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are incorporated by reference herein.

Background of the Invention

[0002] Vascular access failure is the major complication in providing care to
15  patients on hemodialysis to treat end stage renal disease (ESRD). The rate of
existing ESRD cases in the United Sates has increased each year since 1930. In
2001 the prevalent rate reached almost 1,400 patients per million population, a 2.4
percent increase from the previous year. Based on demographic changes in age,
race, ethnicity and diabetic status, the prevalent ESRD population in the US is

20 expected to grow to 1.3 million by 2030. Currently, approximately 65% of the



preval ent ESRD popul ation are treated wth henodi al ysis (approximately
264,710 patients). Between 1997 and 2001, the preval ent henodi al ysi s

popul ati on grew 4.5% per year. Using Medicare data, it has been determ ned
that by 2001 the total ESRD costs reached $15.5 billion, 6.4%of the entire
Medi care budget of $242 5billion (total costs reached $22.8 billion from
all sources). Indeed, the annual cost of vascul ar access related norbidity
in the US cur‘{g%;/ xceeds 1 billion dollars per year. [0003]Vascul ar
access failure s ‘single nost inportant cause of noFoY PP he
henodi al ysi s popul at| on. A recent report analyzing US Renal Data System 10
(USRDS) data found an overal |l primary unassisted access patency rate of
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that there will Cr 8 epro ortron Istulae in the

US in the futur eascular access related morbidity in the US currently exceeds 1 billion dollars per

year.

[0003} Vascular access failure is the single most important cause of morbidity
in the hcmodial.ysis population. A recent report analyzing US Renal Data System

10 (USRDS) data found an overall primary unassisted access patency rate of only 53%
at 1 year. The 1-year primary unassisted access patency rates were 49% for vascular
access structures such as arteriovenous grafts involving ePTFE® prosthetic bridges
and 62% fof arteriovenous (AV) fistulae. Cumulative patency rates for first time
accesses at 1, 3 and 5 years were 54%, 46% and 36% for lower-arm fistulae and

15 54%, 28% and 0% for AV grafts, respectively. Currently, the use of grafts involving
ePTFE prosthetic bridges accounts for 70% of ail hemodialysis access procedures in
the United States, the National Kidney Foundation currently recommends that AV
fistula be the preferred method of vascular access. It is expected that there will be

an increase in the proportion of new AV fistulae in the US in the future.

20 [0004] Autogenous arteriovenous fistulae have historically been regarded as the
best choice for vascular access in hemodialysis patients. When an AV fistula
successfully matures after surgical creation, it may function for years with a low risk

of complications and a low incidence of revisions. However, the reported rates of



20[ 0004] Aut ogenous arteriovenous fistulae have historically been regarded
as the best choice for vascul ar access in henodi alysis patients. Wen an AV
fistula successfully nmatures after surgical creation, it may function for
years with a low risk of conplications and a | ow i nci dence of revisions.
However, the reported rates of WD 2007/001744PCT/ US2006/ 021755 AV fistul a
non-maturation vary wdely, but remain about 20-50% Non-nmaturation is
generally defined as the inability to permt repetitive n w} tion of the
fistula for dYAFYEY4™8r to obtain sufficient dialysis brgﬁﬁg?ﬁ W'W thin 12
weeks after surgical creation. The occurrence of AV fistula non-maturation
can depend, in part, on the 5quality and size of the vessels used to form

the AV fistula. Preoperative, assessment. of vessel a ristl has been
shown to have_béw%$ﬁ%?%ﬂm%&$¥&ﬂ%?%‘ngﬁéWfFF§Fﬁ§m§&§¥§%r§&§é§§%ﬁgﬁfor AV

2t hi but abl o 1 olxde e BoGHPUE Cor R TRt S B <t Rt e and
chroni c phenonena, especially at the.sqg- call.ed."tge" . of anast onosi s
and its downst ﬁg&ms Y Pétﬁlw@?%ﬁciﬁa'f CE@%%%J%P%%?G 6‘?15?% ‘s”e%éﬁﬁ%fes‘\‘/}élglp
graft-associ ated stenoses an r -associ at ed occl usi ans

anast onpses on Cteh@ﬂv5%%%&%%0%6%‘?@&‘6@&@%% e d.pﬁlaﬁffonl i%ﬁ%&f O%g%or t,

hi st ol ogi cal examni nation of se nts, renoye tient. i

gr af t - associdat areiita#rdstzs Aot gesggg!ﬁa fosfg%éggi%%?@%%ﬁ%m@%#%%% a
consisting of snmooth nuscle cells and 1 tracel.l.ul mat.r. i - Faft

t hr onbosi s may cAvesesl ERFFRCHTIFFE gasttl?f”{“/ %?ﬁavgg%ngéggﬁ%?tﬂ%é ‘c’in%(;lﬁu}%r’] ePl kE

dialysis grafts. Moreover, qggerall .isolation of veins and arteries
fol l owed by expBéabiceespls fifat ﬁﬂagﬁéﬁﬁnt to arterial blood flow and

pressure can cause unavoidabl e ischem a and reperfusion injury. Surgical
mani pul ation sugh it ﬁ a]tj luﬁjs*rielcol?gas% A aaclcessso sﬁl’ugf?]}gs‘-is é‘rﬁbgkﬁ@&\tﬂlé La®vE 0 the

endot hel i um and’
sffect of a variety of distinct acute and chronic phenomena, especially at the so-

10 called “toe” of the anastomosis and its downstream surrounds. For example, AV
grafts may develop graft-associated stenoses and graft-associated occlusions at the
anastomoses on the venous anastomotic side. In one published report, histological
examination of segments removed from patients with graft-associated, anastomotic
stenosis revealed intimal hyperplasia consisting of smooth muscle cells and

