Materials and Methods for Minmally-Invasive Administration Of a Cell-Containing Flowable
Composition Related Application Date [0001] This non-provisional patent application filed on
December 6,2005, claims the benefit under 35 U.S.C.Section 119(e) of provisional patent application,
U.S.S.N. 60/634,155 filed on December 8,2004; provisional patent application, U.S.S.N. 60/663,859
filed on March 21, 2005; prowsmnal patent appllcatlon U SS N. 60/682 054 filed on May 19,2005; and
b Jiaedine ;.fm; Aiimspp-inyasive Ad
claims priority under 35 U.S: ; .‘;mﬁ% S6o andr , ¢ onal patent
application PCT/US05/43967 flled oreven-date-Herey orney Docket No.
ELV-002P(); and, co-pending international patent appllcatlon PCT/USO5/44090 filed on even date
herewith(also known as Attorney Docket NogELVs008PG); the.gntire contents of each of the foregoing
incorporated by reference herein. Background of the Invention [0002 Cardlovascular disease

accounts for over 88 millisr AR IR HBH A&R T T Fhifion deathid it the Uhitéd Stated each year.

Approximately 1 S million rocedure§ are pzer;}o[n}?{q each year in the Unlt d Stated in an attempt to

DEBCI u O DGV %Q Ga: paten t’{.
alleviate the obstructive arterial lesions that spontar‘ieousTy arise from thesé disease. These

procedures include balleon-and laser angioplasty satherestomy, endavascular.stents and bupass
grafts, to name but a few. Thé long-term effectiveness of angioplasty, vascular bypass grafts and

even orgamgtransplantationsis imitedoy.ageelerated:arteriopathies-foltowing:such procedures. The loss
of endothelial integrity,
LS8N, 60/682.054 filed on May 19, 2005, and. olamms priority under 35 U T Sections

126, 363 and/or 365 o co-pending international patent application
PUT/URNS/43967 filed on oven date herewith {also known as Atomey
Diocket No. ELV-QU2BC): and, co-pending international patent application

15 POT/US03/44090 filed on even date herewith {also known as Attorney Docket
Neo, ELV-008PC): the entire contents of each of the foregoing incorporated by

reference herem,

Backoround of the Invention

20 (046821 Cardiovascular dizease accounts Tor over 50 million deaths in the world and
I million deaths in the United States each vear. Approwimately 1.5 million

nrocedures are performed each vear in the United States in an attempt 0 alleviate

oy

the ohetroctive arterial lesions that spomtaneously arise from these diseases. These
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procedures include balloon and laser angroplasty, atherectomy, endovascilar stents

25  and hypass grafis, 1o name but a few. The long-term effectivensss of angioplasty.

vascular bypass grafts and even organ transplantation is limited by accelerated arteriopathie

following such procedures. The loss of endothelial integrity,

30



1 WO 2006/062871 PCT/US2005/043844 occlusive thrombosis, spasm and the migration and
proliferation of smooth muscle cells resulting in intimal hyperplasia typify such arteriopathies. For

example, res{engsis Jeads to obstructive arterial lesions in 20 to 50% of shehRgligiigMyithin three to
six months after coronary angioplasty, over a third of patients require 5 additional intervention, another

angioplasty or even bypass surgery. Atherectomy devices are no better; as the number of patients
subjected to this procedure increases, the rates of restenosis have climbed from 10 to 47%. The use
of endovascular stgptfishasialse heensementabdismppointng indifsrsiga, shcabentstiedy reports a
35% rate of restenosis in addition to the approximately 5% of patients who suffer an acute 10
complication, sucha#sabsuping dsimémuithiptheafistipify dags afecioprbigior o{0ROR!SIimilar problems
have been observed in patients who undergo vascular bypass surgery. The mean lifetime of a
saphenous venousratrossoladary dhibrstsrigiearhies Bhip %%%ﬁ%%&fsﬁuf%ﬁaﬁé‘?@enw&?&}l such
grafts are occluded within the first weeks after surgery. At one angﬂfi e years, 20 and 35% of grafts
are 15 occluded, réBpsedeaviiymartarisloerRIqeE MR HaNss b 5\:{1?5/ BFEBHOfELT S the same

pathology limiting the efficacy of hemodial%i?.%%)oll*]érhe hallm rkaosf %%%eraﬁgegert%rrig athies, such
as restenosis, 15 eI G OGRIAT ARRORE IS SRtaT S SRt dEposition of a large’ amount of

extracellular matrix generated by these cells. It has pow: b e evident that hoth 20 native

atherosclerosis an&%ﬁléeﬁgé%féorét%oe af E%erlf):ﬁla 165 ?IEE%%S %%)@ eccian?)cal interventions share a

common initial pathglogica la? vent. loss of endothelial £ el {ieghtyaed BEURREscular stents
has also been somewhat disappointing in this regard, A recent study reports a 35%

rate of restenosis in addition to the approximately 5% of patients who suffer an acute

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 an& five years, 20 and 35% of grafis 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 amouat 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.



WO 20061062871 PCTIUS2005/043844 [0005] The endothelial monolayer lines the arterial wall and
serves as a two-fold bioregulator of vascular physiology. The endothelium provides structural integrity

to the blood vggsalebMdarning a continuous, selectively permeable, nonthgewiearis harrier between
circulating blood and the arterial wall. Yet, itis 5 becoming increasingly appreciated that the

endothelium also produces and supplies products which control blood flow, vessel tone, occlusive
thrombosis, platelet activation, adhesion, and aggregation, leukocyte adhesion, monocyte infiltration
and smooth musqdiEsesi| gy atdetiedid pohféagtiolinSiteesaabieihast kewel mitogetfsidare
ubiquitous within the arterial wall, it is the presence of an intact endothelium that 10 maintains the
normal blood vesdBbingaleoicsesegatphyspietahbyedrthetioy arofidhestneutiiahitsaridompounds
secreted by the endothelium are removed as well, and a sequence of events is set into motion that
leads to the uncori@&ieBiend rasstibn faHENS RFATBRAVSFSFéeARVRIY Rsf@ e S resulting in obstructive

arterial lesions. [0006] Many clinical interventions, currently em Iogged to treat c di%vasc_ular 15
diseases, incIudinﬂ%é?ﬁ%@gﬁﬁﬁiéﬁiﬂﬁﬁe%%ﬂﬁﬁfm%%ﬂ ﬁ@?@&ﬁﬂ%}” n b&: §dkomplished
using non-inv S|v%§losed sur%cal @rocedure%?eT&ggngorh-l%/&Sﬁvmgﬂggdov %cular mterY,thlon

strategies should cﬁ?&%‘%ﬁ% e f;a imilar mlnlmgﬁyﬂnvaswe Endovasel ardns%}(?elof delivering a

therapeutic materigl t%‘ghew%;tc%g&\l@oﬁcbq@dirﬁtg‘;‘y%g%épé& f%@&ﬂ%ﬁrﬁ%@ﬂ%@,ﬁﬁ%@{ diseased target

20 endothelium. [6’58 urthermore, current metho elivering therapeutic materials

endovascularly rely.qp.administeation:of 1hgpatetaisio.dhe IRlias uRtinal artage.efthadlood

vessel. However, administration of therapeutic materials or agents to 3
smooth muscle cell migration and proliferation. Since smooth muscle cell mitogens

are ubiquitous within the arterial wall, it is the presence of an intact endothelinm 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 2

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

migration of smooth muscle cells resulting in obstructive arterial jesions.

[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 o the
site of vascular intervention to treat the resulting injured or diseased targst

20 endothshum.

[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



the interior luminal surface provides only transient benefit to an injured or diseased target endothelium
as contact with circulating blood limits efficacy and duration of activity. [0008] One aim of the present
invention is to provide materials and methods for delivering non-invasively or minimally-invasively a
therapeutic fo rmulatlo of cells to an extra Iumlnal or perlvascular site at, adjacent or in the vicinity of

a site of |an ‘%“Hi UALRY R ?ﬁ%ﬁ’é‘?\‘ﬂ e HB?HUH (7 B €6 dhsarRd denseR of

occlusive tAPSHIBOLE ASSRIFREY TREHRAUBR AR %‘fyc‘rl’l‘?ﬁicda*frélga’ﬁlQlfaaema‘é‘%uated with
vascular int (%8 tions or ardlova lar diseases. Summary of Inventlon 008 cordglg to a first
aspect, the rovided a ﬁoatN tc%r?tr%e‘?épt"%]r” E ﬁ? {PERYIA Eﬁ ét % As:9%ite on an
lnterlor Iumen id;— I’ll%% f‘t lrﬂvail]\f V OI’ |mm m mVﬁSlV Iﬁvﬁiz aiilOI‘]t o eﬁﬁges a
rocoma i 0 s " n usert“b D [
amount effe%{f&%ﬁé%g%a% gni%% gr(agoq; g Ic’l:legce)lrdS n%u%o"lg gecone gspect there is

provided the use of a biocompatible matrix and ce s “in the manufacture of a flowable composition for
treating an injured or diseased site on angipterjor lUmen.pf g tubular anatomical structure, wherein said
flowable composition is to be delivered by percutaneous injéction to and to be contacted with an

extraluminajgugape of saig tialan AnaoMICALSIrURIN G35,k RAIRGEMS QL tReIGIRIR, ghthe injured
or diseased,gite;Pfsaith jubtlanAnatnaicalsUSIIe At WBRERIN.SRIM Jowable.Fampasitian is in an
amount effegive e Rﬂ%téh%ﬁmuﬂ%ﬁi@ﬂé‘l@tﬁﬁ]SGQtﬁ!??coWQé@]a%‘?@&ﬂmlB?e%'é‘tf& anpeetithere is
provided a flawabieeempasition ol useninbligaling av iniadyr sisaassed sitageaminterigr lumen of
a tubular anat@misahSteugusevberaincsaich flowakle cRmpesitie carprisesa-hiacampatile matrix,

cells, and  amount effective to treat the injured or diseased site.

[6008b] According to a second aspect, there is provided the use of a biocompatible
matrix and cells in the manufacture of a flowable composition for treating an injured or
diseased site on an interior [umen of a tubular anatomical structure, wherein said flowable
composition is to be delivered by percutaneous injection to and to be contacted with an
extraluminal surface of said tubular anatomical structure at or adjacent or in the vicinity
of the injured or diseased site of said tubular anatomical structure and wherein said
flowable composition is in an amount effective to treat the injured or diseased site.

{0008c] According to a third aspect, there is provided a flowable composition for
use in treating an injured or diseased site on an interior lumen of a tubular anatomical
structure wherein said flowable composition comprises a biocompatible matrix, celis, and
an appropriate carrier fluid, wherein said flowable composition is in an amount effective
to treat the injured or diseased site.

[0009] The present disclosure exploits the discovery that cells engrafied 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, adiacent or in the vicinity of an extraluminal surface of a tubular
anatomical structure such as but not limited o a blood vessel. Minimally-invasive
deiivery 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.

{6010} In one embodiment., the present disclosure provides 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 flowabie composition is in an amount effective to treat the
injured or

4



an appropriate carrier fluid, wherein said fiowable composition is in an amount effective to treat the
injured or diseased site. [0009] The present disclosure exploits the discovery that cells engrafted in, on

or within an ingplasigkissfiowable composition can be formulated for multiplerfof#eSdbs4s
minimally-invasive delivery, for example, endovascular administration and perivascular deposition at,

adjacent or in the vicinity of an extraluminal surface of a 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 structudiesdssafsutecartermpiatéd dreremhddiiivatc dsetdiBioedatmssel, sthecmmaterals and
methods of the present invention are suitable for treating and managing clinical sequelae associated
with vascular intePiesdisersedr Eaediovabluraristises poomididnasprrdngiodiment, the present
disclosure provides a flowable composition for treating an injured or diseased site on an interior lumen

of a tubular anatoRFHEAREATE AR REIAUFERBYSIBIECH SBSRIG TR bR bR S Mpatible matrix

and cells and wherein the flowable composijtjon is jn an amount effective to treat the injured or 4 WO
20061062572 PO TSRO IS8 BRE LY B3 AP HS e S SO GA GTEERhar

anatomical stiyctuge Js a.blood wessel, The. fowable comporition s gipvided, ascarding fo some
embodiments, in ah amount effective to reduce smooth‘muscle ce proliteration, occlusive

thrombosis, inimakaypetlesiaesiengsiz, e ALshanie RIATMRen. A aasadiaton. to name

but a few, at the injuréd or diseased site. For purposes of the present invention, flowable composition
means a compositig siiseariilede adRbiriradion;Lsing-apdniestian aniniesliondype delivery device
such as, but not

limited to, a needie, a syringe or a catheter. Other delivery devices which employ

extrusion, ejection or expulsion are also contemplated herein,

10 [B8011} According to one embodiment, the cells of the flowable composition are
endothelial celis or cells having an endothelial-like phenotype. According fo
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 celis, fibroblasts, stem cells, endothelial progenitor cells and ”

15  cardiomyocytes. A preparation of celis suiteble for use with the present invention

can be obtained from a single donor or multiple donors.

[6812] According to another embodiment, the biocompatible matrix isa gel, 2
foam, or a suspension. The biocompatible matrix, in vet anothér embodiment,
comprises particies 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



limited to, a needle, a syringe or a catheter. Other delivery devices which employ 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 selectechitomdahregionmcdiasistingdfebndottiehalccells, tepitwelial 0celiscremoaite farabbleacells,

fibroblasts, ggg&{éﬁ:@, a%ggtoibglli@b%ggenitor 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 bioeompatibie matrix is a gel, a foam, or a suspension.

The biocompatible matrixpinys&hanethesEmbedine Tove®RPUSAPRABEIEs M iEsegaIders. In certain

embaodiments theda_arti es or 20 rpiqrocar_ ier furt@e.compﬁ'se el ti]n, collagen fibropectin, fibrin,
.. Cﬁl‘ri g, In %.Ba uaré/ %reere cmoo 1men% ) wabie com 111 1S shape-
laminin or attachment peptide. One exemplary attachment pepfide is a peptide of sequence

arginine-glytsitien axgp drtaed  RGDittAedbedints ol anotivescaimplodingsiitotte paricknonsSasiarocarrier has
a diameter gf\ahot RRdMiEreHERBRQNHL 500 microns, preferably a diameter of about 200 microns.
10013] In another embodiment, the flowable composition further comprises a carrier fluid. In a
particularly preferred embodiment, the flowable composition is shape- retaining, thereby permitting the
practitioner [@ddhtrol depositiothto ambxdéntmiecéssarysayivelisel particptar depasitienhside {00141 In

another embadiment, {16 il AISHRUIG RIS A GHadt 9k BEAlag AL 6d eh fiseased site
on an interior lumen of a tubular anatomical structure. The method comprises the step of contacting
with a flowabl& CWBgitigﬁ%‘%S the step of contacting with a flowable composition an

extraluminal 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. In the 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 anaiomical

structures, corresponding non-luminal sites are within the scope of the present invention.

{6015} According to one embodiment, delivery is accomplished by traversing or
penetrating an interior wall of the tubular anatomical structure and then depositing the
tflowable 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



extraluminal 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, ala%éggr&%ed an extraluminal, surface can be an exterior or perivascular surface of a
vessel. For pﬁgrposeé & this invention, non-luminal or extraluminal site is%%?geé%%%ﬁ an interior
surface of the lumen. In the 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 structytes:GOFRSPRRANNG AaRluBinRb SRS AGIMIIA MsReaReRf dhagresent invention.

[0015] According to one embodiment, delivery is accomplished by traversing or penetrating an interior

wall of the tubular-aneismicahsifselura-anditien sienasiimme:, lovwehiesnppesitesmen an exterior

surface of the tubular anatomical structure at or adjacent or in the vicinity of the injured or diseased
site. According to giwticer evinbakdimenith the imethyic:furthectataprses e steptidyicentifying a site for
6 WO 2006/062871 PcT/US2005/043844 depositing the flowable composition on an extraluminal
surface of the tuboigrerabrionsitalssargetupésikd dor dirging o eidirtidime rstethénigrettifying step occurs
prior to or coincident with the traversing or penetrating step. The identifying step, in one embodiment,
is accomplished b%ﬂh@é%gﬁ:ﬁ@@@&ﬂif%ﬁg@téﬁﬁﬁ ERBEYENS embodiment, is accomplished by tactile
palpation. [00161 In one embodiment, delivery is accomplished by entering the perivascular space by

percutaneous admjnistration and then depositing the flowable compaosition an exterior surface of
e e S R R R RS

the tubular anato triicture at or & jacéent or inthe " Victni S&d state.

According to another ephodinedt, s A nelas Mtk apRsises MBERA iapiligg @ site for

depositing the flo

on ap exterior surface of the tubular anatomical siructure at or adjacent or in the
vicinity of the injured or diseased state. According to another embodiment, this
10 meihod 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 oceur 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 accompiished by tactile palpation.

15 10617} 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 ﬁ)

* another preferred embodiment, the blood vessel comprises a stent. In yet anther

20 preferred embodiment, the treated tubular anatomical siructure 13 a non-vascular

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



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 {00X#eAseomding to various embodiments of the method, theP€ti@RYIBsaLRgeE 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 to another preferred embodlment the blood vessel comprises a stent. In
yet anther 20 preferred embodiment, the#es SRR Heasttucture is a non-vascular
structure such as, but not limited to, a fallopian tube 7 WO 2006/062871 PCT/US20051043844 Brief
pescription of he MgHINIBO0L |y O&tﬁ&&t@@éﬁ%@&t@tﬂvm't&re@ttt%ram&g@rﬁrgg to an

illustrative embodimen oft e |nvent| Detailed Description of the Invention 5 [00191 As explained
herein, the inventiquis.Based opihedisgpyery that a cell- based therapy can be used to treat,
ameliorate, manage and/or reduce the progression of clinical sequelae associated with vascular
interventions or cardiovascular diseases, partlcularly occluswe thrombosis, restenosis, intimal
hyperplasia, inflammation and vasodilalighildhB dsmmpti sphefits from the additional 10

discovery that a heretofore undescribed flowable composrtlon for example a particulate formulation, is

capable of sustainii§ ¥Eorfiuemipopd kamen, dic dovrelntis bribfeordhs diseptsay this £efiposition

comprising cells engrafted in, on
based therapy can be used to freat, ameliorate, manage and/or reduce the progression

of clinical sequelae associated with vascular interventions or cardiovascular
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 exampie 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.



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 viabilit;)V & %?lﬂemi?ﬁ%ﬁlantable flowable composition's engrafted cells. ‘?%g[?esé%%{%sss%resented
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 @winﬂép&cﬁﬁ%@rg‘&%ﬁa&&t%@ﬁ}mw Jdheipresent invention. 8
WO 20061062871 PCT1U&20051043844 [0020] Accordingly, a cell-based therapy for clinically

managing vasculahRienMeRlionsALi sadiayaseiasise ssasdassihean davslansd-An exemplary
embodiment of the present invention comprises a biocompatible matrix and cells suitable for use with
the treatment paragigsis:aasefdedheseiinepicilicaty-itonkiscprafetiiterembosihents the
implantable flowable composition comprises a biocompatible matrix and endothelial cells or
endothelial-like celistabicafootizerwiihsieriedianmib pdindeptisthestriplahtatie fipwaiblaibonmpasition
comprises endothelial cells or endothelial-like cells, preferably human aortic endothelial cells and a
particulate-tyfe biseémpagbibogiment the TopRajabipliaable BEpapiéoaiepBEMSA of the present
invention comprises cells engrafted on, in and/or within a biocompatible matrix. Engrafted means

securely attache PPEEIFHS e anesHHAIF eatothsinliralines Fadptiriidud welistnid emi@eivithstand the

igors of the preparalory panpuyations dsclosed efelt, A SXRANGd, elseunere hfely, on operative

cells or endothelial-like cells, preferably human aortic endothelial cells and a

particulate-type biocompatible matrix.

