial tissue. As exemplified below, one type
of vascular endothelial cell suitable for use is an aortic endothelial cell. Another
type of vascular endothelial cell suitable for use is umbilical cord vein endothelial

15  cells. And, another type of vascular endothelial cell suitable for use is coronary
artery endothelial cells. Yet other types of vascular endothelial cells suitable for use
with the present invention include pulmonary artery endothelial cells and iliac artery

endothelial cells.

[0039] In another currently preferred embodiment, suitable endothelial cells can be
20  obtained from non-vascular tissue. Non-vascular tissue can be derived from any
tubular anatomical structure as described elsewhere herein or can be derived from

any non-vascular tissue or organ.
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sui tabl e donor or multiple donors. In certain other enbodi nents, a source
of cells can be derived froma cadaver or froma cell bank. [0038] In one
current | ywpnedeseszd enbodi nent, cells are endot helial celirais2005/0a3844
particularly preferred enbodi nent, such endothelial cells are obtained from
vascul ar tissue, preferably but not limted to arterial tissue. As
exenplified below, one type of vascular endothelial cell suitable for use

i's an aorticgadpt mﬁwaelno%k Emb&éﬁﬁfehﬁfén&d’tﬁ&m%elléae%ﬁ%@%m@éﬂj%ﬂﬂe| ial cell
suitable for use is unbilical cord vein endotheli al lls. And, another

type of Vasc%ﬁﬁtb&%ﬁ{o@&% ﬁ‘lce J)II stéﬂ'f ﬁlpluff S l?gmoll‘l? go%‘ﬁ’eﬁ %ﬂ xﬁﬁPﬁr LEary

endot hel i al ypes of “vasel ar S SU|tabIe
for use with t r esent ventl on.incl ude nar rte ndot i al

ol 15 ana | 1 el R bE A i B may i oEra o BEL O Riesplit nl oG e
preferred enbodi ment, suitable endothelial cells can be obtained from

non- vascul ar empedigentsnesilscas banan-endetbelial calls that ae pilogsacics verogenFia ebul ar
anatom cal structure as described el sewhere herein or can be derived from
any non- vascattalogbisdarevedriramr gaseulad 0d04n-vascylet tisne vhergaeniibed presertt,
endothelial cells can be derived fromendothelial progenitor cells or stem

cells; in st iiﬂvbnt@dﬂﬂilh@éorﬁéi’ﬁ? te8any of gledotclink athicieArt gef@itall¢ alged,ved from
progenitor cells or stemcells generally. In other preferred enbodi ments,

cells can benﬁ)ﬁﬁ‘e?ﬁ?%h% ekidl cells that are allogeneic, xenogeneic or
ro

aut ol ogous derive vascul ar or non-vascul ar tissue or organ. The
present invention al so conterrpl ates any of the foregoing which are

genetical l'y "f’d()tﬁ]r e(ijn a M egl%og me%'?%)a%? moqe types of cells are co-cultured to

prepare the present composition. For example, a first cell can be introduced into the
10 biocompatible implantable material and cultured until confluent. The first cell type
can include, for example, smooth muscle cells, endothelial cells, fibroblasts, stem
cells, endothelial progenitor cells, cardiomyocytes, a combination of smooth muscle
cells and fibroblasts, any other desired cell type or a combination of desired cell
types suitable to create an environment conducive to endothelial cell growth. Once
15  the first cell type has reached confluence, a second cell type is seeded on top of the
first confluent cell type in, on or within the biocompatible implantable material and
cultured until both the first cell type and second cell type have reached confluence.
The second cell type may include, for example, endothelial cells or any other desired
cell type or combination of cell types. The first and second cell types may include
20  the same cell type derived from two or more different donors or sources. It is
contemplated that the first and second cell types may be introduced step wise, or as a
single mixture. It is also contemplated that cell density can be modified to alter the

ratio of smooth muscle cells to endothelial cells of about 2:1 for an AV graft
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[0041] In a further enbodinent, two or nore types of cells are co-cul tured
to prepare the present conposition. For exanple, a first cell can be

i nt r oducestoi2ndcanctdre bi oconpati bl e i npl antabl e materi al aou/usedososzsds unt i |
confluent. The first cell type can include, for exanple, snpboth muscle
cells, endothelial cells, fibroblasts, stemcells, endothelial progenitor
cells, cardionmyocytes, a conbination of snoboth nuscle cells and

fibrobl asts, a@fikaRbhl@rratle st 4Rt ¢4l for hYpREpIKaldypATRbPIREALORN, Gfanb@st f2eid cel |
types suitable to create an environnment conducive to endothelial cel

gr ow h. Cncemhg$k;?;?ﬁgﬁg%ﬁg%%g%ﬂgﬁﬁﬁ&gached confl uence, a second cell type

is seeded on top o uent cell type in, on or within the
bi oconpati bl e inplantable material and cultured until both the first cell

type and sec eld type. have reached conflyence, T caond Ll _type may
i ncl ude, for ﬂg@%ﬁp ITIQ,prgﬁ%%%eéTplr%ﬁt%EagllolnsO%S?m %rﬂ‘ym%stc}\eecrehgé)g ??(ggeré: %ﬁ Ity}%ey pe or
conbi nation of cell types. The first and second cell type i ncl ude the
same cel | tyPEISdP FYEISE %#;Pwl% therrudtugg proesdueg Ca@d??dpg‘%%f@gz%@rces. It is
contenplated that the first and second cell types may be introduced step

wi se, or as axanplgl fellnivingroaflugriceiod the Bust ednyparphetwdigre part becssptedddfisi ty can
be nodified to alter the ratio of snmooth nuscle cells to endothelial cells

of about 2: 1ah eftachimeAVigtorkhigghid foralid oondcdliaypopidr talimuddultidn dihe a
peri pheral bypass application, or another ratio suitable for another

clinical applkiealcaniype0@kehphey RiRNARht A¥RLs RERUE E&AtRItRE c@furs WAt h nuscl e
cells or another cell"'type prone to excessive proliferation, the culture

procedure can_hg i fi F | ¥e] i of the first
cell type, t ﬁggﬁrﬁﬁo%lrl erogg%ﬁaﬁgﬁlggé% egdgﬁhf&ﬁghﬁ%\{‘?%é)ﬁ%%%&%bg or suitable for
the second Cgrlnlboéim%t,%relpgrrin éa% blenatdrdg ![JOC‘}hIe %lrllltl?rfe ngergi?a during culture of the second
10 cell type to reduce the proliferation of the first cell type and to optimize the desired
first cell type to second cell type ratio. For example, after an initial growth of

smooth muscle cells, heparin can be administered to control smooth muscle cell

growth to achieve a greater ratio of endothelial cells to smooth muscle cells.

[0043] In a preferred embodiment, a co-culture is created by first seeding a

15  biocompatible matrix with smooth muscle cells to create vessel structures. Once the
smooth muscle cells have reached conﬂlllence, endothelial cells are seeded on top of
the cultured smooth muscle cells on the implantable material to create a simulated
blood vessel. This embodiment can be administered, for example, to an AV graft or
peripheral bypass graft according to methods described herein to promote the

20  integration of the prosthetic graft material.

[0044] All that is required of the cells of the present composition is that they
exhibit one or more preferred phenotypes or functional properties. As described

earlier herein, the present invention is based on the discovery that a cell having a



second cell type. Exenplary attachnent factors include coating the culture
with gelatin to inprove attachnent of endothelial cells. According to

anot her ewbadiameet7y heparin can be added to the culturepaedisaoodvunisag
culture of the second cell type to reduce the proliferation of the first
cell type and to optim ze the desired first cell type to second cell type
rati o. For exanple, after an initial growh of snooth nuscle cells, heparin

can be adm Weﬁcﬁiﬁr iglgla%f[?af?gﬁﬁa%@gfg? RRhRs RGeS ?r&&%@ BotSu@sibieve a

greater ratio o I's to snooth nuscle cells. [0043] In a

preferred enbodi nent...a.co-culture. S _creat by, first s i

bi oconpat i bIIBatﬁlﬁtTﬁF%h\kfd( ‘%S Told ﬁe%gﬁ%fagg*tﬁg, 1'? %[O{:ergena %ro@gegxé/g? nquru lljaé ures.
Once the snpoth nuscle cells have reached confl uence, . endothelial cells are
seeded on t oprdsthelipeelphysiplogy endvsr Frmaldomeosiapis agiociatnd Withihg freatmpent
material to create a sinulated blood vessel. This enmbodi ment can be

adnmi ni st er edof dndnjueschorplisgasadataget wascylanéndogrelipay orpndniiredyyrshisegsegh target
according to nmethods described herein to pronote the integration of the

prost hetisc digfeh ofahethtthbulbOQkddmilkl stiubaike.i s required of the cells of the
present conposition is that they exhibit one or nore preferred phenotypes
or functional properties. As described earlier herein, the present

i nvention i sjggasiedrefpirh@eslbbaR\REN¥nt ilddntdnCAld subRytdTerred, eadily y
i dentifiabl e phenotype when associated with a preferred bi oconpati bl e

matri x (descy;l [ @Iﬁje ' 58 StAM6; Rhibi
ot herw se mlghlpgt?ag?%ﬁ%\gtgﬁégf}gkﬁéagé)?l)oelgsfld}é[llflo og‘%}ltt g%ﬁ}lgél?lr%umagglﬁpﬁ{)nebsﬂt asi s
associated with the treatnent, of an injured or.diseased tar scul ar
endot hel i um %trorhéfﬁ“il?ﬁ ﬂP%reoWItﬁ F@B%@éﬁu#gcﬁgtp@&dﬁ@ o6 g%?%%‘ﬁ%%% ﬁ%u’%ar
anatom cal structure. ) . . e

vitro assays described below. This is referred to herein as the inhibitory phenotype.

10  [0046] Another readily identifiable phenotype exhibited by cells of the present
composition is that they are anti-thrombotic or are able to inhibit platelet adhesion
and aggregation. Anti-thrombotic activity can be determined using an in vitro

heparan sulfate assay and/or an in vitro platelet aggregation assay, described below.

[0047] In atypical operative embodiment of the present invention, cells need not
15  exhibit more than one of the foregoing phenotypes. In certain embodiments, cells

can exhibit more than one of the foregoing phenotypes.

[0048] While the foregoing phenotypes each typify a functional endothelial cell,
such as but not limited to a vascular endothelial cell, a non-endothelial cell
exhibiting such a phenotype(s) is considered endofhelial-like for purposes of the

20  present invention and thus suitable for use with the present invention. Cells that are
endothelial-like are also referred to herein as functional analogs of endothelial cells;
or functional mimics of endothelial cells. Thus, by way of example only, cells

suitable for use with the materials and methods disclosed herein also include stem



[ 0045] For purposes of the present invention, one such preferred, readily
identifiable phenotype typical of cells of the present invention is an
abi lity twoinéwdseg71or ot herwi se interfere with snooth nestlus2@sioh3s44
proliferation as nmeasured by the in vitro assays described below. This is
referred to herein as the inhibitory phenotype. [0046] Another readily
identifiable phenotype exhibited by cells of the present conposition is

that they arg.ani nsgahf%&b&m%a@rnaerﬁsea@laﬁaomuanhk@béuspbars%ﬁtm@m%I on and
aggr egati on. Antl-thronbotlc act|V|ty can be determ ned u3|ng an in vitro

heparan sul fa S / I

descri bed beF%ﬁﬁmﬁﬁg%%? ?Oﬁggﬁ&tp ’5%%§9§%?921§%€§%?%§% ?&’ﬁﬁﬁ%resent

i nvention, cells need exhi bi t re than qne of the foregojin

phenot ypes. PHRBERE i GHGAPHeTLS O CBY PROB A Gk ResPETRBES o RERISAR of ¢ he
f or egoi ng pheno%ypes [0048] Wil e the foregoing phenotypes each typify a
functional emodiftes] tp dpvecaaidothesigblikaBmptiqnalibt usingibe dgramsicas sefderth eremn.

endothelial cell, a non-endothelial cell exhibiting such a phenotype(s) is
consi dered endothelial-like for purposes of the present invention and thus
sui t abl e J or [0948] willyhictlhe cplle st presertrinvention €shibg onkhat mareof the
endothelial-like are also referred to herein as functional anal ogs of

endot hel i al gRkdrséntdhed pigiotygea wheh Prezsentdl c@iftiehit) @eimdonfiabhtor pdhiis, by way
of exanple only, cells suitable for use with the materials and net hods

di scl osed heg@{qh EJ‘ ﬁ@ne}d%hé‘gﬁd 548004 vath prefcPQ8 Hid @mpagble ndthakudi ae ri se

to endot hel i ; I's that are nonendothelial cells in origin

yet perforn1 unct.i on e an. ndothel t ters set
forth herein, h é%fl?sé: ng‘?d %e em Sg‘fwr% %apc? ﬁecéalrtegd %g’#en%féofrg@gr Slﬁﬁ ﬁjgtgl\%lg}s%e

modi fied to have e dothellal-llke functionality usi t he . ers set
forth herei npear-conﬂuent confluent or post- con%luent popula%{ons otn c%lls are i entl?'nglte

10  readily by a variety of techniques, the most common and widely-accepted of which
is direct microscopic examination. Others include evaluation of cell number per
surface area using standard cell counting techniques such as but not limited to a

hemacytometer or coulter counter.

[0050] Additionally, for purposes of the present invention, endothelial-like cells
15  include but are not limited to cells which emulate or mimic functionally and
phenotypcially near-confluent, confluent and post-confluent endothelial cells as

measured by the parameters set forth herein.

[0051] Thus, using the detailed description and guidance set forth below, the
practitioner of ordinary skill in the art will appreciate how to make, use, test and

20  identify operative embodiments of the implantable flowable composition disclosed
herein. That is, the teachings provided herein disclose all that is necessary to make
and use the present invention’s implantable flowable compositions. And further, the

teachings provided herein disclose all that is necessary to identify, make and use

[S®]
o



[ 0049] Typically, cells of the present invention exhibit one or nore of the
af orenenti oned phenotypes when present in confluent, near-confluent or
post conf Iwenboguepsriat i ons and associ ated with a preferr edThiSo@smpesus bl e
matri x such as those described herein. As will be appreci ated by one of
ordinary skill in the art, near-confluent, confluent or post-confluent
popul ations of cells are identifiable readily by a variety of techniques,
the most Com%&aﬁmy X\é}]\ﬁ%lé{ﬁta&ﬁ%%iﬁé cMb&RdR. NiREEmThIC AP ARy Gired

exam nat i on. hers” i ncl ude eval uation of cell nunber per surface area
usi ng standat | | untyl e L. S h b L.t to a
henacytonete%§%§€%%% ]3¥&%@%%%€$£ nggﬁT%§§%F%%%ﬁ§§®gag %?H%%ggg%es of the
present invention . endothelial-ljke. cells.in Iuﬁg but are not. limted to
Bel T's whi ch CHENAL Ity Spsliseases SRS BRLIFQeiAN “BHcyrse Ypanerysption or

near - confl uent, confluent and post-confluent endothelial cells as nmeasured
by the par amstidiayaseiar isease dser RImlimjtpgsxpmpleys acepsfage vtk the methasly
description and gui dance set forth below, the practitioner of ordinary
skill in §hedclosed hdreiap prserilldbecappoavidial byathe skilled pracétoneanetjuihdertti f y
operative enbodi nents of the inplantable flowable conposition disclosed

herein. That ehﬁodﬁﬁkﬂtst&w?ﬁg@tﬁbﬁ‘pbﬂﬁ_@h SRR iBedti il RE@ iy rdufiak | S
necessary to nake and use the present invention's inplantable flowable

conpositi onse)tqgg}ﬂ%gn%%opg{gge%%?itggg‘%Eéségg@g%%ﬁy,gdggqle@ﬂei n disclose all that

IS necessary ent eratively equival ent
cell -containing conpositions. At bottom all that is required is that such

equival ents %(%Z?f fh? (c:érita\llr? p;['e ertregd3 gr%boﬁr%@rﬁg,edndg@lgﬂelﬂacteﬁs gsrede}g?lllei i(l)nrp%n%able
flowable composition of the present invention are isolated from the aorta of human
10  cadaver donors. Each lot of cells can be derived from a single or multiple donors.
Each lot is tested extensively for endothelial cell purity, biological function, the
presence of bacteria, fungi, known human pathogens and other adventitious agents.
The cells are cryopreserved and banked using well-known techniques for later

expansion in culture for subsequent formulation in implantable compositions.

15 [0053] Cell Preparation: As stated above, suitable cells can be obtained from a
variety of tissue types and cell types. In certain preferred embodiments, human
aortic endothelial cells used in the implantable flowable composition are isolated
from the aorta of cadaver donors. In other embodiments, porcine aortic endothelial
cells (Cell Applications, San Diego, CA) are isolated from normal porcine aorta by a

20  similar procedure used to isolate human aortic endothelial cells. Each lot of cells
can be derived from a single or multiple donors and is then tested extensively for
endothelial cell viability, purity, biological function, the presence of mycoplasma,

bacteria, fungi, yeast, known human pathogens and other adventitious agents. The



| um nal injury or disease, such as that associated wi th vascul ar

i ntervention or cardiovascul ar disease as a non-limting exanple in

accor dancwownddneste net hods di scl osed herein. As w || becapse@sioadsed by the
skilled practitioner, equival ent enbodi nents of the present conposition can
be identified using only routine experinentation together with the

teachi ngs provided herein. [0052] In certain preferred enbodi nents,

endot hel i al cgfid e Wiaf; E;a;{etdaecl | a2tk sd drpumbiedy QRBRASA b WRkial ctive
present invention are I1solated fromthe aorta of human cadaver donors. Each

| ot of cells,can S from L nal [ tipl I.S. h ot is
tested ext endranffs BFAMEEH AT SR Rho T ishBiafe BN R sxpRTn B ne
presence of bagcteri fupgi , known human pat hogens .and other adventitious
agents. The cuftye and B)réiug @gépv%ﬁa%n@éwgaﬁ%agEﬁ@p\%@r%tb?%%ma -echni ques
for later expansion in culture for subsequent formulation in inplantable
conposi tions. &%S%Cell Preparation : As stated above, suitable cells can
be obtai ned 190Gl a Thghuerap asporqinesansti gsethelinbicedls|are propased in ‘h-7Sdtasks n
preferred enbodi nents, human aortic endothelial cells used in the

i mpl ant abf e ploweditdEbyc tremdditionat apprexinsntlatlédnlf ofemitthelid oell grafthoadiy er
donors. In other enbodi nents, porcine aortic endothelial cells (Cel

Appl i cati ons peSAmkDIR@MN doffic afdthaial @l1sdrd freparb@ iBddoplial Geow@NadiRy a
simlar procedure used to isolate human aortic endothelial cells. Each | ot

o el & can BEMISTE AR FAMALALNSLE MindHh! e aor o s, then, tested

ext ensively for endot viability, purit ol ogical function
and ot her  aabaHPTE I HeCagarYa R Rkenr rbERmio NG SR S ARARaT ot 1 7o
and cryopres %rs\i/r(lag?eqtu(ch)tslc %L{Ehaco\rll\%ririf iZ‘Q)gFP?Se.l 1|30rcine cells are prepared in EBM-2
10  supplemented with 5% FBS and 50 pg/ml gentamicin. The flasks are placed in an
incubator maintained at approximately 37°C and 5% CO, / 95% air, 90% humidity
for a minimum of 30 minutes. One or two vials of the cells are removed from the —
160°C to —140°C freezer and thawed at approximately 37°C. Each vial of thawed
cells is seeded into two T-75 flasks at a density of approximately 3 x 10° cells per
15 cm’, preferably, but no less than 1.0 x 10% and no more than 7.0 x 10°; and the flasks
containing the cells are returned to the incubator. After about 8-24 hours, the spent
media is removed and replaced with fresh media. The media is changed every two
to three days, thereafter, until the cells reach approximately 85-100% confluence
preferably, but no less than 60% and no more than 100%. When the implantable
20  flowable composition is intended for clinical application, only antibiotic-free media

is used in the post-thaw culture of human aortic endothelial cells and manufacture of

the implantable flowable composition of the present invention.



bank at the third to sixth passage using well-known techniques for |ater
expansion in culture and for subsequent fornulation in bioconpatible

i npl ant abve 2nwoses7al . [ 0054] The human or porcine aorti ecenssedosmkisad cells
are prepared in T-75 flasks pre-treated by the addition of approximately 15
m of endothelial cell growh nedia per flask. Human aortic endotheli al
cells are prepared in Endothelial Gowh Mdia (EGW2, Canbrex Biosciences,

East Rutherf gl enJ:NJJ;he e'r:I €1 AWA &?&Vﬁ?%egg‘ﬁ%&eﬂeﬁbe(F %ﬁ?k}}é\ﬁgh&ﬁ@%‘}” 2,

Canbrex Bi os suppl'enente gl edquot's contain 2%

FBS. Porcine cells. ar e h. 5% EBS and 50
my/ i gent am'cﬁﬁ%ls ”Pﬁeéie‘fvrggﬁ ]é?fé&%lf]ﬁ%%ﬂlﬁqr %Egb\r’wrﬁﬁaﬁ%ﬁgisr}éd at
approxi mately 37C and 5% CO2 / 95%air, 90% hum di tiy for a m ninum of 30

m nut es. One T@ROYedpand 2md offrypsie ivadded iadeachetip ells from the fsface obthe T-o - 140C
freezer and thawed at approximately 37C. Each vial of thawed cells is
seeded i nt o t7hdlagk.70ndd detkchnaint Aadewsiréd; 3oh] afpypeii meatrelixing salufiod (BEE) s per
cnB, preferably, but no less than 1.0 x 103 and no nore than 7.0 x 103; and

the flasks cenidiedtd@op iR GRyhatiardcli@l ULMeEditiondl 3enl JTEUBRLED s addibd &hdabout
8-24 hours, the spent nedia 1s renoved and replaced with fresh medi a. The

media is Chalﬁgee&uggl%re)ﬁum@? tb@uliflg g%ex? E@?r?ﬁé I:éflrsiue}géh%idn is @%bgyﬁ]g reaCh

approxi mat el y 85-100% con uence pre era but no t han

nore than 100‘V eflo 05|t|on S @edfor

i calapprrdatngRd T b R ee5~??f2€%fe§ PERH LUl 178 LT haw

culture of hu ortic _endotheli aI cells and manufacture of the

i npl ant abl e P%ﬁ%ﬂ%@ (Fob= Witkort gntifipdcsppradhe C?Sﬁx?gﬁ?ﬁcmf? ®8855] The

endothelial cell growth media is then removed, and the nonol ayer of
approximately 1.50 x 10° cells/ml using EBM-2 supplemented with 5% FBS and 50

10 pg/ml gentamicin.