15  exiracellular matrix. Graft thrombosis may also contribute to vascular aceess
dysfunction in ePTFE dialysis grafls. Moreover, generally isolation of veins and
arteries followed by exposure of the vein segment to arterial blood flow and pressure
can cause unavoidable ischemia and reperfusion injury. Surgical manipulation such
as sufuring can also result in direct trauma to the endothelium and smooth muscle

20 cells of the media in both veins and arteries. Injury to the artery and vein

endothelium during the creation of a native or graft anastomoses can influence
patency and occlusion rates. In addition to the physical frauma associated with
cutting and suturing veins and arteries during formation of a vascular access

structure, increased wall stress and shear force can also cause physical and/or



20cells of the nmedia in both veins and arteries. Injury to the artery and
vein endotheliumduring the creation of a native or graft anastonpbses can

i nfluence patency and occlusion rates. In addition to the physical traum
associated with cutting and suturing veins and arteries during formation of
a vascul ar access structure, increased wall stress and shear force can al so
cause physical and/or biochemical injury to the endothelium It has been
suggested that arterial pressure may alter the normal production of

endot helial growt h.regul atory conpounds as well as produce norphol ogi cal
and bi ochem cal changes in the nedia of the vein. [0006] The cunent therapy
for vascular access failure is either surgical revision or angioplasty with
or Wi thout stealing:..; utgHs ek shicalieni healeeheugzbsidthit aritthbpesstiypi cal |y

mul tinorbid patients and the long-termresults of angioplasty and stenting

are general l'y rggfgtgp@é RGOSR 00 fead dietiel gradsecafatdrinesrmpoowds s ¥HE goal  of
i nproved vascul d& access for henodi al ysis purposes as well as for

peripheral cir | tisoht:QiclRhaizal @ thehfedinaftiomietal integrity of
t he ori gi nal d%g#ﬁﬁgﬁggkggééﬁﬁﬁﬁ}for bl ood f?%M/rates to support dialysis
treatment or sufficient blood flow at peripheral bypass sites. [0007] Q her
factors contri @Uéd} Ng tre. SHeeEs&EM foimbiilakees fluraisnsrpuecdarédovascul ar
access structure or prolonged maturation of an already-existing vascul ar
access StrUCtU&%ﬁéﬁﬂ@&ﬁwﬂ£8§®ﬂﬁmiﬁﬁmggwaﬁgcﬂakamkmehybé@ﬁﬂh&huenized
clinical trials have been conducted in the field of vascul ar access failure
prevention. St %ﬁkﬁ?y Jﬁﬂﬁﬁqoﬁﬁ/}%ﬁ%@&ﬂdaﬁﬁdng-ﬁﬁn eauises anfiopagcol sentmgcess

che

failure have r i nconsi'stent conclusions. In fact, at the present

tine, despite Lhe.enofmdy,afink Bhdsto Biok e oftbeiedde ke weal slingicat
t herapeutic or pharnmacol ogi c neasures for the prol onged survival of

functioning di %Lsxa&%cﬂ&gﬁ SerhbBipMsBuaiogesay diell abfoepdrghahlichiditens. Cearly a -
need exists to nove ahead in this vital area of patient care. Summary
therefore is to maintain the anatomical integrity of the original graft site to allow for

blood flow rates to support dialysis treatment or sufficient blood flow at peripheral

bypass sites.

[06007] Other factors contributing to successful maturation of a newly created
vascular access structure or prolonged maturation of an already-existing vascular
access structure remain elusive. Moreover, relatively few randomized clinical trials
have been conducted in the field of vascular access fzilure prevention. Studies that
have evaluated the causes of vascular access failure have reached inconsisient
conclusions. In fact, at the present time, despite the enormity of this problem, no
effective surgical, therapeutic or pharmacologic measures for the prolonged survival
of functioming dialysis access fstula are available to clinicians. Clearly a need

exists to move ahead in this vital area of patient care.

Summary



[0007alln a first aspect, there is provided a transport nedia conposition
for storing an inplantable material conprising a bioconpatible matri x and
engrafted cells, said transport nedia conposition conprising 2ng/nl to 6
ng/ M VEGF. [0007b]In a second aspect, there is provided a nethod for
storing an jeBhpntiaRkR: S Hedlis SOMdiaShitgotmbliogappaidntbetdamag & x and
engrafted cells, said nethod conprising the steps of: bathing the

i mpl ant abl empRLEFiE Rbterdl canpiiiag s piosinpattd mantomesdrifted kel omigniasipergmaling/ L t o
6 ng/mL VEGF. [0008] The present disclosure exploits the discovery that an

i mpl ant abl ecompbsitionabmedpLighing 6eehll S/EIFd a bi oconpati bl e matri x, when
provided locally to a vascular access structure, can pronote formation
and/ or enhance maturation of the structure as |1 as prolgn Ghe structure
in a mat ur el00¢7ghctlp gregtond pepee: e HECHHahBENGT {5 stonae g é‘@gﬂ‘?ﬁb il’é‘%ﬁ’%gur e,
the inplantable material is |ocated on n eﬁt er.gor S r‘face.ofthgselso&d
vessel at OFTRHfRELSFocHIraible M4 ier‘h‘zrf‘@e oF !t K Rl P PANENS SER5 Ut ur e.
The present. di.sc] osure can effectively pronote intearat.i hance
mat ur ati on IB’%"% ‘i\eeWp{?”t&lﬁ%I&f“%ﬂi {?aastfzampglﬁ mtag%% ed¥ gt Puct ?Sel?go%?g%gngéogrnfn

sustain the ﬁgf;cti onal lifetinme of an existing, functioning structure; and,
can aid in the sal vage of a failed or failing structure. [0009]1In one
enbodi ment, the disclosure is a nethod for treating a vascul ar access
structure i ok Pat {1RMes&OMRdsSie BE1dif GreiseieQfihat @Citiblangblamatedd p@geisihg or i n
the vicinity of the vascul ar access structure an inplantable materi al

conpri si ng &gk kil sandodpablo gamRAtieh bevited Inéally tvhesceian t he i npl ant abl e
material is effective to pronote functionality of said structure. According
to certain enbodi nents descri bed bel ow, the vascul ar access structure is
for dialysis. [0010] According to various enbodi nents, the vascul ar access
structure is an