10 [06231] Implantable flowable composition of the present invention comprises celis
engrafied 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



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 thatvigrameired s that implantable flowable composition compriS€bER31a¢ #itet 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 lantable able composition of
the 9 WO 2006/0B287 IDYeTiends sompsashst thsadeh] ?ﬁ‘?\lférﬁ?&?g gﬁ’&d& i éE’ﬂ?%“%x?B%le cells

engrafted on, in and/or within the bioco atlble rix are.able to ly; to th tubu natomical

structure multiple® ‘Géﬂ%%geﬁ%%ﬁelﬁ %Vs?ﬁgﬁéal prgﬁ%ﬁ%r%%%lggcr% ?f/%lo 59%%@?& back

control. As describ els wh herel G Wi tﬁglg aiflowable
Slite R e e

composition are &R Kils end%}tﬂ elia Loca of muitiple compounds by these

cels and 2 physiolagel FYPATE ARSIOR, LS, Mgk EESYE- EaMlAoB AR RiaResses

responsible for malntalnlng a functional luminal endothelium. Importantly, the endothelial cells, for

example, in the igRlapiable-flowablecompaniiianeidmmEasenkiwantiabardproteeted from the 10
erosive blood flow within a blood vessel's interior lumen because of its preferred placement at a

non-luminal or exralupinaksien@0R3ithecinpladtable lowatld gainpositidoshigheopidsent invention,
when wrapped, deposited or otherwise contacted with an extraluminal or non-luminal site at, adjacent
or in the vicinity ofare igfisteiroregidedsed thegabhsnseespruablofor maintaining a functional

Tuminal endothelium. Importantly, the endothelial cells, for example, in the

implantable flowable composition of the present invention are protected from the

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

placement at a non-luminal or extraluminal site.

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

15  reestablish homeostatis. That is, the implantable flowabie 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 exiraluminal or non-luminal surface can be but is not

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

10



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 condugiye to Promoting functional interior lumen. As contemplated he}'{?in tlfbular anatomical
Yo 2006/0p2871 L : i BCT 2003 2 -
structures are those "having an interior luminal surface and an extraluminal'sufface. 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 npAyMingl-sUAcE camhg-put iRk iRitack o Hme¥eles stifase phatubular
structure as described elsewhere herein. 10 WO 2006/062871 PCTIuS20051043844 100241 For

example, endothghabsalips 2 alEmseoamisienadoty:obagabisdial itepembinakianeaan inhibit or
mitigate adverse physiological events associated with acute complications following vascular
intervention or caidipvascpliasithaefsiowias exemplifisd-hereon @ canipesstickarairtawetiiod of use that
recapitulates normal 5 physiology and dosing is useful to enhance endothelium functionality as well as
promote long-teraxpapéifiey bérsiich homensermdothéliwathod phies inatreatpigratinohides depositing the
implantable flowable composition of the present invention at, adjacent or in the vicinity of an injured or
diseased tar§et argsigiesnanddpsainpieluriefaisor aateibaispafaetiosphsy 8 W Rimen of the
subject vasculature. 10 When deposited or otherwise contacting an injured, traumatized or diseased

blood vessel, th@ QRSO P B AR SHFALRIYE O FHTEar BRiRte GFeMFiregulatory

compounds o 1 Sher sesRale, o, bl o e ndiing soal puscl ol i

invention prOVideasi,aa%ng;%%tgé%z the vicinity of an injured or diseased target endothelium, for
example, in the perivascular space 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 undertying
smooth muscie cells within the blood vessel. While outside the biood 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).

{6025] Treatment of an injured or diseased blood vessel with a preferred
embodiment of the present invention can encourage normal or near-normal bealing
and normal physioclogy. In contrast, in the absence of treatment with a preferred

20  embodiment of the present invention, normal physiological ﬁeaiing is impaired, e.g.,
native endothelial cells and smooth muscle cells can grow abnormally at an
exuberant or uncontrolied 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

1



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 REQRM$/ AT hormal physiology. In contrast, in the absence F{PeatiEHP4HH 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 aisevention.or saudlovascular, Jasase Aseningly. as sonlemapieg berein

treatment with the e tlowable composition of the present invention wi t iIn normal or

near-normal Il WO-2006/06287 FRETIISAAARA43844 fspling alnatuadissue,sy the site of vascular

intervention or cardiovascular disease, for example, sufficient to maintain normal or near-normal
vessel patency. [0026] The implantable flowable composition of the present invention can be placed in
a variety of configyestiehs ahéheplaseblatiivertblbedtrgatétod hithe pselsitarvedibe conacted in whole
or in part; for example, the implantable flowable composition of the present invention can be applied to
the vessels circunéredtiallyveristyarf eoefigonliguratiths. vrsrubzariody taljebe Theupiss oith an
amount of implantable flowable composition sufficient to improve functionality of the vasculature.
[0027] For purpos®§ eptinstpidaahols st Gt Sitaame b inpikahedlorareBagSHtdracting with
an extraluminal or non-luminal surface as defined, elsewhere herein. In_the case of certain preferred

embodiments, actFAIBHSRER BUHRECE AR SHSMHT SHELRIFFBREY 8hiB8Rifents, actual

physical contact i preferred. Al hatis fegpired 10 practice e I SeNLINVG MO Ruvie

flowable composition sufficient to improve functionality of the vasculature,

[0027] For purposes of th.e present invention, contacting means directly or

10 indirectly interacting with an extraluminal or non-huminal 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 depesition 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-
tumina]l 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-laminal
surface. The present invention is effective to treat any of the foregoing clinical

manifestations.

12



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 diseaggg Qfﬂg;df%%s, a diseased or injured site can clinically manif E&‘R@: QS}E}%J?r 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 inverjtiozsis affebitientatiy ebthariynphifhfo ko cinipatitvabifasiatienrs: 12 WO
20061062871 PCT/EtS2005/043844 100281 Embodiments of the implantable flowable composition of
the present inveritiventan dse bpaidtdcamytabular smaioicd sttt ey likgirteivetional
therapy to maintain homeostasis. As contemplated herein, tubular anatomical structures are those
having an interior fipalosupatEnditanapsisifal Ofrtaaleams Shrain Sislaf asstomsedurposes of the
present invention, an extraluminal surface can be, but is not limited to, an exterior surface of a tubular

structure. In certafiFiGBER A thost dngrnitnisrior lemind seths and s PermiBmaRbPcRMayer: in
certain other structures, the interior luminal syrface is a nhon-endothelial cell layer. The present
invention is eftectVE B RTSH & BIRRTSITdaF FERL S AL ot MRS T e, 100291
Tubular anatomicgl siyetures.nelude siruetures shihe xeseular ystem, the, reproductiye system, the
genitourinary syster, the gas%romtesﬁnal system, the pulmonary sys‘t:em,'t e respiratory system and

the ventricular sysiem.gEthg brainiand-SRINALARL: RERIGRSRIANY e IRMIP G o JPMia, anatomical

structures include
structures, the interior luminal surface is a non-endothelial cell layer. The present

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

10 structure.

[0629] 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 anatém;icai 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 faliopian
tubes, uterus, vagina and other passageways of the female reproductive tract, the

20 vasdeferens and othér 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 occwring such as but not limited to a surgically created

anastomaoses.
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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, bliary tracts, the
ureter, the blaH8S*OMEMrethra, the fallopian tubes, uterus, vagina and otﬁgnggggiéséﬂe\?\?%s 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 pragpis nyEQlon, AR ARAIGIARSIHUER GABrRAEAln AeUITIg Of
ring

non-naturally occu such asbut not imited to a surgically created anastomoses. 13 WO

2006/062871 PCTI|QRR0RA3S4H {0030k 48iw oskanRRisgased sadpthelitmlncataifipisferred

embodiments, vascular interventions resulting in vascular injuries susceptible to treatment with the

present invention ipgduiie ibviraiennailinitad tecaopibpiastyo aftpesptomythuastutay, wiending including
bare-metal and drug-eluting stents, vascular bypass surgeries 5 including arterial bypass grafts and
peripheral bypass graffiagiciaditrabselantaiion] danerbvemobetis iscaadboties sagetkar anastomosis
formation, arteriovenous, peripheral and other graft formation, and subsequent vascular
access-associatedingudiasaitcialdingasesaibs sudiosiirherrd A traTh gralic osemdransplasetion: dialysis or
other interventional therapy. Each intervention results in a degree of injury to the 10 endothelial cell
lining of the vasculBRSEATERCYH BERH2 BT PFE AL AL PTIINER SR pR e 8L %% e of biochemical

events resulting in a variety of clinically ,i entifiable%?séguelae, including but not limited 5) occlusive

thrombosis, restenB&PRSFHATA PHe QAR AR O R RS A T AR HIRACT SRt Filiscle cell

injuries, including needle sticks incurred during accessing a vesse! for dialysis or
other interventional therapy. Each intervention resuits in a degree of injury to the
10 endothelial cell lining of the vascular lumen. In turn, the injured vascular lumen
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 muscie cell
proliferation, vascular remodeling, vasodilation and the formation of vuinerable

15  plague lesions.

[0631] Thrombosis or occlusive thrombosis is associated with platelet adhesion,
aggregation and organization, occlusive thrombosis is generally associaied with an
organized thrombus. Thrombosis is characterized by loss of blood flow inthe
thrombosed area. Endothelial or endothelial-like celis 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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proliferation, vascular remodeling, vasodilation and the formation of vulnerable 15 plague lesions.
100311 Thrombosis or occlusive thrombosis is associated with platelet adhesion, aggregation and

organization; occlusive thrombosis is generally associated with an orggiizadihromiwus. Thrombosis is
characterizegpbadess2efiblood 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 t{g tggaﬁggu\é@ﬁghrgﬁsﬂfﬁuﬁﬁm%&aﬂwo 2006/062871
[00321 Stenosis!%}anggﬁg?lsn ima ﬁ?pe’rplasia and smooth muscle cell proliferation are

characterized by obstructive lesions o {he byesuet avblosibveisdr bessritel With EXRuberant
smooth muscle E8R'YFGWHN into the lumen. Endothelial or endothelial-like cellsrée!je se qompounds into
. %egt% T .

. o . [
the lumenal area %haéi%qﬁ%ﬁ%&@m_uﬁ@@mmId@k@i@ﬁ?@?@ﬁﬁﬂ%ﬁﬁ% ¢ compounds
produced by enddthelial or endothelial-like cells include but are not Jimite t?iﬁ??ﬁr%%fate’ TGF-B

and nitric oxide. Sfengsis.ifastenesis iettimatbypersissiiais Unsitherstisele "cell proliferation are
identified, for example, by angiography, intravascular ultrasound or th?&d‘d@éﬁ nd techniques.
Treatment with tr}gdgg@wxmmblem@r@@mﬁ&%@?ﬁ%ﬁ%%%%%%ﬁnventio??giminishes the
percent stenosis, extent of occlusion and/or improyes patency associated with-thentfeated vessel.
[00331 |nﬂamma@aﬁ@%ocm@mﬁﬁm@@raﬁéﬁéﬁ\@& dseNdt o

esion and Infiltration of inflammatory cells,
neluding butnet I’;Tng];[?eg :Sd%g?r?cu!}?{(i: é?sgtgneoléitgﬂ%gye%’osis, intimal hyperplasia and smooth muscle
cell proliferation are s dentified, for example, by angiography, intravascular
altrasound or other ultrasound techniques. Treatment with the implantable flowable

s : ¢ of
10  composition of the present invention diminishes the percent stenosis, exten

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

[0033] [nflammation 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 1o a local accumulation of fluid, immunoglobulins, complement,
and other blood proteins in the tissue adjacent a site of injury which, in turm, 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
70  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

i ith the
tumenal area that reduce the inflammatory response. Treatment with

15



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 neutrophls 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:gellsigan release bydrolytis.enzymes:eytokings-chemeakings:andcgrawthfactors. In
advanced, chronic stages of inflammation, the injured site becomes covered by a fibrous cap that
overlies a core ofdipictianchnecrotic:tisswtre .cdEndothéliali arendotheliallike cellsaetease!t growth
anti-inflammatory compounds into the lumenal area that reduce the inflammatory response.
Treatment with th&<IS inplaitable flowatrie: cethpoOsition of the preseneinventivincan irfkibit the activity
anchor accumulation of inflamuaory cells. thereby decreasing production and secretion of growth.
factors andtecfd¥4si ﬁf@%&% s a?ra??li“’f”ﬁtube“ o4 fophiges tpreVelit Tedute 6F S SrriBhoratre

the acute inflainn aatory response k%g ;ngItemq{ vas]c;lglgﬁlg} injury. m ioration or_prevention of the acute

pOCTTUDT ovents ALY
inflanimator resBonse can mterrup events &lng tO cnronic Inn am?natlon there Yy niiti nrzm g

eventual ltmmial compromise.and, Q;EM%’%&H!QEQY% unetion. Additionally..ameliorafion.qr rehapilitation
of chronically inflamed tissue canreduce the risks of onset of long- term risks such as vascular

diseases includingdait-aot Limies.t0:10vitngrable-plague-oratheraselerosissAdditional diseussion of
vascular diseases. includin but not limited to vulnerable plague and atherosclerosis, are discloses: i

co-pending appirtaioh PET Al 0644090 failedbom everndate herewithi(alsd dnbwmas IAtiorhey Docket
No. 1:',L'V-O08PC -. the entire contents of which is herein incorporated by reference.

10 vulnersble plague or atherosclerosis. Additional discussion of vascular diseases, including
but not Hmited 1o vulnerable plague and atheroscleross, are disclosed m co-pending
application
PCOTUS 05744090 filed on even date herewith (also known as Attorney Docket
No. BELV-0G8PCH, the entive contents of which is herem incorporaied by reference.

15
(66341 Moreover, spontaneously ocourring carthovascular diseases which are susceptible io
freatment with the present invention nclude but are not Hmited o acute and chronic
mflammation. occlusive thrombosis, intimal hyperplasia, restencsis. smooth muscle cell
proliferafion, vasodilation, negative vascular remodeling. vuinerable plague lesions within

20 the lumen of the vascular structurs, and various unstable arterial syndromes to name but 2
few. Additional valnersble vascular conditions which are susceptible fo treatment with the
present invention include any ischemic, hypoxic or injured sinte where there is an inadequate
blood supply relative 1o demand. Vulnerable vascular conditions can result from anv injury or
repair that negatively impact blood supply. Exemplary vulnerabilities include unstable

25  arterial syndromes such as ischemia, unstable angina in the heart

16



15 [(1034' Moreover, spontaneously occurring cardiovascula diseases which are susceptible to
treatment with the present invention include but. are not limited to acute and. chronic i iiflain riation,
ocrta,.si;e thr %@gﬁ%&@' al hype piasia, restenosis, smooth. muscle cell roll'éferation vasod.,ation, t

; . : L PCT/USZN05/0438
:s_=ative vascular remodeling vulnerable plaque lesions within 20 the lumen'o Hevas&iar stru tare.

and various unstable arterial syndromes to name but a felt'. Additional vulnerable vascular conditions
which. are Susceptible to treat lent with the present invention include any =schema , hypoxic or

mittred state whergdhigreis @R dpasiesuaianlgadapPltselsliveite tanands)ainsraplaascular

conditions can result from any injury or repair that negatively impact blood supply. Exemplars
vulnerabilities inchide snsidkieni Asteinatay rdiemes siebiiag iseherdiar ohsiatiitoangina. in the heart
16 WO 2006/062871 PCT/LTS2005/043844 including a spectrum of instability ranging from exercise
induced angina torargpgdram rettmaitiit dsokdamatian pe dpharalciSoherhischent ity gwpedtrum of
conditions ranging from intermittent caludication to gangrene, bowel ischemia in the gut and renal
ischemia, to namédsat ischemis [0O3BE Pibefedin embodiments of the invention, an injured or diseased
target endothelium is treated with the implantable flowable composition of the present invention at the

time of a primary Xm?%ntegt\éentggb 4%5] cg?%%)r?nall%;ig‘rfwg{g&l]lag}/ .g}g&tlggisor gr&astorposs creation.

cerain e =0 {arge .
Such treatment ¢ nish |nju?y resu € vascular intervention, Tor exa%nple, endothelial

denuding resulting fr. 0.angio t ardin ther embadiments, the implantable flowable
%nd%ﬁ%e?iugl I%e%@é ‘X/ité&!% mg %1}%3?@ %u%@e %gmpgglc%gﬁ% gﬁﬂ{g Bres 1%

composition is administered to rescue an Injure ISeased targeten um*subsequent to a

vascular interventigg.and, devel opeRt oHRISIMARERR:380HRIRE. for example, angioplasty,

stenting or anastomosis creation. Such treatment can diminish injury resulting from
the vascular intervention, for example, endothelial denuding resulting from

10  angioplasty. According to other embodiments, the implantable flowable
compeosition is administered to rescue an injured or diseased target endothelium
subsequent to a vascular intervention and development of intervention-associated
clinical arteriopathies, inchuding but not hmited to, for example, restenosis or

occlusive thrombosis.

15 [6636] 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-B.

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

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

17



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, agemiswdaedsprEvent or diminish blood clot formation, platelet abfgf&gatiévieBsther similar
blockages can be administered. Exemplary agents include, for example, heparan sulfate and TGF-B.
20 Other cytokines or growth factors can also be incorporated into the implantable flowable

composition, depending on the indication of the implant,.including.VEGFE._ to pro
reendothelializatior i HREBIETO° FE Bt ERED ?ﬁﬁ?@%%ﬁ?@%@ p’ty‘f%le%xg ?ﬁgr%&p%e%ﬁ%oggents

include, but are not limited. to, iprpliferative agents 17 W0.2006/062872 PCT 05/043844
and antineoplastic Q%Eétﬁﬁsf‘@%e?r%n]%‘l% %re%?ﬁ%c%%aﬁﬁéﬁﬁ?s ereld%w nd ﬁé%%gﬂé&%g%o

es’n paclitaxe ecoy” agents. Any of the
foregoing can be adijpistered Jagall, of sus temaeall a6k eialn aoenia.can be contained
within the |mplantab?e wa

e composition. 5 [0037] Cell Sourcé: As described herein, the
implantable flowablgbﬁl%ggg%{j[ion of the present invention comprises cells. Cells can be allogeneic,
xenogeneic or autologous. In certain embodiments, a source of living cells can be derived from a
suitable donor or multiple donors. In certain other embodiments, a source of cells can be derived from

a cadaver or frem g paak! Fo§0938} drendbediertdly, freforpbdiehib8dimblt combosiitencridothelial

cells. In a particularly preferred embodiment, such endothelial cells are obtained from vascular tissue,
preferably but not lititpuseninesiziais sorprss exin plinte wwel 6lsmengisexenogeneic or

autologous. In certain embodiments, a source of living cells can be derived from a
suitable donor or multiple donors. In certain other embodiments, a source of cells

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

10 tﬂﬁS&} In one currently preferred embodiment, cells are endothelial cells. Ina
pariicularly 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 snitable for use is an aorfic 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 celis. Yet other types of vascular endothelial cells suitable for use
with the present invention include pulmonary artery endothelial cells and iliac artery

endothelial cells.