[0056] Biocompatible Matrix: According to the present invention, one preferred

embodiment of implantable flowable composition comprises a biocompatible matrix
in the form of a gel, a foam, a suspension, a microcarrier, a microcapsule, a flowable
fibrous structure, or other flowable material. The biocompatible matrix is

15  permissive for cell growth and attachment to, on or within the matrix. The
biocompatible matrix, when implanted on an exterior surface of a blood vessel for
example, can reside at the implantation site for about 7-90 days, preferably at least
about 7-14 days, more preferably at least about 14-28 days, most preferably at least

about 28-90 days before it bioerodes.

20 [0057] For purposes of the present invention, flowable composition means a
composition susceptible to administration using an injection or injection-type
delivery device such as, but not limited to, a needle, syringe or a catheter. Other

delivery devices which employ extrusion, expulsion or ejection are also



cells isrinsed wwth 10 ml of HEPES buffered saline (HEPES). The HEPES is
renoved, and 2 ml of trypsin is added to detach the cells fromthe surface
of the T-wB20ddmssr1 Once detachment has occurred, 3 m @CTUSY@SIOM3S44
neutralizing solution (TNS) is added to stop the enzymatic reaction. An
additional 5 ml of HEPES is added, and the cells are enunerated using a
henmocyt onmeter. The cell suspension is centrifuged and adjusted to a density
of, in the C%ﬁeﬁp%&lm&iﬁ.e'A@zno%%ﬁ%rﬁﬁﬂﬁloyl o2 TR0 RPbRShh Sk Tor 4481 NY
EGV 2 without antfbiotics, or “in the case of porcine cells, approximtely
1.50 x 106 cel.,s/m. usi ng EBM.2 l.enented with 5% F n Q.nmo/.m
gentani ci n. - rusRE e lubpRdthed MRRHF TR UGN b SRR AP LR fRE!

i nvention, one preferred enbadi nent of i ant abl e f] owabl e conposition
conprises a BYORGRHHRG #pee thecieror #ﬁn&ﬂ%@fg@h%%o‘feS%??@QOFEﬁquegmeo s
suspension, a mcrocarrier, a mcrocapsule, a flowable fibrous structure,
or other fl owdibinsstratipnns egntemplatediberedtpAtrefeaeddovible cempesitps & shaps-or cel |
grow h and attachnment to, on or within the matrix. The bioconpati bl e

mat ri x, when rétajpingn tAadinoplaanble Xtosvablercosiposition comprsibg oeltk arpsafedd ihar
exanple, can reside at the inplantation site for about 7-90 days,

preferably atfohwapietparRukte Aratdx SPHteniPitEd RERIEK fhthinlAbd Faast waouy 14- 28
days, nost preferably at |east about 28-90 days before it bioerodes. [0057]

For purposes Sir@@ctéﬂi? Id@ﬁx@e?f géviicié‘ X&Réihﬁga. Jek&’l\é@%r%gng;ﬁ%@%aﬁ |0 1535 32

_co_rrposi tion scept adm nistrdtion usi n I'njection or
Isgjr i(a(r:]'éleo(r;; t é%%é&%ﬁé?ﬁ%%ﬁ&% %\él}e%glesrgr?gri]ngaﬁf ler?gl%}tl frrc])(r)r} alt!olum t[cga 90 En(%n a pr}g eldrle '

injectable delivery device is capable of delivering about 50 mg of implantable
10  particulate material containing about 1 million cells in about 1 to about 3 ml of

media,

[0058] According to a currently preferred embodiment of the present invention,
the flowable composition comprises a biocompatible particulate matrix such as
Gelfoam® particles, Gelfoam® powder, or pulverized Gelfoam® (Pfizer Inc., New

15  York, NY) (hereinafter “Gelfoam particles”), a product derived from porcine dermal
gelatin. According to another embodiment, the biocompatible particulate material is
Cytodex-3 (Amersham Biosciences, Piscataway, NJ) microcarriers, comprised of
denatured collagen coupled to a matrix of cross-linked dextran. According to
alternative embodiments, the biocompatible implantable particulate matrix is

20  comprised of modified alginate particles; a biocompatible polymer suchasa .
synthetic polymer degraded by hydrolysis, for example, polyhydroxy acids like
polylactic acid, polyglycolic acid and copolymers thereof; polyorthoesters;
polyanhydrides; proteins such as gelatin, collagen, fibrin gel; or carbohydrates or

polysaccharides such as cellulose and derivatized celluloses, chitosan, alginate, or
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delivery devices which enpl oy extrusion, expulsion or ejection are

al socont enpl ated herein. Any non-solid formulation of a bioconpatible

matri x f owous@/osed7m an i njection-type delivery device capahiseoosf4msus her
endovascul ar admi nistration by navigating along the interior length of a

bl ood vessel or |ocal percutaneous adm nistration is contenplated herein. A
preferred fl owabl e conposition is shaperetaining. An inplantable flowable

conposi tion ¢ &5&&&%@%&SA%MB%;D%&&I&@XE& ORIl RAYiLIceybR & matrix as
contenplated herein is fornmulated for use wth any injectable delivery

devi ce contai ni,ng,.a.needl e ranging in i rnal ;. di r fr auge to 26
gauge. o neodlSuLraPaEang 88 eddihe BTl WBNEEr WA Bfief o

i njectabl e delivery device |s abl e of deliveri about 5 of

i npl ant abl e PHPERLAigROT the dovrabl€ GRSt intng BABEEE! SoSARAT OB HoRBIISO the about
1 to about 3 m of media. [0058] According to a currently preferred

enmbodi ment obiochmpptitds eratrix ahasan iamh?atqshédﬁ£@dﬁtﬂ@%@ﬁ'ﬂi@§ﬁﬁﬁ@@%@ﬁ@iﬂ®5€3 a
bi oconpati bl e particulate matrix such as CGel foanm(r) particles, Celfoan(r)
powder, of puhtuerdfzbetrEghieaandd Jlin{dal tiz@mdtawes. New Yor k, NY) (hereinafter
"CGel foam particles"), a product derived from porcine dermal gelatin.
According to anot her enbodi nent, the bioconpatible particulate material is

Cyt odex- 3 (Aps9)amdBbRised @HRther Bhb6@RWA Yhe iMplanfitls PAAEHIaRS Batrig @ARr | sed
of denatured collagen coupled to a matrix of cross-linked dextran.

o752 LA NS SRR sl

particul ate gl nat'e partic
]E) L?Cg)r:g?r:): te)! %ﬁﬁlﬁ%?%&%{i@%h (Ei?rﬁéeafﬂs nttcr)] %})riltgol%rll%igg of ﬂl%gge?l(sj,%glcl%ging)ﬁger olysis,
cells’ phenotype (e.g., the inhibitory phenotype) as described above, when the cells
10  are associated with the implantable particulate matrix. According to one
embodiment, modifications to the implantable particulate matrix include coating the
particles with attachment factors or adhesion peptides that enhance the ability of the
cells to inhibit smooth muscle cell proliferation, to decrease inflammation, to
increase heparan sulfate production, to increase prostacyclin production and/or to
15  increase TGF-B; production. Exemplary attachment factors include, for example,
fibronectin, fibrin gel, and covalently attached cell adhesion ligands (including for
example RGD) utilizing standard aqueous carbodiimide chemistry. Additional cell
adhesion ligands include peptides having cell adhesion recognition sequences,

including but not limited to: RGDY, REDVY, GRGDF, GPDSGR, GRGDY and

20 REDV.

[0060] According to another embodiment, the implantable particulate matrix is a
particle other than Gelfoam. Additional exemplary particulate matrices include, for

example, fibrin gel, alginate, polystyrene sodium sulfonate microcarriers, collagen
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pol yl actic acid, polyglycolic acid and copol yners thereof; polyorthoesters;
pol yanhydri des; proteins such as gelatin, collagen, fibrin gel; or

car bohydrwoesoans2g7o0l ysacchari des such as cel |l ul ose and #emivsatosness44

cel l ul oses, chitosan, alginate, orconbinations thereof. A bioconpatible
matrix is a material that is capable of gradually di sappearing over the
course of several days, weeks or nonths after adm nistration of the

flowabl e conmpesitd YetranRré@heer®PIdeBGAIMd SIEMRPONIA &Eofyﬂ%r@év@ﬂpmat i ble

matri x chosen and rates of degradation can be nodified based on the nature
of the treat ¢l ni- i t . ] t naot,her
embod rent - RET G rallB8 pofl [T BPEER con it HEBANTR, £ GeRAR
particulate matri,x. Mdifications to the inplantable _particulate matrix can
be sel ect ed FBl8BF??Figﬂﬁﬁ@gHPn%dmgﬂﬂﬁgﬁnggﬁﬁﬁﬁﬁﬁoﬁﬁegﬁé“E dfs, including
the cells' phenotype (e.g., the inhibitory phenotype) as described above,
when the cel PHachngenh Sacters at adhegiionpeptides angreeitedainr slepraibed abpes Exemplary.

Accordi ng to one enbodi nent, nodifications to the inplantable particulate
mat ri X i nél uddadhosint faptdrk éenghales forlegamplies gelatint, aclbapent fibraa¢ains fibrin gelhasi on
pepti des that enhance the ability of the cells to inhibit snmooth nuscle

cel | prolifeeatdleily dtacHeTESIRmBedion 1i§éfﬁﬁ§gin@mdin‘;gq{d}D§ﬁﬁﬁﬁﬁg kRaran sul fate
production, to increase prostacyclin production and/or to increase TG Bl

producti on. SRk 34 oaﬁxlﬁqmﬁﬁstlfgg%&giﬁ?oﬂég E&!lf"‘ﬂﬁﬁesi ?gig%q?élﬁdﬁ %é;sxlliﬁ;c]lg@eCt in,

fibrin gel, and covalently attach esl on I'nc g for

| e RCGD) ,ut.ili zi t andard. .bodi. i m ] St iti |
cor 1 adnosi ohtT eSS ATEE SRR SR DGR LGSR FRAEY i on
sequences. Gl Al hok bl bt Ry REDVY, CREDF, GPDSGR. GRaDY

10  [0061] According to another embodiment, the implantable particulate matrix is
physically modified to improve cell attachment. According to one embodiment, the
implantable particulate matrix is cross-linked to enhance its mechanical properties
and to improve its cell attachment and growth properties. According to a preferred
embodiment, an alginate particle is first cross linked using calcium sulfate followed

15 by asecond cross linking step using calcium chloride and routine protocols.
According to another embodiment, a source of heparin or heparan sulfate, for

example heparin-sepharose, is incorporated into the matrix prior to cell culture.

[0062] It is contemplated that the implantable flowable composition comprising a
biocompatible particulate matrix can be delivered using, preferably, a 22gauge to
20  26gauge internal diameter needle. Accordingly, particles that form such a matrix
preferably are of a diameter capable of passing through the aperture of a suitable
needle, as defined herein. According to a preferred embodiment, the particles of

such a matrix have a diameter of about 20 um to about 1000 pum, with a preferred
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REDV. [0060] According to another enbodi nent, the inplantable particulate
matrix is a particle other than Gel foam Additional exenplary particul ate
mat ri ces woebadss7ior exanple, fibrin gel, alginate, polPgstuse@sp4smsadi um
sul fonate m crocarriers, collagencoated dextran mcrocarriers, PLA/ PGA and
pHEMA MVA copol yners (with polymer ratios ranging from 1-100% for each
copol yner). According to a preferred enbodi nent, these additional

particul ate ri 4 i : hesi on
apt i des. as EaEkf B o R o B e 28
include, for exanple, gelatin, collagen, fibronectin, fibrin gel, and
coval ently affached cell adhesion |igands (including RG) utilizing

st andard aqueous carbodiin de chem stry. Additional cell adhesion |igands

i nclude peptides having cel]l _adhesi on recqgnitiaon se nces, 1ncl udi,ng but
not |imited 10963RRaE%ch paticsp of ,e%ﬁewsgﬂﬂg%ﬁﬁt lfaég‘éﬁ?]"eh ’
According to anot her enbodi nent, the inplantable particulate matrix is
physi cal |y nadlietddetd itseurfaes; mﬁéer@blmmmeg‘g@mvéﬁ@ll- Aceondinglyy caeh plcle

enbodi ment, the inplantable particulate matrix is cross-linked to enhance
its mechahi céloupt perd diemeenthrgen thampheveread diameter ofitheahhsammtell dype. dioowt h
properties. According to a preferred enbodinent, an alginate particle is

first cross Lisnae dhgdbmgligiadlens H&ﬂe%ﬁpi@ﬁ&iiér@ét&@ﬁ@pmxi@a&gcmﬂnptrooss l'i nking
step using cal ciiumchloride and routine protocols. According to another

embodi ment , @, SAHLESHRIndGR3F h%r@%laﬂ%ﬂ@é thf Ao of PR Sarticle
hepari n- sepharose,” is 1ncorporated into the matrix prior to cell culture.

[0062] 1t 1,00} &7l 4,790k ot antabl 11 ovebl e conposi i or

[0064] Preferred Culture Tubes: In certain embodiments contemplated herein,

10 approximately 50-60 mg of Gelfoam particles are placed into individual 50 mL
tubes (Evergreen, Los Angeles, CA) with 0.2 um filter caps. In order to reduce the
number of particles lost during media changes, culture tubes can be modified by, for
example, adding a filter to the cap area or to an interior portion of the culture tube to
prevent aspiration or other unintended removal of particles during expulsion of the

15 media, adding a partition to the culture tube to create separate portions for media and
particles with a means of fluid communication between the portions capable of
passing media but not particles, or adding a spout on the bottom of the culture tube

that can be opened and the media poured off without disturbing the particles.

[0065] Cell Seeding of Implantable Material: Prior to cell seeding, the particles

20  are prepared by the addition of 70% ethanol followed by several rinses in PBS or
HEPES. The particles are then re-hydrated in EGM-2 without antibiotics at
approximately 37°C and 5% CO, / 95% air for 12 to 24 hours. Aliquots of

approximately 50-60 mg of particles are then removed from their re-hydration
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bi oconpati bl e particulate matrix can be delivered using, preferably, a
22gauge to 26gauge internal dianeter needle. Accordingly, particles that

f or m suchwe 20ws06esc1pr ef erably are of a di aneter capabl epafi/ysa@sionsg4d hr ough
the aperture of a suitable needle, as defined herein. According to a
preferred enbodi nent, the particles of such a matri x have a di aneter of
about 20 mMmto about 1000 nmm wth a preferreddi aneter of about 100 mmto

about 500 mm, ﬁ‘fQﬁf rstnd &ﬂc@@ Y 111%1 HirdiTes &l Bfrurd s 298: AiRudi BPGRlicIEaEh

particle of a pre erre partlcu ate natrlx sho d have at | east one cell

adhered to its ace e, Lhap,on Accor dingl each
particle shodf< fﬁ&i/%p{;ﬁ?ﬁeﬁiﬁ% ggp han hceeﬁggr e%%&p ?[gc(ir;eg Tr}]lg %/lls[

chosen cell type. For exanple nd thelial cells hav read di aneter of
appr oxi mat el yagx H%ﬁ‘mf"olsé’m?gﬁ‘ﬁ &Eénifl?‘é(ﬁ ﬁ‘?ﬁ?f?tcf t‘B’feSr’i’h?‘gn} ‘?’13’?\1 YRSUSRASI el i al
cell to a particle, each particle should be at |east 20 mmin dianeter.
[0064] Pr ef eflhedut@slara then gbbased pird 7265 6%i GO ABGdIImidity M@rﬁe@ﬁéﬂczﬁgédlmr ein,
approxi mately 50-60 ng of Celfoam particles are placed into individual 50
mL tubes { Evésigy mehholroso RAoidiedtesell Sfgchmenth Ah additiodal Otrel oEEAM-2linthender to
reduce the nunmber of particles |ost during nedia changes, culture tubes can

be modified Byded R tgeATRhEneA8FbRthe®= 10 Il S red @i £ ARalRRIOVolliRe R
interior portion of the culture tube to prevent aspiration or other

uni nt ended r | i ring expul sion of the nmedia, adding a
partition to%ﬁﬁié%m ﬁﬁgieisdélﬁﬁjgg%r eate separate portions for nmedia and
particles with a neans of fl UI d comrunl cation bet vveen the portions capable

ng Fﬁle ?gbg‘i(%(%] bulthenOtd1£)15 c ange every twodtglthr}ge ga erea re]:r turr]f:lt gtcgl m of the

have reached confluence. The cells in one preferred embodiment are preferably

10  passage 6, but cells of fewer or more passages can be used.

[0067] Cell Growth Curve and Confluence: A sample of implantable flowable

composition is removed on or around days 3 or 4, 6 or 7, 9 or 10, and 12 or 13, the
cells are counted and assessed for viability, and a growth curve is constructed and
evaluated in order to assess the growth characteristics and to determine whether

15  near-confluence, confluence or post-confluence has been achieved. A representative
growth curve from a preparation of implantable flowable. composition comprising
porcine aortic endothelial cell implanted lots is presented in FIG. 1. In this example,
the implantable material is in a particulate form. Generally, one of ordinafy skill
will appreciate the indicia of acceptable cell growth at early, mid- and late time

20  points, such as observation of an increase in cell number at the early time points
(when referring to FIG. 1, between about days 3 to 10), followed by a near-confluent
phase (when referring to FIG. 1, between about days 10 to13), followed by a plateau

in cell number once the cells have reached confluence (when referring to FIG. 1,
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that can be opened and the nedia poured off w thout disturbing the
particles. [0065] Cell Seeding of Inplantable Material: Prior to cell

seedi ng, wbeo@arsks7el es are prepared by the addition of PO¥sUStévanads4s ol | owed
by several rinses in PBS or HEPES. The particles are then re-hydrated in
EGV 2 without antibiotics at approximtely 37C and 5% CO2 / 95% air for 12
to 24 hours. Aliquots of approxinmately 50-60 ng of particles are then

renoved fromyehgich abButags at kONSPMIBIEESRBDE E{Cfg%ﬁ%umef QALY {H%gcghs flssue

cul ture dishes. The aliquot of particles Is see at a pretrerr density
of 2 x 103 t : ticles. The cell trix mxture is
pi petted up r?gt %}’gmhﬁé%tg%%gfé}?‘fr%gg"? gé'ffd(r%%%geeﬁr?li])?%tr%rygzggoei@i R The tubes
are then incubated aﬁ 37C, r&% 90% humi di.ty V\f&‘tﬂﬁ periodic afgi tation for
3 to 4 hours BPPETHE RS MYELOR£1] PRRYIAToNs Whigh efegh APl oot BT 2 i s
t hen added per. tube (final nedia volume = 10 nL), resulting in a final
particle vol UHEI08Fs appigfersdny particles / nl nedia. [0066] The media is
changed every two to three days, thereafter, until the cells have reached
confluence. The cells in one preferred enbodi nent are preferably passage 6,

but cel | sSof [0@8dr (all apunts apascaged by anmpteteidigdstidnQ¥aRqd alGaiot ofa owt h Cur ve
and Confl uence: A sanple of inplantable flowable conposition is renoved on

or around dayspRnmabledlovible compdkitidn #h a 861dtid20P0.8 hdy/ml BSI1LLhAS iRLE count ed
and assessed for viability, and a growmh curve is constructed and eval uat ed

in order to aSPEREIINE S QUEdhnt PatRRE 61 4 S1iGsh @&ﬁﬁnﬁ%ﬁﬁ E’i@lygsggwer

near - confl uence, confl uence or post-confluence has been ach
Lgﬁ{)gzie?} gﬁli \écgr / ?é%% ﬁaHJEiXEs.f AT GheREF grﬂ?et \i/(ﬁﬂmgfof ithrg)cligens ea(‘ibllm%lgnltﬁ)vlvgbl ©
flowable composition, a known volume of the cell suspension is diluted with 0.4%
10 trypan blue (4:1 cells to trypan blue) and viability assessed by trypan blue exclusion.
Viable, non-viable and total cells are enumerated using a hemacytometer. Growth

curves are constructed by plotting the number of viable cells versus the number of

days in culture. Cells are shipped and implanted after reaching confluence.

[0069] For purposes of the present invention, confluence is defined as the presence

15  of at least about 8 x 10> cells/mg of biocompatible particles, preferably about 7 x 10°
to about 1 x 10° total cells per aliquot of 50-70 mg particles with viability of
preferably at least about 90% but no less than about 80%. Cell viability is at least
about 90% preferably but no less than about 80%. If the cells are not confluent by
day 12 or 13, the media is changed, and incubation is continued for an additional

20 day. This process is continued until confluence is achieved or until about 14 days
post-seeding. If the cells are determined to be confluent after performing in-process

checks, a final media change is performed. This final media change is performed
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porcine aortic endothelial cell inplanted lots is presented in FIG 1. In
this exanple, the inplantable material is in a particulate form Generally,
one of orwonasepessitl | will appreciate the indicia of aceeptsbios/oessid growt h
at early, md- and late tinme points, such as observation of an increase in
cell nunmber at the early tinme points (when referring to FIG 1, between
about days 3 to 10), followed by a near-confluent phase (when referring to

FIG 1, bet V‘ﬁﬁﬁﬁﬁ@%b\g@ﬁ };Qeﬁog eind Wi du@mlgﬁrcsa TRhAEAY 'f&mlaﬁhggt nunber

once the cel ave re con uence when referring to F ween

ot con? T uethe egtRinaRar R s PR Aif fe TR RSB, SO ey

pur poses of the present invention, cell populations which are in a plateau

for at |east 7 ours are ferre 6 Cel | unts .are achi eved by
conpl ete di gt PE E&L—ﬂ%‘—&ﬁﬁéﬂ?@ﬂiﬂ %%&P%F@f dhvsnfian Bg‘i?ti on with

a solution of 0.8 ng/m collagenase in a trypsin-EDTA for Gel foam particles
or a sol uti oherefn, ﬂ@xmpbﬁﬂ&éﬂﬁ Herable gerspositemia frher dgatesfox iligapt i cl es. After

measuring the volune of the digested inplantable flowable conposition, a
known volaneffctidleditcpdidr to usplmsdtion. Fer eiamtledonditinnl Meédit mygparilebled e (4: 1
cells to trypan blue) and viability assessed by trypan bl ue excl usion.

Vi abl e, non- gindk Be dikurk Pbabd €Chdctrtadh RvERWTBEPArRS sl fitd) GradsfORNREHrowRt er .
G owth curves are constructed by plotting the nunber of viable cells versus

the number 0; i ﬁ}z é’réfg%% é)]%l FibrEH1As? mhgﬂt&@%@@gaﬁmm@&a@e CYA

reachi ng conf] or purp ses ent 1 nvention,
bi ocompat | bl Fardees bE B ERR RS set i?ec%%%map?%mg clhbbdinG, 19
the implantable flowable composition can be used for the purposes described herein
10 when total cell number is at least about 2, preferably at least about 8 x 10° cells/cm?;
percentage of viable cells is at least about 80-90%, preferably >90%, most
preferably at least about 90%. Heparan sulfate in conditioned media is at least about
0.5-1.0, preferably at least about 1.0 microg/ 10 cell/day. TGF-P; in conditioned
media is at least about 200-300, preferably at least about 300 picog/ml/day; b-FGF

15  in conditioned media is below about 200 picog/ml, preferably no more than about

400 picog/ml.