4a



artetiovenous native fistula, an arteriovenous graft, a peripheral graft, a
venous catheter or an in-dwelling port. In one enbodi nent the arteriovenous
graft conprises a prosthetic bridge. In other enbodinments, the catheter is
an indwelling dual Inmen catheter and treating the indwelling dual |unen
catheter pronotes clinical stability sufficient to permt henodialysis.
[ 00111l n one enbodi nent, treating the vascul ar access structure pronotes
normal or near-normal blood flow through and downstream of the structure.
For exanple, normal O near-nornmal blood flowis blood flow at a rate
sufficient to prevent re-circulation during henodialysis. According to
addi tional enbodi nents, treating the vascul ar access structure pronotes
nor mal or ”eara‘cg&%E@Jaﬂ@%ﬁedrmﬂ&amwomﬂofﬁﬂmemamwom@f&ieﬁwmqi on during
henodi al ysis [0012] I n the case of an arteriovenous native fistula, treating
the arteri ovenaupnabicesti-siritha. anhaneestabintioats fakenakoiSdss i cient to
permt henodi alysis, reduces delay in maturation of the arteriovenous
native fistula and ,oronpt 8s it 8RehldthVeiGantiddanizoierlonsirhe: dase of an

e )

. TESE . . .
arteriovenous gra treating the arteriovenous graft pronotes clinical

stability suf f{ﬂ%i%%%gseiaog g@&@,ﬁieorﬂpﬂbmlch ofN@arashdsrmtescitrocuteatlbon. |1 n
various of the enbodi nents, the inplantable naterial reduces the occurrence

of revision'in a patient hav SSeoStihME1aI4F 8rnadc@@hd)akin €me
embodi nent , enﬂré?fgﬁchséﬁ’ﬁ%?fjaﬁlgtf?c%ﬁé?%%%ﬁtgr aégt%elri zed by an abi | ty to

repetitively annpul at frl Stk e @hred b3 i :8d sheeome fdgridnal iHeateher
enbodi ment, enf% gicrﬁ“gtc%g%ﬁé%%on IS chair)act erized by an ability to obtain

sufficient blood flow duyri 9% %J/u boSandPt8 01 18 leYatvaddl Il Gltled br filiopd f1 ow
conprises a raf mo‘fmgﬁ%uﬁmg% br{ri@ltl.’mAdE:Eca%r ding to v%ééri ous enbodi nents,
application of the bioconpatible material to the arteriovenous fistula is
preceded by or S%Ci%f"fﬁ'i dent with adm nistration of a therapeutic agent,
physi cal dilatation or stenting. The arteriovenous fistula is

radi ocephal i c, jarhi aceRRAbiGmeRIdTiRRRIrOBaSchhE for k@H1dd Varcubneccpsef er r ed
enbodi nment, the disclosure is a nethod for preventing an arteriovenous

fistula fromfaili.n o O BLULS ﬁ&ﬁhpag@ﬁlgﬁmgt,SAdMeﬂthemsmmciﬂfy dfocat i ng
an i npl ant abl e HRTET a&fpconprl Ei ng a bioconpatible matrix and vascul ar

endothelial cells at, adjac - Qn Yinlh Qe NG atMihi 4 kb b¥sif celif@ati st ul a t her eby
to prevent a fi TW%ﬂ?raér%gﬁsgﬁq%?}ﬁg ol mature. In on% enbodi ment, failing to

mature is character]zed, by, ag.taebl kbt henediddmoby wpeadkate the
fistula for di alg’/%opé’atgbge%@%g%eha i Fﬂtl to obtain sufficient blood flow

during dialysis, wherein.the | GlekinDlQeghih LAV SNE d-sebedbdat,e of
about 350 ni/ m'?ﬁlcqoﬁﬂgfﬂfesﬁqeggﬁ%%{ehgnts,m ailing to mature i s characterized

by an arteriovenous fistula that caninets.be cannulated at |east 2 nonths,
at least 3 nontg’@,va%}ﬂa%ﬁw%%sa%cg% m)ntﬂi(g5 after creation.

[00106] According to various embodiments, the vascular access structure isan
arteriovenous native fistula, an arteriovenous grafi, a pgripheral graft, a venous
catheter or an in-dwelling port. In one embodiment, the arteriovenous graft
comprises a prosthetic bridge. In other embodiments, the catheter is an indwelling
dual lumen catheter and treating the indwelling dual lumen catheter promotes

clinical stability sufficient to permit hemodialysis.