[00391 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 fissue or organ.
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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 endgthelial cell suitable for use is coronary artery endothelial cells. Yet other types of
vascular endSthetar & suitable for use with the present invention inclu%%Tgﬁﬁ?ﬂ??ﬁ%PﬁXé)rtery
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 ysapjaranaiomic: Esaeas Sesarbed slsswhese hisrein ghsan be derived from
any non-vascular tissue or organ. 18 WO 2006/062871 PCT1US20051043844 [00401 In yet another

embodiment, endeibielialisoie gantbeceiyivesdiotsliendetieliabpepgenitansels austamatells; in still
another embodiment, endothelial cells can be derived from progenitor cells or stem cells generally. In
other preferred emabodimendsriveflSroanpbezamiverd sthelizbe etlisthateartallbgsheiprefenatjeneic or 5
autologous derived from vascular or non-vascular tissue or organ. The present invention also
contemplates anyssaiementsg orkg Khieh e gentrdil yalediat arprrdiggingior xamgiseeireet. [00411 In a
further embodiment, two or more types of cells are co-cultured to prepare the present composition.
For example, & firSt RS RV BEREISHTES BRECT BiodBHIFEHbRE MRsmnisEseRkrial and cultured

until confluent. The first cell type can gmlude, f%er‘ex%mple, sm 0%2 muscle cells, endothelial cells,
fibroblasts, stem SEFESEhHSHERPBRYEHTOT Sl 5?3?6?%%&9 LB AESP smooth muscle

cells and f'bmbla%sdd?ﬁ‘e\é8}%%%%%%!}5%@ cell type or a combination of desired cell

[0041} In a further embodiment, two or more types of cells are co-cultured to
prepare the present composition. For example, a first cell can be introduced mto the
10 biocompatible implantable materia} and cultured until confluent. The first cell type
can include, for example, stnooth muscle cells, endothelial cells, fibroblasts, stem
cells, endothelial progenitor cells, cardiomyocyies, a combination of smooth muscie
cells and fibrobiasts, any other desived cell type or & combination of desired cell
types suitable to create an environment conducive to endothelial cell growth, Once
15 the first cell fype has reached confiuence, 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 celis 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. Itis
contemplated that the first and second cell types may be introduced step wise, or as a
siﬁagle mixture. It is also conteraplated that cell density can be modified o alter the

ratio of smooth muscle cells to endothelial cells of about 2:1 for an AV graft
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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 reaelegheswrieance. The second cell type may include, for exaBfpié;apsdtishal 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 caar?’ﬂyéc?ﬂ{}ﬂiﬁer&% ‘?ﬁf‘g’f’ﬂ%e? qg 0 c}?%?’%kc‘)% rmeéség%)gil %1‘%8%88%'%% Al Cells of about

2:1 for an AV graft 1 .9 %OaggégngC%é}cﬁgT!hl%g _5/043844 application, a ratio of about 1:1 for a

peripheral bypass Fé\%p ication, or another rafo suitable for another clinical application. [0042] To
prevent over-proliferation of smooth muscle cells or another cell type prone to excessive proliferation,

the culture procedygg4an ipg pregified-cFordifxampler iplting:eaniurnceabtie éktesdl type, the
culture can be coated with an attachment factor suitable for the second cell type prior to introduction
of the second cell gype tExeapibryprlifetriantifactoisinplodeiteating thectfiede Kuith gelatin to
improve attachment of endothelial cells. According to another embodiment, heparin can be added to
the culture medlia duringleufolicevidgivenscone of Ohedlirsy pel itype e s ubinrp eatifbeagatsbitie first cell
type and to optimize the desired first cell type to second cell type ratio. For example, after an initial
growth of smooth rrtEewsiS Srrprabin ok thel ASHREEH IR CBRBFIPSHBIF B SEIREell growth to

achieve a greater ratio of endothelial cells to smooth muscle cells. . )
second cell type. Exemplary attachment factors include coating the culture with

gelatin to improve atiachment of endothelial cells. According to another
embodiment, heparin can be added to the culture media 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 ratic. For example, after an initial growth of
smoath muscie cells, heparin can be administered to control smooth muscle cell

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

{0043} 1In 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 muscie cells have reached conﬁ;aence, endothelial cells are seeded on top of
the cultured smooth muscle cells on the implantable material tc create a simulated
biood 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] Al 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 &



[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

confluence, ea%%@g#)ggzg%ls are seeded on top of the cultured smooth m%a%%%%hlg on sme
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 thabihgy ;ghiBithenheidngeeisiatiedinbenaly Resa funsiinnaiaierties. As

described earlier herein, the present invention is based on the discovery that a cell having a 20 WO
2006/062871 PC ki8R 00513844 vanekl dtteniifiabiscphep otyperydieioasteeite dnodiiiaspreferred
biocompatible matrix (described elsewhere herein) can facilitate, restore and/or otherwise modulate
endothelial cell phesiofogizbmdi/pirslsiniopy Aekioe bstasis lnsseritieslasstisitiel trethtthe beaghant injured or
diseased target vascular endothelium or an injured or diseased target 5 lumen of another tubular
anatomical structwisq dgasKrediseriroseszet vaecpias sadeihelait on 20 i wae irpletesrddaresdily
identifiable phenotype typical of cells of the present invention is an ability to inhibit or otherwise
interfere with SmoBRSH Q5aRo kel PrBlveratiomise HEdtied by the in vitro assays described below.
This is referred to herein as the inhibitory phenotype. 10 [0046] Another readily identifiable phenotype

exhibited by cells %egpr sent_compesition is that they are anti-th
ﬂi@ I*eorgputl;%oses gﬁ)ﬁ‘trﬁ TeS npﬁlt\fen ik, CIIC 5 Gegié

93%%ﬁcrd£ﬁf able to inhibit
platelet adhesion "and aggregation. An ombotic activity can etermiried using an in vitro

heparan sulfate agsay;ARGOFRAM MR AGIEAIIREAHARAR IV ABRGHREbARIPW inhibit
or otherwise interfere with smooth muscle cell proliferation as measured by the in

vifro 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 vifro

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

[6047] 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 imited to a vascular endothelial cell, a non-endothelial cell
exhibiting such a phenotype(s) is considered endo{helial-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 fimctional analogs of endothelial celly;
or functional mimics of endothelial cells. Thus, by way of example only, cells

suitable for use with the materials and methods disclossd herein also inchude stem



[0047] In a typical 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 n&¥9iR{ite6a874 vascular endothelial cell, a non-endothelial celPESXHBRIIESEEN a
phenotype(s) is considered endothelial-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 endethelil coly, or functional imies. of eholplL e, Hhuspy ey of
e t ma s distlo

example only, cell§® or use wi erials and metho sed herein also include stem

21 WO 2006106287 LTI 0001043844, sl Ahoasnlly Selsbasain s gigaipelaliie
|

cells; cells that are'non- en ehal célls rigin yet perform functionally like an endothelial cell using

the parameters sef farhihereins aelis-ahank eriginwhicharenendirearederatbepsisaisodified to
have endothelial-like functionality using the parameters set forth herein. 5 ]J0049] Typically, cells of the

present invention exhibi-are kmamakihe atoramenitoe dsphehoypesadiesepfeskhetaimonfluent,
near-confluent or post- confluent populations and associated with a preferred biocompatible matrix
such as those described herein. As will be appreciated by one of ordinary skill in the art,
near-confluent corfiddit oF yrisalivontiliosf the prastRs Aavertien SaiBiaas e 1S Wsadily by a variety of
techniques, the most common and widely-accepted of which is direct microscopic examination.

Others include evatRIEBISHIEEN PRFFHIEPION N AESE AR SN Sar A ART LRAESERANG techniques

such as but not limited to a hemagcytometer or,couylter,counter. \ ) .
confluent populatioytlls ang associateg u%th a pret%rred biocompatible mairix such as

those described herein. As will be appreciated by one of ordinary skill in the art,
near-confluent, confluent or post-confluent populations of csii.s are identifiable

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.

[0€51] Thus, using the detailed description and guidance set forth beiow, the
pﬁcﬁﬁoner 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 implantabie flowable compositions. And further, the

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

3
2



[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-confluenyenggifegliak cells as measured by the parameters set forth fhresgisholRdaddsd hus, 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 thepsresselyipEiontSthpairBing tomposicionm e diens. Ahdflitneguinsd teachings
provided herein disclose all that is necessary to identify, make and use 22 WO 2006/062871
PCT1US2005/04385%4t Sy sARIER a8t ATIER T LEn R SFralimmig o TpedHilng ARsiieR, all that is

required is that sych equivalents are effectjve @#reat, man%age{ modg#lat,e or ameliorate luminal injury

or disease, such A5 AYLEEREERIh VS8 A IR ATSRAKHR YIRS PG hse as a

non-limiting example.in accordance with the methods 5 disclosed herein. A%ho il be reciated by the
skilled practitionerg,)aé%lﬁ?\’/ag%%afr %prsﬁ%%%??n%%?% oﬂﬁlél%%%%&ﬁ%t%%n%ﬁ%%%gﬁecv&n V%ei eﬁ%‘ég‘% using only

routine experimeniatian. agether yutiihe. easbinasAipyided herein. 00521 dn geriain preferred

embodiments, endothelial cells used in the implantablé flowable composition 0f the present invention

are isolated from theraarizof BemaR Lo cadaystiHoNess vE aehigif Galls s Be:gerived from a single

or multiple donors. Each lot is tested extensively for endothelial cell purity, biological function, the

presence of bactegigckimaghdtiowsybhsrarinaib egeimhanstepiadyantitious agents. The cells are
cryopreserved and banked using well-known techniques for later

[0052] In certain preferred embodiments, endothelial cells used in the implantable
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 ot is tesied extensively for endothelial cell purity, biological function, the
presence of bacteria, fungi, known human pathogens and ofher adventitious agents.
The cells are cryopreserved and banked using well-known techniques for later

expansion in culture for subsequent formulation in implantable compositions.

15  [00653] Cell Preparation: As stated above, suitable cells can be obtained from a
variety of éssue 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 isclated 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 an_d 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



expansion in culture for subsequent formulation in implantable compositions. 15 [00531 Cell
Preparation: As stated above, suitable cells can be obtained from a variety of tissue types and cell

types. In cert%gtagé%q&qiembodiments, human aortic endothelial cells usgedirihg inglgntable
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 mpdiplesianees ansigdianiested-edtansivelpfasceatintietialkoetidapitityl, purity,
biological function, the presence of mycoplasma, bacteria, fungi, yeast, known human pathogens and
other adventitious Egéntsihd terd® Yisth 2006 R62Bi2IvRIEKHISR0051048844r butisexpadeither expanded,
characterized and cryopreserved to form a working cell bank at the third to sixth passage using
well-known techniguiisrénthfer ssbsemisivifonmsldtorin hibtomsabsbgoetaghisunaiiirin biocompatible
implantable material. [0054] The human or porcine aortic endothelial cells are prepared in T-75 flasks

5 pre-treated by the addition of approximately 15 ml of endothelial cell growth, ' r flask. Human
aortic endothelial d&fis4re Jel f BA aéifé%ﬁé‘?é%ﬁ%ﬂ%@%ﬁ@" E‘Eé’iapﬁf e@é%%e%@%&ciences,

East Rutherfog. Na). EGN:2 consitsof, Endihelial Besnl Media (E002. Caiigy Boggence

supplemented wi nglequots, whi al orcine cells are prepared in EBM-2

10 supplemented wiltvadh SR = aRdonaliphaatanicin. B llesks are.alagerdn.an, leuhator

maintained at appl%ximately 37C and 5% CO2 / 95% air, 90% humidity for a minimum of 30 minutes.
One or two vials of fhegelle areAemayaseiam the: REBRG R MOCHmezer ARk thawed at

approximately 37C. Each vial of thawed

Endothelial Basal Media (EBM-2, Cambrex Biosciences) supplemented with EGM-
2 singlequots, which contain 2% FBS. Porcine cells are prepared in EBM-2

10 supplemented with 5% FBS and 50 pg/m! gentamicin. The flasks are placed in an
incubator maintained at approximately 37°C and 5% CO, / 95% air, 90% bumidity
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  em?, preferably, but no less than 1.0 x 16° 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, thereafier, 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.



cells is seeded into two T-75 flasks at a density of approximately 3 x 103 cells per 15 cm3, preferably,
but no less than 1.0 x 103 and no more than 7.0 x 103; 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 M&AEE6353hged every two to three days, thereafter, until tR&EEFMSAEFF Hoproximately
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 aortic.e nufacture of the implantable %owable
composition of thé%%L mveénc%r? ‘iﬁl@“’éﬁ{% @‘%Si%l %6@ %%35 G58] The
endothelial cell groyyth, Wm@w&w%g%ﬁ@& %mlea%{g; elf.%é .with 10 ml of
HEPES buffered saline (HEPES). The HEPES Is remove ftrypsm IS aaded to detach the

cells from the surfaceafithedT £9 JlaskrQnsedetaeioant Raseacwsadns fiptdymainmeutralizing

solution (TNS) 5 is added to stop the enzymatic reaction. An additional 5 ml of HEPES is added, and

the cells are enumgaied DsiRgiademeey s ardd)s aflbsuspensiomnis:canivbuans andpdjusted to
a density of, in the case of human cells, approximately 1.75 x 106 cells/ml using EGM-2 without

antibiotics, orsin threaddsttofipontia eregiisstiapprticin atalydiHodnall Ot icef HRRsin gdE&EV bt
supplemented with 5% FBS and 50 10 pg/ml gentamicin. [0056] Biocomnatibie Matrix: According to
the present inventisreebnarpeaterrstied mhoglimhemnvaftmsiantalile fdlvatilensomisasitioifugeprises a
biocompatible matrix in the form of a gel, a foam, a suspension, a microcarrier, a mlcrocapsule a

flowable fibrous SftiediREcdimisrsable %thh@@dé%}mp%m@wmxhgs x 10°

celis/m! using EGM-2 without antibiotics, or in the case of porcine cells,
approximately 1.50 x 10° cells/m! using EBM-2 supplemented with 5% FBS and 50

10 ppg/ml gentamicin.

[6¢56] 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 if bioerodes.

20 [0857] 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



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 preferabbyssigmast about 28-90 days before it bioerodes. 20 [OBSTPEStPIseses 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 %%:ti_on are a,k:sgo 25 W% 2006/062871
POT/US2005104 382 piated iiEREd ASPRAm ARHABTRESHPRL PR PRSTERR M SREWH AT matrix for

use with an injection-type delivery devjce capable of eitg;ker ndovascular a%nini trati%g.b navigating
o 1 2 . i ti
along the interior |é’ﬂa%ﬁib*fl%r88§3@ees‘i%‘fvéﬁﬁicﬁéf’ a a%é’oS%g‘i{é’%.H.‘é TatiGh’is contemplated

herein. A preferred flowable composijtion Is s IRING: Iaglel composition
comprising cells eibgr%%}qe%? |W%£?i%i i%?emégar%%?c%%gé r%’%‘?ﬂgg% é%%ﬁgf%%? %é&%%%%%ormulated for

use with any injecighf JRINEN IS AARIAINAGR NSl 2RI USHALHBNIEBLLOM 22
Inien

gauge to 26 gauge, a needle ranging gth from about | to 20 mm, A preferred injectable delivery

device is capable qtgglivering ahoiLbRrnasalunplanRie doRamclalediatagalfraniaining about 1
million cells in about i to about 3 ml of media. (00591 According to a currently preferred embodiment
of the present invegiiaabidhartiovlakl maein positcarghimidisesia ibibeanipatife partdiiate matrix suc

as Gelfoam(r) particles, Gelfoam(r) powder, or pulverized Gelfoam(r) (Pfizer Inc., New .
injectable delivery device containing a needle ranging in internal diameter from 22
gange to 26 gauge, a needle ranging in length from about 1 to 20 mm, A preferred
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 m! of

media,

j0038] According to a currently preferred embod.iment 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 & 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

26



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 a’%%?g?fmﬂ%gc%rding to alternative embodiments, the biocomp%%imés' {aitdble particulate
matrix is 20 comprised of modified alginate particles; a biocompatible polymer such as a synthetic
polymer degraded by hydrolysis, for example, polyhydroxy acids like polylactic acid, polyglycolic acid

and copolymers therenf: Relvorhassters;alaRdies: RIteiRs AYekLAS gslati gollagen, fibrin gel;

or carbohydrates or polysaccharides such as cellulose and derivatized celluloses, chitosan, alginate,

or 26 WO 2006/0628%4IRGTH#S2005/043844- sasebinations thgteaboAkipsrmatial matrix is a

material that is capable of gradually disappearing over the course of several days, weeks or months
after administraticiehibeafiowable-civnpbiitompdiidsaterat drgoadatiomn Arpeigenan dhehe
biocompatible matrix chosen and rates of degradation can be modified based on the 5 nature of the
treatment and clinkat@irpeihBtances f8e9iicedss vfgitgranaite canib adidiéat, thednptastable
particulate matrix can be a modified particulate matrix. Modifications to the implantable particulate
matrix can bebselaetad b optireiizacaharerctnisshtioidgaiatsrsof the cells, including the cells' phenotype
(e.g., the inhibitory phenotype) as described above, when the cells 10 are associated with the

molanable bl o AEeoaglecn aRbI e edEtone e mpanate
enhance the ability of he.; el ia:nhibl SMaP M bkEES:Sal B RUTGration.R desisase inflapmation, to
can be selected to optimize and/or to control function of the cells, including the
cells’ phenotype (e.g., the inhibitory phenotype) as descri.bed 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 faciors include, for example,
fibronecitin, fibrin gel, and covalently attached cell adhesion ligands (including for
example RGD) utilizing standard agueous 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.

[08060] 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

27



increase heparan sulfate production, to increase prostacyclin production and/or to 15 increase TGF-81
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. Adevtiomasmeettradhesion ligands include peptides having cell adi¥8sigsa%sSa4ition
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 ex le, fibrin gel, alginate,
polystyrene sodiuni b ARTETHRITOSPITS: g&,ﬁ{%@%ﬁ E%@%%ﬁf%ﬁ“&%% /043844
coated dextran microcarriers, PLA/EGA. and.p /MMA copelymers (with . polymer ratios ranging
from 1-100% for eé’&‘s'gbeﬁéﬁlr%seﬁ?%%%%?o&ﬁwé" o%?g?gﬁ%% o ror?g%lﬁﬁﬁe%?? ﬂ%%%g é}%ﬁrlg%a %articulate

matrices are modifie tod{fn%li%d% t&gﬂ{ﬂﬁ%} é%gg@agﬁgpﬁgg%e%gﬁiﬁ%&tg%{cgﬁggd and described
, S ;

O | . L
above. Exemplary attachment actors include, for example, gelatin, collagen, fibronectin, fibrin gel,

and covalently attaghed cell adhesion dgands nchuding BGE) siHizing-slansayt.

carbodiimide chemistry. Additional cell adhesion ligands include peptides having cell adhesion
recognition sequengeshinshigiBaRENAkdIMitat8iRGRYRED ¢ GRORKIGRBEGR, GRGDY and
REDV. 10 [00611 According to another embodiment, the implantable particulate matrix is physically
modified to improve®eliatitachmpeat.cAlk adrdiigntiizandséindiodingautiipetinplgatatdedarticulate matrix
is cross-linked to enhance its mechanical properties and to improve its cell attachment and growth
properties. Accordingutows padfediauide chemistry. Additional cell adhesion ligands include peptides

having cell adhesion recognition sequences, including but not limited to: RGDY,

REDVY, GRGDF, GPDSGR, GRGDY and REDV,

10 [0061] According to another embodiment, the implantable particulate matrix is
physically modified to improve cell aftachment. 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 o a preferred
embodiment, an alginate particle is first cross linked using calcium sulfate followed

15 by a second cross linking step using calcium chloride and routine protocois.
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 mairix have a diameter of about 20 um to about 1000 pm, with a preferred

28



embodiment, an alginate particle is first cross linked using calcium sulfate followed 15 by a second
cross linking step using calcium chloride and routine protocols. According to another embodiment, a
source of he%i%&)& %@ran sulfate, for example heparin-sepharose, is '%%%Q%&S§SAQ}° the matrix
prior to cell culture. [ 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 thg-anerbreeha suiiable :peedies asmdaliseg-dersiny Actarsingtavapeierred
embodiment, the particles of such a matrix have a diameter of about 20 pm to about 1000 pm, with a
preferred 28 WQu#006/062871 PCTIUS2005/043844 diameter of about 100 pm to about 500 pm,
most preferably a diameter of about 200 PM. [0063[ Each patrticle of a preferred particulate matrix
should have at least one cell adhered to its surface, preferably maore than one cell. Accordingly, each

particle 5 should [#8¢8}a dtashawstirdtgée Prafroe Bpractnts gtz sbrtirhenatheeems 2! For

example, endotheljal cells have a spread djameter of approximately 1 ; to_encourage attachment
of more than one®SRTSHEIH E‘éﬁﬁfaﬁf’é’fﬁ%ﬁé ,@8&?}%%&8%0éﬂo%‘ﬁfy’?fg"%%aaﬁ%ﬁaﬁ?ﬁ{?n diameter.

100641 Pref%re?%ég)r#%ﬁvmab&% Ier}?c?rgalg t%;anﬁ g'@%@?gg&@%ﬂﬁﬁ%@d ho%reglQéﬁjfyg%zgrgmmately

50-60 mg of 1618 Hre prac‘?e%ﬁm o individua m vergreen, ngeles, CA)

with 0.2 pm fiter eapg, |0 erdgeiLeees, e eLRAbeAK eSS Aing fRdiaghanges, culture
tubes can be mo§| e E)y, %r exaimple, addir?g% filter to the capggrea or tét?%n i%%e’rior portion of the
culture tube to encourage attachment of more than one endothelial cell to a particle, each particle

should be at least 20 um in diameter.