[0071] Heparan sulfate levels can be quantitated using a routine
dimethylmethylene blue-chondroitinase ABC digestion spectrophotometric assay.
Total sulfated glycosaminoglycan (GAG) levelé are determined using a

20  dimethylmethylene blue (DMB) dye binding assay in which unknown samples are
compared to a standard curve generated using known quantities of purified
chondroitin sulfate diluted in collection media. Additional samples of conditioned

medium are mixed with chondroitinase ABC to digest chondroitin and dermatan
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to about 1 x 10 total cells per aliquot of 50-70 ng particles with
viability of preferably at |east about 90% but no | ess than about 80% Cell
vi abi | i t ywoo@tockszast about 90% preferably but no | ess Phanusawsns3sdd% | f
the cells are not confluent by day 12 or 13, the nedia is changed, and

i ncubation is continued for an additional day. This process is continued
until confluence is achieved or until about 14 days post-seeding. If the
cel | 5 ar e deberitdiaf: 0 theRRN B DRIH EloPRAEAN MANGHGLRAQS GRS checks, a
final nedia change Is perfornegl This final nmedia change 1s perfornmedusing
EGVt 2 wi t hout, phenol red and w thou thbhiotics. pately foll.owng the
meci  change BENR LS aPBip i U B bR Bhp & o5 dEPR B B E mbeypie

shi ppi ng. [0Q70] Eval yation_ _of Functionality . For purpos of th

Cnvent i on deSA sy SRS oY Sreasie T seselr @)ﬁﬁgi]ﬁeqrawﬁ@t@further
tested for indicia of functionality prior to inplantation. For exanple,
condi ti oned wedl® cald&apqmlayet@aé@ﬂ@tqi/ brguhtraeting theipoaceniation of ehoadeastiin ai n

| evel s of heparan sulfate, transformng gromh factor-b (TG bi), basic
fibrobl asf gandvérniatamt soifatelfrdiofle tomhshlfitéd glgcasaimdieogiyvian koareatrptiadinced by
the cultured endothelial cells. In certain preferred enbodi nents, the

i mpl ant abl e thoWaslea mQTRAShinpRR. CatndI8ithagIABOYactibRy RWoRASRS] Bescri bed
herein when total cell nunber is at |east about 2, preferably at |east

500500 o of DidkStle G RPRGSRABGH Al Aftafe, TEHaRidrdd Mg i B ALOHE

sulfate in conditioned nedia.] [ | gas out Q.5-1.0 npreferably at |east
Sbout 1.0 m EPoteraRa g gy st % Pl R ted imorbali el ) Shet
about 200-300, preferably at |east about 300 picog/ m/day; b-FG- in

condi ti oned diebtadi Hepunpamlise vl 0By mlwdey aHantipsics usigny ES Angssey t han

about

10  employing monoclonal antibodies.

[0072] TGF-B; and b-FGF levels can be quantitated using an ELISA assay
employing monoclonal or polyclonal antibodies, preferably polyclonal. Control
collection media can also be quantitated using an ELISA assay and the samples

corrected appfopriately for TGF-B; and b-FGF levels present in control media.

15 [0073] Nitric oxide (NO) levels can be quantitated using a standard Griess
Reaction assay. The transient and volatile nature of nitric oxide makes it unsuitable
for most detection methods. However, two stable breakdown products of nitric
oxide, nitrate (NOs3) and nitrite (NO;), can be detected using routine photometric
methods. The Griess Reaction assay enzymatically converts nitrate to nitrite in the

20  presence of nitrate reductase. Nitrite is detected colorimetrically as a colored azo
dye product, absorbing visible light in the range of about 540 nm. The level of nitric
oxide present in the system is determined by converting all nitrate into nitrite,

determining the total concentration of nitrite in the unknown samples, and then
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400 picog/ M. [0071] Heparan sulfate |evels can be quantitated using a
routine di nmet hyl net hyl ene bl ue-chondroiti nase ABC di gesti on

spect r ophwoemnetasesr1assay. Total sul fated gl ycosam nogl yeamusaaGp4isevel s are
det erm ned using a di met hyl net hyl ene bl ue (DMB) dye binding assay in which
unknown sanples are conpared to a standard curve generated using known
quantities of purified chondroitin sulfate diluted in collection nedia.

Addi ti onal SQHEFEIﬁag%e cQRflidd QREGARGA BMhidkie t&h%ﬁﬁdé’iﬁfcﬁr&zgéﬁ%a@dtuisilﬁgse ABC
to digest chondroitin and dermatansulfates prior to the addition of 'the DVB

col or reagent. All r term.ned at the maxi num wavel engt h
absor bance o?(n?%q@gﬁ%%/gﬁﬁﬁ%} 61\119%%%[‘[?3%% standard, generally around
515-525 nm The concentration of heparan sulfate per 106 cells per day is
calculated b tracti the concentrat.ion.of chondroitin and deratan
il fate frone@l: oE el el SRR BuP RS A s Asrese by e e
condi ti oned nedi um sanpl es. Chondroiti nase ABC activity is confirmed by
di gesting a sumpiteivethepaiansplaeckaim oNQ #ndien -BEE assayh depscribad abavedisum
sanples are corrected appropriately if less than 100% of the purified

chondr oi t 5n swllifaatjeant#ativegastiedassispersamwosumizstle célbgresh amdivhitsgorbef
quantitated using an ELI SA assay enpl oyi ng nonocl onal anti bodies. [0072]

TGF-P land b+irehbbay el follodR. [Fer Ailpsies batiRthréhnhivaiidal fflaa@bR)ovapleoyi Ng
nmonocl onal or pol yclonal antibodies, preferably polyclonal. Control

col  ect i on ek iath Blsa00: AHARLLAE! GHlShOS: D BeuRA: aRARIG AN HRP

sanpl es correct ropriate TG Pland b-FG- Ievel s present in

control medi %Ssays confirm that the implantable flowable composition is exhibiting the preferred

inhibitory phenotype.

10 [0075] To evaluate inhibition of smooth muscle cell growth in vitro, the magnitude
of inhibition associated with cultured endothelial cells is determined. Porcine or
human aortic smooth muscle cells are sparsely seeded in 24 well tissue culture plates
in smooth muscle cells growth medium (SmGM-2, Cambrex BioScience). The cells
are allowed to attach for 24 hours. The medium is then replaced with smooth

15  muscle cell basal media (SmBM) containing 0.2% FBS for 48-72 hours to growth
arrest the cells. Conditioned media is prepared from post-confluent endothelial cell
cultures, diluted 1:1 with 2X SMC growth media and added to the cultures. A
positive control for inhibition of smooth muscle cell growth, for example, heparin, is
included in each assay. After three to four days, the number of cells in each sample

20  is enumerated using a Coulter Counter. The effect of conditioned media on smooth
muscle cell proliferation is determined by comparing the number of smooth muscle
cells per well immediately before the addition of conditioned medium with that after

three to four days of exposure to conditioned medium, and to control media
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[0073] Nitric oxide (NO |levels can be quantitated using a standard G ess
Reaction assay. The transient and volatile nature of nitric oxide nakes it
unsui t ablwofhoos/msestt det ecti on net hods. However, two st alplce/dse@aloasswn

products of nitric oxide, nitrate (NOG3) and nitrite (NO2), can be detected
using routine photonmetric nmethods. The Giess Reaction assay enzymatically
converts nitrate to nitrite in the presence of nitrate reductase. Ntrite

is detected %&#ﬁﬁ%ﬂ%&)wﬁieh% With hCRRER ISR A S actofDS PhbI NY

visible |ight range of about 540 nm The level of nitric oxide

present in the system.is,determ ned onvertin L. nitrate into nitrite,
det er m ni ng Wgn]%(%({eaq@lré% ggrr]ltars Sé)tcllagend ‘%ﬁh grE]llletcrol%fi léloin%d ][%ﬁglalr} ﬁ{? gevsx‘/r‘%l S anpl es, and

t henconparing the resulting concentration of nitrjite to.a standard curve
gener at ed uspﬂ@pﬁﬁ%&m&ﬁ@aﬁﬁnﬂw&e@e Bt e ey P EYS SoeG. [0074]

The earlier-described preferred inhibitory phenotype is assessed using the
quanti t at i ve Asepdingrioquiréfgtred embpdigient, thioneplantahle Homablepomppsitigeécr i bed
above, as well as quantitative in vitro assays of snoboth muscle cell growh
and i nhi bbti oonsiderd¢chinbitiiosy & tescdnditicmed medor inhibitpalses 20%0 dhehplesent
invention, inplantable flowable conposition is ready for inplantation when

one or nore Qbpdinedatdl kabrabiMebitn vitro assays confirmthat the
i npl antabl e fl owabl e conposition is exhibiting the preferred inhibitory

phenot ype. [0075] To evaluate inhibition of snoboth nuscle cell growh in

vitro, the Wng% Qb1 iRl oAb rRERBH G4l vl the Gillel BF Rh£RARIMR! | al

cells is de Porcine or human aortic snooth nuscle cells are
S Ry = ARG TR IO R
both anti-proliferative and anti-thrombotic properties. Using either the routine
10 dimethylmethylene blue-chondroitinase ABC spectrophotometric assay or an ELISA
assay, both assays are described in detail above, the concentration of heparan sulfate
per 10° cells is calculated. The implantable flowable composition can be used for

the purposes described herein when the heparan sulfate in the conditioned media is

at least about 0.5-1.0, preferably at least about 1.0 microg/ 10° cells/day.

15 [0077] Another method to evaluate inhibition of thrombosis involves determining
the magnitude of inhibition of platelet aggregation in vitro associated with platelet
rich-plasma. Porcine plasma is obtained by the addition of sodium citrate to porcine
blood samples at room temperature. Citrated plasma is centrifuged at a gentle speed,
to draw red and white blood cells into a pellet, leaving platelets suspended in the

20  plasma. Conditioned media is prepared from post-confluent endothelial celi cultures
and added to aliquots of the platelet-rich plasma. A platelet aggregating agent
(agonist) is added to the plasma as control. Platelet agonists commonly include

arachidonate, ADP, collagen, epinephrine, and ristocetin (available from Sigma-
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are allowed to attach for 24 hours. The nediumis then replaced with snmooth
nmuscl e cell basal nedia (SmBM containing 0.2% FBS for 48-72 hours to

growt h arweodidses7eel | s. Conditioned nmedia is prepared fPcomospast4ssent | uent
endothelial cell cultures, diluted 1:1 with 2X SMC growt h nedi a and added
to the cultures. A positive control for inhibition of snmooth nuscle cell
grow h, for exanple, heparin, is included in each assay. After three to

four days, t !&g@g&;&{) §@toﬁi§|m3i ARl Rt S ﬁ%ﬁ@ﬁ%tr%{ol%t?fef‘gg&ﬁs@om ter

Counter. The condi ti oned nedia on snooth nuscle ce

proliferation is ,determ ned ar i he. n h cells
per well i m*r%rd?oé]tdéfoﬁe%g?eg}aeadtlaﬁ%ggggsﬁ 3 %’?\ béﬁe 18%%)3%?%%%%&%%& ﬁ%%%ﬂ?%t hat
after three to four days of. exposure to conditioned nmedi and to control
medi a( st andafrdPOGRBRCAY émﬁ/l “F\O%ﬂgplﬁe{eﬁé%ﬁre%%néﬂ@?? ?rt‘f’x‘i%fl Pt h
factors). The magnitude of inhibition associated with the conditioged nedia
sanpl es are ewapabeempleryt pasitivagantroldénddnds ashithi hepsninaabedeingb declireh t he
positive control. According to a preferred enbodi nent, the inplantable

f1 owabl e £onphidiilly,dndiasamdissiNg etiedibimbA pirbsaty, Merdkhie Goordi Woitebousedi a

i nhi bits about 20% of what the heparin control is able to inhibit. [0076]

To eval uat e pplibRiNTHQR e?fiﬁbeﬂfd@ irBin®NMiIlédn@um PR R¥&lical Ifegpar an sul fate
associated with the cultured endothelial cells is determ ned. Heparan

sulfate has Bobiyiapd viR) Orhd SLAkLY 81N Btdafidl SIOKLCoRHRABR! boBfen UST N
either the r ggliﬁl F\lege‘i;:iilvlrr&'hy#l mtﬁ;}hgﬁeﬁﬂ u%-@c%%gn I oi tﬂtr?ase A%% -
spect rophotonetric assaﬁIE or an ELIS assag?, bot h assa¥s la{)e? descr itbed in
detai | above™SPHEERTREAR PERTROM BT HEPASKITEUFFLISABETS Rigs oL Asresqtion
cal cul ated. The inplantable flowable conPosi tion can be used faor
by monitoring optical density. As platelets aggregate, more light can pass through
10 the specimen. The aggregometer reports results in “platelet aggregation units,” a
function of the rate at which platelets aggregate. Aggregation is assessed as
maximal aggregation at 6 minutes after the addition of the agonist. The effect of
conditioned media on platelet aggregation is determined by comparing baseline
platelet aggregation before the addition of conditioned medium with that after
15  exposure of platelet-rich plasma to conditioned medium, and to the positive control.
Results are expressed as a percentage of the baseline. The magnitude of inhibition
associated with the conditioned media samples are compared to the magnitude of
inhibition associated with the positive control. According to a preferred

embodiment, the implantable flowable composition is considered inhibitory if the

20  conditioned media inhibits about 20% of what the positive control is able to inhibit.

[0078] Transport Container: Immediately following the media change, the

implantable flowable composition is packaged for shipping. According to one
embodiment, the same culture tubes used for culturing the cells on the implantable

material are fitted with sterile plug seal caps for shipping. To decrease the risk of
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t he purposes descri bed herein when the heparan sulfate in the conditioned
nedia is at | east about 0.5-1.0, preferably at |east about 1.0 mcrog/10 6
cel | s/ daywo[206&/06ks7An0t her net hod to eval uat e i nhi biti onpafr/usbeosmissss s

i nvol ves determ ning the magnitude of inhibition of platelet aggregation in
vitro associated with platelet rich-plasma. Porcine plasma i s obtained by
the addition of sodiumcitrate to porcine bl ood sanples at room

tenperature. debidiat tg%riﬁﬂlébsdﬁﬁ/dr%eﬁﬁﬂ'&ﬁﬂgftﬁgﬁﬁaleﬁns@ tgeeﬁlbsmgras%me{v QarijSé‘W red
and white blood cells into a pelle I"eavi ng pl atelets suspended |n t e

plasma. Condif} dgﬂ&@' &E@{uﬁe {8 & gxﬁﬁg ﬁagﬁl‘%{ %P‘o@%fént?a%ﬁ&enrﬁ%cee\%? Ipa{ee %et cell

cultures and asma

aggregating oni st de th | asma ntral. Platelet
Boant ot comiantye PhERE el it saRabmd off fiaglk of dhnBph e and
ristocetin (available fromSigmA drich Co., St. Louis, MJ). An additiona
al i quot of pF@@ﬁﬁcﬁ@% no pl atel et agoni st or conditioned nedia added, to
assess for baseline spontaneous platelet aggregation. A positive control
for inhibition of platelet aggregation is also included in each assay.
Exenpl ary Spod0@79e If ¢t impllantabie Floweblaspmpositiohsphiiped imbeikicoainiReoPro '
Eli Lilly, Indianapolis, IN, tirofiban (Aggrastat(r), Mrck & Co., Inc.,

Whi t ehouse  Stsaituing fust Wbr @ ingdrititiddecthe deplahtable glowable c(dlﬂposMohh@ﬂﬂéeﬁm
Pharmaceuticals, Inc., Canbridge, MA). The resulting platelet aggregation

of all test cROEibiPRSHATE: bR Emﬁsqrh@%wﬁbmhmn RABERLATERS s lgenm Ly,

aggr egonet er ‘neasures pl at el et aggregat|on moni t o |ng optica

As pl atelets e light can S rou eC|nen
aggr egonet er %%g%r sgﬁgg %BPOﬂ DHVEFE? Ceﬁ %ﬁ%% %mwd5“W% ?lon of

the rate at which platelets regate. Aggre tlon [ ass ssed as
a syrlngg for delwery q‘gg exgess rinse sgo ut1o%ai's expelleg from the syr(ljnge and a

10 needle, catheter or other delivery device is attached to the syringe for delivery to the
treatment site. The flowable composition is then delivered to the patient, for
example, according to one of the exemplary administration methods discussed
below. If the implantable flowable composition is transported in serum-free media,

it is not necessary to perform the final rinse procedure at the clinical site.

15 [0080] According to an alternative embodiment, the implantable flowable
composition is drawn from the culture tube into a syringe, along with about 1 to 20
ml of media, or a sufficient volume of media for transport and storage, the syringe is
capped and the materi'al is shipped in the sealsd syringe. At the site of implantation,
excess media is expelled from the syringe. A needle, catheter or other delivery

20  device is then attached to the syringe for delivery to the treatment site. According to
this embodiment, the flowable composition is delivered to the patient directly from

the transport syringe.
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maxi mal aggregation at 6 mnutes after the addition of the agonist. The
effect of conditioned nedia on platelet aggregation is determ ned by
conpar i ngvbas@ldiceszipl at el et aggregati on before the addi Pconsedosoessds ti oned
mediumwi th that after exposure of platelet-rich plasma to conditioned
medium and to the positive control. Results are expressed as a percentage
of the baseline. The magnitude of inhibition associated with the

condi tioned NBOSH SERPInGHadible COMPAIAGH bOthe PREBIM AR o bd QlPphEd LoN
associated with the positive control. According to a preferred enbodi nent,

the inplanta o, cle ?19:’?% } i dar I bitorny. Lf th
condi m) oned ﬁf'iér%ll g}l nhi Olﬁ%as a gﬁ‘%ﬁ@gg& %)? emé’gﬁeﬁg%ﬂs%\gée&%gﬁ%s%ﬁ CUiltglreabl e
to inhibit. [0078] Tra rt. tainer : lmediately follow ng the nmedia
change, the %P a&lﬁ%ﬂﬂogﬁﬁﬁa’%{bl CLERL DR ETlee 8 a"gaélip’F $r28%i ppi ng.
According to one enbodinent, the same culture tubes used for culturing the
celI's on t he SORFIHAE abAUS SHd0ang af Paitisulpterpaieriaicngrasied mithabpitiuhx 46310 caps
for shipping. To decr?ase the risk ofdecanting particles and/or cells
during thé fiabaht ¥ kri§etotal hedaghélmbcells iv@btwi4nen0 b préferabiydibbiesd md, i ncl ude,
for exanple, a filter or other entrapnent device with a pore size capable

of passing megidathahial gidvithemeadilmit pe@ Bliqut! ThOtotARBRNSAL W pateGARLT B particles
and/or cells. [0079] If the inplantable flowable conmposition is shipped in

medi a cont ai Rirb@raB8F MibrodithitelPDico12 & 901 &H% g&;ﬂ% l%c?férr\gélghﬂ Bﬁ%‘@%&%ﬁ ie l.owabl e

conposition i's rinsed, preferably wthin ube. "The fi r or

ot her entrapngn S | hen, rsenpyved from t he .transport container and the
cel | engraftre@ tﬁ%r ‘?c Oéésﬁ%%‘é‘exd}%m%%ﬁ?R%rol‘gel)osg]gfrwe "for delivery. The excess

rinse solution is expelled fromthe syringe and a

[0082] As contemplated herein, the material of the present invention comprises

10 cells, preferably vascular endothelial cells, which are preferably about 90% viable at
a density of preferably about 1.4-2.1 x 10* cells/mg particles in one preferred
embodiment, and when confluent or near-confluent, produce conditioned media
containing heparan sulfate at least about 0.5-1.0, preferably at least about 1.0
microg/10° cell/day. TGF-B; in conditioned media is at least about 200-300,

15 preferably at least about 300 picog/ml/day; b-FGF in conditioned media is below

about 200 picog/ml, preferably no more than about 400 picog/ml.

[0083] According to another embodiment, one or more additional substances are
added to the flowable composition prior to administration. Such substances include,
but are not limited to, anti-inflammatory agents, glycosaminoglycans,

20  prostaglandins, prostanoids, cytokines including but not limited to TGF and VEGF,
angiotensin and related compounds, tyrosine kinase inhibitors, immunosuppressants,
vitamins, glucocorticoids, anti-oxidants, free radical scavengers, peptide hormones,

angiogenic and angiogenic-inhibitory factors.
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needl e, catheter or other delivery device is attached to the syringe for
delivery to the treatnent site. The fl owable conposition is then delivered
to the pawDends/octsrn exanpl e, according to one of the exeaphmrgos/043844

adm ni stration nmethods di scussed below. If the inplantable flowable
conposition is transported in serumfree nedia, it is not necessary to
performthe final rinse procedure at the clinical site. [0080] According to

an al ternati ygsarbediieat Opﬁbﬁ‘aﬂﬂﬁ&c@)ﬁﬁiﬁ?{(ﬁoﬁd NI B e ROMROBplangbld S dr awn
fromthe culture tiube Tnto a syringe, along with about 1 to 20 ml of nedia,

or a suffici %vagggclgﬁi?t)ﬁ:{lg -llﬁdefs grcla}nr[e? ﬁéﬁp rx Pgeggrré& &Eﬁ&ql%? ti‘kte%eﬁlyr inge is

capped and the na shi ppe sea syringe. e site of

i npl antation, excess,. nedi.a.l.s.expelled fromthe syri.nge, eedl| e,, cat heter
or other del SM n&‘fé]%ﬂn%é facdliteting, g‘i‘f”t“ﬁ?ﬂ&‘&n'{Tfoal%oﬁ%toﬁwfnﬂg‘éedﬁﬁhﬂgfrﬁ}%‘}sy to
the treatnment site. According to this enbodiment, the flowabl e conposition
i s deliveredof Bletlmlapb@bieeﬂ@wgfrle sempysitiomindicals thatAreapésris BYYTeaeRsayd081] The
i npl ant abl e conposition of the present invention can be supplied in final
product cHnt arasenvs cell mt¢gndy mdenthandlegatpiable Ginpdsitoms 60 ishnswatted that ssue
culture containers nodified with filter caps or pre-|loaded syringes, each

preferably cesl &rfiubgioadsuth Bh&R deteridbd Révetn bt fccroticairieond oredipéraf ted with
about 7 x 105 to about 1 x 106 total endothelial cells in about 45-60 ml,

preferably abouts aflichlare ﬁpﬁggy glrﬂggﬂéyee &&tjwekerv@e*élym@%ﬁy;%k iagéhit&z whidhgyt ot al

cell load per~patient w rabl’y approxi mately O. x 104 cells

per kg body i.ght ,  but l.ess than.2 x 103 and no.more fhan.2 x.105 cells
ber kg body Mg enitisto KEPRak PR eed uBE HhER AR fachfT andbidtine
present invention conpr] se% )

of non-solid or flowable formulations.