[0011] Tn one embodiment, treating the vascular access structure promotes
normal or near-normal blood flow through and downstream of the structure. For

example, normal or near-normal blood flow is blood flow at a rate sufficient to



f0015] I n anot her enbodi nent, the disclosure is a nethod of maintaining a

bl ood flow rate of an arteriovenous graft sufficient to permt dialysis
conprising the step of providing an inplantable material conprising cells
and a bioconpatible matri x wherein said inplantable material is di sposed on
an exterior surface of said arteriovenous graft at, adjacent or in the
vicinity of a prosthetic bridge of a venous outflow region of said
arteriovenous graft in an anount effective to maintain blood flow rate of
the graft sufficient to permt dialysis. In one enbodi nent, the blood flow:
rate at the venous outflow region of said arteriovenous graft is
substantially simlar to the blood flow rate upstreamof said outflow

regi on. 19016] @V%@gg_é}ﬁﬁla%m)@gﬂugmﬁadiaﬂﬁ&. dicseting tr slditond embodioeh Hf

mai nt ai ni ng nof na | ood flow of a peripheral bypass graft sufficient to
Tai ntai n peri Pheral ofl el hdco sEQMPE hahings bitersbtraparaiomprlowiidi ng an

i mpl antabl e matérial conprising cells and a bi oconpatible matrix wherein
sai d inpl ant abl.e_nnt erd ak.bsafd spesedipnuans el surface of said bypass
graft at, adj aéheaﬁ“’ or inthe vicinity of a prosthetic bridge in an anount
effective to maintain blood flow rates of the bypass graft sufficient to
mei ntain peri pf@'ﬁL Ci 1,G4H @td shn ahdiconeuentiodfisrelng geativg haftegwrepbod rat e
and an outfl ow'blood rate are substantially simlar. [0017]1n another
enbodi ment, the di sel asuiend-gcipidBhiiedief suffthaat aipimighanddigod, pesssur e of
an arteriovenous graft sufficient to permt dialysis conprising the step of
providing n i rgg{a %gg&,%ﬁggggﬁg AHeriGQAPLsirsiivigisaed drsl paovobtes rmaiimﬁrrpfati bl e
matri x wherein sa Inmplantable material is disposed on an exterior surface

of said arterioyvenous L AL of RAHACRBRouO Eraftirdatity thE edterickynood grafl pr ost het i ¢

g
bri dge of a vendus Outt I ow region of said arteriovenous graft in an anount

effective to maintalp bl L0 SSHE B SHefti€ ISzl bonependtingl oitrddtirsi &1 1 n one
enbodi nment , theprB‘ﬁn%%gd%rlée%g%ﬂe&at tlhe venous outflow region of said -

arteriovenous graft i Sé%&ﬁﬁ{!:ﬁﬂs%&h b eah it teigccbieotupesSir e upst ream
of said outflov\?”’r“é)a‘?%fflﬂ.16 e prosthet ipz bridge is selected fromthe group

consi sting of: saphenous vei.n.. bavine:hel.geograft; unbilical vein; dacron;
P 1FE;, eP I YE, %@W#‘é%ﬁ?ﬁg‘%%ﬁ%%e n%senteri c vein; and cryopreserved
fenoral vein allograft. According to a preferred enbodinent, the prosthetic
bridge is e, PTF 01%.]0018;}1595 anpthen: erhadidRRtsatibhie chiratiosiiyeniaslity met hod
of pronoting tissue integration of a prosthetic bridge of an arteriovenous
graft or a peripheral. byn Qraf £+ GO RLSEBIA RIS 1© pnafierpmbadidemg an

i mpl ant abl e mat gtﬁegglngoﬁp%?lg}ang cells and a bioconpatible matrix wherein
said inplantabl e ymat.eri |80 &l SPOSEG 00y AhbalY &rdbein siffdactoef eai d
arteriovenous ¢ ﬁ}fwt‘l(;lglgmg‘g{%‘%rﬁerclﬁpher aIE Eyypass graft at, adjacent or in the
vicinity of a prosthetic bgj | D AR R Fdrealisberafe0f picaniile ti ssue

i ntegration of sdél’flagg‘%yﬁ‘ate)ﬂe%%%}é’ertai n enbodi ments, the inplantabl e

materi al pronotes smoqth pusecl e .cel |l piolid enaid@ SrheHi@babiidlr W thin or
inthe vicinity B8N Cﬁ??%ng?l?%r g‘%éen surfac’efn%fC said prosthetic bridge or
pronotes endothelial cell prolif .00 RE. 3k 9% &t doeRidwhttRibdlmidatdehe
vicinity of an i AvETA 6 ?6‘%@8‘%‘8‘%@5&% of sai dg%r osthetic bridge. In certain
ot her embodi nents, the inplantabl. ' PLONPL LS -SPRALR fsct e cel |
and/ or endot hel i %2 (¥ eug‘?a(ﬁe’ir&f’%tygél &ilggétg{ol?%gsc}f alélgnt or Ei n the vicinity of

the graft. radiocephzlic, brachiocephalic, or brachiobasilic.

[6014] In one preferred embodiment, the disclosure is a method for preventing

an arteriovenous fistula from failing to mature in 2 human comprising the step of
locating an implanteble material comprising a biocompatible matrix and vascular
endothelial cells at, adjacent to or in the vicinity of the fistula thereby to preventa

fFstula from failing to mature. In one embodiment, failing to mature is characterized