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

10 approximately 50-60 mg of Gelfoam particles are placed into individual 50 mL
tubes (Fvergreen, Los Angeles, CA) with 0.2 pm filter caps. In order to reduce the
nuraber of particies lost during media changes, culture tubes can be modified by, for
example, adding a filter to the cap arez 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
pérticies 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 particies
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 antibictics 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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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 Ye t8r9&%Ibe that can be opened and the media poured gﬁWﬁ?@ﬁ%’fbing 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,ip, SGM. 2 wiihon aptRiole . 3RRHHVBRIRL. Srits ATLAN G936 air for 12

to 24 hours. Aquuo%g approximately 50-60 mg of particles are then removed from their re-hydration
29 WO 2006/0628¢d. fily Avéﬁgﬂé{aﬂéééﬂ? sentaisrs andiptacad fedndividuridissnie euifure dishes.
The aliquot of particles is seeded at a preterred density of 2 x 103 to 2 x 104 cells per mg patrticles.
The cells- matrix mixie isipipetiesiysraand dawaosayarakiimesciaddoma uniform susgehsion. The'
tubes are then incubated at 37C, 5% C02, 90% humidity with periodic agitation 5 for 3 to 4 hours to
facilitate cell attachThenibAiaacdiicnalitie 208 FGM% (505 &%abldsiipe midbeetirit agEdizovolume =
10 mL), resulting in a final particle volume of about 5 mg particles / mL media. [00661 The media is
changed everystwofto 3hreé iaysidiibitierslaththmesl A haddiveseht ek o 2isthencells in one
preferred embodiment are preferably 10 passage 6, but cells of fewer or more passages can be used.
[00671 Cell Growtredied/penibaEntlinpée valeampl&0orinm prartdntd T s Al B2t Ne fs 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 groﬁﬁ?‘éﬁﬁ@é&y&'gﬁ@ﬁrﬂ@é&lﬁ%'

[0066] The media is changed every two to three days, thereafter, until the cells
have reached confluence. The celis in one preferred embodiment are preferably

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

[0067] Cell Growth Curve and Conflugnce: A sample of implantable flowable
composition is removed on or around days3 or4,60r 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 fo 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 ordMy skill
will appreciate the indicia of acceptable cell growth at early, mid- and late time

20  points, such as observation of an increasé 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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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 PR5Z085/ M2 s example, the implantable material is in a part?ﬁ‘EITéEt'é Ffﬁ‘?‘%‘énerally, one
of ordinary 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 abauidRYbel 8401 Jalevea bk aaacoRRuRILoPHARBLVIRA RGO FIC. 1,

between about days 10 to 13), followed by a plateau in cell number once the celféE ave reached

confluence (when geeedngu@iéheh ref QR %quogagm@gmgg%/g)&g%4 fetween about days

13 to 15) and maintenance of the cell number when the cells are post-confluent (when referring to
FIG. 1, between apumbstays th tecia)t hoenpuipasescphiitopieseioh eentigiaeall eRulalions which
are in a plateau for at least 72 hours are preferred. 5 [00681 Cell counts are achieved by complete
digestion of the alibew# draptafimabde flowable composition with a solution of 0.8 mg/ml collagenase
in a trypsin-EDTA forGelfoam particles or a solution of dextranase and trypsin-EDTA for Cytodex-3

particles. Afteg me | géh volume of the digested implantable flowable composition, a known
volume of the tell @'E’gégn 'Sﬁﬁg“&ﬁ%éﬁ%?ﬁ‘&%% FrRliaAisrEmof SeIriepSan blue) and viability

assessed by trypan blue exclusion, Viable, non-viable and to% cells are enumerated using a
R B it e

hemacytometer. Grow RlsUduanle composiion SIS ofUaBRESSENS Yersus the

number of days inulien Gl A6 shiRPSSAR IR ANed AL IeAcing Sonfiuence,
for Cytodex-3 particles. After measuring the volume of the digested implantable
flowable composition, a known volume of the cell suspension 15 diluted with 0.4%
10 trypan biue (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 ieast 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. I the cells are determined to be confluent afier performing in-process

checks, a final media change is performed. This final media change is performed
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[00691 For purposes of the present invention, confluence is defined as the presence 15 of at least
about 8 x 103 cells/mg of biocompatible particles, preferably about 7 x 105 to about | x 106 total cells
per aliquot of 50-70 mg particles with viability of preferably at least about 90% but no less than about
80%. Cell vialwltessakteast about 90% preferably but no less than about®BOIFSHERE4ERHS 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 medi ange is performed.
This final media chaRgE iR P@i@@mﬁ@ﬁfﬂmﬁﬁﬁfﬁ(i%ﬁ% EGM-2
without phenol red and without antibiotics. Immedjately following the media change, the tubes are
fitted with sterile pﬁi@‘EE‘QFEE%%%%?F]6’.3%8%73’1%%@&?2%&3%&%%é?)ﬁ"asﬁ’t??%l& purposes of the

invention described herein, the implantable flowable composition is further tested for indicia of 5

functionalty prior tpmplagliof QARG EeNdmaUn R B salRsiatsdasian the culure

period to ascertain levels of heparan sulfate, transforming growth factor-c3, (TGF-P1), basic fibroblast

growth factor (b-F&Eanc Ritiaexile Mdvebi-amenpiatiket by-the rultdid edidothelial cells. In certain
preferred embodiments, the implantable fiowable composition can be used for the purposes described

herein 10 wheg totaheelimnumbenisaidesatahoutiar preferdblyetidastdipedigee $0Beceis/cm3;
percentage of viable cells is at least about 80-90%, preferably ?90%, most preferably at least about
90%. Heparan sulfdserip forditioneeriné thaiscanie isteibolitcpasny VipisferapiraiteasedBout 1.0
microg/106 cell/day. TGF-131 in conditioned media is at least about 200-300, preferably at least about
300 picog/ml/day; EF@GH: (TGF-B), basic fibroblast growth factor (b-FGF), and nitric oxide whith

are produced by the cultured endothelial cells. In certain preferred embodiments,

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/em’;

percentage of viable cells is at Jeast about §0-90%, preferably 290%, most

preferably at least about 90%. Heparan sulfate in conditioned media is at Jeast about

0.5-1.0, preferably at least about 1.0 microg/1 0° cell/day. TGF-B; in conditioned

mediza 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.

[6071] Heparan sulfate levels can be quantitated using a routine
dimethylmethylene blue-chondroitinase ABC digestion spectrophotometric assay.
Total sulfated glycosaminoglycan (GAG) Ieveié are determined using a

20  dimethylmethylene blue (DMB) dye binding assay in which noknown samples are
compared to 2 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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15 in conditioned media is below about 200 picog/ml, preferably no more than about 400 picog/ml.

100711 Heparan sulfate levels can be quantitated using a routine dimethylmethylene

blue-chondrdkih aes/@@R21digestion spectrophotometric assay. Total sulfar€@/ghpesgragidoglycan

(GAG) levels are determined using a 20 dimethylmethylene blue (DNS) dye binding assay in which

unknown samples are compared to a standard curve generated using known quantities of purified

chondroitin sulfate diluted in collection medi{aﬁgﬁ itional samples of conditioned medium are mixed
[

with chondroitinaSBHABE PTG AL BASHARS FRSTERes v S o RssIoRYES e
PCF1US2005/043844 sulfa rior.to the addition of.the. DMB color nt. All absorbances are
determined at th eéﬁ%%%%ﬁ%t{\%v%e\?e engfﬁ%gsaf)’? eé‘ﬁ%é %bfﬂ%%aﬂﬁ Igcfo yceém%y\?vﬁﬁxt%ew%%% standard,

generally around é;@_@?ag#eqaé (;géhee,%mmtg%%5@%m%§§g Leniblon 00 geg??%‘%nhfgﬁé( s

calculated by subtracting t ncentration of chondroitin 5 and dermatan sul e total

sulfated glycosanjgogjycan sergantialitninesopdiisned:pesiunhsamaies Fhondrsiinase ABC

activity is confirmed by digesting a sample of purified chondroitin sulfate. Conditioned medium
samples are TorrgueldaRRIOPIINMRIY-less thanshek ol fhespuiHitvehoasiaitin.sutiate is digested.
Heparan sulfate levels may also be quantitated using an ELISA assay 10 employing monoclonal
antibodies. [0072&chifefidd medibal-GinpéselSlomdddtiguantifaktisiyg ettt hgsay employing
monoclonal or polyclonal antibodies, preferably polyclonal. Control collection media can also be
quantitated using dgeBliSHsasgdy cinutisdcmples tioowleted GuplidpriatelpdomTGEdleand b-FGF
levels present in control media. ‘

corrected appropriately if less than 100% of the purified chondroitin sulfate is

digested. Heparan sulfate levels may also be guantitated using an ELISA assay

10  employing monocional antibodies.

[6072] TGEF-P; and b-FGF levels can be guantitated using an ELISA assay
employing monoclonal or polyclonal antibodies, preferably polyclonal. Control
collection media can also be guantitated using an ELISA assay and the samples

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

15 J0873] 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 (NOj3) and nitrite (NOz), can be detected using routine photometric
methods. The Griess Reaction assay enzymatically converts nitrate to nitrite in the

20  presence of pitrate reductase. Nitrite is detected colorimetyically as a colored azo
dye product, absorbing visible light in the range of about 540 nm. The level of nifric
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



15 [00731 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 bregkdewsmngsnducts of nitric oxide, nitrate (1-403) and nitrite (RO2yiseensdpsadetected using
routine photometric methods. The Griess Reaction assay enzymatically converts nitrate to nitrite in
the 20 presence of nitrate reductase. Nitrite is detected eolorimetrically 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 convErRAGRAI i FeRE R SRFRETAHERPRTTHG the THRI%E0 SLEHBSA6TSE Kitfke in the
unknown samples, and then 33 WQ 2006/062871 PCT/US20051043844 comparing the resulting
concentration of nikEMbHEERFAHHTARGRVRIAA WSy known quantities of nitrate converted to

nitrite. [00741 The earlier-described preferred inhibitory phenotype is assessed using the quantitative

heparan sulfate, Tif) MR aRAOIERE Assasearhas) aheysy 82 Suuekas ugaiiative invitro
uscC

assays of smooth e cell growth and inhibition of thrombasis as follows. For purposes of the

present invention, impianiakladawaliaraermesitionvs wary torgrpiaalatinehar.bne,as more of
these alternative in'vitro assays confirm that the implantable flowable composition is exhibiting the

preferred inhibitorypirgnaipeatOdO0vdd Inevaliatedihibiior oflsaroath adsatébidhgfowth in vitro,
the magnitude of inhibition associated with cultured endothelial cells is determined. Porcine or human
aortic smooth museiecatiisiaee fphreelyRe ptedsrs 24 trefirissucnvettive, plapbmitshls owtblanuscle cells
growth medium (SmGM-2, Cambrex BioScience). The cells are allowed to attach for 24 hours. The
medium is then replamgdsiiith srraadshfor implantation when one or more of these alternative in vitro

assays confirm that the implantable flowable composition is exhibiting the preferred

inhibitory phenctype.

10 [0075] To evaluate inhibition of smooth muscle cell growth in vitra, the magnitude
of inhibition associated with cultured endothelial cells is determined. Porcipe or
muman sortic 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 mediwm 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 exampie, 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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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 medig@angaddad,to the cultures. A positive control for inhibition gé%g%mgéﬁle 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 additiofstad&eaditonkcheidivith swvidhvihadalthe sthitienoffgruveayfacad€Xprisure to conditioned
medium, and to control media 34 WO 2006/062871 PCTIUS2005/043844 (standard growth media
with and without tmegadditiorf ofhghtwthefastors) Tk tmagnitidecd irhibitiampéssoeiated with the
conditioned media samples are compared to the magnitude of inhibition associated with the positive
control. Accordingpreparpiéteiiethegniudt vidahibiéopmsrantaibiewiBiabRoBEHp®siEion is 5 considered

inhibitory if the conditioned media inhibits about 20% of what the heparin control is able to inhibit.

[0076] To evaluatéSFHBRBE BPISTEFRICSO TR, the epkrtiticfarshis semecdiéddiated with the
cultured endothelial cells is.determingd. Heparan sulfate has . both anti-proliferative and
anti-thrombot#c propettas’ fjg‘&?&%?{ﬁeg %Oggfﬁ Blﬁgfﬁé S Eﬁ%% S @AtHtroitinase ABC
?ﬁ/, both assays are described in detail above, the

spectrophotometrﬂc assay o qqﬁ%@@ .aﬁﬁ
concentration of hecBaran Sulfate per 108°¢Efs 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.fhgneeferabiyatieashahau dfHRISIQMIOR cals/@R)evel of heparan sulfate

associated with the cultured endothelial cells is determined. Heparan sulfate has
both anti-proliferative and anti-thrombotic properties. Using either the routine

10 dimethylmethylene blue-chondroitinase ABC spectrophotometric assay or an ELISA
agsay, 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 invoives determining
the magnitude of inhibition of platelet aggregation ir vifro associated with platelet
rich-plasma. Porcine plasma is obtained by the addition of sodiwm citrate to porcine
blood samples at room temperature. Citrated plasma is centrifuged at a gentle speed,
to draw red and white blood cells into 2 pellet, leaving platelets suspended in the

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

arachidonate, ADP, collagen, epinephrine, and ristocetin (available from Sigma-
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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 cenfﬁfﬁ@‘@&’%ﬁbentle speed, to draw red and white blood celldhts Bﬂeﬁ‘i%‘%t?ﬁ‘&e“aving
platelets suspended in the 20 plasma. Conditioned media is prepared from post-confluent endothelial
cell cultures and added to aliquots of the platelet-rich plasma. A platelet aggregating agent (agonist)

s added {0 the plasiaa dspruiol Rlaiele) aaerisia AT maals e e rAchidanate: AlBRscolagen.

epinephrine, and ristocetin (available from Sigma 35 WO 2006/062871 PCT[US2005/043844 Aldrich

Co., St. Louis, MO), Arhagditionak&liGdet0fplaseia asheplaiplekagotisiinseondidensshmedia
added, to assess for baseline spontaneous platelet aggregation. A positive control for inhibition of

platelet aggregation isogilseivsitdbtbimbiehionssalatExmplartipasithlecdonindis inclae aspirin,
heparin, abciximab (ReoPro , 5 Eli Lilly, Indianapolis, IN), tirofiban (Aggrastat(r), Merck & Co., Inc.,
Whitehouse Statiamsdy))Foepiifipatisit @regrivis (oMl espitm b absirtimabsRecProCambridge,
MA). The resulting platelet aggregation of all test conditions are then measured using an
aggregometer 5STh&lddtegbierapaliedblrssofibeel 6b agareyatdardySntoniBiind Bbikarfensity. As
platelets aggregate, more light can pass through 1Q,the specimen. The aggregometer reports results
in "platelet aggregﬁwarﬁf;%,'oéemgéﬁ%ﬁ‘? FigETite >Mﬁf3ﬁ“ﬁ§@?§%ﬁ&ﬂ%}%’d% “Aggregation is

assessed as maximal aggregation at 6 minutes after the addition of the agonjst. The effect of
conditioned media %ﬁ“ﬁ?&f’ge%t%é% %???w ﬁ%ég%fgé%?ﬁﬁfﬁlégeﬁgg%xﬁ%%%ﬁaafgellékegggregation
before the additionrgéa%%?e i%gggdm%%ggg&]ng\gggr.thﬂgeaééeg?egometer measures plaielet aggregation
by monitoring optical density. As platelets agpregate, more light can pass through
16 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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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 WEREEFAFNES are compared to the magnitude of inhibition BEEB&ERAPHHH 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 Gontainer: Immediajely fallowing t edia chapge, the implantable flowable
composition is pac %aéle %&%‘%ﬁlﬁ%&? ccg%irsﬁua%g %gr?ég“ éﬂm%%sgirﬁigrfﬁl ﬁ?éngé:%lgmélu ﬁ%gﬁbes used for
culturing the cells ABARJBARNAD o BaIGHAL Al filled W satle:plioR6RL GaRP/QbRIRRING. TO
decrease the risk of 36 WO 2006/(563871 P T1U82005/043§44 decanting paqr"%gfgsggne /or cells during
the final rinse, theghipRing sARkINe &2 RdeRodiflachiodncliden gzgﬁm%g'{g%@re@her
entrapment device with a pore size capable of passing media and rinse solution, but not capable of
decanting particlesn@sgiéangells. 5 [0079] If the implantable Plowable composition is shipped in media
containing serum, just prior to implantation the implantable flowable composition is rinsed, preferably
within the culture tube. The filter or other entrapment means is then removed from the transport
container andsthe @81¥ngtatke dpdritabls SavahiovPinpositioy Hndéotsd de vy cThigipingess rinse
solution is expelled from the syringe and a 10 needle, catheter or other delivery device is attached to
the syringe for deffFBRpt8*thErifidatmaEsHinTits imslraiidscBrmpbistrormrotiicn Bamedd to the
patient, for example, according to one of the exemplary administration methods discussed below. If
the implantable fléﬁfgﬁ‘i%"%ﬁ?%a%i%ﬁ?é‘%ﬁ%%rt iﬁ{gééﬁﬁﬁﬁh%ee?ﬁéa?a?m means 1s then

removed from the transport container and the cell engrafied particles are drawn into

a syringe for delivery. The excess rinse solution is expelled from the syringe 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 material is shi ped in the seaigd syringe. At the site of implantation,
excess media is expelled from the syrings. A needle, catheter or other delivery

20 device is then atiached 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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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, alon§Weithoateastl to 20 ml of media, or a sufficient volume of meRfidH52#Pa§4H6H and
storage, the syringe is capped and the material is shipped in the sealed syringe. At the site of
implantation, excess media is expelled from the syringe. A needle, catheter or other delivery 20

device is then atta o the syri r delivery.to the,treatment site,.According to,.this embodiment,
the flowable complolioh i T BBV MLy PR e LA PSRRI WO
20061062671 PCT ki3 ap0RI043RALJAORHLENG melaniaBle sempesipn liaRigtepbigyention can

[
be supplied in final product containers, including, for example, 50 ml or 60 ml sealed tissue culture

containers modifie%%@}%g@ggmﬁeﬁh@é%ﬁswg}g@m%%gg@ggp%gltg;@ng about 50-60 mg
X

of particulate material engrafted with about 7 x 105 to 5 about 6 total endothelial cells in about

45-60 ml, preferabhyaapih e serstoikielabarowtenedinn pesatiduekid] Beiotakael {ead per
patient will be preferably approximately 0.6-12 x 104 cells per kg body weight, but no less than 2 x

103 and no mare thissuR 108 well = pasthelibiodyivieaighiu{@08R] Ak pridieimiplstet erin, the material of
the present invention comprises 10 cells, preferably vascular endothelial cells, which are preferably
about 90% viable andpiiehsitgrofiarefeiaibipabaiquby -2t jotd4edcitsthrgrrattioiesilhtene preferred
embodiment, and when confluent or near-confluent, produce conditioned media containing heparan

sulfate at least abﬁ?@%ﬂ?@ﬂﬁf@@m@%’&-%%ﬁd@é Gels @erkig ol BE el /RO TeSE 3R B e onditioned

media is at least about 200-300, s .
10° and no more than 2 x 107 cells per kg body weight.

[6082] 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 particies 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.

[6083] According to another embodiment, one or more addifional substances are
added to the flowable composition prior to adminisiration. Such substances include,
but are not limited to, anti-inflammatory agents, giycosaminoglycans,

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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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. [00831 According to another embodiment, one
or more addMGAPe0%EEnces are added to the Plowable composition pfibF i #MiftEtStation. Such
. substances include, but are not limited to, anti-inflammatory agents, glycosaminoglycans, 20
prostaglandin, prostanoids, cytokines including but not limited to TGF and VEGF, angiotensin and

related compoun@gg;o%&ga%mm@r&gmwgﬁﬁgﬁgﬂg\%@%ﬁwﬁi@corticoids,

anti-oxidants, fre ical scavengers, peptide hormones, angiogenic and angiogenic-inhibitory

factors. 38 WO 2006/3528 7RG Tk/S2AR5043844 AARBA) GRrists Qplinally;aggprding to one

embodiment, the implantable flowable composition includes a carrier fluid. A preferred carrier fluid is
cell growth medig-fortfaciintiog RemitisatiameaBoratansinsigisechadministationsialthe
implantable flowable composition indicate that a carrier is not necessary to 5 preserve cell integrity
when handling flaf e éngdmpbkittimsaiiidscnpagiaidddibate tell darmidations muweksay those described
herein can be free of carriers or other agents which are typically employed to preserve cell integrity; or
agents whicl areptsasioalbplbmisyed o msraliehaeniply eendredios shearforpedisdaisad disruption
of non-solid or flowable formulations. 10 [0085] However, a carrier can serve to improve cell
confluency and visBikeymurirrtsediow btscclanpostierrcts caxbpdpte cfitaingreen edittre, including
during expulsion of conditioned media and introduction of new media, during manipulation of the

implantable flowdBPEOHOHOR PBIIE RAINYGOP HRTRShEch THeEER &R B th&telivery

syringe, and/or d%%?gaﬁ? Q%'fﬁ'é)yne @é@%ﬁ?ﬁgﬂgﬁﬁ%@ atgf reduce shear force-induced disruption

of non-solid or flowable formulations.