10 [0085] However, a carrier can serve to improve cell conﬂuepcy and viability
within the flowable composition, for example, during cell culture, including during
expulsion of conditioned media and introduction of new media, during manipulation
of the implantable flowable composition prior to transport, while the material is
drawn into the delivery syringe, and/or during expulsion of the material from the

15  syringe and delivery of the material into the perivascular space or other target site.

[0086] The carrier can be introduced into the implantable material at a variety of
points during the cell culture procedure. For example, the carrier may be added to
the particulate matrix at the time of particle hydration (prior to cell seeding), just
prior to or at the time of cell seeding, and/or added incrementally during scheduled
20  media changes in the cell culture procedure. By introducing the carrier earlier in the
cell culture, those cells that are possibly adversely affected can be sloughed off and

the remaining cells can proliferate to maintain a sufficient cell population.
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cells, preferably vascular endothelial cells, which are preferably about
90% vi able at a density of preferably about 1.4-2.1 x 10 cells/ng particles
i n one prwbanscd2e&mbodi nent, and when confl uent or near Pconfsbasmuis4pr oduce
condi tioned nedia containing heparan sulfate at |east about 0.5-1.0,
preferably at |east about 1.0 mcrog/10 6 cell/day. TG~ b in conditioned
nmedia is at | east about 200-300, preferably at |east about 300

pi cog/ m / day;[0b87F GAlisinabrdl, thonederread ba intfodaetdiaralpabié 1200 ePiachgidy
preferably no nore than about 400 picog/m . [0083] According to another

embodi ment,  QRRNGKe AL GredPfueRNGH neSURRIRBRE Snd Bt A ed 1&1ﬁ1a¥1ﬁﬁoﬁl owabl e

conposition pr| or to adm nistration. Such sUbstances include, but are not

limted to, intl 0 andlns
pr ost anoi ds, TOVSRT iRV ERb b AR aaBibf B S‘r{l*hﬁ&’?lt%?%@gerop&ﬁﬁ%sﬁg
angi otensin and rel at.ed conpounds r osi hi bi t

i mmunosuppr edSRRiAAMINISHAT Ca’@F%E’G&%W}?% itQ) e‘%? fPe 0%l & %"ahflgg%? radi cal
scavengers, peptide hornones, angiogenic and angi ogeni c-inhibitory

fact ors. [ D084 Icenfficiently to refededhaesjred selt wiaklility andelfaecychidovianeaptable he

i npl antabl e fl owabl e conposition includes a carrier fluid. A preferred
carrier fl uideveds. @aséd g dwkdobetvatiohgit it possible diat adliaglathighdy viatawan.
Laboratory sinulated adm nistrations of the inplantable flowable

conposi tion icafies AR, h@tasagm@wu R'thé HoWable REMPSSASY all Bt FHRBTEA YEVERIY
integrity when handllng fl owabl e conpositions. It is unexpected that cel

formul ati ons a% R@é lfst'é?la%hgaﬁ%lapggf@erel n can be free of carriers or
Ic

ot her agents ed to preserve cell integrity; or
agents which are typlcally enployed to inprove handling and reduce shear

force-i ”duce%ﬁjétﬁ "YR tolr(Perr] to evaluate the efficacy of other candidate carrier fluids, initial

10  trials will be conducted using a high particle to carrier ratio to determine the
minimum amount of carrier necessary to achieve the desired benefits. The desired
benefits to be evaluated include, for example, improved handling and improved
flowability of composition while maintaining cell viability and efficacy.
Additionally, studies will be conducted to test the ability to transform a planar form

15  of implantable composition into an implantable particulate flowable composition,
without affecting cell viability or function. (See co-pending application
PCT/US , also known as ELV-002PC, the entire contents of which is
herein incorporated by reference.) For example, initial test solutions will inc;lude
only about a 0.1-1% solution of a carrier to 50 mg of particles. This concentration

20  will be increased incrementally up to a maximum of about a 10% solution of a

carrier to 50 mg of particles.
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of non-solid or flowable formulations. [0085] However, a carrier can serve
to inprove cell confluency and viability within the fl owabl e conposition,
for exanpwe,2oaunsesTy cel |l cul ture, including during expulpsirars2as/oessadi tioned
medi a and i ntroduction of new nmedia, during manipul ation of the inplantable
fl owabl e conposition prior to transport, while the material is drawn into
the delivery syringe, and/or during expulsion of the nmaterial fromthe

syringe and g]\ée]%{b%gu&n%ﬂ@WHib@boﬂdakfadtmraﬁ@icy@ﬁmwis_%aa@ae or ot her
target site. 6] . The carrier can be introduced into the inplantable

el lZ‘f E‘Lg%@ée?r?e'ﬁﬁaﬁ% R B Bl Bl b bbb M AP ERPREE . re o
ol | Seadi oo sligeetimcRar i b sy dEhedmpli s farifenges i n

the cell culture procedure. By introducing the carrier earlier in the cel
cul ture, thosempwmsition havatreashed pordbienteyanddyeresdy jo b fhippednd@ be sl oughed
off and the remaining cells can proliferate to nmaintain a sufficient cell
popul ati ohn. [ AdiBin]steded & mpitient|the cdrbenteaioniof theceanridyefluidirr ihd mmpkinthbte ng t he
| ast nedi a change, when the cells are confluent or near-confluent, and just

prior to inphantal hRNnclEdaMRIm tHelloWastoReMle phpabyeslyt deatat@ehédtesnaof an
undi l uted glycerol carrier just prior to admnistration, can result in a

shock to the pe - ' : cell fflCl reduce
. 4l Cfﬁff‘& :
t he desired % %IJO\S%”ao P?tf@o%cﬁa 1gerf |c{a(1)2% r%ggFsowl%arc%%l%?lgb%%bfdg%%?/os%pBased on
t hese observations, it is possi.ble t addi ng .a hi Vi Scous. carrier
fluid, such 5% q%é’tr‘&qo?dt ES?IH o P%@/\E C@”ﬂ:%rﬁﬁlgls etalﬁg%qutpe Q?I%SH%Ee can
adversely affect the cells and shoul d be avoi ded, )
material at the time of initial hydration and at each subsequent media change, up to a

10  final solution of 1% carrier. It is expected that some cells will be lost at each
introduction of the carrier fluid, but that most cells will incorporate themselves into
the implantable flowable composition conditioned with a carrier and will be able to

grow to confluence or near-confluence within this environment.

[0090] Carriers include, without limitation, diluted glycerol, alginate (preferably
15  about 1% alginate solution), dextran or dextrose sugars (preferably about 1-10%
dextran or dextrose solution), other sugars including, for example, glucose, sucrose,
and fructose, starches (preferably about 6% hydroxyethyl starch solution), gelatin
(preferably about 1-2% gelatin solution), endothelial growth media, endothelial
basal media, other cell growth media or neutral buffered saline. Additional percent
20  solution ranges are contemplated but not expressly defined herein. Variations are
expected depending, in part, on the type of biocompatible matrix used, the type of
cell engrafted thereto, and the mode of administration chosen for delivery. For
example, the cell culture media used for initial hydration and subsequent media

changes can include about 0.5% up to about 10% by volume carrier fluid, depending

41



[0088] In order to evaluate the efficacy of other candidate carrier fluids,
initial trials will be conducted using a high particle to carrier ratio to
det er m newoheoanézs7Tmum anount of carrier necessary to aclcews2also43sesi r ed
benefits. The desired benefits to be evaluated include, for exanple,

i nproved handling and inproved flowability of conposition while maintaining
cell viability and efficacy. Additionally, studies wll be conducted to

test the abi Fh % chesetnrﬁaaﬁ%él ffog@n %161@1@ selbOe M RHict gﬂahm@%@cf@mﬁsat EHeO“ into

an i npl antable particulate e conp05|t|on mnthout artecting cel

viability or functi a tlonP al.so novvn as
ELV- 002PC, ﬂ%sa%%?rf(f‘éo%gﬁfé oWl gﬂ ‘9?1 |p et ncortﬁoarugt ed" B

ref erence.) For exa i ni t| al test soI utions will include onl agout a
0. 1- 1% sol ut PEHERF i e‘ézrm.@rsupsorseelh@row IpRuE (e semeyf el wereRs Pon wi | |
be increased increnentally up to a maxi nrum of about a 10% sol ution of a
carrier to 50fthyimplaptable aings{t®@89] Subsequent trials will be conducted
wherein a carrier fluid is added increnentally over the entire culture
course, beginning at the tine of particle hydration or cell seeding, so
that by the {009¢] t Réfectedfl Sndilutéd@lycenpl Gatrebbe Cell Mialkiliey: cRorpims iabition have
reached confl uence and are ready to be shipped and/or adm nistered to a

patient, theesRReEAl Edlsividte 9cdeBn ¢00 figtdt Gdlftagh paitidlBLand@lcwedabl e materi al
has |ncreased fromthe lower tolerable ratio for early cell attachnent to a

hi gher opt i {Tgllolllfeq'crit'e(?o Qb FRHNTS. eTl"hJ #&ngﬂ%tg a‘oleccloﬁﬁyosfgﬁleigm eSteg@ccording

to an exenp ry protoc a so on o /ocarrler W be added to the

particul ate %{ IBﬁDaﬁ(g@l tallx}%s apdm 1xed wf:tlhg rrﬁlahq}{(()j[ LAl glycerolabel%ore

subsequent

being placed in syringes attached to 24, 26, or 27 gauge needles. The contents of all
10 syringes were slowly expelled through the attached needles and collected in 50 ml

tubes. Only 0-5% of all cells visible after expulsion were viable (95-100% of the

cells were dead), compared to 86-93% viability for cells in the same trial without

added glycerol, dramatically illustrating the detrimental effect on cell viability of

this carrier liquid when added undiluted as a single dose to confluent cells. It was
15  not determined whether the use of this carrier fluid was beneficial to maintaining

confluence of the cell monolayers.

[0092] Planar Material Extrusion and Modification: According to another

embodiment, a solid, semi-solid, or large diameter composition is modified to form
particles capable of being delivered through an injectable delivery device after the
20  cells have sufficiently engrafted to the implantable composition and reached
confluence. According to one embodiment, the cells are cultured in the presence of
a carrier fluid, as described in greater detail above, to maintain cell confluency and

integrity during material modification.
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final solution of 1%carrier. It is expected that sone cells will be |ost
at each introduction of the carrier fluid, but that nost cells wll

i ncor por awe 2évaessives into the inplantable flowabl e comrpoaisteosn43s44
conditioned with a carrier and will be able to grow to confl uence or

near -confluence within this environnent. [0090] Carriers include, wthout
limtation, diluted glycerol, alginate (preferably about 1% al gi nate

sol ution), ddR093Hn Accatdingrosee snbadimeqpofahemabificatitnietiod] BAcedrxtdlRN OF
dextrose solution), other sugars including, for exanple, glucose, sucrose,
and fruct ose,hast asachebcdiineh®s @i ylankiautm BFankpieki N ebipbsisibared sol ution),
gelatin (preferably about 1-2%gelatin solution), endothelial growth nedia,

endot hel i al hagRlosBd i irairdifld 168l sy rigs P WnbrdB B i AEH:L & hf 8 (,j
Eﬁ enp a% ed %i no

saline. Additional percent solutioh ranges are cond a

expressly defy -herein. Variations are expect.ed depgndi in part, on
thg typeyof 6%‘%%%%%%%"5%?’%"3@ rr“?%‘?ieuosrec nhfl e? {‘)af/%?eb%‘? n%fgﬁ?" Jgﬂ%$yé¥ntg8 u‘ikﬁere]t f),
and the nmpde of  adm nistration chposen for delivery. For exanple, the ce
culture ggdi élpJg%gng’e Planarifagm ﬁ%‘gﬁi‘ﬁlﬁsi‘H’ﬁ%ﬂ'ﬁssg{?b@;‘cﬁf@rﬁngﬁﬁﬁdéowaﬁg@% can

i nclude about 0.5%up to about 10% by volune carrier fluid, dependingon the
chosen carri af extryfleddhrongh thetdpenisigloé dtesyrioge toiferm shontatre floenbleyt ot oxi ¢ at

t he dosage and concentrati on enployed and sufficiently perneable to all ow

ai r and nut r icempssitionf lwwrdento(dboais uppetired pdrliclg si2wf Stk el Pagbides (hrBugiemove
cell waste products) of the inplantable conposition. [0091] Effect of

Undi | uted G ykeERIngedidy 0 ndRBssk§! IFoVeRBhple! e malRfabl Ik LnfRgRNe! | al
cells were seede}g gn 1(3/10 ng of g%el f oam p}grt icles andﬁgﬁ)f@méﬂt o proliferate
to confl uenc%yriﬁ-&eﬁﬂ%th%’tl aaﬁe%dlfe! RRR).8 by PIRASe tthlrgunghmellalsau'gealgo\fg rslée%fje’ and
10 then passage through smaller bore needles until the material has reached the desired
particle size and flowability. Multiple passages and incremental modifications to

particle size are desirable to reduce the amount of damage to the cells and to

maintain cell confluency during such a material modification.

[0094] Surgical Sealants: In certain other embodiments, the flowable composition

15 of the present invention can additionally serve as an anastomotic sealant specifically
or surgical sealant generally. In such a dual purpose embodiment, the composition
is also effective to seal the juncture of two or more tubular structures or to seal a
void in a tubular structure when contacted with an exterior surface of the
structure(s), or applied in an arc on an exterior surface, or applied circﬁmferentially.

20 Such a sealant can eliminate a requirement for sutures which can further damage
vascular tissue, for example, and contribute to luminal endothelial trauma. Such a
sealant can also provide additional stability in the vicinity of an anastomosis thereby
reinforcing any suture repair. All that is required is that the sealant-type functions or

properties of this dual purpose composition do not interfere with or impair
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pl aced into 50 mM tubes and mxed with 3 m aliquots of undiluted glycerol
before being placed in syringes attached to 24, 26, or 27 gauge needl es.
The cont emD@i06287h syri nges were slow y expel | ed throughTtuseooatsmsehed
needl es and collected in 50 mM tubes. Only 0-5%of all cells visible after
expul sion were viable (95-100% of the cells were dead), conpared to 86-93%
viability-for cells in the sane trial w thout added gl ycerol, dramatically

i1l ustrating cbfiRiddat &iprasiocaloreld &ek &%@ir@ﬁ bﬁen\é.{}%@iahhtﬂ?/e Qll-lgeﬁ.bcifl carrier

i quid when added undiluted as a single dose t0 confluent cells. It was not

det erm ned “@ﬁ&?ﬁﬁaﬁ %ﬁ%%9¥ﬁQX%R#) carrier fluid was beneficial to
e o

mai nt ai ni ng contluen cel'l” nonol ayers. [0092] Pl anar Materi al
Ext rusi on and Modification : According to another enbodi nent, a solid,

sem -solid, r di anet er. conposition .is.modifjed to formpalrticles
capabl e of bi@%‘ﬁ d%e‘%fé’&FP@ae%WSﬁg‘ﬁs fa trﬁ’%b@g%‘?’gs’&fé? ﬂ9@%§/‘e&8’i‘?f’§%“%ﬁter t he
cells have sufficiently engrafted to the inplantable conposition and
reached conf Co@REges abipeprapaiigla wibstie svrddtssl somprifes aeqmrongpichaying ured i n
the presence of a carrier fluid, as described in greater detail above, to
mai nt ai n &el beadanfpromancss, surd as biregwtilinyitaiuo iaddprimatetwork], windeiafsb havingthe 0093]
According to one enbodi nent of the nodification nethod, once the cells have

reached conf kaipisie @opeatied RBRIppbedrp @idothePhlan taddthelt0ARe Tell ipgp'ulaﬁichﬁ.
conposition is transferred to a syringe. In order to accommbdate the planar

form the symiggencHbehid aim@sd?ae@&ls?eme GRAMaPOYShRedIBE R PG 165 & The

syringe sucks up the flexible planar form and ? en, under pressure, the
fgl :c ;)?nmg;a];]z)ﬁ}?ogg g% u(rijl%%dlttci())\(sjl\ll%}g:oé aeﬁ(&pﬁﬁ%%g of rc]er:lf)su%] t};[ehc%sé) BF Qtihglgerr?god%}gntg,yr I nge
sealant functionality can be contributed, at least in part, by the cells. For example, it
10 is contemplated that cells associated with the composition produce a substance that
can modify a substrate, such that the substrate acquires sealant properties, while also

exhibiting/maintaining their requisite cellular functionality. Certain cells can

produce this substance naturally while other cells can be engineered to do so.

[0096] Shelf-Life of Implantable Flowable Composition: The implantable

15  flowable composition comprising a confluent, near-confluent or post-confluent
population of cells can be maintained at room temperature in a stable and viable
condition for at least two weeks. Preferably, such implantable flowable composition
is maintained in about 45-60 ml, more preferably about 50 ml, transport media with
or without additional FBS. Transport media comprises EGM-2 media without

20  phenol red. FBS can be added to the volume of transport media up to about 10%
FBS, or a total concentration of about 12% FBS. However, because FBS must be

removed from the implantable flowable composition prior to implantation, it is
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conposition. In order to obtain a preferred particle size, several passages
t hrough the syringe nay be necessary. For exanple, the material can be
passed t hwougds/dsbszisyringe first w thout a needl e, foll ecedsbyspamsage
through a | arge bore needle and then passage t hrough snaller bore needles
until the material has reached the desired particle size and flowability.
Mil tipl e passages and incremental nodifications to particle size are
desirabl e to,reduce, tlEﬁt m%un‘t){)fﬁ]@ 15%5@&5?%'&% &&cg%eplte cel |
conf | uency dBrlng such a material nodi ation 0094] Surgical Seaflants:

In certain ot er enbo omeble conposition of the present

i nvention cafl 38%”?ﬂ5%%r%§”§%19£b5§1%$ anastonotic seal ant specifically or

surgi cal sealant generally. In such a dual purpose embodi nment, the
conposition is alsqg effectlve t e of . 1 wo bul ar
structures 0[0q9§]s ’ ' ; VEHOR- @%ﬁf‘&@%@@%b‘ﬁth an
exterior surface of the structure(s) or applled in an arc on an exterior
surface, or Hppebledosiposition spmprisiag pyonfbiesh ngarsecnfent FAaPsesInfiugel e a

requi renent for sutures which can further damage vascul ar tissue, for

exanpl e, Aandpepulatidbof @l oarl bitrmpapresardat foebtoedge tandlomeranspoetto thesdmicant can
al so provide additional stability in the vicinity of an anastonosis thereby

reinforcing anshostdiigishi@P Ak tlinibhl pokdiRy of ﬁlté’g@lgjd' F&ﬁje‘i'éltﬁdl'ﬂ{avﬁ I@eferably,
seal ant-type functions or propertles of this dual purpose conposition do

Bhenot ype anl ot BRRAEESLABLAGHL <) @JP?%?%‘%Q 1@%&32{?. ‘??m [005] For
B ocompat | BT Eihe NP ?W%"ﬁpﬁogﬁeﬁerc%ﬁgﬁ% ghitusterleti S

CS-10 solution (BioLife Solutions, Oswego, NY) containing about 10% DMSO,

10  about 2-8% Dextran and about 50-75% FBS. Cryovials are placed in a cold iso-
propanol water bath, transferred to an -80°C freezer for 4 hours, and subsequently

transferred to liquid nitrogen (-150 to -165°C).

[0098] Cryopreserved aliquots of the implantable flowable composition are then
slowly thawed at room temperature for about 15 minutes, followed by an additional
15  approximately 15 minutes in a room temperature water bath. The material is then
washed about 3 times in about 15 ml wash media. Wash media comprises EBM
without phenol red and with or without 50 pg/ml gentamicin. The first two rinse
procedures are conducted for about 5 minutes at room temperature. The final rinse

procedure is conducted for about 30 minutes at 37°C in 5% CO,.

20 [0099] Following the thaw and rinse procedures, the cryopreserved material is
allowed to rest for about 48 hours in about 10 ml of recovery solution. For porcine
endothelial cells, the recovery solution is EBM-2 supplemented with 5% FBS and

50 pg/ml gentamicin at 37°C in 5% CO,. For human endothelial cells, the recovery
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seal ant properties, such as but not |imted to a fibrin network, while also
havi ng the requisite properties for supporting endothelial or

endot hel ivmb-2bécks287el | popul ati ons. Al so, the bioconpati lpce/Usedstonsmsie per se
can have both seal ant properties as well as those required to support a
popul ation of cells. In the case of other enbodi nents, seal ant

functi onality can be contributed, at least in part, by the cells. For
exanpl e, Lol ofpRsi tion
produce a su 1%%%% ?f%gg&ﬂ% u?ﬁhké]ﬁﬁ%@ %ﬁ&%ggﬁgﬁn¥%§?n%he substrate
acqui res seal ant so exhibiti /nal taln

requisite ce?qr{}?dagut?fgﬁ%ttlia%ig?c}qﬁff ﬁééci' B R e e R g cﬁj%%%otr %Otraggl?bst ance
naturally while other cells can be engineered to do so [ 0096] Shelf-Life
of InplantabF@BPPﬁmable Conposition : The inplantable flowabl e conposition
conprising a confluent, near-confluent or post-confluent population of
cells can be maintai ned at roomte erature in a stable and _viable
condi ti on fol0180] | aading ard Uk pRslizery Bleyices uelinuoltidinvebiee f | owabl e
conposition is nalntalned in about 45 60 m, nore preferably about 50 m,

t ranspor t5 mechmapositidn @e pudkiabediandidatispomalah cEBSe tibesns ppritgespdid@satrpr | ses
EGW 2 nedia without phenol red. FBS can be added to the volune of transport

nedia up to ghgbited@XaiFBRve! inbbet £9-66 ANGREEBLY Abud b0 allpsktrahgfértBS.
However, because FBS nust be renoved fromthe inplantable flowable

conposi tion priar i o WA, ttrg;tgsr 56 B 98 £ 00 Mol iedgount of

FBS used in e transport |a uce t eng rinse required

| 00 ble Fl
Composi i on' Shotee. PR G RET S rad AeRb AR e B R fent

near - conf | uent or post - conf | uent
the transport media, the implantable flowable composition rinsed several times to

10  remove any remaining serum. Because certain preparations of particulate forms of
implantable flowable composition are prone to separation and, therefore, loss of cell
confluence, the composition should remain within the transport container during the
final rinse procedure. Additionally, modifications to the transport container,
including but not limited to filters and/or separate media compartments, are

15  preferred to maintain implantable flowable composition integrity during

manipulations.