[ 001911 n anot her enbodi nent, the disclosure is a nmethod of preventing or
reduci ng the incidence of dehiscence of an arteriovenous fistula or
arteriovenous graft conprising the step of providing an inplantable
material conprising cells and a bioconpatible matri x wherein said

i npl antable material is disposed on an exterior surface of said fistula or
arteriovenous graft at, adjacent or in the vicinity of a prosthetic bridge
of a venous outflow region of said arteriovenous graft in an anount
effective to prevent or reduce the incidence of dehiscence. [0020] According
to ot her enbodi nents, the providing step is perforned as an interventional
therapy follow ng failure of a native arteriovenous fistula or follow ng
failure of a nayive. 0l SeRISROUS ek mesispheton ialyypassy w-{iD62T bn _anot her
enbodi ment, the disc d@ure is an inplantable material conprising cells and

a bi oconpati bl e _nmt rix. subtabl.e &£:05s dif10al hher=t vascidiar blactess structure.
The cells are gl?;[%:sxﬁi&efi&legtl coel Igs or cel ?s havi ng an endothelial -like

phenot ype. The bioco i BlLe Rl Xnih S orfdr @%bl efih, gk hemmos a fl owabl e
conposition. | ﬁo%pmpsggyﬁcau#ar uy preferred enbodi nent, the cells are vascul ar

endothelial cells. The,{lexi.blie.planani.Qk s sobingueddldhar i npl antation
at, adjacent of*TH'tH& Vicinity of a vascular access structure. In certain

enbodi ments, this form def] SLAt 4 AGEPEEl B84 One embodi nent of the
f1 owabl e compo&iPid Eftleta%g ]#C{ﬁgi\%iaﬁlae, conmposition is a shape-retaining

conposition. [002211n other enbodi nents, the disclosure is an inplantable

material compr| &dﬁfl 8l LSmangraaRbRcRBaldsit & amRdiod { suihtiabke for use with
nmet hods for enhancing maturation of an arteriovenous fistula by preventing

an arteriovenoys f.i=Stul 0 KB b3 G dFOs R ©. perthiedidigtit sorariengihdot hel i al
cells or cell stti%o\‘/iiﬂ??té%gﬁofg%%otehelei al -%fi ke phenotype and the bioconpatible

matrix is a flexible pl £ 0L ML @ fid10 $hoGRNPAS attic@tmpdihleone
enbodi nment , thétﬁploé%fcgrfu?kpaaﬁﬁﬁglr formis confi gured for inplantation at,

adj acent or in the vicinity.of, Anatlve fdSulda.on ki ceeidsineeahad ment s,
this formis co’?’r‘i‘mﬁﬁ?@rams%%ﬁrg{ﬂﬁ%% it defisneStsP a slot or series of slots.

Wth respect to the flowa 4 QN kil 458 RosHhaPeidzebBd vthiig

conposi tion. [OW??EYWD%S?%%E%T% gg%%eﬂ%&c t{ﬁe dipgjcsl osure is an | npl ant abl e
mat erial conpri si cells_.an DI 10l 608k kbR ek biecd

i npl ant abl e mat %‘l‘tB%Vr‘?%onale a%gﬁ&g@%eﬁﬁ?%%’%(t erior surface of a bl ood vessel

at, adjacent or _in the.vicinity.of } 1€ Rei-dgssimdhandriast hetic
bridge is si tuaﬁ%’ﬁra&?o%tgaﬁ?g?ﬁém%%ﬁo cg&gglt ow regieon (])J%:1 an arteriovenous

graft or is sit %gxtﬁ?%e at, or_ near a0 Q8L L Qteriovenous graft is substantially

similar to the blood flow rate upstream of said outflow region.

10016] Ty another embodiment, the disclosure is a method of maintaining normal
blood flow of a peripheral bypass graft sufficient to meintain peripheral circulation
comprising the step of providing an implaﬁ‘:abla maferial comprising cells and 2
biocompatible mairix wherein said implantable materiel is disposed on an exterior
surface of said bypass graft at, adjacent or in the vicinity of a prosthetic bridge in an
amount effective to maintain blood flow rates of the bypass graft sufficient to
maintain peripheral circulation. In one embodiment, an inflow blood rate and an

outflow blood rate are substantially similar.



[ 002411 n anot her enbodi nent, the disclosure is a transport nedi a
conposition for storing an inplantable material conprising a bioconpatible
matri x and engrafted cells. The transport nedia conposition conprising an
amount of VEGF sufficient to maintain cell viability or an inhibitory
phenotype and for the cells to remain viable for an extended period of tine
when stored in said transport nedia conposition at tenperatures bel ow the
cells' standard cell culture tenperature. 100251l n anot her enbodi nent, the
di sclosure is a nmethod for storing an inplantable material conprising a

bi oconpatible matrix and engrafted cells for an extended period of tine at
a tenperature below the cells' standard cell culture tenperature. The

met hod conpri séaitihe 5tampdereibpriment iy Eslesiraise AKHABPEDHUIBPEAl in a
transport nedi a conposition conprising an anount of VEGF sufficient to
maintain cell %ﬁ@?é%éséuye San@PercRBichi fof yufibienat yeeitdinyssgospdiagfee The
cells remain viablé for an extended period of tinme when stored in said
transport nedi %teg%m%d}ﬂc%ﬂhﬁélatﬁabﬁﬁﬂﬁ%ﬁﬁbcﬁﬂ@isb@lcem dHe birebhsiiblst andard cel |
cul ture tenperat [ 0026] Accordi ng to one enbodi nent, the transport media
conposi tion contai:Nsy Ak, B YR 1ar@fb1 M8 Ulddpeieanh at exterdr Rirficaofseid]
viability or an |nh|Bitory phenotype at a tenperature below the cells

standard cell ¢yl SERER AliHESt @NE 1BHaatSTof b hanthtieb-aige uhi veadus VEGF
required at théy%%#%gxﬁstandar%'cell culture tenperature. According to one

enbodi ment, the mgoﬁg)aﬁ%{eﬁ&fﬁ@@%aﬂnaﬂéﬁ&nﬁ 8241 Aecet dinplobd
nen ,

addi ti onal enbodi e 1 nplantabl’'e material is stored in said

transport nedia It @ dSRRenatdiranbahew, 86l patsurnbihent
tenperature form%%QEE é%ﬁ%ggg%rioéﬁ%f about 1 week, about 2 weeks, or about