10 j0885] However, a carrier can serve o impro\%e celi confluency and viability
within the ﬂéwable composition, for example, during cell culture, including during
expulsion of conditioned media and introciuctiop of new media, during manipulation
of the implantable flowable composition prior to transport, while the material is
drawn info 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.

j0086] The qarrier can be intréduced into the implantable material at a variety of
points during the cell culture procedure. For example, the carrier may be added to
the particilate matrix at the time of particle hydration {prior fo 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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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 %%Qﬁrg%eyéaje to maintain a sufficient cell ﬁo ulation. 39 [00871, Alternafively, the

. . , gentvely, he Carrer ogn i G VY L MCHiE CRangt, w
carrier can be introduce uring the last media c‘hange, when the cells are comglue‘nt or

near-confluent, and justprierta implantation.Howevet: h-hasbeenn.ohservedthat addition.of an
undiluted glycerol ci 1 i." lust prior to administration Can result in a shock to the cells perhaps,
suffocatingghe celis-sufficiently:to.reducesthergesired-celk-viabiiitti-and:eflicacy:helow acceptable
levels. Based on these observations, it is possible that adding., a highly viscous carrier fluid, such as
glycerin.,, to Meir owalie compositignalbat oHeezicantadveiselvyaffett theedells andshould:be
avoided. 10 [00881 In order to evaluate the effcac~ of other candidate carrier fluids, initial trials will be
COndnc.te t usitigd highid sariese b6l eariariahts o asteitmAe tecHirtastR amduidreHier
necessary- to achieve the desired benefits Tpe Qgsiwrgg,pgptefitshtg@e_yg%quatedqinc[u'dfe‘.____ n- exannple,
improved. handfifg Srit ifiproved ‘f?)‘\’/‘éﬁ"ﬁ.'ﬁ’f%b?‘%ﬁ?p%%TﬁSﬁ‘\}mffé maintaining eali 15 Viabiity and
efficacy Additionally,,studies i‘é‘@& ec %d%qts%&% test. the ability to transform a planar form of

caniiyerselvy s R

L BRI ez

implantable composition into an |mp|ant§bie particulate flowable composition, without affecting cell
viability orfgnction. (See co-pending application 11Cl./t."| 05/43967, also known as, EUV-002PC, be
entire omens of which is herein

[008&] In order to evaluate the efficacy of other candidate carrier fluids, initial trials will be

conducted using a high parficle fo 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 whale maintaming cell
15 viability and efficacy. Additionally, studies will be conducted to test the abiiity to transform a
planar form  of implantable composition into an  implantable particulate  flowable
composition, without affecting cell viability or fimction. {See co-pending application

POTAUS $5/43967, atse kpown as ELV-OUZPC, the entire contemis of

which ig herein
meorporated by reference.) For example, inftial test solutions will include only about a U.1-
20 1% solution of a carrler to 30 mg of perticles. This concentration will be increased

incrementally up to @ maximum of about a 10% solution of a carrier 1o 50 mg of particles,
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incorporated b5- reference.) For example, initial test solutions will include only about a 0.1 20 1%
solution. of a carrier to 50 ma of panicles. This concentration will be increased incrementally up tc a
maximum o0? about 10% solution of a carrier to 50 mg of r cies. 40 WO 2006/062871
PCT/USZOOéWﬁ%%%ZfabSQ] Subsequent trials will be conducted whereif & CEM&V it s added
incrementally over the entire culture course, beginning at the time of particle hydration or cell seeding,
so that by the time the cells in the implantable flowable composition have reached confluence and are

ready to be Shipqsﬂsagd@fb@eqq%ﬂ%ﬁﬂ%eﬁmdt%&@%mm thgaaagrier fluid in the

implantable material has increased from the lower tolerable ratio for early cell attachment to a higher

optimal ratio of cafsienbsisiitoRartiblestire caxaniasaceostintdaahe axaraplanyigieotocol, a solution of
0.1% carrier will be added to the particulate material at the time of initial hydration and at each

subsequent medigvdlatoger vglitssadif:fisaitaotytiha thit theactiein hisiagheciel thatsdme cells will be
lost at each introduction of the carrier fluid, but that most celis will incorporate themselves into the
implantable flowablercsitpositivrreshaiionddandthaadenyicradndowtishppdsiend/ogrow to confluence or
near-confluence within this environment. [0090] Carriers include, without limitation, diluted glycerol,
alginate (preferalsiminGiams fompaiighhdte senouvrationsits srtesdtoddstigdrpiprfdeably about
1-10% dextran or dextrose _solutg%rf]}, other sugars including, for example, glucose, sucrose, and

fructose, starche & aFLRaH LB @%%%Wt@?%ﬁ%If?ﬁ&?ﬂ)l,yg‘@%ﬁﬁa“(}b‘f’@f@r@lﬂy about 1-2%

gelatin solution), endotheljal growth media, ngothelial basal media, other cell growth media or neutral
buffered saline. ?%IB%%E%“P]CE %g‘l‘@f}_llﬁfigﬁl Angadiglss ‘cgﬁfeemgfgdaﬁiﬁr &%8Pessly defined

herein. Varlatlon%}?errgplary protocol, a solution of .1% carrier will be added to the particulate

material at the time of initial hydration and at each subsequent media change, upto 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 fo

grow to confluence or near-confluence within this environment.

[0098] Carriers include, without limitation, diluted glycerol, alginate (preferably
15 about 1% alginate solution), dextran or dexirose 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, endothehal
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
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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 carriegituigdosiepending 41 WO 2006/062871 PCr1lUS2005/043842Cavi#ieoskesseh carrier. In
general, the selected carrier should be non-cytotoxic at the dosage and concentration employed and
sufficiently permeable to allow air and nutrients to flow in (to support cell growth) and out (to remove
cell waste products) of the implantable composition. 5 100911 Effect of Undiluted Glycerol Carrier on

Cell Viability: Porcimegchrsearnasine ikt saiialdhe Sl SOt o SeEersIIBaRR:BE and

allowed to proliferate to confluence. The particulate flowahle ?omggés%i)zn w harvea%tgd, placed into
50 ml tubes and rRERELARS SARSRTERIOR BHRITARABH THIE OB AP BLIAG BISEeH iy ringes

attached to 24, 26, or 27 gauge needles. The cantents of a%l rn W, I led through
the attached needB&4HE Z:%ﬁ&\f’féﬂ iy §6pﬁﬂr?t(ff§ .°6’?ﬁ838- %Qéigaﬁfxggﬁg Slgg}ieg%%gfve?%éé%%lsion were
viable (95-100% of ceIIP S were dgadgsﬁigglnpared to 86-93% viability for cells in the same trial
without added glycoieroﬁ,%lpama |cal?y iustrating 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 carger flgigwyashrpeficialdamaiciairiod CaatiiuanCelio? idliell Fuocioteyets. 100921 Planar

Material Extrusion and Modification: According to another embodiment, a solid, semi-solid, or large

diameter compositigidthetiatifitie wafomdphoices napdifiedideingidEhmedigivsddh an injectable
delivery device after the

proliferate to confluence. The particulate flowable composition was harvested,

placed into 50 ml tubes and mixed with 3 ml aliquots of undiluted giycerol before

being placed in syringes attached to 24, 26, or 27 gauge needles. The contents of all
10 syringes were slowly expelied 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  pot determined whether the use of this carrier fiuid was beneficial to maintaining

confiuence of the cell monolayers,

[0082] Planar Materia! 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 engrafied 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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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 intain.cell confluency and integrity during material m%q?q% 42 \WO
2006/06287%’J %W%S/M%M [00931 According to one embodiment 0 ge%@%g Ification method,
once the cells have reached confluence on a planar form of implantable composition, the composition
is transferred to a syringe. In order to accommodate the planar form, the syringe can have no needle
or can have a lard@83le Aceending fie eiprryeodimratB{tha e didkitioplasiofommcatis thlin, under
pressure, the cell-engrafted composition is extruded through the opening of the syringe to form a
non-planar flowaBte cEATHEL R UFres dBraslammii icreplea aieramppstianteral passages
through the syringe may be necessary. For example, the material can be passed through the syringe
first without a nee‘?ﬁ%l Po%%%e‘ﬁ ‘W‘E?ﬁ%gég OO A TP T S MRt aopiRes 958sage through

smaller bore neeqillessuntil thgnz}l?terial haaireache the dfesiregm}garti%}%sg.ae and flowability. Multiple
' T

passages and incrementar modifications to epoér%?crfe 878 SSRGS B EEMRE Sfbunt of
damage to the cells aachiQ:uRaiNAIP £El 39&%{3%9#%%%9&%% %%E%Qa'a%eg@%"at‘%o[?o‘?“l
i the flowable i ﬁr

Surgical Sealants:’In certain other embodiments, ¢ompositio of t’ﬁgop}esent invention

can additionally serveasdranasiamasis sealantsassificall raksuygicalisealankaggerally. In such a

dual purpose embodiment, the composition s also effective to seal the juncture of two or more tubular

structures or to seakribo¢Ricrinia bibeas shiaBlurervvheniGaRiariedvith an auas.siidage of the *
structure(s), or applied in an are on an exterior surface, or applied circumferentially.

the syringe may be necessary. For example, the material can be passed through the
syringe fizst without a needle, followed by passage through a large bore needle and
10 then passage through smaller bore needies until the material has reached the desired
patiicle 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 circ;«.szerenﬁa}ly.

20 Such a sealant can eliminate a requirement for sutures which can further damage
vascular tissue, for example, and confribute to luminal endothelial trauma. Such a
sealant can also provide additionai_ stability in the vicinity of an anastomosis thereby
reinforcing any suture repair. Al 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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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 sealaNEIHE#HSons or properties of this dual purpose composition’Ho Kot Hitertere with or
impair 43 WO 2006/062871 PCT/US2005/043844 coincident expression of the cells’ desired
phenotype and the cell-based functionality of the composition. [0095] For purposes of certain sealant

embodiments, theJlﬁmﬁéﬁt%99}9&&&&&%&9@&9@8@@@4@9@9%@%%@é&@ﬁ&yg@ich itself comprises a
|

component having 5 sealant properties, such as but not limited to a fibrin network, while also having

the requisite propggigsioNisy BpeKingpRarihelial or endothelial-like cell populations. Also, the
biocompatible substrate per se can have both sealant properties as well as those required to support

a population of cells. In the case of other embodiments, sealant functionality can be contributed, at

least in part, by thé06813. Fsr grapngse oftcedtnconanhpriedintatscdis bavddmcetnviiiitie composition

produce a substance that can modify a substrate, such that the substrate acquires sealant properties,

while also exhibitifefrRERMEITTRF RIS b 28| e ifseH GRBIRT ST SrEaMRAREI 8N 8roduce this

substance naturally while other cells can be %r‘;\%ilneered to do so. [0096] Shelf-Life of Implantable
E&B}f%‘?ﬁ

Flowable CompostiaH REPRFHE i35k BH et eiggol YR IR, e

near-confluent or post-confluent ,poEJuIation of cells C?b%i? mait&taé]ne?i%ﬂ'g roo tem‘gﬁfgggre in a stable
Y, ntabl

and viable ponditi5?9?8?1§t3écﬁ’mo SRR SIS IE &% Mpia e%fo%glﬁ%ucompo'sition is
maintained in abouf 45-60 ml, MOre Rre G EPOME Qs AR MEYRYEHes 25 well as

those reguired to support 2 population of cells. In the case of other.embodimems,
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 celinlar 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 2 confluent, near-confluent or post-confluent
population of eells can be maintained at room temperature in a stabie and viable
condition for at least two weeks. Preferably, such implantable flowable composition
is maintained in about 45-60 ml, more preferably about 50 mi, 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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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. HQ eyer because FBS must be removed from the implantable flowable composition prior
to |mplantat|or\?§ ’3%%0 2006/062871 PCTIUS2005/043844 preferred ?T%’%zr?‘fﬁe %gr%“gunt of FBS
used in the transport media to reduce the length of rinse required prior to implantation. [00971
Cryopreservation of Implantable Flowable Composition: The implantable flowable composition
comprising a conflugnt-neancenidenlarRastsoRluentAoepatiomeliceliscrn-hr.qrygrreserved for
storage and/or transport to the clinic without diminishing its clinical potency or integrity upon eventual
thaw. Preferably othaépiaitedlgiowabisiaanmeasition is cryopreserved in a 15 ml cryovial
(Nalgeneo, Nalge Nunc Int'l, Rochester, NY) in a solution of about 5 ml CryoStor CS-10 solution
(BioLife Solutions, Oswego, NY) contarnrng about 10% DMSO 10 about 2-8% Dextran and about
50-75% FBS. Crﬁﬁ@%?ﬂs SYSlpIeas pidmy . - ppsitiasfdfretin@antabB0C freezer
for 4 hours, and subsequently transferred to Ilqurd nitrogen (-150 to -165C). [0098] Cryopreserved
aliquots of the imPRIEAISIETERpaBIn SMBBERDA chaflt Pfégr GRS OF ROFG 6P AERRerature for

about 15 minutes, foll addjtional 15 approximatel inutesinar perature water
bath. The métenatcig"'t?"il ﬂ’trﬁéﬁ éﬁf@'ﬂ?ﬁ &legrtﬁtﬁ?%q ‘géﬁtm%ﬁ’%ﬁw thH'?é%ha comprises
EBM without phen% red and wijth o Wthou 50 nta icin. The f| 9Jinse. edures are
conducted for abdu rﬁfﬁ utes }altltn %) '{%, i gtx—:'l e‘p’rgcr)lce u%ré |srifone§ €d for about
30 minutes at 37%%5?3&%6 flowable composx’uon is cryopreserved ina 15 ml cryovial

S e RIS RIS

BB

(Nalgene®, Nalge Nunc Int’], Rochester, NY) in a solution of about 5 m! CryoStor

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 freszer for 4 hours, and subsequently

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

[6098] Cryopreserved aliquots of the implantable flowable composition are then
slowly thawed at room temperature for about 15 minutes, foliowed 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 3¢ 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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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 g/ml gentamicin at 37C in 5% CO2. For human
endothelial calf® PSAEEery 45 WO 2006/062871 PCTFUS2005/043844FESHEBIIL B¢ I-2 without
antibiotics. Further post-thaw conditioning can be carried out for at least another 24 hours prior to use
and/or packaging for storage or transport. [0100] Loading and Uptake in a Delivery Device: Aliquots of
flowabie 5 compositjon are ed.and transported in cult SV described in
greater detail abo@%ti,umogﬁ%gg %‘%‘%ﬂupragﬁe%ﬁ%m %OL) an%?o ?ﬁ?r?ggloﬁr\émr}n%e%%g%ith or without
serum, to support {he,cells up g 14 daysuitheulmedia. (hano s DEPka IBRIaRIignee eess media is
decanted and, if serum was present in the transport media, the implantable flowable composition
rinsed several tim 40 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. Additiojealiy] mbdifivatianstptiie madpliverydacainer, AMenotH 9g Bwadt limited to filters
and/or separate media compartments, are 15 preferred to maintain implantable flowable composition
integrity during maswpdsitiongrforoigeaterd toaraPTFsECEl TR AP AR CIBREADWRBTEES b osition,
about 1-3 ml of rinse solution remains on top of the implantable t?lrgv%aglqe]é;f)n%position to facilitate

uptake of the mateR&Ffter g ahodry BahRd 4o ampBricR Yy ARY

media, with or without serum, to support the cells up to 14 days without media

change. Prior to implantation, excess media is decanted and, if serum was present in
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,

[6101] Afier several rinses of the implantable flowable compesition, 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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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
embodimentwg&t&g%& ading device, such as a funnel-shaped interfacg %@e}g@g‘igpening of the
transport container and the 46 WO 2006/062871 PC TIUS20051043844 delivery syringe, is used to
transfer the material to the delivery device with reduced cell disruption. Following transfer of the
material to the delivery device, some of the remaining liquid, about | ml, is expelled out of the delivery
device to prime thé:ldelyeyyiteyisasdddaritisfactvordavataine tipieiximaialicOwdthntedhtinise solution 5
remains in the implantable flowable composition delivered to the patient. The implantable flowable
composition is noweliedsyitivueivlnwiog ranteéateh g witterifd 10 HeNebutey Bawsagen®oofiemonstrate
the utility of the present invention, one preferred particulate implantable flowable composition (HAE
engrafted in Gelfd@frepainiedianids 3auté dhiveigeing eparithe delly oy dpiggdneenkihternal
diameter = 10 0.016 inches). Alterpatively, anather preferred composition (PAE engrafted in Gelfoam

particles) was pasStiythrdagiiarRsdHlRe sry Kol if PRI Gout chsspigiheedie
(internal diameter = 0.019 inches) to a.28-gauge needle (internal diameter = 0.007 _nches). [01031 As
demonstrate beISWWé%fgel, é%%%%%g 6%’3#1’2%8%%’.%% ﬁno‘%% er_e[a{’t]ﬁ EERTTRVenti®n through a
needle with an internal di er within these.ranges_doe t adversely affect the cell number,
Vbt or function LS Cudle pAeea IO RS I B B B S ration can
be taken up and discharged from apertures ranging from 21-gauge (internal diameter = 0.019 inches)

to 30-gauge (interpaldipmededis ¥h@6enghammpraierably ddtepugedipiamaknvention, one
preferred particulate implantable flowable composition (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 ape@e of a needle in the range of about
a 2} -gauge needle (internal diameter = (0.019 inches) to a 28~gauge needle (internal

diameter = (.007 inches).

[0303] As demonstrated below in Tabie 1, passage of an embodiment of the

15  present invention through a needlie 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-gange {(internal diameter = 0.006 inches), preferably 24-gauge {internal

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

passage through needles with only cell growth media as a carrier fluid.
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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. 47 WO 2006/062873 PC [US2005/043844 [0104] As described below,
cells were miXe@28P6E barticulate matrix and allowed to proliferate to CHFHYEHEE 4 Hfde days post
confluence, the resulting Plowable composition was passed through a sterile needle with an internal
diameter in the range of about 0.007 inches to about 0.018 inches, collected, and allowed to 5 recover
for a 48 hour periogl i Endoteliah Groudh Meglumi2 (GEM-ls ol onind e iaagualy period, the

media was conditi for ours. The conditioned media of post-passage cells was then

evaluated. The poasiw%%g%%&ﬁgg@%im@ wa evalaied ionacsrelakledayels of basic
fibroblast growth factor (b-FGF), heparan sulfate (HS) and transforming growth factor- B1 (TGF-B1)

production. 10 Additionally.asEaaRiR Museis-calaesay wasicorsuet il astiowniciahthition of
smooth muscle cell proliferation by the media. Assay results of needle-passaged composition were

compared to sampiasvhich bewe:aod bermarssedibio0gh fimbed e k8 RDIBO628T 1
PCT/US2005/043844 Table 1 [0105) Passage Through 22g Needle Assay Results 22g Needle No
Needle Cell Count&Mialitity 654mH6 @riosis Bndciniinb(@o 9th ddsdipr3 /A1) 1 Friowing

the recovery period, the media was conditioned for 24 hours. The conditioned

media of the post-passage cells was then evaluated. The post-passage conditioning

media was evaluated for acceptable levels of basic fibroblast growth factor (b-FGF),

heparan suifate (FIS) and transforming growth factor- B (TGF-B;) production.