[0101] After several rinses of the implantable flowable composition, about 1-3 ml
of rinse solution remains on top of the implantable flowable composition to facilitate
uptake of the material into the delivery device, for example, a syringe. The delivery

20  device is then manipulated to draw the implantable flowable composition into the
delivery device, with care being taken to minimize disruption of the confluent cell
layer. According to another embodiment, a material loading device, such as a

funnel-shaped interface between the opening of the transport container and the
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popul ation of cells can be cryopreserved for storage and/or transport to
the clinic without dimnishing its clinical potency or integrity upon

event ual wbawe/dgesgiier abl y, the inplantable flowabl e conmpaiuseas/ouzs44
cryopreserved in a 15 m cryovial (Nalgene (r), Nalge Nunc Int'l,

Rochester, NY) in a solution of about 5 mM CryoStor CS-10 solution (BioLife
Sol utions, Oswego, NY) containing about 10% DMSO, about 2-8% Dextran and

about 50- 75%qEBwry @gﬁ@& Bl Be@IPtrAG oMt hiteAalltHe HIARFHPRANQ witRI&I At h,
transferred to an - C freezer for 4 hours, and subsequently transferred

to liquid ni -15 - ser: j t he

i npl ant abl e %F@\%gsgtll eloglbgggé’\;v;[r%gﬁa%ﬁeéEf@gﬁdagﬁ%?ﬁfq%hﬁgﬁgggg Hrcg’gs%ﬁrfee%per ature
for about 15 m nutes, f.ol.l.owed an addj ti onal .appy.oxi mat.ely 15 mi.nutes in
2°F oom 1 enpedth e ifuictiho S Rarediet ot 8t R ERTiE FRt e oitn S s | n
about 15 m wash nedia. Wash_nedia conprises EBM w t hout phenol red and
with or withdghivesy dayieerindyorftihthecioid votwaes Apgroximately ¢rdanlnsinse seletiomr e
conducted for about 5 minutes at roomtenperature. The final rinse

procedur e5i s remaids ot thd ithplan@buiovedlawomposgioatdeBy&eil mo BRop@MRnt. [THO99]

Foll owi ng the thaw and rinse procedures, the cryopreserved material is

al l oned to resplah@ibleioubldSotigsitor 8 naRWeddyfor atlively feBOweinnenpdite | on. For
porci ne endothelial cells, the recovery solution is EBM 2 supplenented with
5% FBS and 50 ng/m gentamicin at 370C in 5% CO2. For human endot hel i al
cells, the reggr YaUK!PQ8hskS To@onidid Helutdd bPIELk&Ent iWHHRBA! ofROST - t haw

conditioning can be carried out for at |east another 24 hours prior to use

and/or pac ka%é}grréé)ﬁarﬁéu%tg%pﬁ%tahoieaﬂévpa%ﬁet ¢omposition (HAE engrafted in Gelfoam

particles) was passed through the aperture of a 22-gauge needle (internal diameter =
10 0.016 inches). Alternatively, another preferred composition (PAE engrafted in

Gelfoam particles) was passed through the apertﬁre of a needle in the range of about

a 21-gauge needle (internal diameter = 0.019 inches) to a 28-gauge needle (internal

diameter = 0.007 inches).

[0103] As demonstrated below in Table 1, passage of an embodiment of the

15  present invention through a needle with an internal diameter within these ranges
does not adversely affect the cell number, viability or functionality of the needle-
passaged cells. It is unexpected that a cellular preparation can be taken up and
discharged from apertures ranging from 21-gauge (internal diameter = 0.019 inches)
to 30-gauge (internal diameter = 0.006 inches), preferably 24-gauge (internal

20  diameter = 0.012 inches), without consequence or compromise in confluence or
functionality. It was also unexpected that the cells would perform so well after

passage through needles with only cell growth media as a carrier fluid.
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[ 0100] Loading and Uptake in a Delivery Device : Aliquots of flowable
conposition are packaged and transported in culture tubes or syringes, as
descri bedwonogvosas7er detail above, in about 45-60 m, prefrasamsyp+4mbout 50
m, of transport media, with or without serum to support the cells up to
14 days w thout nedia change. Prior to inplantation, excess nediais
decanted and, if serumwas present in the transport nedia, the inplantable

f I owabl e conpAif i AR debddRd beRMEtals WerkBSixb@ Wi ¥Ry farff)ate @REIRIAAY Serum
Because certain preparations of particulate forns of inplantable flowable

conposi tion g@&@a’@gﬁoﬁ@ra%@%gogg}‘%aFﬁlreetc{\%gtg ﬁgarcsﬁﬂde%é, R rdsfiln

e transport ant ai ner

confl uence, e conposition enmal n Int

during the final, K rinse procedure. dition%lLé, qﬁdiﬂkcatipns t.0 t he
transport coRPYRNECOMPRYUIOE RS PESE MEeust ety neetls MiPAPIMSHE! SR SKar at e
medi a conpartnents, are preferred to maintain.i ant abl e fl owabl e

: . i !
conposi tion imthegnge T dbeut 90 Henshsa farbamn8.018 dadhey, calleded. sad elayed ionses of
t he i npl antabl e fl owabl e conposition, about 1-3 ml of rinse solution
remai ns on t e@owdr foe4§ hphreperadlie Ehdahelidl &roetipsiluimd (EGM-2¢i Folteatieg upt ake
of the material into the delivery device, for exanple, a syringe. The

delivery deviggedsvetysutiodaiieRtiédd ®es Eehditianadtfbe24 guranTiaddaditicneabl e
conposition into the delivery device, with care being taken to mnim ze

di sruption Okeﬁﬂ%ﬁl@e{%&g‘t‘-ﬁ%sag@g&sﬂs lv@a%%en R %etp%staﬁh%a@%rcoﬁﬂitﬁ@ﬁhgﬁgt , a

mat eri al | oadi ng suc a tunnel -shaped interface between
Cransi or t he ST AT Alere” B et R S BB e e HEEORC on.
Fol owing tr %QpSJraenr su(ljftatet (rI1{eS)rerl%Eletrrainse}lorr}li%gtg?oem?xetjaét\ére—rB)l/ (’P&gjﬁgfmoa&g?on?f
10  Additionally, a smooth muscle cell assay was conducted to show the inhibition of
smooth muscle cell proliferation by the media. Assay results of needle-passaged

composition were compared to samples which have not been passed through a

needle.
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the remaining liquid, about 1 m,
prime the delivery device and to fil

of

to the patient.

delivery to
utility of t

fl owabl e conposition (HAE engrafted in

t hr ough the
i nches).
Gblfoanrpart

of about a 2 1-gauge needle (i nternal
28-gauge needle (internal

the treatnent site.
he present invention,

aperture of a 22-gauge nee

ﬁéﬂg@)%er‘ ) Othﬁ%

di_anet er 0._007

di anet er

am particl es)
nternal di anet

|nrhp<\ [01021

was passed
er 0. 016

is expelled out of the delivery device to
the void volunme. Approximately 0-2 ni
ri nse wol2otd/@es7nenai ns in the inplantable flowabl e ceopastensomssdel i ver ed
The i npl antabl e fl owabl e conmposition is now ready for
[0102] Needl e Passage :
one preferred particul ate inplantable

(]'()
_f- red conposition (PAE engrafted in
ethe aperture of a needle in the range

0.019 inches) to a

To denpbnstrate the

As denmonstrated

bel ow i n Tak
a needle wt

IAssay Resdtsage of an enbodi nent
h an internal dianeter within t

82 Needlsr esent |

hese ranges dog

iNeNeedlon t hr oug

s not adversely

h

affect the cell nunber, viability or functilonality of the|needl epassaged
cells. It is GelieCqact&ediabley a cel | ul ar pr epaABatti @B3cBn be 7 et @ PRV
di scharged filrom apertures ranging from 2 14gauge (internal| diameter = 0.019
i nches) to 30-gauge (internal diameter = 0.006 inches), prieferably 24-gauge
(i nternal dl@@&ﬁyu) —ells012 1 nches), w thout 1consequence or 1c®NProm se in

confl uence ¢
perform so V

r functionality. It was al so urn
vel | after passage through needl

lexpected that t
es with only ce

he cells would
|| growt h nmedi a

as a carrier
particul ate
post confl ue

&%hqﬂﬂﬁ/qu%l As described bel Owgggel TS Were risxed Wi th the
trix and alfomed to proliferate to confluenge. Three days
'nce, the resulting

pg bFGF/10° cells 227.6 229.2

Smooth Muscle Cell Inhibition 75% 100%

(PCCM/Heparin Inhibition Ratio)

[0106] Passage Through 24g Needle

Assay Results 24g Needle No Needle

Cell Count & Viability 1E+6 @ 86% 2.78E+6 @ 92.6%

g HS/10° cells 9.33 8.6

pg TGF-R1/10° cells 545.7 571.4

pg bFGF/10° cells 2491 744

Smooth Muscle Cell Inhibition 65% 45%

(PCCM/Heparin Inhibition Ratio)
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fl owabl e conposition was passed through a sterile needle with an internal
dianeter in the range of about 0.007 inches to about 0.018 inches,

col | ect edwvoanas/mbd7owed t o recover for a 48 hour period iPoTHSd@Sheisal
Gowh Medium?2 (EGW2). Followi ng the recovery period, the nedia was
conditioned for 24 hours. The conditioned nedia of the post-passage cells
was then eval uated. The post-passage conditioning nedia was eval uated for

accept abl e |‘f(¥fb‘7f @‘at 'ffastet Prﬁptrﬁﬁﬁe %ﬂ%ttrat@ﬁto@the(&le%ﬁt@d BPGiaTof

sul fate (HS) actor- Bi (TG--Bi ) produ
Addi tionally

on
i nhibition oithez%m %B?Sétl%lél ? }k?pcgﬁefl elrn a |stbon %gyet%%ﬁéjd %Ogmﬁﬁ?gssay results
of needl e- passaged co tlon npared to | es whi ch have not been
passed t hr oudtpded Hieanga H!lséeriﬁ’é‘i‘%‘j ansgiegtion.a %@weggtjor}\@gﬂ}s teo[f0106]
Passage Through 24g Needl e[OlO?]r Cat heter Passage : | n another
denonst r at | oexafpleireneedixgstated Tghlogar In ene soidyt the needausbthetes 9Ep®Si ti ons of
the present invention, a preferred formul ation was | oaded into and

adm ni st efed F&émbbugihetaﬁiﬂcbj’tﬁma‘.tin(gm thindWwalledaN jpmnEtnaedle (ontendmnscierfd¥- exanpl e,
a needl e catheter (Table 2). In one study, the needle catheter was a 6

French cat hetgsel IR RMAhLBE22-dall kodsdMdricash., Pasdif, (Ut er
di anet er =24- tggagtfge |ntér| or di agtﬁe%%)r@gdél gasugea) (%ansVascul((g? Corp., Palo

Alto, CA). [0108] Passage of the flowable conposition through a needl e

catheter w tz?ﬂﬂhh%gaggbfg{b | t%fe é’&niﬁy 10&1%1% ERRgEedié EhAQE: R Flf sely

affect the c y or bio oglca output of the ce

post - passage. 1nternglo 1grlngt%r w1th?n @gs%ggéer (%g no@&ers@% affect the cell number, viability

or biological output of the cells post-passage. According to a preferred embodiment,

10 cells were seeded on the particulate matrix and allowed to proliferate to confluence.
Three days post-confluence, the flowable composition was passed through a sterile
needle catheter with an internal diameter in the range of about 0.007 inches to about
0.018 inches, collected, and allowed to recover for a 24 hour period in Endothelial
Growth Medium-2 (EGM-2). Following the recovery period, the media was

15  conditioned for 24 hours. The conditioned media of the needle-passaged cells was
then evaluated. The post-passage conditioning media was evaluated for acceptable
levels of basic fibroblast growth factor (bFGF), heparan sulfate (HS) and
transforming growth factor- B; (TGF-B;) production. Additionally, a smooth muscle
cell assay was conducted to show the inhibition of smooth muscle cell proliferation

20 by the media. Assay results of needle-passaged cells were compared to the results of
cell engrafied particulate material samples which had not been passed through a

needle catheter (see Table 2).
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cells were seeded on the particulate matrix and allowed to proliferate to
confl uence. Three days post-confluence, the flowabl e conposition was passed
t hrough awetesddeesymeedl e cat heter with an internal di ameceruseevsiohss44 ange of
about 0.007 inches to about 0.018 inches, collected, and allowed to recover
for a 24 hour period in Endothelial Gowh Medium2 (EGWM2). Follow ng the
recovery period, the nedia was conditioned for 24 hours. The conditioned
nmedi a of the needl e-passaged cel |l s was tdpdn eval uated. The post-passage
condi tioning nedia was eval uated for acceptable | evels of basic fibroblast
grow h factor (bFGF), heparan sulfate (HS) and transform ng growth factor-

Bl (TG--B1) FIDP@}CtPa@&ge%%&ghQ@@éd?é’Catﬁet%ﬂDOth muscl e cell assay was
conducted to show the 1 nhi Ion of snoo nmuscle cell proliferation by the

medi a. Assay results of needl e- passaged ceIIs mere conpared to the results

of cell engr rcutate materita—sanm frad— been—passed
t hr ough a neo}!&dﬁsgyI ?‘H(t, er (see Table 2). Tahl l\geeﬂ g%ferPas;g‘bgeﬁﬂ Fough
Needl e Catheter [0110] Endovascul ar Admi ni gtration : The fil owabl e
conposition |can be adninistered intralumndlly, i.e. endovidsathet®rly. For
exanpl e, the conposition can be delivered By any device able to be insertjed
within the € treated. Endg SIS ITC t u,ﬁy—be
used to Iocctte ﬁl&ﬁg%{eye/&eb?i/tg)dew ce at the site 06:: milﬁl stir a |Jf)f’en@b91 °

i ncludi ng, flor exanple, intravascular ultrasound (IVUS), clol or Doppl er
ul t rasound, @gﬂﬂ&ﬂoﬁmﬂkasound, ot her routing.ultrasound, &gngy ography,
magneti c resonance angi ography (MRA), magnetic resonance ijmaging (M), CT

TGF-B; pg/mL 360 336
bFGF pg/mL 58 61.7
Smooth Muscle Cell Inhibition 92% 85%

(PCCM/Heparin Inhibition Ratio)

[0110] Endovascular Administration: The flowable composition can be

5 administered intraluminally, i.e. endovascularly. For example, the composition can
be delivered by any device able to be inserted within the blood vessel to be treated.
Endoscopic guidance systems may be used to locate the delivery device at the site of
administration, including, for example, intravascular ultrasound (IVUS), color
Doppler ultrasound, duplex ultrasound, other routine ultrasound, angiography,

10 magnetic resonance angiography (MRA), magnetic resonance imaging (MRI), CT
scanning, fluoroscopy to identify the location of a stent and/or other endoscopic
guidance systems known in the field. Additionally, the site of administration may
be located using tactile palpation. Endovascular delivery of the formulation to the

site of administration can occur alone or in combination and prior to, at the time of,
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scanning, fluoroscopy to identify the location of a stent and/or other
endoscopi ¢ gui dance systens known in the field. Additionally, the site of
adm ni st raDi2005/082871be | ocated using tactile pal pati on. Bodasa®sokmsm4
delivery of the fornmulation to the site of adm nistration can occur al one
or in conbination and prior to, at the tine of,or follow ng another
endovascul ar procedure, such as ball oon angioplasty or inplantation of a

stent or ot hep fleliag andtidrlehbiol A RRE ptdesd BN Geh A ¥a110Bh i iuﬁﬂa'mﬂglo delivery
device is equipped with a traversing or penetrating device cﬁ penetrat es

t he | um nal %%¥EQQ%P§¢£%?%ggéﬁﬁﬁgk#&ﬁwreaCh a non-lum nal surface of a

bl ood vessel . osition is then deposited on a non-I|um nal
surface of a bl ood vessel at, adjacent to or in the vicinity of an injured

or diseased t t site. [0112] It is contenplafed herei,n that a

non- | umi nal , @{ t%r"r’?ﬁb‘lsgﬁ’?"%’iil? H}t{?:lﬁlﬂ]élf‘l?&eg&%ﬁ'af%¥lcéé?\e‘ﬂ%ﬁl?e&d‘é‘ﬂhﬁ exterior
or perivascular surface of a vessel, or can be within the adventitia,
nedi a, or i ntieHESHR o PSPHHNG dsvisp Whidypeagisgipy e lymainapwel e§a blogfl viekdes

i nvention, non-lumnal or extralumnal is any surface except an interior
surface of t lierdaciremonfl@hibd] surfeee pé adblaodtviessgl. dEw fiesatde nomepitdred thar ei n
can permt, for exanple, a single point of delivery or a plurality of

del i very poi @eposited dAGEMnilimehall esifAiRbIaSMBRAVekSe] 80 Bl jaB&HT 23 bi10A thOvREEYNP! | sh
delivery of the flowable conposition to a non-lum nal surface of a blood

vessel mﬁtthgaghg&gngaga%@dkﬁgggggfor di seased target site. A plurality

of delivery points can be arran or exanple, in a circle, a bulls-eye,
or a linear array arrangenent to name but a few. The penetrating device

[0112] It is contemplated herein that a non-luminal, also termed an extraluminal,

surface can include an exterior or perivascular surface of a vessel, or can be within
10 the adventitia, media, or intima of a blood vessel, for example. For purposes of this

invention, non-luminal or extraluminal is any surface except an interior surface of

the lumen.

[0113] The penetrating devices contemplated herein can permit, for example, a
single point of delivery or a plurality of delivery points arranged in a desired

15  geometric configuration to accomplish delivery of the flowable composition to a
non-luminal surface of a blood vessel without disrupting an injured or diseased
target site. A plurality of delivery points can be arranged, for example, in a circle, a
bulls-eye, or a linear array arrangement to name but a few. The penetrating device
can also be in the form of a stent perforator, such as but not limited to, a balloon

20  stent including a plurality of delivery points.

[0114] Percutaneous Administration: For purposes of the present invention

generally, administration of flowable composition is localized to a site at, adjacent to

or in the vicinity of a site in need of treatment. The site of deposition of the
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can also be in the formof a stent perforator, such as but not limted to,
a balloon stent including a plurality of delivery points. [0114]

Per cut anewoosdsestiist rati on : For purposes of the preseRrCTIUS2@S0i33A4
generally, adm nistration of flowable conposition is localized to a site
at, adjacent to or in the vicinity of a site in need of treatnent. The site
of deposition of theinplantable flowable conposition is extralumnal. As

cont enpl at ed Oila }elqo%a efo‘g& ff%&hﬁé‘b& lﬂﬁinaﬂeﬁyééﬁt&ﬁﬂa&ame&@n acconpl i shed

percutaneous as e conposition can del i vered

J
The 11 owabl ol FalsR HT oA Gah s o coE et EhlSbtiisbly nye%z%%? G

use of a guidance nethod to facilitate delivery to the site in need of

treatment. The step is.opti I 0SCO i dance s ens can
be used to 1 DBE HREvES o Bpostia i Y TR R B F DR Sl g, o
exanpl e, intravascular ult rasound (1'VUS), col or Doppler ultrasound, duplex
ul trasound, eatheter erowihérsuitahle ﬂal$Yﬁ§héeVl%ngﬁdﬂ@We C‘Pﬂﬁg‘?’ﬁ&qf’(ﬁaﬁé@onance
anglography (MRA), nmagnetic resonance inmaging (MRI), CT scanning,

f | uor oscapy ﬂdi\iedﬁhpdrémaﬁebaslbf@ohicidnnt with asasmfalguidzmntbmetlmdherfacéhtatfscopi c
gui dance systens known in the field. Additionally, the site of

admi ni strati galivedy tdBe kRCL REd WS kBGnieAt t THeE R@InRakie@Ns optiv@nl. eidoycdpi 0 t he
perivascul ar space, the clinician deposits the flowable conposition on an

extral um nal ﬁld&l?cezblysteﬁg]cgr? g@hséarto'lg'carté"tﬁe gl‘t&bf‘é)&ﬁéhﬂlflmP %Hﬁhltsgaﬂld}l need of

treatnent. The gur drng or entifying step 1s opti ona perfornéd and not
ot her embol T Tt AN 1 DRRBI T € S Oe 0pp£4raliﬁr Foepda
duplex ultrasound, other routine ultrasound, angiography, magnetic resonance
10  angiography (MRA), magnetic resonance imaging (MRI), CT scanning, fluoroscopy
to identify the location of a stent and/or other endoscopic guidance systems known
in the field. Additionally, the site of administration can be located using tactile
palpation. Upon entry into the perivascular space, the clinician deposits the
flowable composition on an extraluminal site at, adjacent or in the vicinity of the site
15  inneed of treatment. The guiding or identifying step is optionally performed and

not required to practice the methods of the present invention.

[0116] In another embodiment, the implantable flowable composition is delivered
locally to a surgically-exposed extraluminal site at, adjacent to or in the vicinity of a
site in need of treatment. In this case delivery is guided and directed by direct

20  observation of the site in need of treatment. Also in this case, delivery can be aided
by coincident use of an identifying step as described above. Again, the identifying

step is optional.
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locally to a surgically-exposed extralum nal site at, adjacent to or in the
vicinity of a site in need of treatnent. In this case delivery is guided
and di r ecwedodmyeesmect observation of the site in need eCTiuse@smessu4 Al so
in this case, delivery can be aided by coincident use of an identifying
step as described above. Again, the identifying step is optional.[0117]
Site of Adninistration . According to a preferred enbodi nent of the

invention, apengt retd JTAdRMIGRLbLS: KesREdo wp@eftellfa@d ehb&ilRht At nal
surface of a bIood vessel using an endovascul ar delivery device or through

the surroundipg. jibs saggengg%g?%&wnggfe 1 ARk Rioror AFTRDH SEELEPDLGRR De

directed to a oca |njure I seased

target site. $OIE clinjical subjects, i.nsertion o the netrating device
e o i nj ur ed BT BBes b drelat el siifeS tthévlt%&t FEHS U dh seased
target site. Accordingl in such subjects, care should be taken to insert
t he penetr at mgc%mwei%tveaf | dminigigtion eanshedieested o mlasrtionjnieamabio. di seased
target site, preferably a distance determ ned by the clinician governed by
t he speciﬁiccﬁﬁddunsmaaneguﬁﬂ(mdhﬂmm@ﬁﬁgﬁkﬁ&rhtsnmbﬂyﬁuﬂmeah&énEMMpnsition
is deposited on a perivascul ar surface of a blood vessel, either at,

adj acent or idf thd@n¥ir&ind devicfatan 1ﬁ3ﬁde§!6?dls@£[sedlt§fg@t%ﬁ§|cbtﬂﬁ@@irulﬁlth@ to be
treated. The conposition can be deposited in a variety of |ocations

relative to gptdidaedad¥a t%fg%‘?ﬁﬁee%éc@fd%f%%f Sihtsgcrh %@) ec%xg'%g lsBouldbe Mkeh i Ur €d

or diseased target site, acent an | eas target site, for
exanpl e, upstre eased tar site opposi ng
extoni or vosdnierhf pelliafiph diaRe fia f-aER3 A &etEim i el et cor di ng
to a preferred enbodlnF an_adjacent sit % is Wthin .

target site, preferably a distance determined by the chnlc1an governed by the specific

10  circumstances at hand.