3 weeks. Tthe cell3 o%'if?wf!égg% Bﬁéaid%e&ﬁleﬂcﬁmgﬁﬁ%%h&ﬁ!amﬁkiﬁﬂiaﬂ@ dgel I's that

are near - confl ugft,: contl u or post-confluent at the tinme of storage,

and at | east 80\;{100\/. agslg%e u%}%x%%g%% &@&@fﬁ&@fegﬁ@?@ ﬁ@ﬁﬁeﬁc‘bﬂ@ge@é &tlkesure is a
|

eryopreservatio cofiposition for cryopreserving an | nplantable

mat eri al conpri%gn a biqgggg@%bgls%£3%£Rémgggmﬁqg&ﬁﬁﬁggmﬁgh&§vﬂghe

. T )
cryopreservatio i B2 ®oposI ti on ctonprisi hg a cryopreservative, a

I harid d | wiabl LIty I B 21 08 ¥ d
e, e PN e it ool o

matrix i ntegrit &t period of "tine when
femnoral vein allograft. According to a preferred embodiment, the prosthetic bridge

is sPTTE.

[0418] In another embodiment, the disclosure is a method of promoting tissue

integration of a prosthetic bridge of an arteriovenous graft or a peripheral bypass
graft comprising the step of providing an implantable material comprising cells and
2 biccompatible matrix wherein said implantable material is disposed on an exterior
surface of said arteriovenous graft or séi_d peripheral bypass graft at, adjacent or in
the vicinity of a prosthetic bridge in an amount effective to promote tissue
integrafion of said bridge. In certain embodiments, the implantable material
promotes smooth muscle cell proliferation or migration within or in the vicinity of
am interior lumen surface of said prosthetic bridge or promotes endothelial cell
proliferation or migration within or in the vicinity of an interior lumen surface of

said prosthetic bridge. In certain other embodiments, the implantable material



stored at at |east about -4C. [0029]1n one enbodi nent, the anount of serum
in the cryopreservati on nmedi a conposition exceeds the anount of serumfor
routine culturing of the cells, for exanple, 20% serum or 50% serum |n one
enbodi nent, the serumis fetal bovine serum |n one enbodi nent, the

pol ysaccharide in the cryopreservation nedia conposition exceeds the anount
of pol ysaccharide for routine culturing of the cells, for exanple at |east
about 4% pol ysaccharide or at |east about 4.5% pol ysaccharide. In one

enbodi ment, the polysaccharide is dextran. In another enbodi nent, the
cryopreservation nedia conposition further conprises about 10% DVSO.

[ 0030] Accordi ng to one enbodi nent, the cryopreservation nmedi a conposition

is used for stor %%g %Booﬁﬁmh&%s&ua&g&kndo%&ﬁaloaﬂ_pfce}léﬁhticamwﬂja%ﬁﬂ@@ or at at
| east about - T60C. ccording to various enbodi nents, the extended period

of time is abOﬁtVQ.. gfﬁbgggput 6 nmonths or about 1 year. In one

embodi nent, celtf Viabi ity is at |east about 80% 100311l n anot her

enbodi ment, the disclosure is a cryopreserved inplantable nmateri al

conpri sing a bimegnpata dabteerrmbedineng figriatloade we nivhe@PirEcaMte 8" vol ume of ]
cryopreservation nmedia conposition sufficient to maintain cell viability or

an inhibitory pef&ﬁggg%ty,pﬁl AP MRt i edcD bEGI Ak yowshidsdistiyapriesernas, wher ei n
the cryopreserVati oh nedi a conposition conprises a cryopreservative, a

pol ysaccharide and g{ﬁ%?&@?@ﬂﬂr&i@ﬂ@mwlaﬁﬁbﬁﬁimm contrgindicdblkosure is a
n. an

met hod of prepg?lng able material conprising a bioconpatible
matri x and engr}fted S§81d SatT REerBBENS thy OraRId o8l Redigloeyanah eprovi di ng a

worl cing cell Bank ¢ nprising cells, providing a hydrated bioconpatible
metrix material . seedl 00sd0e WLAkAshs HAG0IERLINDbeR Vithity of 2

prosthetic bridge of a venous outflow region of szid arteriovenous graft in an ameunt

effactive to prevent or reduce the incidence of dehiscence.

{0620} According to other embodiments, the providing step is performed as an
interventional therapy following failure of a native arteriqvenous fistula or following

failure of a native or sephenous vein peripheral bypass.

[0621] In another embodiment, the disclosure is an implantable material comprising

cells and a biocompatible matrix suitable for treating a vascular access sructure.
Th%: cells are endothelial cells or cells having an endothelial-like phenotype. The
biocompatible mafrix is a flexible planar form or a flowable composition. Ina
particularly preferred embodiment, the cells are vascular endothelial cells, The
flexible planar form is configured for implantation at, adjacent or in the vicinity of a
vascular aceess structure. In certain embodiments, this form defines 2 slot.
According to ane embodiment of the flowable composition, the flowable

composition is a shape-retaining cOmposItion.