10 Additionally, a smooth muscle cell assay was conducted to show the inhibition of
smooth muscle cell proliferation by the media. Assay resulis of needie-passaged

composition were compared to samples whick: have not been passed through a

needie,
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pg 06 cells 488.6 575.3 pg bFGF/IO cells 227.6 229.2 Smooth Muscle Cell Inhibition 75% 100%
(PCCMIHeparin Inhibition Ratio) [0106] Passage Through 24g Needle Assay Results 24g Needle No
Needle Cell Count & Viability IE+6 @ 86% 2.78E+6 @ 92.6% sg 06 cells 9.33 8.6 pg TGF-81/10 cells
545.7 571.4 Bg BECEAGE cells 2491 744 Smooth Muscle Cell Inhibition %‘%@’?ﬁ?’&? ‘%ﬂ%‘tl\mHeparin
Inhibition Ratio) 49 WO 2006/062871 PCTIUS2005/043844 [0107[ Catheter Passage: In another
demonstration of the unexpected properties of the flowable compositions of the present invention, a
preferred formulation was loaded into and administergg, through an injection and/or a penetration
means, for example, a needle catheter (Table 2). Ion€ Study, the needle catheter was a 6 5 French
catheter incorporgigagsp thigswallegd,Nitinolnagdigfouter diameter=24- gauge; interior
diameter=22-gauge) (TransVascular Corp., Palo Alto, CA). [01081 Passage of the flowable
composition through a needle catheter with an_internal diameter within this range did not adversely

affect the cell numbsay\Baility or biological output of the| Gllisimdiepassage| Beddreliieg to a preferred
embodiment, 10 cells were seeded on the particulate matrix and allowed to proliferate to confluernce.
Three days pOSt-(‘nnﬂlanr‘P the flowable r‘nmpncifinn Wwas Innccpd through g sterile

Cell Count & Viability 6.4E+6 @ 88.3% | 7.95E+6 @ 90.8%

pg HS/10% cells 1.7 1.0

pg TGF-B:/10° cells 4886 575.3

pg bFGF/10° cells 227.6 229.2

Smooth Muscle Cell Inhibition 75% 100%

(PCCM/Heparin Inhibition Ratio}

[0166] Passage Through 24g Needle

Assay Results 24g Needie Mo Needie

Celi Count & Viability 1E+6 @ 86% 2.78E+6 @ 92.6%
ug HS/10° cells 9.33 8.6

pg TGF-8;/10° cells 5457 571.4

pg bFGF/10° cells 2491 744

Smooth Muscle Cell Inhibition : 65% 45%
{(PCCM/Heparin Inhibition Ratio)
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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-pagsayedtisesis was then evaluated. The post-passage conditiBRTHESHEEHRts evaluated
for acceptable levels of basic fibroblast growth factor (bFGF), heparan sulfate (HS) and transforming
growth factor- Bi (TGF-BI) production. Additionally, a smooth muscle cell assay was conducted to
show the inhibition of smooth sle eII proliferation 20 by the gﬁ?@ Assaé/ results of

needle-passaged M lvekEbsFLRASE HLARRH SR U PR Eggﬁgufée%ogeme &

terial samples

which had not bee ssed through a. need|e catheter (see.Table 2). 50, WO 871
PCT/U32005/043£1§3‘1*§% eﬁ%ﬁ%’é . 0%%"?%3? o apée}%md%&m%?a%%e

assag rlcl)ughe eedle Catheter Assay Results Needle

Catheter No Neede, caheter el Gounkt MaiL7 S50 2148, E,81% 1 HS/1 O cell

1.11.0 TGF-BI pg pg/mL 5 mooth Muscle Cell Inhibition 92% 85%
(PCCM/Heparin Inpibitign Ratio)i[0d3ErdavascutarAdsinistadinasdhedeaakia ggmposition can

be 5 administered intraluminally,i.e. endovascularly. For example, the composition can
5  French catheter incorporating & thin-walled Nitinol needle (outer diameter=24-

gauge; interior diameter=22-gauge) (TransVascular Corp., Palo Alto, CA).

[0108] Passage of the flowable composition through a2 needle catheter with an
internal diameter within this range did not adversely affect the cell aumber, viability
or biological output of the cells post-passage. According to 2 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 2 sterile
needie catheter with an internal diameter in the range of about 0.047 inches to about
0.018 inches, collected, and allowed to recover for a 24 hour period in Endothelial
Growth Medium-2 (BEGM-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-8;) production. Additionally, 2 smooth muscie
cell asszy 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 engrafted particulate material samples which had not been passed through 2

needle catheter (see Table 2).
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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, ingayasguiaisqitrasound (IVUS), color Doppler ultrasound, duplex.stsasongh,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 formulationXaetlag€ site of administration can occur alone or in
combination and prior to, at the time of, 51 WO 2006/062871 PCT/US2005/043844 or following
another endovas lar ’Drcedure such as balloon angioplasty or implantation of a stent or other
device. [01111 In § & Instaniase i NER IR HaiaSERy device is equipped with a traversing or
penetrating device which penetrates the luminal wall of a blood vessel 5 to reach a non-luminal

surface of a bloggiy LenfIE flowabte tompositiom st on-at 'mi at-strface;of a -
Ve RS IR ar

blood vessel at, jadjacent to or in the vicinity of an |nJuredEI% giseaseg target % 21 1tis

contemplated herein that a non-luminal, also termed an extraluminal, surfage-; &Q}plude an exterior

or perivascular gurface of a vessel, or can be within 10 the adventitia, media or intima of a blood
Vessel, for exams ln Enr HFPOSeS Q |c Ih\vlﬂnflnn non I||m|n ga]_is_a_[%_suﬁwxcept
an interior surfa¢ rg%ll1 Qﬁ&ﬁhﬁgﬁa 3] The penetrating Je%?ce%@%{?plate%t% & permit, for

example, a single point of delivery or a plurality of delivery points arranged in a desired

g HS/10° cells 1.1 1.0
TGF-8; pg/mL 360 336
bFGF pg/mL 58 61.7
Smooth Muscie 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 1o 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 (MRL), CT
scanning, fluoroscopy to identify the location of a stent and/or other endoscopic
guidance systems known in the field. Additiopally, 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, af the time of,
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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 ar ngement to name
but a few. Thé’vﬁ f%ﬁﬁa device can also be in the form of a stent perfok%?%@%ﬁ)c% as but not limited
to, a balloon 20 stent including a plurality of delivery points. [01141 Percutaneous Administration: For
purposes of the present invention generally, administration of flowable composition is localized to a

site at, adjacent to, Op i\ i ehasiiednnesd e aiment T siteelgengsiion of the 52 WO
2006/062871 PCT/US2005/043844 implantable tflowable composition is extraluminal. As

contemplated hereinpileealizess £xbialyrminakdepnsition can be accomplished percutaneously as
follows. [0115] Plowable composition can be delivered percutaneously using a needle, catheter or
other suitable delivery device. The flowable composition can be 5 delivered percutaneously coincident
with use of a guidaifédiheihomadntisifieatoe devbmingRelisreifaedssiapinas &tk Fhe guidance step
is optional. Endoscopic guidance systems can be used to locate the site of extraluminal

administration, indRAYRERERTSERRRBING e RirsRbich PrREEHEH ISR SH18oDD pRY ¥Rtstound,
duplex ultrasound, other routine ultrasound, angiography, magnetic resonance 10 angiography (MRA),
magnetic resonand8 FASHEPaMESHD ﬁ’&%ﬁﬁﬁ&q‘%ﬁ?ﬁgﬁsggpﬁ %%%%%‘l‘tﬁ%nl%%%%%rhqgf% Stent and/or
other endoscopic g idancgt SX%ter}% known uil%theofii%lg1 %gditio&aijcyaéhe siI%et of ad@g@g%&gn can be

located using tactil e%)ﬁfﬁea 10N Efpc")n en%rysln ORGLS perl\(/)asgL?FaSr spacé?%ﬁ% dinician deposits the

flowable compositigga%mg&gﬂgmg é’&lge@gitggjjacent or in the vicinity of the site

{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 fiowable composition to a
non-luminal surface of a blood vesse! without disrupting an injured or dissased
target site. A phurality of delivery points can be arranged, for example, in a circle, a
bulls-eve, or a jinear 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 treatinent. The site of deposition of the
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15 in need 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‘ié df@l(i)\é%ge% locally to a surgically-exposed extraluminal site at ad'!acent_ to or in the
vicinity of a WRINUEEH bt treatment. In this case delivery is guided and 8??5 @ﬁ#@ct 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. 53 WO 2006/062871
PCT/LFS2005/04384448L ktvilie QifidininiatiationAecording iadsietegbembodiment of the
invention, a penetrating device is inserted via the interior luminal surface of a blood vessel using an
endovascular deliyeilyz88\iee-Qlrinalghisrist tLRHibehHESURLN erpaitstasiodTaRIVery.
Administration can be directed to a location proximal to, 5 distal to, or at an injured or diseased target
site. In some clinical subjects, insertion of the penetrating device at an injured or diseased target site
could disrupt the [#jiied Beurdacennesionsies irdedrging pemsmaowibjses aczedhould be taken to
insert the penetrating device at a |ocation a distance from an injured or diseased target site, preferably

a distance deterrffHEIEDPTABY THERRE glixrRe dayirthe 2p SanEL ErereaRiaasa_eat hand. [01181

Preferably, flowahle composition is deposited, on a.perivascular. surface of a_blood vessel, either at,
adjacent or ig th 3 BiEiRe 8?‘5Ht?ﬁﬁ?t‘ésg§9 SFHHE 3%&81%@5&0 i?eg%gﬁ%cfrglﬁf%‘%g‘f}#gc Aiposition can be

deposited in a vayiy.oflocatignsyfelallys . A nreflor disgased tardeh i, foy sxample. at an
|njured or disease arget site, adjacent an injured or diseased target'site, tor exampilje, upstream of

an injured or guidance systems can be used to locate the site of exiraluminal administration,

including, for example, intravascular ultrasound (IVUS), color Doppler ultrasound,
duplex uitrasound, other routine ultvasound, 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
fiowable 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.



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 mn¥¥{heeeBHhother preferred embodiment, a deposition site BRI SEHHE 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

compositon is capple,of exabiing g fesired elech U, 200602 REERYERO051043844

[0119] According t e optional planafr admiinistration area is created within an
extraluminal target ite, prior,to.3dministratien fithe-mRianiabin.fovahisaampesition bhalanar
administration area is an area prepared to accept a volume of implantable flowable composition and

can be created usiggysfOLg¥aMPRIeVRNIOLEIEIREHP BeHiad op helisgh aitonTividdligsewtion or another
dissection technique known in the field. The administration area can be created using an

endovascular or pgsivasastas digsestion deviterfibe canilariatianddb fdoratile cormposition at a target
site is facilitated by creation of an administration area. An administration area is not required to
practice the présentistalentiorst 20 HjLR0] 4t Hscantbnmgkitt:thiat wrocmisigatabiefiowiasigiebmposition
can be administered in a variety of configurations at the site of administration. For example, the

implantable flowabte Sempresiaonscinyive 2 animimes er direemicaredphcatibhdisarrliérto the direction

of blood flow; in a (_:ir_cumferential%pplicatipn, erpendicular to the direction of bl ogglow; or in a mass
at the site of 15 adiHTSHatidiicas %ﬁe&fﬁ%ﬁéﬂgﬁﬁaﬁﬁﬁ%?ﬁﬂﬁ% th K

insert the penetrating device at a location & distance from an injured or diseased

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

10  circumstances af hand.

[0118] Preferably, fiowabie composition is deposited on a perivascular surface of 2
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 cx-amﬁale, upstream of an injured or
diseased target site, on an opposing exterior vessel surface from an injured or
diseased target sits. 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 2} mm to 40 mm; in yet

20 another preferred embodiment, a deposition site is within about 41 mm to 60 m.
In another preferred embodiment, 2 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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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. Hays et Hakssnethod of dissection risks tissue trauma createq.py,pissswized 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 admifldtredhasotimg dlivesycubvitméptamantadedrplrmthadronlyraeeetplanar
administration area. 55 WO 2006/062571 PCT1US2005/043844 [0121] Vessel Visualization:
According to a prefeted b6 et ustingd ek Al RTgT s HAtIPRsahe imslpstaiied with the
assistance of a guidance system, According to one embodiment, the guidance system is an
endoscopic guidBAtahs SRARORSIN: AP AT SRR 58 St e (ARIBH AR AG S Blar 5

ultrasound provides a 360 cross-sectional image of a blood vessel lumen, including surtounding
structures and veS38Re°® fit ?ﬂ%ﬁfﬁ?ﬁ%‘?’ﬁgéw&’ %ﬂ%ﬁ%‘@ﬁ‘tﬁ,’?ﬁgﬂ&ﬁe&?&%&%ﬁ%ﬁ‘ aﬁ’:‘;% system is

angiography.n certain.embodiments, a.contrast tis added to t ticulate .cell pension to
permit imaginsg oﬁﬁ% ;B)lesrswee ?gﬁf%%c}ge%lc%élsg%%]%‘é’tfe?}ghsl%ésffgﬁggﬁﬁ‘e h%%%s%%%%ﬁgg %tg%mén%gtgrating device

and the placemen{,of ihe particulate cell SUSPERSIONWIDIR 3 BRUGHE §:pad, UaiRA,.legxgmple,

contrast angiography. [0123] Additional endoscopic guidance systems to locate the site of

extraluminal admjgistration. dncliden Butiace Y Hiniesde06 ofaRRABRIRbRINASS W adbiRIaX

ultrasound, other routine ultrasound, magnetic resonance angiography (MRA),
site is facilitated by creation of an administration area. An administration area is not

required to practice the present invention.

10 [61201 It is 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 2 linear
application, parallel to the direction of blood flow; in a circumferential application,
perpendicular to the direction of blood flow; or in 2 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 fliowable
composition through the perivascular space. Alternatively, a delivery device can be
inseried into the exiraluminal 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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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 c mog |qu gﬁg“be visualized
within the exWQIﬁWﬁ?fg?ggﬁace 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. 56 Mﬁfo%&%?%&ﬁﬁﬂ&ﬁwﬂa $keSEDas8semBR drgferred embodiment

of the invention, each deliverable administration of the flowable composition contains about | x 106
cells in a volume giehet, 50-60409 alrmplasioble Patiaiesithidscoritemptaied ghiakaither a single
administration or multiple administrations of the flowable composition can be 5 delivered to a single
treatment site. It iswaismconierfiligad thatmhdtiplengdheipistatenywéths Howablegvenposition can be
delivered to a single patient. Variations in multiple administration include administering multiple
administrations togaidingte yetenmBmesimplel inristerimips grsomh (IMBIS)adntinispagieéns to a variety
of treatment sites, and/or providing administrations durlng a single treatment 10 event or over an
extended course dﬁ%ﬁﬁﬂ@ﬁfof@i% R asrrriauaidmaentakireb e rshipost it iingontain a
void volume, a portion of the allocated administration volume that remains in the delivery device
following admlnlstrs&f?i?f‘inqiﬁg NG IESE ARS ﬁ?ﬁiﬂfaﬂge 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 [%?Eélanﬂl %&%&?%@E&Tﬁd embodiment, the endoscopic guidance system is

angiography. In certain embodiments, a contrast agent is added to the particulate
cell suspension fo permit imaging of the penetrating device and determination of the
10 position of the pepetrating device and the placement of the particuiate cell

suspension within 2 patient’s body using, for example, contrast angiography.

[6123] Additional endoscopic guidance systems to locate the site of extraluminal
administration, include, but are not limited to, color Doppler ultrasound, duplex
ultrasound, other routine nltrasound, 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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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

dellvery devu&@mglh%g %ﬂd on the c.hpsen.dellvery device. 20 [0127] ACC%J&R% tgﬂgﬂ%seggrreq
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

57 WO 2006/0628yiL51C 13200504 384d-admisisiiaianAinveavensuheadnudiple.deses are required

for administration to multiple treatment sites within a single patient, it is preferable to use multiple

aliquots of a fixedaampisabdelivesabiepe dusippviiontttipliditead adotivisirationsioha larger
dosage. Advantages of fixed administration aliquots 5 include reducing dosage inaccuracies

introduced by sep#iaiting 20laipe dd sagamntolemaltighe. shalkerdiospigés] tedaaheg dosglge inaccuracies
introduced by measurement limitations inherent in the delivery device and reducing the dosage
variability introduedsdibistthbomeonsiipleatembtistatiae aiihediawellsredfnsititremy baiquot of the
composition. Additionally, dividing a larger dosage into smaller aliquots 10 reguires unnecessary
manipulation df e EBsrsTS B SIRIEAR S ki L surpatanrpipididiasmptaakking up confluent cell
monolayers and causing other i%%mes to the cells. [0128] Multiple administrations of the implantable

flowable composiftR BT E BB HOA SR ERRHHRRED e S bV Frad i T8 88F Y to a preferred
15 embodiment, 4 il dose cfyplantzble owble sompesiion s admEredat .

10 & single treatment site, administering single or multiple administrations to a

variety of ireatment 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 wiil contain a void
volume, & portion of the allocated administration volume that remains in the delivery
device following administration. The void volume may range from sbout 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 pasticles are
loaded into a delivery device than are intended for actual administration fo 2 patient.
Of course, the void volume and the attendant adjustment in the volume of flowable
composition loaded mnto the delivery device will depend on the choseﬁ 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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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
administratioris? B&H#ERTIparticles. A suspension of hydrated Gelfoam p&tERE2RH¥ERith 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 WO

2006/062871 PCTILIS2005/043844, needis.yis Insatad ruab R yesseluakanig e perivascular

space, and the suspension was injected into the perivascular space. The injection procedure and

follow-up were visyalized with contzast ansiagranbl J2430) e haskiiew of the-suapgnsion into the

vessel lumen was evident from the 5 contrast angiography, either at the time of injection or following

administration andaﬁsﬁggv@ oiihe nesdiecFathermy ssddier Mstalagigat avalization of the treated

tissue sections, stained with Verhoeffs elastin stain, showed no evidence of the suspension escaping
from the adventitiaitongitheiothe VesegtidnanorAdiathees ofriratieplissuenldif0asl] It is
contemplated that a therapeutic amount of the implantable flowable composition, about 0.1 ml to
about 2 ml, cah beiinjedtaddntngirped oseukarisp duedicaddnglepijection gigeridefese e pressure
from the perivascular space is sufficient to result in baclcflow of the implantable flowable composition
into the vessel lumenltigizamaier Hosagitnabieeioe BeAERASTHIAT IS 05 40 D3 McrpiscERample

provides experimental protocols for testing and using a ) o
Limitations inherent in the delivery device and reducing the dosage variability

introduced by the excess volume of transport media required for a larger aliquot of
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

vasculaturs of the test subject. The catheter was directed to the treatment site, the
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preferred embodiment of the present invention to reduce the incidence of clinical sequelae associated
with vascular intervention in animal test subjects. Using standard surgical procedures, an injury to the
interior lumen surface is induced by percutaneous balloon angioplasty and _E)Iacement of a stent
performed oMREMRGEIE 20 arteries. The implantable flowable composit%ﬁ 3?5&?8%§%t 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 59 WO 2006/062871 PC

1152005/043844 eadiewibapnee menisantddosmslatianialdnglsambleRlowable.camposition can be
varied. [01331 Specifically, the study includes 26 porcine test subjects undergoing percutaneous

balloon angioplastrsrdsstevtaniplecitation: Gopuéniionat Sraesculhnpotsbafienadangigrlasty and stent

implantation procedures will be performed according to standard operative techniques. Implantable

Plowable composgiiéerinilt Werappitedaedividsitenbh aigirgimfiayrion and stent placement and

surrounds as described below after the angioplasty and stenting is completed and flow through the
rgical Procedure: For each test subject undergoing

treated vessel is e jshed. 1Q [0134] Su
percutaneous ball@ct)frg Lr:ﬁ88%‘1’3’ G%a%st%rﬁ %ﬁ%%?%@%%j@ﬁ%iW%%%& & connected

to a cardiac rgonigggl&ldgs\{?gg in tgehsu%% e gra??%on. Right.ca{.otid a t?lrial. access with a 7 French

sheath will be”obtained via CUtdown > and an 5.0 min GiametSr angropiadty SHYESTaRt Corp.,

Indianapolis, IN) adyaneegrindieamaralatansLnder A5 rorosconic guidapse. Andiography will be
performed and recorded by cineradiography. Tﬁé riglﬁt andHf%}t %gﬁ%ira g&&f&%ﬁﬂ?ﬁ é?injured by
30-second tissue sections, stained with Verhoeff’s elastin stain, showed no evidence of the

suspension escaping from the adventitia into either the vessel lumen or into the

surrounding tissues.