[0118] Preferably, flowable composition is deposited on a perivascular surface of a
blood vessel, either at, adjacent or in the vicinity of an injured or diseased target site
to be treated. The composition can be deposited in a variety of locations relative to
an injured or diseased target site, for example, at an injured or diseased target site,

15 adjacent an injured or diseased target site, for example, upstream of an injured or
diseased target site, on an opposing exterior vessel surface from an injured or
diseased target site. According to a preferred embodiment, an adjacent site is within
about 2 mm to 20 mm of the site of an injured or diseased target site. In another
preferred embodiment, a deposition site is within about 21 mm to 40 mm; in yet

20  another preferred embodiment, a deposition site is within about 41 mm to 60 mm.
In another preferred embodiment, a deposition site is within about 61 mm to 100
mm. Alternatively, an adjacent site is any other clinician-determined adjacent

location where the deposited composition is capable of exhibiting a desired effect.
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about 2 mnmto 20 mmof the site of an injured or diseased target site. In
anot her preferred enbodi nent, a deposition site is wthin about 2 1 mmto
40 mm i 'wgeboczeed7mer preferred enbodi nent, a depositi ORCIIUSR005H438144 hi n
about 4 1 nmto 60 nm In another preferred enbodi nent, a deposition site
is wthin about 6 1 mrmto 100 mm Alternatively, an adjacent site is any

ot her clinician-determ ned adj acent |ocation where the deposited

conposi tion [@19pPARLE:dAg ®dheRiibbaEneht, daIptiothl pldnachdihfisiBlioAegalidi ng to
one enbodi nent, an optional planar admnistration area is created within an

extral um nal . LaLgekush %&‘ e{?&eh&lhi&af’t i stisAb LeRiREddde I A ARl

fl owabl e conposition. pl anar adm |str}:§;§| on area Is an area prepared to
accept a vol ynme qf inplantable . flowable c osition and can he created

e b, for elanans coBPaRRof agutf SRiurR SR ARe i SLeRR BRI L ect i on,
or anot her dissection technigue known in the field. The adm ni stratjon area
can be creat ¥funsiof gmplantablroleabls epmppsitiparand.cap be sreatfdising (g sxgBblece. The

i npl antation of flowable conposition at a target site is facilitated by
creation Hf bluntdisjeticn radloomdissestion, Ahiid dispestisn ratanohendigsection trehnigegui r ed
to practice the present invention. [0120] It is contenplated that the

i npl ant abl e khowaid e FRI OBhd dddinidantidicaradl tan bestredtedtiusing an eaddvasdplapor
configurations at the site of adm nistration. For exanple, the inplantable

fl owabl e CO”?&?JaEéLQH S chEn AR e8P thntdliod of FIBR@PlcaRR JosRioh @a tab@st al | el
to the direction of blood flow, in a circunferential application,

di | ar.. t.0.t he di i | . i . S f
B i st at | B S et GE AR R B8 . 1A BB BT T

and delivery of, fA owabl e cgngosi ti.on {_:an take pl ace concurrently or
sequent i al | yT®dEBe to practice the present invention.

10 [0120] Itis contemplated that the implantable flowable composition can be
administered in a variety of configurations at the site of administration. For
example, the implantable flowable composition can be administered in a linear
application, parallel to the direction of blood flow; in a circumferential application,
perpendicular to the direction of blood flow; or in a mass at the site of

15  administration. It is also contemplated that the foregoing dissection step and
delivery of flowable composition can take place concurrently or sequentially. For
example, the implantable flowable composition can itself be used to accomplish
fluid dissection if delivered under pressure. However, this method of dissection
ﬁsks tissue trauma created by pressurized delivery of the flowable composition and

20  could disrupt cell confluency by pressurized passage of the implantable flowable
composition through the perivascular space. Alternatively, a delivery device can be
inserted into the extraluminal space to accomplish blunt dissection and the
implantable flowable composition administered as the delivery device is retracted

from the newly created planar administration area.
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exanple, the inplantable flowable conposition can itself be used to
acconplish fluid dissection if delivered under pressure. However, this

met hod ofwoize@awes7on ri sks tissue trauma created by pre®suriszed/ oasd very of
the fl owabl e conposition and could disrupt cell confluency by pressurized
passage of the inplantable flowable conposition through the perivascul ar
space. Alternatively, a delivery device can be inserted into the

extral um nal [§paqe V&sACPRNRIAaRb DANYdRHESS & bldrdhe O NI chi T ROt abl e

fl owabl e conposition admnistered as the delivery device is retracted from

the newl y cf aicloR! @03 BAMARRLLAL R alEAMPAE LIRS C M guaLL 2ati on

According toa prererre e’ 1 nve S

adm nistration is |located with the assistance of a guidance system

Accordi ng t o S§HEMeMfGATHRH O onermnbadimeche slidpuss SYSTCENS EREFIeSPPIE gui dance
system for exanple, intra-vascular ultrasound (I1VUS). Intra-vascul ar

ul trasound predidagessysteasdorexsample dnlrd-yrrghler witgeovatl (BVUSpoltmegsailar unen,

i ncl udi ng surroundi ng structures and vessels. [0122] In another preferred
enbodi ment, tulteasenubpoojles agéDUamseseyishdrimage afirghlogd apdvyl lulenciacluding
enbodi nents, a contrast agent is added to the particulate cell suspension

to permt i nBgirBehdihg stherReHeAd wiskélg devi ce and determ nation of the
position of the penetrating device and the placenent of the particul ate

cell suspension within a patient's body using, for exanple, contrast

angi ography. (pERA3inAdie! pRAANARARRLA, GUEARRCSHIOYRIBAR dackeat e the

site of extralumnal admnistration, i1nclu not lrmted to, col or

Doppl er ultr n upl ul trasound, other routi.ne.ulirasoun magnet i c
[ esonance anglﬁglélgg%ﬁ ) E)rw%Sam ShBSHRrs, &Kt ast agent 1s 2aded H3RS partitulate

cell suspension to permit imaging of the penetrating device and determination of the
10 position of the penetrating device and the placement of the particulate cell

suspension within a patient’s body using, for example, contrast angiography.

[0123] Additional endoscopic guidance systems to locate the site of extraluminal
administration, include, but are not limited to, color Doppler ultrasound, duplex
ultrasound, other routine ultrasound, magnetic resonance angiography (MRA),

15 magnetic resonance imaging (MRI), CT scanning, fluoroscopy to identify the
location of a stent and/or other endoscopic guidance systems known in the field.

Additionally, the site of administration may be located using tactile palpation.

[0124] The implantable flowable composition can be visualized within the
extraluminal space following administration using, for example, angiography or

20 IVUS. According to one embodiment, post-administration visualization is
conducted to ensure the implantable flowable composition has been delivered to the

extraluminal space rather than to the luminal space.
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magneti c resonance inmaging (MRl), CT scanning, fluoroscopy to identify the
| ocati on of a stent and/or other endoscopi c gui dance systens known in the
field. Adsotb@nmakd7y, the site of admi nistration nmay be lporAtSea)snsisag
tactil e pal pation. [0124] The inplantable fl owabl e conposition can be
visualized within the extral um nal space follow ng adm nistration using,
for exanple, angiography or IVUS. According to one emnbodi ment,

post - adm Nl Sigiay Ohaeh 8!kl 2t ARa LI bERMATIELAHle iR RNSHISck paldemt@nt abl e

f | owabl e conposi |vere to t extra um nal space rat her

than to the I 'n | .space. [012 Dosage emhpdi ment of the
nvent on. - eatriara OB L fie M oo RO Lias géq@d%ggf‘t“t

cont ai ns about 1 x 106 cells in a volu of .about 50 60 i Iantable
particles. |pfaRougsROpe at wplemable epgtislss § ispopypraplathd th?fsqﬂﬁstq Yhelsr

mul tiple admnistrations of the flowable conposition can be delivered to a
si ngl e tr eat adminigiation or multiple hdwindgrationpoizhe downble cenipoipioa can be

adm ni strations of the flowabl e conposition can be delivered to a single
patient. 3ar delivensttol dsinglh tregthnasia. Mt Btalatdontenipiatkd det atiiiple st er i ng

mul tiple admnistrations to a single treatment site, admnistering single

or multiple agfidiedioat! bf)ﬂﬂé ﬂ%%aﬁle‘é%hi&%ﬂwﬁf:aﬂ eI R t%'ats‘%gle ﬁeﬁ%?r
pr ovi di ng adm ni st ratl ons duri ng a Si ng e treat nent event or over

ext ended coukaRaRlud b SAITBR Yk AR HonERG AN sff‘etfngttl@@pghdmgt%pot@b' e

conposition w COI’] aln OoCa

adm nistration volunme that remgins in the deI| Vi, ce follomtng
adni ni st rat i Bh? SRls WR3ieeRf Sty %§tep§%§’€glﬁ°6m@5%lﬁtag@/6“§t6a 155 2 50% of the

vol ume of flowabl e conposition | oaded into the delivery device.
variety of treatment sites, and/or providing administrations during a single treatment

10  event or over an extended course of treatment.

[0126] Each administration of the flowable composition will contain a void
volume, a portion of the allocated administration volume that remains in the delivery
device following administration. The void volume may range from about 1% to
about 50% of the volume of flowable composition loaded into the delivery device.
15  Taking the void volume into account, a greater number of cells and particles are
loaded into a delivery device than are intended for actual administration to a patient.
Of course, the void volume and the attendant adjustment in the volume of flowable
composition loaded into the delivery device will depend on the choselt delivery

device.

20 [0127] According to a preferred embodiment, each deliverable administration of
the flowable composition is packaged as a single administration. When multiple
doses are required for administration to a single treatment site, the desired dosage

amount can be loaded into a single delivery device and administered during a single
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Taking the void volune into account, a greater nunber of cells and
particles are loaded into a delivery device than are intended for actual
adm ni st raDi2005/d6e87a patient. O course, the void vol unepramastévs/oadsuendant
adjustnment in the volunme of flowable conposition |oaded into the delivery
device will depend on the chosen delivery device. [0127] According to a
preferred enbodi nent, each deliverable adm nistration of the flowable
conposi tion iemPRRGKAGRI [RWeferS Wheh BruAGTE BORE bRt degliredMbeAdMMidtiaBbe tgloSes are
required for admnistration to a single treatnent site, the desired dosage

amount can b AALEAARILDRs Sl £ Eld ALY devheRand Fanisher ed during

a singl eadm ni'stration. ses are requited for

adm nistration to ltiple trea nt sites within a single patient, it is
preferabl e t BHQHAES g}:lﬂ%li‘ %n%qtatg‘%g’e %leaprf’fl%(ﬁ“’%ﬁmpl%‘%vﬂj@ﬁi verabl e
product over multiple divided adm nistrations of a |arger dosage.

Advant ages ofdhinigrrtigaspia krgeadpsagealtidyesegssiof fikad edmisfedtia aHdedy e

i naccuraci es introduced by separating a | arger dosage into multiple snaller
dosages, ¥ edimrilwnlg rddsagedisagctucacicdss intnéduoed be defayatireaslargemdosage into t at i ons
i nherent in the delivery device and reducing the dosage variability

i ntroduced by fitife SMEBSTHo¥IBIR)ing AASPREECUTRIERINtrBaLIet @ riddkudmleas ger
al i quot of the conposition. Additionally, dividing a | arger dosage into

smal ler ali : Sy i . Tani g m{t'on,
i ncl udi ng b?ggﬁﬁﬁgﬁﬂﬁhéﬁjﬁg@gﬁe &%ﬁﬁ%ﬁ@%g?ée%{??%hggoi%ﬁg Igent Le: I
nonol ayers an ot her injuri

| h I ls. 128] Multi pl
R st at § BioagFeq HeR et it Fnssrane i R i pah i Bt

the composition. Additionally, dividing a larger dosage into smaller aliquots

10  requires unnecessary manipulation of the composition, including breaking up
adjacent particles, breaking up confluent cell monolayers and causing other injuries

to the cells.

[0128] Multiple administrations of the implantable flowable composition can be
provided over an extended course of treatment. According to a preferred

15  embodiment, an initial dose of implantable flowable composition is administered at
the time of primary treatment or vascular intervention, followed by subsequent
minimally invasive administrations once every 1-3 months, or as needed as

determined by a clinician.

[0129] Backflow: A preclinical study was performed using a single porcine test
20  subject undergoing endovascular administration of Gelfoam particles. A suspension

of hydrated Gelfoam particles, mixed with contrast agent, was loaded into a

catheter-based delivery mechanism, and the catheter was inserted into the

vasculature of the test subject. The catheter was directed to the treatment site, the

58



provi ded over an extended course of treatnent. According to a preferred
enbodi nent, an initial dose of inplantable flowable conposition is

adm ni st ewedoa@tockste ti me of primary treatnent or vascul @CTiUst@swessud on,

foll owed by subsequent minimally invasive adm ni strations once every 1-3
nmont hs, or as needed as determned by a clinician. [0129] Backflow : A
preclinical study was perforned using a single porcine test subject

under goi ng enwedlaseasliavertad through thetviessl will, Galofthe pemaktuled Pace, AndHepPensi on
of hydrated Gel foam particles, mxed with contrast agent, was | oaded into a

cat het er - bas egsst@kion@¥a4 iFfRERANS fhe RRdadcBir SRIREEE i ecjtdélgﬁgéetdﬁ ddit 0 the

vascul ature of the test subject. The catheter was di to the treat nent

site, theneedg, "k,é}§g{shggzgdmﬁyg({hé%g%ﬁ%%sg?%hyml |, into the perivascul ar

space, and the suspensi on was i njec e€”perivascul ar space. The
i njection procedure and followup were visualized wth contrast

angi ogr aphy. 0] Kf | of the su nsion jnto the vessel |umen was
evi dent from[gD e colﬁ‘%\?%lcgﬁl% n%ftgafﬁsé’ﬁ'gf}one]i“fcﬁ@? vggsel h’é“eﬂli"f?é etde%Ph gR:then or
follow ng_adm ni stration and renoval of the needle. Furthernore, |ater

hi st ol ogi cal QYR angiaEraphy.oitler #tdhg Eae pf migrtion ok follnvgng adminiswtinn and
Verhoeff s elastin stain, showed no evidence of the suspension escaping
from t he advesmpvalafihstneedict Keartheimeory dasehistologienl evaliation dfhibe seatedundi ng
tissues. [0131] It is contenplated that a therapeutic anmount of the

i mpl ant abl e ftisewedetorspstpidsd WitV erdbefi§ eldstin §thinl Sh@@AUo ediddnce 6fhebE
injected into the perivascular space at a single injection site before the
pressure froruifasiBReicpRGUtGh tSPAREntS iRt difhet Btvessel lumen or into the

surrounding tissues.

10 [0131] Itis contemplated that a therapeutic amount of the implantable flowable
composition, about 0.1 ml to about 2 ml, can be injected into the perivascular space
at a single injection site before the pressure from the perivascular space is sufficient

to result in backflow of the implantable flowable composition into the vessel lumen.

Example 1: Animal Vascular Intervention Study.

15 [0132] This example provides experimental protocols for testing and using a
preferred embodiment of the present invention to reduce the incidence of clinical
sequelae associated with vascular intervenﬁon in animal test subjects. Using
standard surgical procedures, an injury to the interior lumen surface is induced by
percutaneous balloon angioplasty and placement of a stent performed on the femoral

20 arteries. The implantable flowable composition of the present invention is then
disposed in the perivascular space adjacent the site of angioplasty and stent treated

vessel; the details of one exemplary procedure are set forth below. As described
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to result in backflow of the inplantable flowable conposition into the
vessel lunmen. Exanple 1: Animal Vascular Intervention Study. [0132] This
exanpl e pwowhees2&xperi mental protocols for testing andPpPa3iusgooa/opsses erred
enbodi ment of the present invention to reduce the incidence of clinical
sequel ae associated with vascular intervention in animl test subjects.
Usi ng standard surgical procedures, an injury to the interior |unmen surface
is induced byeapasCiit pragesnthall fomfulARG FRnPSnYabdHoRAFIE 88BPbsiOEn anHeeNt
perfornmed on the fenoral arteries. The inplantable flowabl e conposition of
the present ipyegtion is then disposed in the perivascular space adjacent
the site of angioplasty and stent treated vessel; the details of one

exenpl ary procedure are set forth bel ow. As describedearlier, the placenent
and formul ati f &NRian f .owahl e ositian can be.varied. [0133]
Specifically}ﬁ?%g §%%g§ﬁ?%gﬁh§§¥dggm§%$%?%gg¥%%%wqﬁBﬁS@?gn@ﬁagpéoing

per cut aneous bal | oon angj opl asty and stent. i npl antatjon. Conyenti onal

per cut aneous H?&Mt%ﬁusg‘??g%g|aagwlaa‘ﬁ&n§€fém 1m téﬁ*ﬁrhtd:‘?ﬂﬁ’e’&l dures will be
performed according to standard operative techniques. |Inplantable flowable
conposi ti én iterqutansogpalioen angiophsty ahd steof impdantaioon pra¢ddarésorillded st ent

pl acenment and surrounds as descri bed bel ow after the angi oplasty and
stenting is qenfpletkatcarding toostaridardeighativeeedhhépice dinysaseble iffowabteabl i shed.
[0134] Surgical Procedure : For each test subject undergoi ng percutaneous

bal I oon angi QRkpstiioR Ml Bt applidd Bl iRtdfalod RSN S st¥ht!plackBehindbat ed
and connected to a cardiac nonitor device in the supine position. R ght

carotid arterd,al,AkGE¥8scMbbl bBlok after the angioplasty and stenting is completed and

flow through the treated vessel is established.

10 [0134] Surgical Procedure: For each test subject undergoing percutaneous balloon
angioplasty and stent implantation, the subject will be intubated and connected to a
cardiac monitor device in the supine position. Right carotid arterial access with a 7
French sheath will be obtained via cutdown, and an 5.0 mm-diameter angioplasty
balloon (Guidant Corp., Indianapolis, IN) advanced to the femoral artery under

15 fluoroscopic guidance. Angiography will be performed and recorded by
cineradiography. The right and left femoral arteries will be injured by 30-second
balloon inflations between 8 to 10 atmospheres (3 inflations per side, in overlapping
segments). Megalink biliary stents (Guidant, 6.0-8.0 mm x 18 mm) will be
advanced to the femoral arteries under fluoroscopic guidance and placed at the site

20  of angioplasty.

[0135] After angioplasty and placement of the stent, flowable composition
comprising endothelial cells and particulate matrix, particulate matrix alone, or

nothing will be delivered to the perivascular aspect of the left and right femoral
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French sheath will be obtained via cutdown, and an 5.0 mmdi aneter
angi opl asty ball oon (CGuidant Corp., Indianapolis, IN advanced to the
fermoral awDengs/sester fl uor oscopi ¢ gui dance. Angi ogr aphy peirhus2és/opssas or med
and recorded by cineradi ography. The right and | eft fenoral arteries wll
be injured by 30-second balloon inflations between 8 to 10 at nospheres (3
inflations per side, in overlapping segnents). Megalink biliary stents

(CGuidant, 6. Qrfrifs tyna Kecti® Mctioh bath&rer, alvamealt ihjctidiecdign@rwill By guedddes
under fluoroscopic guidance and placed at the site of angioplasty. [0135]

A ter angi opliasfeysi@ig a@t&lﬁﬁﬁfﬁﬁh ul fn Liae eﬁ k; adel QUAHRY ©or GRFRASMArON

conpri si ng endothella I's and p rtlcu ate’ matri X, “particulate matrix

al one, or nothin 0 1d%r?tlt%%ﬂle I\éga{t%gtl g‘%he Qeentp%rﬂe\{aitéﬁ at% &\g%% of the left

and right feﬁ%? er| nee Ijéctionc needl e

i njection catheter wi | ui, ded E1 site of dntnlstr ion u |ng, for
exanpl e, ang|°8§)rf’8§ﬁ9n8‘fl [ Flta msterg &Fa CRHL BN Y 60 fh?e#ﬁ@%r ?Wénﬂ ©éat i on
of the stent. The inplantable flowable conposition will be adm nistered at

a locatiof prlmatmhbw 1+ Hemen proximgl de thexuapine] eed pidbesicon abbgatian digtahm
proximal to the proximal end of the stent, at a |l ocation distal to the
stent, for exansentaol exaiple n labaish aboﬁtOl-lZmndh glisad] td thetdistaldindtodtheend of
the stent, and at a site along the length of the stent. Each injection

l'ocation willgsdn@Gal Yea at@atbngﬂﬂe 1dngfh BY thefstednfPEAMtiAR o loedddt ®ilcepRas! tion
cont ai ni ng approxi mately 40-- 70 gy partlcles at a density of about 0.8 -
t

and admini st été@“ég.lﬁ”%éﬁ?ﬁpﬁf“ OF ekl ompBERy Sl Pl ABR PR REES

est
subjects wi| |70rrrelg(g: Ie).'!tr\tllglels a a gt%s?t?'o?alf)clu?%egbl S SCO Oseht/;n%n qutest subjects will

10  receive intra-operative heparin and administered daily aspirin following surgery.

[0136] Ten of the test subjects will receive implantable flowable composition on
the day of surgery. Ten test subjects will receive control particulate matrix alone on
the day of surgery. An additional 6 test subjects will receive a stent, but will not
receive either type of implant. These 6 test subjects will be used for comparison to
15  standard of care. The total cell load based on body weight will be approximately 1-8

x10* cells per kg.

[0137] Following completion of the angioplasty procedure, placement of the stent,
and injection of the implantable ﬂowable'composition in the adjacent perivascular
space, a C-arm fluoroscope will be placed over the neck of the subject so that the

20  treated vessel will be visualized. Under continuous fluoroscopy, 10-15 cc's of
iodinated contrast (Renograffin, full strength) will be injected. The cine

angiography will be recorded and stored for comparison to the pre-sacrifice
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t he day of surgery. Ten test subjects will receive control particul ate
matrix al one on the day of surgery. An additional 6 test subjects wll
recei ve awetzeowoec2dyut will not receive either type of inpcarus200Fhemsaes 6 test
subjects will be used for conparison to standard of care. The total cell

| oad based on body weight will be approximately 1-8 xI 04 cells per kg.
[0137] Followi ng conpl etion of the angi opl asty procedure, placenent of the

stent, and i RhEEEiaAN Mhaltdhidgtaphd iR e deffoanedioevaRaRA&kdel pitehdy dnllehe

adj acent perivascul ar space, a Carmfluoroscope will be placed over the
neck of the SUBLGG! offlcifiBlanlBR LIERAALMEIRRInoh SR vi sual | zed. Under
conti nuous fl uoroscopy, f cc' s of 1odinated contrast (Renograffin, full
strength) will be injected. The cine angi ography will be recorded and

stored for c ison .o t pre-sacri.fi.ceangi ogr Fi i ography wil |
be.por f or meq [0k, dfanatie 0B B SiiRE kA pEr B Pt Eatd I e

i nplantable partjculate_materjal injection sites. [013 }’W ari ill be
admi ni st er ed EstoR Bl %%%pélﬁ/férs‘io?tlﬁ‘émﬁ 1Ry8ogyaR “b?‘é)‘}t?,u‘éleg rg@g? SIHP ‘f)t)IMus a 35
U kg/ hr continuous infusion and maintained until the end of surgery.