material with cells fromthe working cell bank, placing the cell seeded
bi oconpatible matrix material in an incubator to facilitate cel
attachment, placing the cell seeded bioconpatible matrix material in an

i ncubator until the cells are near- confluent, confluent, or
post-confluent, and assessing cell count, cell viability and 5cel
functionality of the cell seeded bioconpatible matrix material. [0033]1In
one enbodi nent, the method further conprises the steps of placing the cel
seeded bi oconpatible matrix material in a vial suitable for
cryopreservation, introducing to the near-confluent, confluent, or

post-confluent cell seeded hiqco ible matri {ol@heri@ VOl une of
cryopr eser vat i 2Hedi & CLEHPY |F?%%ﬁ%ﬁgﬁﬁggfgﬁﬁémgggﬁfopfggervative, a

pol ysaccharide 2nd serum sufficient to preserve cell viability or an
i nhi bi tory phenatuyjséngnis andterbioconpiblmayx Giehle farves it @F‘ihaq% fgrs
cryopreserved, placing the vial containing the cell seeded, bi oconpati bl e
matrix mat eri aknlandng myopties of arcreory chEd AP ER TSRtV FI8kzi ng |
contai ner, introducing an agent which controls the freezing rate to the
freezi ng cont aifsets idkbpiiagitngature The edkizrgréghtial 18P oceHt BFMei8 sai d agent|
in a freezer at at |east -4C, renoving the freezing container fromthe at

| east about - 4GniduesizBike phecbiyple and e biobmnifatible ziatx i& 6 AEHPROROPTOF Fr eezer at
at | east about -80C. [0034]In another enbodi ment, the nethod further

conpri ses the stepabefcomposition. In one embodiment, the flexible planar form is configured

for implantation at, adjacent or in the vicinity of a native fistula. In certain
embodiments, this form is configured such that it defines a siot or series of slots.

With respect to the flowable composition, it is a shape-retaining composition.

{0023] In another embodiment, the disclosure is an implantable material
comprising cells and a biocompatible mairix wherein the implantable material is
disposed on an exterior surface of a biood vessel at, adjacent or in the vicinity of 2
prosthetic bridge. The prosthetic bridge is situated at or near a venous outflow

resion of an arteriovenous graft or is situated at or near an outflow of

10024} In anofher embodiment, the disclosure is a transport media composition for
storing a,n implantable material comprising a biocompatible matrix and engrafted
cells. The transport media compositicn comprising an amount of VEGF sufficient
to maintain cell viability or zn inhibitory phenotype and for the cells to rem ain
viable for an extended period of time when stored in said wansport media

composition at temperaturss below the cells’ standard cell culture temperature.

[0025] In another embodiment, the disclosure is 2 method for storing an implantable

meterial comprising a biocompatible matrix and engrafied cells for an extended

period of time at a temperature below the cells’ standerd cell culture temperzature.
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renoving the freezing container fromthe at |east -80C freezer and pl acing
the 20freezing container in a freezer at at |east -160C. [0035]1n another
enbodi ment, the nethod further conprises the steps of renoving the vial
fromthe freezer, placing the vial in anmbient tenperature air for about 15
m nutes followed by placing the vial in anbient tenperature water bath for
about 15 mnutes, renoving the inplantable material fromthe vial, rinsing
the inplantable material in rinse nedia conposition for about 5 m nutes,
and placing the inplantable material in cell culture nedia for about 48
hours. [0036] 1 n anot her enbodi nent, the nethod further conprises the steps
of 5 renoving the vial fromthe freezer, placing the vial in anbient

Lenperature air,[or, ahoul L5 ol ult 850:1:0h] VB BY-ER gl ngithemyioal i n

anbi ent terrper r about 15 m nutes, renoving the
I mpl ant abl e mat ec %g%%og%n%%rﬁn% aﬁegntrofV@GPQuﬁEB&@nt'tHEJaMH‘;@&Me material in

a rinse sol uti &A% out 30 mnutes. 100371l n anot her

enbodi nent, the, %%200%%1‘ rbgtgﬁéjthg&@)r |d§g§g§[g}§gest1gp§en@frgn;§p{@ggf¢gaﬁ he cel |
[

seeded bi ocorrpf‘;{]ta inavial suitable for storage and

introducing to the near-conf| uen f QL Bashmeonfduent cell seeded
bi oconpati bl e FEFIES P fié)?{] §%/% r‘é%ﬁ% ﬁspgrt ﬁ%gl a conposition

conprising an amount o VE! n Quﬁ@ﬂ bfcell viability or an
i nhi bitory phefStRFFE" gﬁsﬁ] Et%‘%af\da‘%eultcs st or gﬁ in said composition.
15[ 0038] I n anot her enbodl rrent t he met hod further conprises the steps of

preparing the | see c UOCS Qﬁg’zﬁﬁﬂogﬁﬁanfr%rﬂaﬁspﬂﬁhﬁﬁia%bmﬁ&ﬁho::; contains
g cor arirtt

cryopreservati cor "0 a di scl osed nethod or for storage accordi ng
to a disclosed method dng tttg'ﬁaaﬁ%a% el QEabl RS R M bIBAE HRARROON t i Ng
the outer box t%32R° E‘? ﬁ%éﬁ $Tt8 for admnistration to a patient.
at a temperature below the cells® standard cell culture temperature and greater than
| the amount of VEGF required at the cells’ standard cell culture temperature.

According to one embodiment, the amount of VEGF is about 4 ng/mL,

[0027] According to additional embodiments, the implantable material is stored
in said transport media corposition at a temperature below 37°C or at ambisnt
temperature for an extended period of about 1 week, about 2 weeks, or about 3
weeks. Tthe cells are endothelial cells or endothelial-like celis that are near-

confluent, confluent, or post-confluent at the time of storage, and at least §0%

viable.

[0628] In another embodiment, the disclosure is & cryopreservation media composition
for eryopreserving an implantable material comprising a biocompatible matrix and
engrafied celis. The cryopreservation media composition comprising a
cryopreservative, a polysaccharide and serum, Cell vizbility or an inhibitory
phenotype and matrix integrity are mezintained for an extended period of Hime when

stored ai at least about ~4°C.