10 [0131] Itis contemplated that atherapeutic 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 backfiow of the implantable flowable composition into the vessel lumen.

Example 1: Animal Vascular Intervention Study.

15 [0132] This example provides experimental protocols for tesﬁng 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



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. [01351 After angioplasty and
placement of dzstenszPlowable composition comprising endothelial cell8GHEBAEHELIEE matrix,
particulate matrix alone, or nothing will be delivered to the perivascular aspect of the left and right
femoral 60 WO 2006/062871 PCTIUS2005/043844 arteries by a needle injection catheter. The

needle injection catheter will be guided 1q the site of administratian usi I giography or
intravascular u Itra%%r?dﬁrd %%e 'r%%%%?f?ﬁ%%%% for naé% %%%13 & } ?ﬁg%%&%ﬁn?até%?%v% egd'%:%gm position
will be administereg E(? location proximal to the stent, for example, a 5 location about 1-20 mm
proximal to the proximal end of the stent, at a location distal to the stent, for example, a location about
1-20 mm distal to the distal end of the stent, and at a site along the length of the stent. Each injection
location will receivgoessputReitidiin] teimpiansatié:i 0% abteinompasiijertscantaigiimgapproximately
40- 70 mg particles at a density of about 0.8 - 2.5 x 104 cells/mg. All test subjects will 10 receive
intra-operative hepasmicntamdogs| britiste radidplitytnepdrivisis| iovwhgtstirge fonigageiden of the test
subjects will receive implantable flowable composition on the day of surgery. Ten test subjects will
receive controbpartietsiienseiairlisiemansipriaeras et igEripnRRUURIRIGAETS Bt Bibjects will receive
a stent, but will not receive either type of implant. These 6 test subﬁgs will be used for comparison to

15 standard of car@eAEE aF cERAE BERESHLAPSEHY VSRR SHS L SRIBRIM ARG AE8 x104 cells per

kg. . e
J composition will be applied io the site of balloon inflation and stent placement and
surrounds as described below after the angioplasty and stenting is completed and

fiow through the treated vessel is established.

16 [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 witha 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 Jeft 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 arferies under fluoroscopic guidance and placed at the site

20 of angioplasty.

[0135] After angioplasty and placement of the stent, flowable composition
cotixprising endothelial celis 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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[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
quoroscopy,‘TB—zf'gséQ:ﬁ%lf iodinated contrast (Renograffin, full strength) \ﬁfﬁTtS‘éSﬁ‘?Fé@t‘b"&?“r he cine
angiography will be recorded and stored for comparison to the pre-sacrifice 61 WO 2006/062871
PCTJUS2005/043844 angiogram. Final angiography will be performed to evaluate vessel patency and

the condition of theeiep BniakieilRaricstiate Malieralinjeriian sHrsi (8 bidicHe panimavillife administered
prior to angioplasty as a 100 U/kg bolus injection plus a 35 Ulkg/hr continuous infusion and
maintained until thetensitobimdmigntyytibddisiomdbbelusagirs eadl0filg ownitits adaiinistered, as
necessary to maintain ACTs >_200 seconds. [0139] Vessel Patency: The patency of a treated vessel
will be confirmed bljrasoeekis fidsutifchsurertiontef tsingeod| cFitompropsisridwabiund immediately after
surgery, 3-7 days post surgery and once per week thereafter. Treated vessels will be 10 monitored

closely for blood fERPEBIRARSURSRiNEIESES fhadetriier stdmaliodiareninn angeiaya7

post-surgery for the test subject to be placed on study. If flow is _not detected throc;&%] a vessel before

or on day 7, the t4¢aBjRRR A BRI B ith Sekiersnd et SIRIEM: cabendii@iace the

test subject so that the original number qf subjects/ IS maintained. ]g's %,MQ%LP thology
Brocedures: Half B B Kfn Al BEPE iy o SO BT S S CiS BN HRolans will be
euthanized 3-5 d.""s¥§rﬁ°"°é’%{£‘gs§t‘ér88{x§- b bR B9 AN MBS RIS SR B SR g ontrol: 3
subjects with no imp dr%

about §.1-1.0 ml of implantable flowable composition containing approximately 40-

70 mg particles at a density of about 0.8 — 2.5 x 10% cells/mg. All test subjects will

10 receive intra-operative heparin and administered daily aspirin following surgery.

j0136] 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 1o
15  standard of care. The total cell load based on body weight will be approximately 1-8

x10* cells per kg.

[8137] Following completion of the angioplasty procedure, placement of the stent,
and injection of the implantable ﬂowable'cemposiﬁon in the adjacent perivascular
space, a C-arm fluoroscope will be placed over the neckl of the subject so that the

20 treated vessel will be visualized. Under continuous fluorescopy, 10-15 cc's of
iodinated contrast (Renograffin, full strength) will be injected. The cine

angiography will be recorded and stored for comparison 1o the pre-sacrifice
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will be euthanized one month following surgery. [0141] Animal test subjects will be anesthetized using
sodium pentobarbital 20 (65mg/kg, 1V)). 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®¥ac@R3Geck of the animal so that the treated vessel canWe{iSti a4t nder
continuous fluoroscopy, 10-15 cc's of iodinated contrast 62 WO 2006/062871 PCTIUS2005/043844
(Renograffin, full strength) will be injected. The cine angiography will be recorded at 0 and 90 angles

to the treated vessel..Vessel patency. f iSswil | | read of the
A ?nnég%%p%%ﬁ%% géga%éd% Lag.determinsdvlinded

necropsy angiogreimrr%cf%r%%ire ost-placement angiograms. Angiograms were
graded on a scale gf,0:5,2 seRendingHpanihe deges Al siepgsiashaesved in the angiogram. The
grading scheme employed was as follows: 0 = 0% stenosis, | = 20% stenosis, 2 = 40% stenosis, 3 =
60% stenosis, 4 = 80% stenosis and 5 = 100% stenosis. It is anticipated that the vessels treated with
the implantable flotdse cHeppdsitiviil b timiniesent rnventiangivitlakhibit A08dfepbeltisstenosis
compared to control subjects upon 10 examination of the angiograms. [0142] Histology: Half of the
animal test subjectsj¢ttive aled a5 tiHkghraaibieces infithieandshainiancoaidihsmg el 3 days

following surgery. The remaining animal test subéects (5 treated; 5 control; 3 subjects with no implant)
will be eutharfizecPwsernakiditsiral s drgeryl 48162 31lbR A BAEE 678 P UETRBU s the

macroscopic examination of the administration site and surrounding tissue including draining lymph
nodes will be perfﬁﬁﬁ’é@%ﬁ%ﬁ%é@@@ﬁﬁ?@&@é: Tissue from major organs, including brain, lungs,

[0139] Vessel Patency: The paiency of a treated vessel will be confirmed by

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  [0340] Pathology Procedures: Half of the animal test subjects (5 treated; 5
control; 3 subjects with no implant) will be enthanized 3-5 days following surgery.
The remaining animal {est subjects (5 treated; 5 control; 3 subjects with no implant)

will be euthanized one month following surgery.

[6141] Animal test subjects will bs‘ anesthetized using sodium pentobarbital

20 (65mp/kg, IV)). The ireated vessel will be exposed and digital photography of the
treated vesse! 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 jodinated contrast
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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

macroscopiwgwg%ym of the external surface of the body or from the%§ géamination of
administration sites and surrounding tissue. 63 WO 2006/062871 PCTIUS2005/043844 [0144] All

treated vessels and surrounding tissues will be trimmed, fixed in 10% formalin (or equivalent) and
embedded in glycolmethacrylate (or equivalent). Using approximately 3m-thick sections cut with a
C-profile stainless&teagraifie. il saengiicnill briniosisdiliecinepgioghpn witbeottbrésl segments of
the treated 5 vessel; proximal to the injectable material; at the site of injectable material; and distal to
the injectable mahfaPerhdSeuglendn e Hanted wrothtd e a gaterny. coddegrve PEstnvaeniliglass slides

and stained with hematoxylin and.eosin or Verhoeffs elastin stain. The stained slides will be examined
and scored for peft ggtgﬁ‘fg ﬁ% IB?W%&Irﬁ?%{a?ﬁm%%?f‘@%?é‘%ﬂ@%ﬁ?dﬁW%%ﬁ%ﬁ”&%eneration,

thrombi and 10 f“%gﬂiiéo%f»%ﬂ;%r thgnpargslgnce (S)f m%({))th mus‘,{]:ele cellg tgnd endaitrgl?/léalcells. Additional
sections of tissue derived from the one-ronth téa gsu%Jecfs Wil 56 Saifet™iith®/gihoeff's elastin and
examined ang scqy gxf@hg\?pég%gfd vessel,andighe 4t gf %@j intimal hyperplasia

and restenosis. Ad%i)tiona sections r%ég?/ also bg stained wﬂ%eu C %?1 o'tﬁ@?féa%r gﬁmﬁ%mooth muscle

cell 15 markers, inshesiogRpioget Nmlterrin RECAM K ans asSYIC spfindiasisesidugy, lumen will also

be examined, reflecting the change in vessel geometry after injury and repair. The Verhoeff's stained
sections will also kemshjertedin Maphometsiyanalysis 4sins-0omRuierzad dgtiriaatmetry with a
video microscope and

that the vessels treated with the implantable flowable composition of the present

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 confrol; 3 subjects
with no implant) will be enthanized 3 days following surgery. The remaining
animal test subjects (3 treated; 5 control; 3 subjects with no implant) will be

euthanized one month following surgery.

15 [0143] A lLimited necropsy, defined as the macroscopic examination of the
administration site and surrounding tissue including draining tymph nodes will be
performed on all test subjects. Tissue from major organs, inciuding 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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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 macropha ytes.
Additionally, SERA8HECHES also be stained with the 64 WO 2006/062871 %%%@%%}%%?353844
following specific markers: anti-CD45 to identify leukocytes, anti-CD3 to identify T cells, CD79a to
identify B cells and MAC387 to identify monocytes/macrophages. (0146] The stained slides will be
examined and scofetk#ir the! presehesel smdethromibicieticetissanitl batdathedd| foaltbinAlll%ections of
the treated vessel, including the 5 intima/pseudointima, the inner portion of the media near the lumen,
the outer (adventitiersile) (potipivgietiicanibelizbedded inbgobntthacairiciter savErgna wWirbe
evaluated and scored. The size of each tissue compartment, for example, the intima, the media and
the adventitia, will Berrreiaeaiedtirniidrsciont rebpidn Wiktsdle falniassRy Wéfpiesence and/or
extent of each of the following criteria. Indicia of 10 inflammation will be evaluated, including but not
limited to, the presetidsaiand) csagimnorRebrsRIS B Tach RS Iwss srepeate B &rrthils, giant cells

and plasma cells. Tissue sections will pe evaluated for the presence of fi%roblasts, neoyvascularization,

calcification, hémolHEgePOHgRSRdhe R dRABTA5IE rrlrt RiRRANS e R 8% ctions

additionally will be vaﬁguat d for indicia oéd.e eneration..including 15 but not limited to the
degeneration, elasi%'lft %%%ﬁd%?cggbeﬁea %eﬁjélgo e %“é‘{?é“g%?gg’r‘?,%%% ?ﬁlﬁgéalténrﬁ%l er

vacuolation and/or calcification.of the tissu i tio ill I dothelial cell
proliferation, subinE% rﬁg?ué‘éﬁ%eélrr%g) I%léa?séﬁ]tcl)ﬁngslr%é?} é?%%%ﬁo%ﬁﬁaﬁigﬁ% fl}zé%e\t;%g#ﬁ%%%%%ﬁgnd the

presence of elastin stain. The stained slides will be examined and scored for perivascular and

luminal inflammation (acute and chronic), vascular degeneration, thrombi and

16 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 c2ll

15  markers, including but not limited to PECAM-1 and 0-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 [6145] 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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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 ageplg.eh8dhrough 4 (0 = no significant changes; | = minimap, Zmilched 5 mnoderate;
and 4 = severe). 65 WO 2006/062871 PCT/US2005/043844 [01471 Additional sections of tissue from

the I-month animal test subjects only will be mounted on glass slides and stained (Verhoeff's elastin)
for morphometric analysis. Measurements of the lumenal, medial, intimal and total vessel volume will

be taken using confRIREPWREICIPBRSATR BB (A idertif irdsetsiies ant-SBaSwiwatf Software for

each section. The percent stenosis will be determined for_each section. One method of quantifying
intimal hyperplasia“@ By tratiirr eV M 87dq seniidirmpracaiss/mrmepastima, mm) /

(intima + lumen, mmz2)) [01481 Additional sections will also be obtained, at the discretion of the 10

pathologist, if UPONy gy ss %@Q@&‘@@g&%@gﬁ%@%@ﬂ%&g \%&%ﬁge%%rs%%i}?rgg&% E)th}a[ew\(/ggsel wall(s)

. . A 5 .
or dilation are observed outside of the sites described a staine S will'bé e&Xamined and

scored in blinded faghige &nﬁméﬁqﬁéﬁﬂfQeﬂéetgﬁ%@é&&@%ﬂk&%%@%ﬁ&?ﬂ&%ﬁ%%&%f Animal
e

Vascular Intervention Subiects 15 [0149] It is expected that subjects treated with t wable

_composition ofsthe ipreseREAVRIRGM 8% descridathabour wilslisplaenraemeedndicia of reduced
incidence of clinical sequelae associated with vascular intervention, including but not limited to

decreased occlusivedtrumititicsis, ponieasdd-patetnyreatahe decieasetind 8RGSISedR ¢ased intimal
hyperplasia, and decreased acute and chronic lumenal
evaluated and scored. The size of each tissue compartment, for example, the intima,
the media and the adventitia, will be measured in microns. Each section will be
evaluated for the presence 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 evalnated 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.
Tissﬁe sections also will be evaluated for endothelial cell proliferation, subintimal
cell proliferation, including but not limited to neovascularization and the presence of
smooth muécie 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 2 scale of 0 through 4 (0 =no

significant changes; 1 = minimal; 2 = mild; 3 = moderate; and 4 = severe).
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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 an H]ﬁ{[

2006/062871 BEFI5EHF3E/043944 permitting unimpeded blood flow at n%rmaggqr%ﬁ%%r normal rates .
Lumen diameter and percent stenosis will be monitored using angiography of the treated vessel at the
day of treatment and just priorto 30-day sacrifice. Narrowing of the lumen post- surgery will be
correlated with blogq flgw jaigadsingstandardiienrsiar iaspunth aidkaliaesisubidsiexpreted that the
present invention will prevent or delay narrowing that impedes blood flow below a normal or near
normal rate. [0151,A1 s thesindiciagia Hudstianingsten@tnpesel Kahie pbsenceinhedde effects. Itis
expected that the injectable material of the present invention will reduce the incidence and/or extent of
occlusive thrombosigigsisteviesisrefrestod sie dub®na ssetinlihnatiportiod tfitheesed seildistavitind
proximal to the stent, often referred to as edge effects. Edge effects, or candy wrapper effects, are
areas of stenosis thatakleveiop entipatstigsdatigialaionimeiny withesiétowing e Pldcement.
Characterized by early neointimal tissue proliferation and later stenosis, edge effects can lead to
occlusive thrombosisiereiged srbipaswiTsash strtivre dThSiRET S Bigraph Y Boftiretiastd® vessel at the

day of treatment and just prior to 30-day sacrifice, It is expected that the present invention will prevent
or delay thrombosiga‘é{hae%%ep%‘é%ﬂ‘?goggg i Wi %@Sﬁ’ %Sfﬁigf s}fegﬁ eédﬁ\ge%gels, as

described herein. The presence or absence.of.edge effects will also be rmined:histologically by
HHEF%%{%G}% ?a?ffggg%%%e -ma%nﬁfm{leing ) T (g i&lﬁé&

obtaining far-proxi S, approximately 2-3' mm upstream or

mm?)].

[0148] Additional sections will also be obtained, at the discretion of the

10 pathologist, if upon gross examination of the vessel(s) any focal Iesions, 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,

Exnected Results for Animal Vascular Intervention Subiects

15 [6149] Itis expected that subjects treated with the flowabie composition of the
present invention as described above will display one or more indicia of reduced
incidence of clinical sequelae associated with vascular infervention, 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.

[015¢} 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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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. 67 Q806462971 PCT/U52005/043844 [0152] As a group, ghe treated sphjects are
expected to show at least incremental differences in at least one of these aforementioned indicia of

functionality as compared to controls. Example 2: Human Vascular Intervention Study. 5 [01531 This
example provides experimental protocols for testing and using a flowable composition comprising
engrafted vasculapemdtthglialmptdéedvdoad fiosainuatitaicomatamisrparticedatd. foren thareetace the
incidence of clinical sequelae associated with vascular intervention in human clinical test subjects.
Using standard siflasrosis stagpeswil Sysinidorst deiegiapaicsramheadshsatiodrd aneidpitsey and 10
stenting is performed to alleviate a clinical condition. Implantable Plowable composition is then

disposed in the pefRagtiiraregy cadivs apeein Vr datretlnnmNarmingied Sredngiopresty and stenting;
the details of one exemplary procedure are forth below. As described earlier, the placement and
formulation of the ﬁ’ﬁﬁﬁeﬁﬁt‘gﬁieg eff’é’\ﬁﬁ%%%ﬁ'ﬁﬁ%@ﬂfib%%ﬁaﬁé Vgﬁgatm%ﬂﬂ@ﬁ BHERERAer in a
routine manner. 15 [015 ecificall e study includes human,test subjects undergaing
percutaneous aIIggjg?ogﬁgo%ﬁass%);pgﬁ%%%ﬁt?ﬁaI?nesée%telﬁ‘ﬁ%ne%g? I‘iﬂr{ﬁq%)?ré%e %/éﬁt%gﬁrﬂln%@? neous

balloon angioplas%gﬂglﬁg%ggiggg&%qg%mgggﬂgpggq{é‘glegoggaﬁ%@.ng 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 [§151] A fusther indicia of a functioning stented vessel is the absence of edge

effects. It is expected that the injeciable material of the present invention will
reduce the incidence and/or extent of occlusive thrombosis or stenosis of the weated
10 vessel in the portion of the vesse! 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 bé monitored using angiography
15 ofthe ireated vessel at the day of treatment and just prior to 30-day sacrifice. Itis
expected that the present invention will prevent or delay thrombosis and vessel
narrowing associated with edge effects of stenied 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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the treated vessel is established. The total cell load based on body weight will be approximately 1.0
x104 cells per kg to approximately 8.0 x104 cells per kg. 68 WO 2006/062871 PCT/US20051043844
[0155] Clinical follow-ups will be performed at 5 days, 2 weeks and at 1, 3 and 6_months. Blood flow
measuremenfé’%%ﬁqg“g)%?-ﬂow Doppler ultrasound will be required at dafgjf/gsézgf}asﬁﬂﬁgﬁd’a baseline
level, followed at 2 weeks, | month, 3 months and 6 months post-surgery. Test subjects that exhibit an
absolute flow of 5 less than 350 mLImin, or greater than 25% reduction in flow from the previous

measurement, or grpaser than.50%haree SlaRATSesMeasUred M NABRIG 1uitasophwill be

referred for angiography. Remedial clinical intervention such as angioplasty will be permitted for
stenotic lesions of gigateician &0%asdetrrarinest boRngingsaphinaks:(OPRRLEanligsiangiography of
the treated vessel and surrounding tissue and vasculature will be performed at baseline and at 3
months. Lumen diatnaterstditolentalsulated for each region and peak systolic velocity will be
measured. Expected Results for Human Vascular Intervention Study [0157] It is expected that subjects
treated with the implantable flowable 15 composition of the present invention as described above will
display one or moré2#Rietacof eIt edSHE M psa e RN quelae associated with vascular
intervention, including but not limited to occlusive thrombosis, restenosis, intimal hyperplasia, and
acute and chropic i nation. [0258] An.indicia of.a fungtioning bleod vessel is adequate lumen
Ciameter. 1115 30 oo tted TatTA Bre o L B R e

diameter thereby periag 4RIHAsEEdNeE: o, alimle s AHSHE IR BIANIAH and 2

biocompatible matrix in particulate form to reduce the incidence of clinical sequelae

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
vercutaneous 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 balioon inflation and surrounds

20 as described above after the angioplasty and stenting is completed and flow through
the treated vessel is sstablished. The total cell load based on body weight will be

approximately 1.0 x10" cells per kg to approximately 8.0 x10* cells per ke.
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normal or near normal peripheral circulation. Lumen diameter will be monitored using angiography of
the treated vessel beginning at baseline (approximately 5 days 69 WO 2006/062871
PCT/US200%@¢3386kppst-treatment) and thereafter at least 3 months pgshsurgen. Nafrowing of the
lumen post-surgery will be correlated with blood flow rates using standard Doppler ultrasound
protocols. It is expected that the implantable flowable composition of the present invention, when used
as described herein, will prevent or delay narrowing 5 that impedes blood flow below a rate suitable for
peripheral circulatigrEals delisitabtblloerein. Wik phesmadesteddhatieairaant with thedrgplantable
flowable composition of the present invention will result in blood flow rates permitting
clinically-acceptabienthsuRitod fveppreximeatitgsiograloafesy Bloppletalansband wifidbéreated portion
of a blood vessel will be comparable. Comparable means 10 substantially similar for clinical purposes.
For example, bloaernwdraitéayot astablisbo basling el fobeevedhy Alvoek800080G 3L /min, and more
preferably about 350-400 mL/min. [0159] Asa group, the treated subjects are expected to show at
least incremental RRFSES PREME BT SRESY thEeH %mé%?ﬁéé}hMHS@WMﬁﬁlity as 15
compared to controls, Ex le_3: Animal Pelvic Readhesion, Study [0160] This example provides
experimental %ro%&%@%ﬁ%@%ﬁnﬁﬁfﬁgﬁ@m& ngﬁrﬁ%?ﬁﬁ%%?ﬁo%ogbﬁ%ﬁgﬁ@rﬁ‘ﬁ%ompatibIe
particulate matrix and egl%raf%ed enc{eort%’eﬁ!iaagﬁlls or %ndothﬁlial-like ce Ig t%([)edyce the incidence of

adhesions in the 25 %ngvus At Strrounds in“animal teets aﬁ%@%}lﬁn e&pe Méntal rat model (a

modified uterine hom MOdSl vl Y RF:eH B8: £:30%:ABr SR Will RRAIUZSA IO ion such as

angioplasty will be permitted for stenotic lesions of greater than 50% determined by

‘angiography.