Addi ti onab belugsryd osdkti¢riad doluk dyseri(100Whkghai b aineinisteredhgs neeesssaioy t o

mai ntai n ACTs >200 seconds. [0139] Vessel Patency : The patency of a

treat ed vessedaivhinl AOEs 58200 sdcb®id. by access fl ow neasurenents using

col or-fl ow Doppler ultrasound i mediately after surgery, 3-7 days post
surgery and once per week thereafter. Treated vessels will be nonitored
closely for b@g QW1 Pttt RROMAENdNSE MBS ERIvesles Wil Be doimeicadyup to and
i ncl udi ng da? ! ost-surSer;é@,for he testa subj evcet to beepl acede or}ll study. If
flowis

access flow measurements using color-flow Doppler ultrasound immediately after
surgery, 3-7 days post surgery and once per week thereafter. Treated vessels will be
10  monitored closely for blood flow. Flow through the vessel must be detected up to
and including day 7 post-surgery for the test subject to be placed on study. If flow is
not detected through a vessel before or on day 7, the test subject will be removed
from the study and every attempt made to replace the test subject so that the original

number of subjects/group is maintained.

15 [0140] Pathology Procedures: Half of the animal test subjects (5 treated; 5

control; 3 subjects with no implant) will be euthanized 3-5 days following surgery.
The remaining animal test subjects (5 treated; 5 control; 3 subjects with no implant)

will be euthanized one month following surgery.

[0141] Animal test subjects will be anesthetized using sodium pentobarbital

20  (65mg/kg, IV)). The treated vessel will be exposed and digital photography of the
treated vessel and the surrounding tissue and vasculature performed. A C-arm
fluoroscope will then be placed over the neck of the animal so that the treated vessel

can be visualized. Under continuous fluoroscopy, 10-15 cc's of iodinated contrast



not detected through a vessel before or on day 7, the test subject wll be
renoved fromthe study and every attenpt nmade to replace the test subject
so that twe 200a/0ges7al nunber of subjects/group is maint aiPoears20080453}4

Pat hol ogy Procedures : Half of the animl test subjects (5 treated; 5
control; 3 subjects with no inplant) will be euthanized 3-5 days follow ng
surgery. The remaining animal test subjects (5 treated; 5 control; 3

subj ect s wi t (Reoogmfiimfitl] sténigth)velldetihjactied e Thociae angibprabhl Malvb& gcardeger y .
[0141] Animal test subjects will be anesthetized using sodi um pentobarbital

(65my/ kg, 1V)at0° IEIOTRAIRd0 HRIFAledWiekde] DY QXPRSE1y ARG ddi@k bateRRRLWGr aphy
of the treated vessel and the surrounding tissue and vascul ature perforned.

A Carm fl uorQseanmifid by bIRRY ?%dmggﬁee%ﬁgyﬁgl 8}1%\?%&%‘%%%1&@& {18} so that

the treated vessel can Dbe visualized. o) nuous uoroscopy, 10-15
cc's of iodinated contrast(Renograffin,. full strength) will be injected.
The cine angi‘glg? B%SE?T%‘?W“ aélg}oegg%}paeénggpg@ngn\gerggraglﬁgp@g@t SF@Jleloﬁg'{ r eat ed
vessel . Vesse| patency and degree of stenosis wll be determ ned by blinded
read of tRe B?Qﬁi%%%/uﬁ%ih@éi?&rﬁ% of pepesis servspnite paiogranh phegragingcenent
angi ograns. Angi ograns were graded on a scale of 0-5 dependi ng upon the
degree of st eéxbyngembbacdads pnfdloavsadgiBasenvsiTHe 20%diangsischere%enpl oyed
was as follows: 0 = 0% stenosis, 1 = 20% stenosis, 2 = 40% stenosis, 3 =

60% st enosi s, stehosis SDHCOVE nefdsEs, 4RI8(B6 stedBYarRl £AABD% stériosisS IEiRbhEdipatEed
that the vessels treated with the inplantable flowable conposition of the

present i nvenhitQRe Yskdls %Bﬂef&)k\{itﬁ%gﬁﬁﬁlﬁﬁé% FRMABRY ot SITRA R hd RekiNt I O

subj ects upon exam nation o e angi ogr ans.
invention will exhibit a decreased stenosis compared to control subjects upon

10 examination of the angiograms.

[0142] Histology: Half of the animal test subjects (5 treated; 5 control; 3 subjects
with no implant) will be euthanized 3 days following surgery. The remaining
animal test subjects (5 treated; 5 control; 3 subjects with no implant) will be

euthanized one month following surgery.

15 [0143] A limited necropsy, defined as the macroscopic examination of the
administration site and surrounding tissue including draining lymph nodes will be
performed on all test subjects. Tissue from major organs, including brain, lungs,
kidneys, liver, heart and spleen, will be collected and saved for all test subjects
euthanized at one month following surgery. The organs are to be analyzed only if

20 unusual findings arise from macroscopic examination of the external surface of the
body or from the microscopic examination of administration sites and surrounding

tissue.
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[0142] Histology : Half of the animal test subjects (5 treated; 5 control;
3 subjects with no inplant) will be euthanized 3 days follow ng surgery.
The renmaiwOngoczees™l test subjects (5 treated; 5 controlPcTASSMBj0e3888 W t h
no inplant) will be euthanized one nonth follow ng surgery. [0143] A

i mted necropsy, defined as the macroscopi c exam nation of the

adm nistration site and surrounding tissue including draining | ynph nodes

wi |l be perfdomet OAllafelatetl@6§sel‘s%jd%ﬁi~r§undﬂ$ﬁsme§WQIdefTﬁir@rhed)rfﬁ@ﬂ%n 10%c! udi ng
brain, lungs, kidneys, liver, heart and spleen, will be collected and saved

for all test oHRAIBCP e@ﬁi%l@ﬁt‘) 384 eRAbe @8 ngg@%!n{e%alc t@g{oxséf{ %Téﬁp) -Iib‘s‘?ngp rgans

are to be analyzed only if unhusual findi arise fromnmacrosco

exam nation of the exte ce of t. r fr mth roscoplc
exam nati on ofPadni fi ebﬁ lgﬁkl c? 88s 8?1@”‘@11?& ﬁﬁl%rf&“{‘ §%§.§%e f‘@‘fﬁ

treated vessel s, and surrounding tissues wll be trimed, fixed in 10%
formalin (or “S¥iveleabesrcriormvilbbmpignagd ifli@ngwb@fﬂ@@magmn@tcé thieoireated

equi val ent). Using approximtely 3nmthick sections cut with a G profile
st ai nl ess Sst ewbsekmirdxin(abto the injecthidntaterfadcit ihmnsite wif injediablp hepaiagdinfir om each
of three segnents of the treated vessel: proxinmal to the injectable

material; at difigl t8ithecinpdctabllj et eTHERE QIctidhs shall Be b Silrdd 6r§getlah§1 tdAkgct abl e
material. These sections shall be nounted on gel ati n-coat (or equivalent)

I
gl ass slides (@f‘énhelﬁxya"l’i% gaé’y sﬁlltiie?%{@sg%gér% h/gtg%glﬂgt%gghﬁa ?1{ &O%riuogff’% astin

stain. The stai or e perivascul ar and

EETRGIL R TER G L MG
cells. luminal inflammation (acute and chronic), vascular degeneration, thrombi and
10 fibrosis and for the presence of smooth muscle cells and endothelial cells.
Additional sections of tissue derived from the one-month test subjects will be
stained with Verhoeff’s elastin and examined and scored for the size of the vessel,
and the extent of vessel injury, intimal hyperplasia and restenosis. Additional
sections may also be stained with specific endothelial and smooth muscle cell
15 markers, including but not limited to PECAM-1 and a-SMC actin. The residual
lumen will also be examined, reflecting the change in vessel geometry after injury
and repair. The Verhoeff’s stained sections will also be subjected to Morphometric

analysis using computerized digital planimetry with a video microscope and

customized software.

20  [0145] Perivascular and luminal inflammation will be determined both acutely (3-
5 day subjects) and chronically (1 month subjects). Acute inflammation is marked
by granulocytes, primarily neutrophils, while chronic inflammation is marked by

macrophages and lymphocytes. Additionally, sections may also be stained with the
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Addi tional sections of tissue derived fromthe one-nonth test subjects wll
be stained with Verhoeff s elastin and exam ned and scored for the size of
t he vesseWwp 2aoubeedT@ ext ent of vessel injury, intiml hyperpisasisasmsad
restenosis. Additional sections may al so be stained with specific

endot helial and snmooth nuscle cell markers, including but not limted to
PECAM | and a-SMC actin. The residual lunen will also be exam ned,

reflecting thfellohamgeetific neskek: gaLCBUS Yo @Ay lewljdekies and-COPa IdentTﬂeT
Ver hoeff s stained sections will also be subjected to Morphonetric anal ysis

usi ng conput eédll%,e@Dd%gﬂotl&éntﬁgm&EtahM MA EB AroMi bRy %&B?ﬁ@gﬂﬁcﬁgﬂa%s

custom zed software. [0145] Perivascular and | um nal anmat |
determ ned both acutely (3- 5 day subjects) and chronically ( 1 nonth

subj ects) . Acmg?]l nﬁ“‘ﬁ Edl 91 s%mﬁaﬂel%?zgm%d gﬁ@g&g&?{or?ﬁ Cprgg% gllé(ﬁ%th

neut r ophil s, ronlc |n ammmation 1s mar

I h t Addi ti tlo al.so b stalndvmth hef ol | owi ng
spoci 1 o mar KEPEIS B0 EpAEE ) B8 R sttiReeype L wss@mmix@msj@ﬁt.fy T

cells, CD79a ta entlf B cells and MAC387 to identify

monocyt esP rrac‘f“%‘ﬁgéé Olr{tmm@e mRer RArHPMmelthe medissaar the lpmemxtherpwer and
scored for the presence of snpboth nuscle cells and endothelial cells. Al
sections of t(advantigiak did) pertioniof thewbdidneny thehalvientifiaymhp seudivbmitiawill bdhe

i nner portion of the nedia near the |lunen, the outer (adventitial site)

portion of thsatmdidandeesred. h%a@ﬁxzeafeacha;ss@rvéntﬂaﬁnﬁﬂvq&tdxfah@lé/wtﬁé mﬁﬁla
eval uated and scored. The size of each tissue conpart nent exanpl e, the

intim, the medihRdpnfhdiReaRAUERL, WilllBhe MiaklrelEh NEGSHE. e@acb@e#ﬂo(ﬁr&ﬁlsbe Each
section will be evaluated for the presence and/or extent each of the
fol low ng cr 'etv‘?if\fa?ed f&nnt‘ﬂ% (f)lre%eﬁ)ge and/or extent of each of the following criteria. Indicia of
10 inflammation will be evaluated, including but not limited to, the presence and extent
of neutrophils, lymphocytes, macrophages, eosinophils, giant cells and plasma cells.
Tissue sections will be evaluated for the presence of fibroblasts, neovascularization,
calcification, hemorrhage, congestion, fibrin, graft fibrosis and graft infiltration.
Tissue sections additionally will be evaluated for indicia of degeneration, including
15 but not limited to the degeneration, elastin loss and/or the absence of the tissue
portion, smooth muscle myofiber vacuolation and/or calcification of the tissue.
Tissue sections also will be evaluated for endothelial cell proliferation, subintimal
cell proliferation, including but not limited to neovascularization and the presence of
smooth muscle myofiber, fibroblasts and fibrosis. Each of the measured tissue
20  sections also will be evaluated for tissue necrosis and the presence of foreign

material. Scores will be assigned for each variable on a scale of 0 through 4 (0 = no

significant changes; 1 = minimal; 2 = mild; 3 = moderate; and 4 = severe).
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inflanmation will be evaluated, including but not limted to, the presence
and extent of neutrophils, |ynphocytes, nacrophages, eosinophils, giant
cel I s andwplaevne287el | s. Ti ssue sections will be eval uat edTfuseoosinessps esence
of fibroblasts, neovascul arization, calcification, henorrhage, congestion,
fibrin, graft fibrosis and graft infiltration. Tissue sections additionally
w Il be evaluated for indicia of degeneration, including but not limted to

the degeneral}dﬁn% ARl LA Qe {818 ROPERGRN HindaRst bR Ry LT O,

snoot h nuscl er vacuolation and/or calcification of the tissue.

Ti ssue sections.al so wi.ll bhe eval uated.for dot-hel, al | cel i.feration,
subi nti mal cc‘-ﬁlﬁ bﬁp&up@grogtgq%sis‘,s 1??&%9&?%’&%%?8?% ?lﬁ’l&]tn%gortljnooﬁhg}ne{rﬁ
neovascul ari zati ogn and the presence of snogth, nuscle (ifi be[, fibrahl asts
and fi brosi sangygh %ka$%@nﬁﬁégﬁﬂ@dwﬁﬁg%d%agﬁcFF a 4@%%@??* puEG A lat ed
for tissue necrosis and the presence of foreign material. Scores will be
assi gned f or be&ken vsing abmpuisrized digithleplafimetry iduaynided pirrescepe 80gni f i cant
changes; 1 = mnimal; 2 = mld; 3 = noderate; and 4 = severe).[0147]

Addi ti onaf seadtbmied edftivizoeedchaattione The poreeht Aemosilwitldstdetmipjreedtfor onl y
wi |l be nmounted on glass slides and stained (Verhoeff s elastin) for

mor phonet i C eAllAleldrs . OAEASHOABERhnt)ink g MTEP8tplaslHg b§l|dividilﬁFltli@| and
total vessel volune will be taken using conputerized digital planinetry
with a video.m ! e for . ! The

per cent st endbPt SEF BF Biith SHELIMAF AR AR TUREEL | Semet
quantifying intjmal hyperplasia is by dividing the intima area by the area
of the inti nﬁ’%ﬁgal umen [(intima, mR) / (intima + lumen, nmm®)]. [0148]
Addi tional sections will also be obtained, at the discretion of the

[0148] Additional sections will also be obtained, at the discretion of the

10  pathologist, if upon gross examination of the vessel(s) any focal lesions, thinning of
the vessel wall(s) or dilation are observed outside of the sites described above. All
stained slides will be examined and scored in blinded fashion by a board certified

Veterinary Pathologist.

Expected Results for Animal Vascular Intervention Subjects

15 [0149] Itis expected that subjects treated with the flowable composition of the
present invention as described above will display one or more indicia of reduced
incidence of clinical sequelae associated with vascular intervention, including but
not limited to decreased occlusive thrombosis, increased patency rates, decreased
stenosis, decreased intimal hyperplasia, and decreased acute and chronic luminal

20  and/or perivascular inflammation.

[0150] Another indicia of a successfully treated vessel is adequate lumen diameter.
It is expected that the injectable material of the present invention will permit

maintenance of adequate lumen diameter by reducing vessel stenosis and thereby
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pat hol ogi st, if upon gross exam nation of the vessel (s) any focal |esions,
thi nning of the vessel wall(s) or dilation are observed outside of the
sites deswoizb@déasrove. All stained slides will be exam meu/tspasoesssed i n
bl i nded fashion by a board certified Veterinary Pathol ogi st. Expected
Results for Animal Vascular Intervention Subjects [0149] It is expected
that subjects treated wth the fl owabl e conposition of the present

i nvention as gesftiddednReMELNbE Fofi2$ Rb@Yal 8P Be R nofRAIG ale8 diTGindeOdiak €M CEd
i nci dence of clinical sequel ae associated with vascul ar intervention,

i ncl udi ng but I.m . C J r oSl i hcreased
pat ency rat ec 8 gEsEAT BN QIR SATE COE AR BERL S LISOATRG
decreased acuje d chronigc. | um nal d/ or peri sculartj f| ammati on.
05507 anot ndks chirursnbidust i 3a Gy Ser Bt o RTEYLE o b LERRAL | uren
dianmeter. It is expected that the injectable material of the present

i nvention wi 131rgser Wil baeerlasd vad teodsiiy teessusingiirndardPepeler wijrapamdcei ng
vessel stenosis and therebypernmitting uni npeded bl ood flow at normal or
near nor mal rpaodtesols. ltusrerpediedrtbdtéhe masnpmvesiin wilkepresdns ontdélhy herrowinigt or ed
usi ng angi ography of the treated vessel at the day of treatnent and just
prior to 30- day ispedes bRl INQbERW Nbridhl bieeal HO®IM PASt surgery wi Il be
correlated with blood flow rates using standard Doppl er ultrasound
protocols. It is expected that the present invention will prevent or del ay

narrow ng thgpi41ypedes el ﬂﬂﬁcifalo‘PWf\QﬁheﬁYng staeBles QI is"iﬁ‘@?bs.@% eedg te.

[0151] A further indicia of a functioning stented vessel Is t sence of

ieﬁ\g/g nﬂ Lﬁc ;[M.S l‘eﬁ}egts.i ftif é?ﬁe%{e%qhétqﬁé intj ergz?abilenljngt%%igpcljfe[hggxteg'\err{t (’ilrllve%{ioﬁ Qv?ll present

reduce the incidence and/or extent of occlusive thrombosis or stenosis of the treated
10 vessel in the portion of the vessel distal and proximal to the stent, often referred to as
edge effects. Edge effects, or candy wrapper effects, are areas of stenosis that
develop at the stent articulations and edges following stent placement.
Characterized by early neointimal tissue proliferation and later stenosis, edge effects
can lead to occlusive thrombosis. Edge effects will be monitored using angiography
15  of the treated vessel at the day of treatment and just prior to 30-day sacrifice. It is
expected that the present invention will prevent or delay thrombosis and vessel
narrowing associated with edge effects of stented vessels, as described herein. The
presence or absence of edge effects will also be determined histologically by
obtaining far-proximal and far-distal sections, approximately 2-3 mm upstream or
20  downstream of the stent edges in either direction. To evaluate the presence of edge
effects, far-proximal and far-distal sections will be scored for injury, inflammation,

neointimal formation and thrombus.
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reduce the incidence and/or extent of occlusive thronbosis or stenosis of
the treated vessel in the portion of the vessel distal and proximal to the
stent, ofwenoswfsesned to as edge effects. Edge effects, par/usandp43snapper
effects, are areas of stenosis that develop at the stent articul ati ons and
edges follow ng stent placenent. Characterized by early neointiml tissue
proliferation and | ater stenosis, edge effects can | ead to occlusive

thronbosis. Egaszjef Asatgowd, the t?@até%b}e@fs%@e E9ieBi3d %‘EHJ)Q?Q LARKY i r%}erflé}f? tr eat ed

vessel at the day of treatnent and just prior to ay sacr

expect ed t hat arev or. thr nbosi s and
vessel narr ovx,%1 lﬁgl%ggéssggﬁggeagpo\ﬁ%%glﬂ% gé\fotra% ]tong‘g’fndéctlaeﬁf%‘(’j‘&} D& as

descri bed herein. The presence or absence of edge effects will also be

det er m ned hi%F%PHﬁﬁ@aﬁpg vy obtaining far-proxi mal and far-distal

sections, approximtely 2-3 mm upstream or downstream of the stent edges in
either direction. To evaluate the presence of edge effects, far-proximal
and far - di st afX asglardntereentipp Study; ury, i nfl ammation, neoi nti mal
formati on and thronbus.[0152] As a group, the treated subj ects are expected
to show at least increnental differences in at |east one of these

af or enent idonel@1$3di Ehia exdmplermprovidesaxpeymeagakpmvacle dot tostimprdmdalsing aExanpl e 2:
Human Vascul ar Intervention Study. [0153] This exanpl e provides

experi ment al fovabbcamspdsitiont @siprivthgrondrafeid Resauldr lanehtigal cenPasi 4 i on
conprising engrafted vascul ar endothelial cells and a bioconpatible matrix

in particul atigodoaipatibR heeHGR pﬁﬁﬁ:u]af&cﬂoﬂﬁ@&?edﬂte S '1&1%&1%%?9}{@3:99366?&?&1%“ at ed

with vascular intervention in"human clinical test su I'ng standard

associated with vascular intervention in human clinical test subjects. Using standard
surgical procedures, a physician-ordered percutaneous balloon angioplasty and

10 stenting is performed to alleviate a clinical condition. Implantable flowable
composition is then disposed in the perivascular space at, adjacent or in the vicinity
of the site of angioplasty and stenting; the details of one exemplary procedure are set
forth below. As described earlier, the placement and formulation of the implantable

flowable composition can be varied by the skilled practitioner in a routine manner.

15  [0154] Specifically, the study includes human test subjects undergoing
percutaneous balloon angioplasty and stenting in a peripheral limb. Conventional
percutaneous balloon angioplasty and stenting procedures will be performed
according to standard operative techniques. The implantable flowable composition
of the present invention will be applied to the site of balloon inflation and surrounds

20 as described above after the angioplasty and stenting is completed and flow through
the treated vessel is established. The total cell load based on body weight will be

approximately 1.0 x10* cells per kg to approximately 8.0 x10* cells per kg.
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surgi cal procedures, a physician-ordered percutaneous ball oon angi opl asty
and stenting is perforned to alleviate a clinical condition. Inplantable

f | owabl e worzp@sices7an i s then di sposed in the perivascul CTAJS2@6/0a3844
adjacent or in the vicinity of the site of angioplasty and stenting; the
details of one exenplary procedure are set forth bel ow. As described
earlier, the placenent and fornulation of the inplantable flowable
conposition e . 1 i ki ro | i nner .
[0154] Speci ALy liRA ol hBE Tt bk bERIAR! 5 a0 bdkstali B BT

per cut aneous bal] o angj opl asty and stenting.in._a ripheral |jnb.