10 {0156] Contrast angiography of the treated vessel and swrrounding 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] It is 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. Itis
20 expected that the present invention will permit meintenance 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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study the treatment of post-operative adhesions after tubal reconstructive surgery using the
implantable flowable composition and methods of the present invention. 70 WO 2006/062871
PCrius20051043844 The uterine hom will be scratched on both sides a’%}@ﬁ%ﬁﬁ%g, pgether. After 14

days, during Pg%%(g}r%%zm'g;, the tight connection between the two sides of the sutured uterine horn will

be out. The implantable flowable composition of the present invention will be applied to one side of
the uterine hom and surrounds as described 5 above. The other side of the uterine hom will not

receive the implaniable-dawekiearOmpemiion: as:a Soniiths Poe: presenciNerahienstiief adhesions will
be monitored over time. It is expected that rats treated with the implantable flowable composition of

the present inventiomuyilpsispiayeayreiilise coincisted ceith bistiRefion satastheineitdsdad dismerrounds. 10
Example 4: Animal Fallopian Tube Occlusion Study [01611 This example provides experimental
protocols for testingzasdusipgpmcblocBrispapbtcdahdt the impientsblerftPwiablareapepdotheiitor
endothelial-Pike cells to reduce the incidence of fallopian tube occlusion in animal test subjects. An

experimental rabbitmsedeyFEiercrisrererasdisicabed sovm (PH0TY Gl B8y RFSBHRE study the

treatment of fallopian tube occlusion using the implantable _flowable composition and methods of the
present invention. BAAERREST SRAPFC GBI &2 ?M@@ﬁiﬁ%l%ﬁ%?@gfé% RS r?ﬁ?}?e%e d left

fallopian tube will he performed using a coaxial technigue. With a metal uiﬂewi protruding from the
active electrode c&fﬁr@fﬁr,%ﬁ ?F&§88‘§8ﬁ§€§§*nﬁv%ﬁ & par orl%{ie1 ; ﬁ%%%% a“’ﬁ’{%%% 20 flowable

composition of the cpresen%i[inv0 icﬁ)r%r \é\%ielzln e.an t%%z?@&%%%%ﬁ rg@g&mﬂﬁgs as described

above. The other faﬂ%lﬁ)f’asﬁ b Wi receive

clinically-acceptable circulation, or approximating normal rates. Flow into and 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 2
flowable composition comprising 2 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 fest subjects. An experimental rat model (a
modified uterine horn modél, I. 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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implantable flowable composition as a control. Tuba! patency and histological changes will be
evaluated over time. It is expected that rabbits treated with the 71 WO 2006/062871
PCTIUS2005443844szmplantable flowable composition of the present inpemticnesslbgsplay a reduced
incidence of occlusion, stenosis and necroses in the fallopian tubes and their surrounds. [0162] The
present invention can also be used effectively to diminish the incidence 5 of ectopic pregnancies
and/or as an interventional therapy coincident with or followg‘}%&an ec{%ggé%tg‘;egnanc .[0163] The

invention may be CRASBEREE IRTBIRLT BpacREht A R depststinge & SOt dfessential

characteristics thereof The present embodiments are thereﬁzre to onsidered. jllustrative and not
restrictive, the scocé)aélso Fﬁggﬁ%%ﬁﬁrgg{}f@' belngéll}%i%%?g%{f eéw aeﬁrﬁen%g 8129?%‘3#31 S’eur%ﬁ% by the

foregoing descripgi_‘gg?n%rh% r@%ﬁgg@éﬁ%@%ﬁgﬁggﬁgi%%%%%%@%&% Q gquivalency of

the claims are therefore inten ced therein. 72 We claim: 1. A flowable composition for

use in treating an ipiuped,of HiISRARGHI BR-ABVULHYY MR hoftiRulas AR IRMical sl clure

wherein said flowable composition comprises a biocompatible matrix and cells and wherein said
flowable compositigpy?. isRelivriagdL PRI ulanR oS IRISE RN A ateaxtaibminalis yifageat or adjacent

or in the vicinity of the injured or diseased site in an amount effective to treat the injured or diseased
site. 2. The'tlowablerepssigosikion @helainTheheseesaid geiisast tihdathe halidel s onicats
over time. It is expected that rats treated with the implantable flowable composition

of the present invention will display & reduced incidence of adhesions in the pelvis

and its surrounds.

10  Example 4;: Anmimal Fallopian Tube Occlusion Study

[0161] This example provides experimental protocols for testing and using a
biocompatible particulate matrix and engrafted endothelial or endothelial-like celis
to reduce the incidence of fallopian tube occlusion in animal test subjects. An
experimental rabbit model (. Vase. Interv. Radiol. 13:399-404 (2002)) will be

15 uiilized to study the {reatment of fallopian tube occlusion using the implantable
flowable composition and methods of the present invention. Under fluoroscopic
‘guidance, fransvaginal 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 fiowable composition of the present invention will be applied to one fallopian tube
and surrounds as described above. The o*ﬁhe;'fa}lopian 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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having an endothelial-like phenotype. 10 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, epithelial
cells, smootl.gutselgaslls fibroblasts, stein cells, endothelial progenitorgeligsuasksasdiomyocytes. 4.
The flowable composition of claim | wherein the flowable composition is shape- 15 retaining. 5. The
flowable composition of claim 1 wherein the biocompatible matrix comprises particles or microcarriers.
6. The flowable composition of claim 5 wherein the particles or microcarriers further comprise gelatin,
collagen, fibronectriBihledlen bl oramaennear Hepprgecr Grp et ol dblgaontpdsitén of claim 6
wherein the attachment peptide comprises a peptide of sequence arginine-glycine-aspartate (RGD).
73 8. The flowabléCHIRESH SR BFRIH SR ARtMecosFtMethyr Fliorienmbesnad helliameter of about
20 microns to about 500 microns. 9. The flowable composition of claim 5 wherein a particle or
microcarrier has & giamieter of about 200 microns. 5 10. The flowable composition of claim 1 further
comprising an appropriate carrier fluid selected from the group consisting of alginate, a sugar solution,

a starch solution, gelafinepdathelaboransh medis, sodaibelsbioaglmadiassehgiguaedia, other

growth media or neutral buffered saline. 11. The flowable composition of claim erein said effective

amount reduces sgresithid Bropuscie-callproliferatinn-aling Nimed 9T diseasedsiiies1 2. The flowable

composition of claim | wherein said effective amount reduces
following an ectopic pregnancy.

[6£63] The invention may be embodied in other specific forms without departing
fro‘m 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 foregoing description, and
all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced therein.



occlusive thrombosis at the injured or diseased site. 13. The flowable composition of claim 1 wherein
said effective amount reduces intimal hyperplasia at the injured or diseased site. 15 14. The flowable
composition of claim 1 wherein said effective amount reduces stenosis or restenosis at the injured or
diseased site. 15, T ﬁn]‘:lowable composition of claim | wherein said effective amount reduces acute
inflammation at the injured or diseased site. 16. The flowable composition of claim | wherein said
effective amount reduces chronic 20 inflammation at the injured or diseased site. 17. The flowable
composition of ¢laim lawherstt saitheffeciite amolmtaitducesjvadodiatiordsivasospasmoat the
injured or diseased site. 74 18. The flowable composition of claim 1 wherein said tubular anatomical
structure is a blood vésweh dfd. tisdaofizivivisehipatible whatai atid Ganals erepasiittacture of a
flowable 5 composition for treating an injured or diseased site on an interigr lumen of a tubular

anatomical structure, WHBPERSSSHP ARG CBAto Mo TS tdbehge e 8y 2ERURRAYEDS injection
to and to b§ contacted, W'tB an (%tralumtinal surface. of saiq tLgrl:g1 J?E,%??ﬁ%@@ %tﬁ'dcg}éjer‘? at.or adjacent
or in the vicinity of thelﬁiﬁ St HRASLAR IR LA UBLRAT anatomical stricture and wherein said
flowable 10 composition. g1, A AMeWIkRIBE UG QI GRL N Il GraliseAsealig: Alrhe use of
claim 19 wherein the flowable composition is to be deposited on an exterior surface of said tubular
anatomical structure aof;adiaget or in the vicinity of the injured or diseased site by traversing or

penetrating an interior wall of said tubular anatomical structure.

2. The flowable composition of claim 1 wherein said cells are endothelial cells or cells

having an endothelial-like phenotype.

10 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, epithelial cells,
smooth muscle cells, fibroblasts, stem cells, endothelial progenitor cells and

cardiomyocyies.

4. The flowable composition of claim | wherein the flowable composition is shape-
15 retaining,
5. The flowable composition of claim ! wherein the biocompatible matrix comprises

particles or microcarriers.

6. The flowable composition of claim 5 wherein the particles or microcarriers further

comprise gelatin, collagen, fibroneetin, fibrin, laminin or attachment peptide.

20 7. The flowable composition of claim 6 wherein the attachment peptide comprises a

peptide of sequence arginine-glycine-aspartate (RGD).
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15 21. The use of claim 20 wherein a site for deposition of the flowable composition on an exterior
surface of said tubular anatomical structure is to be identified. 22. The use of claim 21 wherein the site
for the deposition of the flowable composition is to be identified prior to or coincident with the traverse
or penetration of the interigr wall of the tubular anatomical structure. 2Q 2 laim 21
wherein the sitegis to bqél%gﬁﬁﬁ%% t%?ﬂn (ésé?r?a Ogag %sz.l hgib%(éﬂbfy c%ﬁ%l%v&gr%%%t%gsﬁ%lg to be
identified by tactile palpatiQp.: 2P.rtheMseiabclaimskwhersindhe flowable composition on an exterior
surface of said tubular anatomical structure at or adjacent or in the vicinity of the injured or diseased
site by entering the perivascular space by percutaneous administration. 5 26. The use of claim 25
wherein a site fér depdBiticioehtihe flonpakiéosontipdsitioh wheagin extenitelsurfavewtsaid tisukar
anatomical structure is to be identified. 27. The use of claim 26 wherein the site for the deposition of
the flowable compositi8i#nigepababield Affled BT to or coincident with the entry of the perivascular
space by percutaneous administration. 10 28. The use of claim 26 wherein the site is to be identified
by imaging,.29. fj1e usg,obdlalf) 20 whelein theisite fsiadbe dentiied by.actle palbation, 0. The use
of claim 19'wherein the experlor SUFAES 01 Shid TibUlar anatomical structura IS a non-luminaj surface.
31. The use of claim 19 wherein thg.exIeriorswitace of sritldubylar.analamical oW uden Occupies
perivascular space. 76 32. The use of claim 19 wherein said tubular anatomical structure is a blood
vessel. 33. The use ofsglaim dRmheEein s hlaad ¥RssRl BORRISRSI A, F&Nkrowth media, other

erowth media or neutral buffered saline.

11. The flowable composition of claim 1 wherein said effective amount reduces smooth
10 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.

13. The flowable composition of claim 1 wherein said effective amount reduces intimal

hyperplasia at the injured or diseased site.

16 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 acute

inflammation at the injured or diseased site.

16. The flowable composition of claim 1 wherein said effective amount reduces chronic

20 ' 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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34. The use of claim 33 wherein said injured or diseased site is in the vicinity of the stent. 5 35. The
use of claim 19 wherein said effective amount of the flowable composition reduces smooth muscle
cell proliferation at the injured or diseased site. 36. The use of claim 19 wherein said effective amount
of the flowable composition reduces occlusive thrombosis at the injured or diseased site. 37. The use
of claim 19 wherein said effective amount of the flowable composition 10 reduces intimal hyperplasia
at the injured.or diseased site. 38. The use of claim 19 wherein said effective amount of the flowable
composition reggices stenmsiasE (eaipasis af trennjukae-omndiseasadsiea3Rickhawsaefickaim 19
wherein said effective m%unt of the flowable composition reduces acute inflammation at the injured
or diseased site. 15 4(@ THe'USe of claim 19 wherein said effective amount of the flowable composition
reduces chronic inflammation at the injured or diseased site. 41. The use of claim 19 wherein said

effective amountdof thé fewautecumpdrivat e autedly SsBuimisisrasts fagab St the injured or
diseased sie. 20 77 42.thh&iuse fof claim L5 wierdiorsaiehiabsirraanatomicallsiechretisselected

from: lacrimal ducts, the trachea, bronchi, bronchiple, n f,al assages, §in{ys§3 iair\g% s, eustachian
tubes, the external aué'i?ca)gr(ilmcl:%ang ,ugtr%ﬂ(_abg\l}l Ifglsn, stﬁcep}gos%ﬁgaﬁg})?ﬁle gtlgrﬁap%,eaﬁ‘gﬁuogenum, the
small intestine, the largerinteting ibftsiey trawtd teHs Seniksted Wik maatielumielivefiee theafdllopian

tubes, uterus, vagina age.athehhassegrMaysobiheifemale repwdustive tiaetanddhe vasdeferens

and other passages of the male reproductive tract. . .
P g diseased siie of said tubular anatomical structure and wherein said flowable

10 composition is in an amount effective to treat the injured or diseased site.

20. The use of claim 19 wherein the flowable composition is to be deposited on an
exterior surface of said tubular anatomical structure at or adjacent or in the vicinity
of the injured or diseased site by traversing or penetrating an interior wall of said

tubular anatomical structure.

15  21. The use of claim 20 wherein a site for deposition of the flowable composition on an

exterior surface of said tubular anatomical structure is to be identified.

22. The use of claim 21 wherein the site for the deposition of the flowable composition
is to be identified prior to or coincident with the traverse or penetration of the

interior wall of the tubular anatomical structure.

20 23 The use of claim 21 wherein the site is to be identified by imaging.
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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 population of cells; a 10 post-confluent population of
cells; and a population of cells having any one of the foregoing phenotypes. 44. The flowable
composition of ¢laim herein the ¢ osition is delivered. int i ive closed procedure.
45. The flowabl%gzomtr\c%iﬁ%?ﬁo%F %I'gf rg{?‘%lv reeipe?rllétﬁ% i%ﬁwlg%ﬁ%(ﬁﬁggg%@r%ﬁ@ﬂ%g traversing or
penetrating an interior wall of said tubular anatomical structure. 46. The flowable composition of claim
1 wherein the t#8ular aRasHREA R TFeTen tAlOPaNE SCERaRY LRI SHY SUgREIR dfbated
anastomosis. 47. A flowpidile camposiion-fotutseatintredtiagmaoriniurbd ardiseasetesiiguoai as interior
lumen of a tubular anatomical structure wherein said.fl I iti aelelgl a
biocompatible matrix, éésl g?egnSI a 55%}815515?5 ecré%%?gf]%}g%?ﬁ%Hgg%?\ai%%%%%g%lé%éﬁrﬁgbsition isin an
amount effective to treat the injured or diseased site. 48. The flowable composition of claim 47
wherein the carfir fluidlg $S18EeromHEe bl (ErRes s imEE R 8 SyAPRUIRSN 4 starch

solution, gelatin, endoihediédr 2bfcowt bt adidendoimélidsbasatamiedias atheifigdowth media or neutral
buffered saline. 78

27. The use of claim 26 wherein the site for the deposition of the flowable composition
is to be identified prior to or coincident with the entry of the perivascular space by

percutanecus administration.
10 28 The use of claim 26 wherein the site is to be identified by imaging.
29, The use of claim 26 wherein the site is to be identified by tactile palpation.

30. The use of claim 19 wherein the exterior surface of said tubular anatomical structure

is a non-luminal surface.

31. The use of claim 19 wherein the exterior surface of said tubular anatomical structure

15 occupies perivascular space.
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20

32.

35.

36.

37.

38.

39.

40.

41.

The use of claim 19 wherein said tubular anatomical structure is a blood vessel.
The use of claim 32 wherein said blood vessel comprises a stent.

The use of claim 33 wherein said injured or diseased site is in the vicinity of the

stent.

The use of claim 19 wherein said effective amount of the flowable composition

reduces smooth muscle cell proliferation at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces occlusive thrombosis at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces intimal hyperplasia at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces stenosis or restenosis at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces acute inflammation at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces chronic inflammation at the injured or diseased site.

The use of claim 19 wherein said effective amount of the flowable composition

reduces vasodilation or vasospasm at the injured or diseased site.
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42,

43,

44,

45,

46.

47.

48.

The use of claim 19 wherein said tubular anatomical structure is selected from:
lacrimal ducts, the trachea, bronchi, bronchiole, nasal passages, sinuses, airways,
eustachian tubes, the external auditory canal, oral cavities, the esophagus, the
stomach, the duodenum, the small intestine, ﬂ_}e large intestine, biliary tracts, the
ureter, the bladder, the uretha, the fallopian tubes, uterus, vagina and other
passageways of the female reproductive tract and the vasdeferens and other

passages of the male reproductive tract.

The flowable composition of claim 1 wherein said cells are selected from the group
consisting of: a confluent population of cells; a near-confluent population of cells; a
post-confluent population of cells; and a population of cells having any one of the

foregoing phenotypes.

The flowable composition of claim 1 wherein the composition is delivered by a

- minimally invasive closed procedure.

The flowable composition of claim | wherein the composition is delivered by

traversing or penetrating an interior wall of said tubular anatomical structure.

The flowable composition of claim 1 wherein the tubular anatomical structure is a

naturally-occuring structure or a surgicaily created anastomosis.

A flowable composition for use in treating an injured or diseased site on an interior
lumen of a tubular anatomical structure wherein said flowable composition
comprises a biocompatible matrix, cells, and an appropriate carrier fluid, wherein
said flowable composition is in an amount effective to treat the injured or diseased

site.

The flowable composition of claim 47 wherein the carrier fluid is selected from the
group consisting of alginate, a sugar solution, a starch sofution, gelatin, endothelial
growth media, endothelial basal media, other growth media or neutral buffered

saline.
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