Convent i onal nﬂ)‘@ﬂ&%?@#‘h‘%@%“&&?%ﬁ“ﬁ“ PS5 %@?@%‘ﬁ&?%@%ﬁﬂlﬁﬁ@%%\é@% es will
be perforned according to standard operative techni ques. The inplantable

f1 owabl e conpeAiitedshday S thestahlish erasqling deitel. dollawad ateweghs) | ewnthe3t he site
of balloon inflation and surrounds as descri bed above after the angiopl asty
and st ent i ng menthoapl @medthapdstfduogery.hil exi ghbjediethat exdtibid au eabsdite flow of
established. The total cell |oad based on body weight will be approximately

1.0 x | O45celidss tipgr3300mL iappr @xatebiheh ¥5%. @ductivdn €eid ﬁorﬁen%lk@vibQSISSI
Clinical followups will be perforned at 5 days, 2 weeks and at 1, 3 and 6

mont hs. Bl Oo%éak%ﬂzﬁe%ygfe%mrfan%mrleggﬂeﬁfsﬁdag@e?glﬁle%@g é}ﬂgﬁo[egsound will be

required at day 5 to establish a baseline [ eve weeks, 1

nont h, 3 non n mant h -surgery. Fest .subj.ects that . .exhibit an

nbsol ute 11 oW ibieORaOS A BaB Yo Aty Sebely MRl

flow fromthe preyvious, neasurenent, or greater than 50% ar stenosis (as
neasured by BB P@Ftyl}f"t”;%sﬁﬁrﬁ‘fﬁﬁed\%’f fretic lgnous of graatst tgﬁg?%%ﬁﬁﬁiﬂne%@ﬁedi al
clinical intervention such as angioplasty will be permtted for stenotic

| esi ons of greegeraphiian 50% det er ni ned by

10 [0156] Contrast angiography of the treated vessel and surrounding tissue and
vasculature will be performed at baseline and at 3 months. Lumen diameter will be

calculated for each region and peak systolic velocity will be measured.

Expected Results for Human Vascular Intervention Study

[0157] Itis expected that subjects treated with the implantable flowable

15 composition of the present invention as described above will display one or more
indicia of reduced incidence of clinical sequelae associated with vascular
intervention, including but not limited to occlusive thrombosis, restenosis, intimal

hyperplasia, and acute and chronic inflammation.

[0158] An indicia of a functioning blood vessel is adequate lumen diameter. It is
20  expected that the present invention will permit maintenance of adequate lumen

diameter thereby permitting unimpeded blood flow at rates sufficient to maintain

normal or near normal peripheral circulation. Lumen diameter will be monitored

using angiography of the treated vessel beginning at baseline (approximately 5 days
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angi ography. [0156] Contrast angi ography of the treated vessel and
surroundi ng tissue and vascul ature will be perforned at baseline and at 3
nont hs. Lwoenosdic2smet er wi || be cal cul ated for each regi enTasdoospadsssystolic
velocity will be neasured. Expected Results for Human Vascul ar |Intervention
Study [0157] It is expected that subjects treated wth the inplantable

fl owabl e conposition of the present invention as described above w |

di spl ay one %str%a%nbmhﬁd MeRhribeAUERH3 hﬁﬁtlﬂ?&%&éar?' Nk ingS&ane! ae
associated with vascu ar Intervention, including but"not limted to

occl usi ve thro

chronic infl a O& su][ggi}é‘&{lpingqrﬁ%%}%# gﬁ%fb Wﬁﬁfﬁ%?ﬁ %ﬁsﬁ@]g? %11}@8 &l is
adequate |u ter. IS ex hat t he i nvention

permt maint é’ﬂté‘ﬁe'én PIOLREQ uéf’é eF‘B%é?fI %@Q}}@{I@Pla @B@efgﬁ}”%ler ?ﬁ‘ﬁqsﬁlj)n&f%eded
bl ood flow at rates sufficient to maintain normal or near normal peripheral
ci rcul ati on. Presariindendiont whenwpged ap despsibed bereid, wéll pepvaniriglapayrowing he
treated vessel beginning at baseline (approximately 5 dayspost-treatnent)

and t her eaf t ghatampédmdiod fionbelswrosite sitnlge for. pephemhcingplgfontas elesanived
post-surgery will be correlated with blood flow rates using standard

Doppl er ul t r 3R ditRs RiGePh:Pectel that tR¥RREL Rih thvimdlARableplodabiabl e fl owabl e
conposi tion of the present invention, when used as described herein, wll

prevent or dg:|oﬂx3céo§i% ‘81‘*‘[1{% rés@ﬁtt nbéH%Fc% lll%s%qnfbidb‘é( ﬁ’cﬁb?é%sa%eg@hgx%w tabl e

for peripher [ rcu at | o escri herei n. ected that
e. fl owabl e conposition

t t t t
i F“e,:nma (r;n x c 1n1rcg]§¥ﬂagpe'pf?%[)e] c&a:&laﬂoBV\P (APPLOXI ngtm% qqr{nﬁlbratest %0\9 o ané out

of a treated portion of a blood vessel will be comparable. Comparable means
10 substantially similar for clinical purposes. For example, blood flow rates of about
150-500 mL/min, preferably about 300-500 mL/min, and more preferably about

350-400 mL/min.

[0159] As a group, the treated subjects are expected to show at least incremental
differences in at least one of these aforementioned indicia of functionality as

15 compared to controls.

Example 3: Animal Pelvic Readhesion Study

[0160] This example provides experimental protocols for ‘testing and using a
flowable composition comprising a biocompatible particulate matrix and engrafted
endothelial cells or endothelial-like cells to reduce the incidence of adhesions in the
20  pelvis and its surrounds in animal test subjects. An experimental rat model (a
modified uterine horn model, J. Invest. Surg. 7:409-15 (1994)) will be utilized to
study the treatment of post-operative adhesions after tubal reconstructive surgery

using the implantable flowable composition and methods of the present invention.
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clinically- acceptable circulation, or approximting normal rates. Flow
into and out of a treated portion of a blood vessel will be conparable.
Conpar ablwomseans2&ubst antially simlar for clinical purposas2o05oussexanpl e,
bl ood fl ow rates of about 150-500 mi/min, preferably about 300-500 nmi/mn,
and nore preferably about 350-400 ni/mn. [0159] As a group, the treated
subj ects are expected to show at | east increnental differences in at |east

one of these BeQ@RHotPHAbE Bth@h@l & bdtHRIdeh aRdbitind aSzeaRAPATRE 14 0
controls. Exanple 3: Animal Pelvic Readhesion Study [0160] This exanple

provides expepl mentg %re% &g@g Hecafggf EhbAhAN LS 10 1o LIBNAARE sutured

conposi tion co rsi ati'bl e particulate nmatrix and engraft
endot hel i al Ils  or I| [ -1 reduce. th nci dence of
adhesi ons i n {FEe a@rwﬂijﬁ e egﬁlpﬁaﬁﬁ%il%abiwwosewo AOPEEECC A
experinmental rat nodel (a nDdlfled uterine horn | nvest._ Surg.

7: 409- 15 ( 199@yontign Wil b@ appliqd; to eae sige of theytere hqr@a@mouafis podescibrer at i ve
adhesions after tubal reconstructive surgery using the inplantable flowable
conposi ti 6n abdveretirontberaide dfehp nesenborinrwidltiot ogreifedhaingylantebla dlomvablel | be
scratched on both sides and sutured together. After 14 days, during

rel apar ot ony cohdp@sitib@ b a EOMARCTHe F)reb@ic\éﬁb@ Abidhee bAILskigaswill b MenRotedr ed
uterine horn will be cut The i nplantabl e fl owabl e conmposition of the

present | ”Ve%%%“ t &8 %&&H'tb@c%& BeRBE wHidRe ﬁﬁ?lraﬂl‘ﬁbl'ét%a@fe Jb%r?bsﬁfcbﬁ

surrounds as Scri be ove. The other side of the uterine horn wll not

;Eg:in\é: E)P € ai ?}%%%?1 %Iv]%ntgag@ bl ﬁd ?}é % %e!,dtulcgci1 1nc1dencecc())fn adflesmns 1n(%heD peqxszl(sance or

and its surrounds.

10  Example 4;: Animal Fallopian Tube Occlusion Study

[0161] This example provides experimental protocols for testing and using a
biocompatible particulate matrix and engrafted endothelial or endothelial-like cells
to reduce the incidence of fallopian tube occlusion in animal test subjects. An
experimental rabbit model (J. Vasc. Interv. Radiol. 13:399-404 (2002)) will be

15  utilized to study the treatment of fallopian tube occlusion using the implantable
flowable composition and methods of the present invention. Under fluoroscopic
guidance, transvaginal catheterization of the right and left fallopian tube will be
performed using a coaxial technique. With a metal guidewire protruding from the
active electrode catheter, RF electrocoagulation will be performed. The implantable

20  flowable composition of the present invention will be applied to one fallopian tube
and surrounds as described above. The other fallopian tube will not receive the
implantable flowable composition as a control. Tubal patency and histological

changés‘ will be evaluated over time. It is expected that rabbits treated with the
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over time. It is expected that rats treated with the inplantable flowable
conposition of the present invention will display a reduced incidence of
adhesi onswonotdue2g7el vi s and its surrounds. Exanple 4: Amcmais2éealohssps an Tube
Qccl usion Study [0161] This exanpl e provides experinental protocols for
testing and using a bioconpatible particulate matrix and engrafted

endot helial or endothelial-like cells to reduce the incidence of fall opian

Lube occl usi dmplanidiné Makablesbmputilies bote HesSHRVATBR AN diBRRIL ciRdR! (I
Vase. Interv. Radiol. 13:399-404 (2002)) will be utilized to study the

treatment of j i IREEY ing: i .ant abl e fl owabl e
conposition agghﬁg?ﬁgggag§§%ﬁﬁ£€$§égﬁ€aﬁgggﬁ ?%%%ﬁ%% eb%Fﬁ%5V%§%opic
gui dance, tr%ﬂﬁ¥®gknal catheterization of the right and | eft fallopian tube
will be perforned using a coaxial technique. Wth a netal guidewre
protruding fromthe active el ectrode catheter, RF electrocoagulation wl]l
be perforned. ﬁ%ﬁ Lﬁﬁgantable flomabl? conposi tion of the present invention
will be applil@P4lo ThPressnt Byeation sapealsorhe used eidentirslyate dirainishi theincidsove. The
other fallopian tube will not receive the inplantable flowable conposition
as a cont Pol O veieRIc pegnaneiss aorrassandnisticotidnat Hengescomndidenbevithwal uat ed over
time. It is expected that rabbits treated with theinplantable flowable
conposi ti on dbllewiegpnestepic dregrenty.on wi || di splay a reduced incidence of
occl usion, stenosis and necroses in the fallopian tubes and their

surrounds. [0162] The present invention can also be used effectively to

di mi ni sh t he [0163] deFiranahtios begi Ko MRRARATE0BRr SRMR fRHs JnbBE RUARLI onal
t herapy coincident with or

from the spirit or essential characteristics thereof. The present embodiments are
therefore to be considered illustrative and not restrictive, the scope of the invention
10 being indicated by the appended claims rather than by the fore going description, and

all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced therein.
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foll ow ng an ectopic pregnancy. [0163] The invention may be enbodied in

ot her specific forns without departing fromthe spirit or essential

char act erwetzn@#eksrer eof . The present enbodi nents are thecefusc@stasshe
considered illustrative and not restrictive, the scope of the invention

bei ng i ndicated by the appended clains rather than by the foregoing
description, and aII changes which cone within the meaning and range of
equi val ency ecl C| ainms are therefore intended to be enbraced therein. W
claim 1. A fl'éwable conposition for treating an injured or diseased site
of a tubul ar anatom cal structure wherein said flowable conposition
corrprlsesab ible matr a cells and wherejn sajd fl.o

conmposi ti on | rrgzr;ﬁ ?O%?qsgmngétr?%mtgra@dwuf T 4‘:?66?%‘06 fGV\@?é%asred
site. 2. The flowable co osition_of claim2l1 wherein said ceIIs are

endot hel i al cel | s ¥RiBICRSsIREHaYhaivitsbilnwrblaromprutiphedpiissa 3. The

fl owabl e conposition of claiml1 wherein said cells are a co-culture of two
or nore cells sel eeibecmpativte haeixxaolinells emd ivbetiemgast flewaldt kempasitioeislis,
epithelial cells, snmooth nuscle cells, fibroblasts, stemcells, endotheli al
progeni tors cel | s amtamaintictfaydeybetat the ifjiedior alved¥ed sienposi tion of claim1
wherein the flowabl e conposition is shape-retaining. 5. The flowabl e
conposition of claiml wherein the bioconpatible nmatrix conprises particles

or mcrocarrigrs. The flowable composition of claim 1 wherein said cells are endothelial cells

or cells having an endothelial-like phenotype.

3. The flowable composition of claim 1 wherein said cells are a co-culture of
two or more cells selected from the group consisting of endothelial cells,
10 epithelial cells, smooth muscle cells, fibroblasts, stem cells, endothelial

progenitor cells and cardiomyocytes.

4, The flowable composition of claim 1 wherein the flowable composition is

shape-retaining.

5. The flowable composition of claim 1 wherein the biocompatible matrix
15 comprises particles or microcarriers.
6. The flowable composition of claim 5 wherein the particles or microcarriers

further comprise gelatin, collagen, fibronectin, fibrin, laminin or attachment

peptide.

7. The flowable composition of claim 6 wherein the attachment peptide

20 comprises a peptide of sequence arginine-glycine-aspartate (RGD).
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6. The flowabl e conposition of claim5 wherein the particles or

m crocarriers further conprise gelatin, collagen, fibronectin, fibrin,

| am ni n owoavscasksTent peptide. 7. The fl owabl e conposit ipam/uskooslosisas 6
wherein the attachnment peptide conprises a peptide of sequence

argi ni ne-glyci ne-aspartate (RG).8. The flowabl e conposition of claim5
wherein a particle or mcrocarrier has a dianmeter of about 20 mcrons to

about 500 m cg ons. TR floh1E EANBYiRnCERASE $ WhBrehf a HArBEIRCE MBRESHR: Fas a
particle or mcrocarrier has a dianeter of about 200 mcrons. 10. The

fl owabl e conposithﬁ??agrg% kﬁ*%Qhﬁ%gﬁﬁ%E&ggpﬁkﬁ%ﬁgyﬁelI growm h nmedia. 11.

The fl owabl e conposition o rern sai ective amount reduces
snooth muscle cell proliferation at the injured or diseased site. 12. The

fl owabl e co sitian of glaim1 wherein.said,effecti amount reduces
beel ot ve s hionbost® Fviigemhpod B & hudl Sudlshtr birtiSie ST RiRb o R AR R,
conposition of claim1 wherein said effective anount reduces inti mal

hyper pl asi a at t hedifppigr elphout WIS site. 14. The fl owabl e conposition

of claim1l wherein said effective anmount reduces stenosis or restenosis at
the injured or diseased site. 15. The fl owabl e conposition of claim1l
wherei n sdi d ¥k f ecthevitoveahbe pempesitinness ciedmt lefurher eamgrisingcedk grongh nggliar ed or
di seased site. 16. The fl owabl e conposition of claim1l wherein said

ef fective anmount reduces chronic inflammtion at the injured or diseased
site. 11.  The flowable composition of claim 1 wherein said effective amount reduces

smooth muscle cell proliferation at the injured or diseased site.

12.  The flowable composition of claim 1 wherein said effective amount reduces

occlusive thrombosis at the injured or diseased site.

10 13.  The flowable composition of claim 1 wherein said effective amount reduces

intimal hyperplasia at the injured or diseased site.

14.  The flowable composition of claim 1 wherein said effective amount reduces

stenosis or restenosis at the injured or diseased site.

15.  The flowable composition of claim 1 wherein said effective amount reduces
15 acute inflammation at the injured or diseased site.
16.  The flowable composition of claim 1 wherein said effective amount reduces

chronic inflammation at the injured or diseased site.

17.  The flowable composition of claim 1 wherein said effective amount reduces

vasodilation or vasospasm at the injured or diseased site.
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17. The flowabl e conposition of claim1l wherein said effective anount
reduces vasodil ati on or vasospasmat the injured or diseased site.18. The
f | owabl e worzp@sices7an of claim 1 wherein said tubul ar anatonisea@ls/osisaact ure
is a blood vessel. 19. A nethod of treating an injured or diseased site of
a tubul ar anatom cal structure, the nethod conprising the step of:
contacting with a fl owabl e conposition an extral um nal surface of said

tubul ar anat qgi cal TRt fidHedbld SorRbostiorBsH RERNT wlEreinSaldRbMIL At dNicef t he _
injured or diseased site of said tubular anatom cal structure, wherein said

conposition corrpris§r%§tu% igiaooqgorgagetsisgl e matrix and cells and wherein said
fl owabl e conposition'i's Tn an anbunt effective to treat the injured or

di seased site. 20. The nethod of claim 19 wherein deposition is
acconpl i shed .hy traversi.ng or .penetrating,an interior || of said tubul ar
anat oni cal stlfuct Uggleg??& Ogﬁ@ﬁtlg%%Ep‘flieﬂﬁgfhﬁ%asﬁ?ﬁ%a‘ﬁfaet“@ﬁ]ﬂbﬁﬁt‘?rp’&ﬁ on an
exterior surface of said tubular anatom cal structure at or adjacent or in
the vicinity of t#&Eurifythegnethodicempyaing dietséed &1. The net hod of cl ai m 20
further conprising the step of identifying a site for depositing the
fl owabl e conposition on an exterior surface of said tubular anatom cal
structureb 22. The net hrodtaofing wathra Roviabihemepasitiomein edkématinfiyalsgristeeqt occur s
prior to or coincident with the traversing or penetrating step.

said tubular anatomical structure at or adjacent or in the vicinity of the

injured or diseased site of said tubular anatomical structure, wherein said

composition comprises a biocompatible matrix and cells and wherein said

flowable composition is in an amount effective to treat the injured or

10 diseased site,

20. The method of claim 19 wherein deposition is accomplished by traversing or
penetrating an interior wall of said tubular anatomical structure and then
depositing the flowable composition on an exterior surface of said tubular
anatomical structure at or adjacent or in the vicinity of the injured or diseased

15 site,

21.  The method of claim 20 further comprising the step of identifying a site for
depositing the flowable composition on an exterior surface of said tubular

anatomical structure.

22.  The method of claim 21 wherein the identifying step occurs prior to or

20 coincident with the traversing or penetrating step.

23.  The method of claim 21 wherein the identifying step is accomplished by

imaging.
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23. The nethod of claim2 1 wherein the identifying step is acconplished by
i magi ng. 24. The nethod of claim2 1 wherein the identifying step is
acconpl i sWedodmyoeeset i | e pal pation. 25. The net hod of cl acmukoosioesses n sai d
contacting step is acconplished by entering the perivascul ar space by

per cut aneous adm ni stration and then depositing the fl owabl e conposition on
an exterior surface of said tubular anatom cal structure at or adjacent or

in the vicinijdy OofTieh@eindh8Fedin?n1 NIRRAS AR i8ddi®ying Step 10 G BRIy, ¢! ai m 25
further conprising theestep glgm?gent}?f@?ng 1a s‘?jpgg?gp deﬁbom t ngOJtyhe

fl owabl e conposi titgaﬂ?nalagﬁeﬁ(t erior surface of said tubular anatom cal
structure. 27. The et Rad?8f™cl ai m 26 wherein the identi fying step occurs

prior to or coincident with the entering step. 28. The nethod of claim 26
wherein the identifying,step is o l.i shed by jmaging. 29. The nethod of
cl ai m 26 V\/nerzg'r n tﬁ{@ IP%@H%P?W%%N&%&%”&%EW%Q“&?E@ ’gﬂc‘foé‘éﬁlisp%d YAl pat i on.
30. The nethod of claim 19 wherein the exterior surface of said tubular
anat oni cal st ruct nEering the peivaseinwRcsy peedanedus adnaisteativodndthes| ai m 19
wherein the exterior surface of said tubular anatom cal structure occupies
peri vasculSar spacelep@sitifipehenfbtvrabit afmmpdsiion chnvexeariir sudadiecbftsaiduhtaar
anatom cal structure is a blood

anatomical structure at or adjacent or in the vicinity of the injured or diseased

site.

26. The method of claim 25 further comprising the step of identifying a site for
depositing the flowable composition on an exterior surface of said tubular

10 anatomical structure.

27. The method of claim 26 wherein the identifying step occurs prior to or

coincident with the entering step.

28. The method of claim 26 wherein the identifying step is accomplished by

imaging.

15 29. The method of claim 26 wherein the identifying step is accomplished by

tactile palpation.

30. The method of claim 19 wherein the exterior surface of said tubular

anatomical structure is a non-luminal surface.

31. The method of claim 19 wherein the exterior surface of said tubular

20 anatomical structure occupies perivascular space.
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vessel. 33. The nethod of claim 32 wherein said bl ood vessel conprises a
stent. 34. The nethod of claim 33 wherein said injured or diseased site is
in the viwonodeoees7it he stent. 35. The nethod of cl ai m 1e@criuse@sn4zsas d
effective anmount reduces snooth nuscle cell proliferation at the injured or
di seased site. 36. The nethod of claim 19 wherein said effective anount
reduces occlusive thronbosis at the injured or diseased site. 37. The

net hod of cl abm 19whengbdNosahish & &Jﬁ&reinv_ﬁicﬂ%gfg% alﬁrﬁ&i’l%ﬁstmwrm ?bl_ood

hyperplasia at the injured or diseased site. e met hod of claim 19

wherein said effeg;i%F anount reduces stenosis or restenosis at the injured
or diseased site. '39° The nmethod of claim 19 wherein said effective anmount
reduces acute inflammation at the injured or diseased site. 40. The nethod

Che i nj ured oo dpedatief veoin 1w aRR il Bog PP Lot bebhee Bl saia

ef fecti ve anobunt reduces vasodilation or vasospasmat the injured or

di seased site.42. The nethod of claim 19 erein said tubul ar gnat on cal
structure is 34 falThspnethod phedaimy 3’ whersiryy ired ebMseRsPe SIS oR e ai m 1
wherein said cells are selected fromthe group consisting of: a confluent
popul ati of of cel [viginidy ngthe steohf | uent

35. The method of claim 19 wherein said effective amount reduces smooth

muscle cell proliferation at the injured or diseased site.

36. The method of claim 19 wherein said effective amount reduces occlusive

thrombosis at the injured or diseased site.

10  37. The method of claim 19 wherein said effective amount reduces intimal

hyperplasia at the injured or diseased site.

38. The method of claim 19 wherein said effective amount reduces stenosis or

restenosis at the injured or diseased site.

39.  The method of claim 19 wherein said effective amount reduces acute
15 inflammation at the injured or diseased site.
40.  The method of claim 19 wherein said effective amount reduces chronic

inflammation at the injured or diseased site.

41. The method of claim 19 wherein said effective amount reduces vasodilation

or vasospasm at the injured or diseased site.
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popul ation of cells; a post-confluent population of cells; and a popul ation
of cells having any one of the foregoing phenotypes.

WO 2006/062871 PCT/US2005/043844
42. The method of claim 19 wherein said tubular anatomical structure is a
fallopian tube.
43, The flowable composition of claim 1 wherein said cells are selected from the

group consisting of: a confluent population of cells; a near-confluent
5 population of cells; a post-confluent population of cells; and a population of

cells having any one of the foregoing phenotypes.
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