11



20[ 0039] I n anot her enbodi nent, the nmethod further conprises the steps of

pl acing the vial containing the cell seeded bioconpatible matrix materi al
into an inner box, placing the inner box into an insul ated outer box, and
provi di ng product docunmentation. [0040]In one enbodi nent of the nethod,
the cell seeded bioconpatible matrix material is clinical trial material
and the patient is a participant in a clinical trial. In another enbodi nent
of the method, the inplantable material is prepared on a comercial scale.
I n anot her enbodi nent, the disclosure is a robotic systemto perform any of
t he di scl osed nmethods. [0041] I n anot her enbodi nent, the disclosure is a

nmet hod of manufacturing an inplantable nmaterial conprising cells and a

bi oconpati bl e X HB9M - GOMPE S Of Scheh Blrer@praanihetiady t he
bi oconpati bl e 2@@%$x mﬁ?ﬁwgﬁé ceFﬁ% usi ng reagents and conditions suitable

t herefor, wherein th L €rnbihn: AP AR W i 8ME Bliglients thocpodd at e t he
matri x and growFnggggg%#%%%%%, near-%onfluent or post-confluent popul ation

and further wherein, the, mBiL L Xsdos s POPULAEdmbdiRe6ht sehiPisTgal Hoidependent
non-conpatibiIiF?mﬁﬁéggéfenohgﬁ%?%hed CelTs. In another enbodinent, the

di sclosure is a met h%]do&g‘émﬁééxg,itﬂsg%o%%a&cﬂmc@%%@lc@o?iﬁge%haﬁmeﬁmuf actured
. ur er

according to thfé" e n a embodi ment , e disclosure is an

i npl ant abl terial.. i Sl | j j i {2%ells
ol antabl e mat erl ol £oMPLL 810,60l 5A00.8,0 060MAL Bl g Tiokals

manuf act ur ed acCYFEf i'S met ho Description of the Drawi ngs

[0042] I n the draw g%?lﬂf Iﬁgégtl a%egt%%e#%a&gﬁgﬁkﬁ %g%t?&%g@r@% ¥Olpﬁgﬁgﬂ&o t he

sanme parts thr ol erent Vi ews. , drawi ngs are not

necessarily 10 3Cal e QL D000 U100, SRIRSLSLnslaad.ehekakhyabel ng pl aced

. . S .
upon |IIustrat|ﬁ@°? 0 e i nvention.

cryopreservation media composition further comprises about 10% DMSO.

[0G30] According to one embodiment, the eryopreservation media composition
isused for storage at at least about -80°C, at least about -140°C, or at at least about -
160°C. Accerding to varions embodiments, the extended period of time is about |

month, zbout 6 months or about 1 year. In one embodiment, cell viability is at least

about 80%.

[0031] In another embodiment, the disclosure is a cryopreserved implantable material
comprising & biocompatible matrix engrafied with cells and a volume of
cryopreservation media compbsi‘tion sufficient to maintzin cell viability or an
inhibitory phenotype and matrix integrity while cryopreserved, wherein the
cryopraservation media composition comprises 2 cryopreservative, a pofysaccharide

and serum.
[0032] Tn another embodiment, the disclosure is a method of preparing an implantable

material comprising a biocompatible matrix and engrafted cells. The method
comprises the steps of providing a working cell bank comprising cells, providing a

hydrated biocompatible matrix material, seeding the hydrated biocompatible mairix

12



[0043]FIG is a schematic perspective view of a flexible planar form of

i npl antable material for adm nistration to an exterior surface of a tubul ar
anatom cal structure according to an illustrative enbodi nent of the
invention. [O0044]FIG 2A is a schematic perspective view of a contoured
flexible planar formof inplantable material for admnistration to an
exterior surface of a tubular anatom cal structure according to an

illustrative enbodi mrent of the invention. [0045] FIGS. 2 L2E, 2F
and 2G are sCHRIBYI*ber spective views of a 5 contour ed%ﬁﬁsgp%ﬁg%@ anar

formof the inplantable material conprising a slot according to various
illustrative enbodi nents of the invention. [0046] FIGS. 3A and 3B are

representative cel] growth _curves ac ' . 3, 1 tive enbodi nent

of the inventi @Fﬁter{ab%’ﬁ%#fs&‘.ﬂﬂﬁeAV,m%@%gér%gg}ag%pﬁ%ﬂﬁrsﬂférégiig&g&geri es of steps

for adm nistering 10 tiple f]lexible plan L I bl.e materi al

to an exterior bé‘l?P‘FlBZgg’ﬁed?ﬂ’ax ??5453 A" %}%ﬂz}a}% Og{ﬁgécﬁg%?%%ﬁgbwﬁﬁgg?%%ecti ve

view according to an illustratjve enmbodiment of i i 48] FIG 5

is a top perspett§ éeW%WWpﬁjﬂ@?)H}tag%fne%e 01%1%8 oF E&?r%lugﬁlﬁg +egE'are[nQaQ _
confluent, confluent, or post-confluent, and assessing cell count, cell viability and

5 cell functionality of the cell seeded biocompatible matrix material.

[0033] In one ermbodiment, the method further comprises the steps of placing
the cell seeded biocompatible matrix material in a vial suitable for eryopreservation,
introducing to the near-confluent, confluent, or post-confluent cell seeded
biocompatible matrix material a volume of cryopreservation media composition

10 comprising a cryopreservative, a polyéaccharide and serurn sufficient to preserve
cell viability or an inhibitory phenotype and mairix integrity while the material is
eryopreserved, placing the ’vial containing the cell seeded biocompatible matrix
material and cryopreservation media composition in a freezing container,
introducing an agent which controls the freezing rate to the freezing container,

15  placing the freezing container containing said agentl in a freezer at at least -4°C,
removing the freezing container from the at least about -4°C freezer, and placing the

freezing container in a freezer af at least about -80°C.

[0034] Tn another embodiment, the method further corprises the steps of
removing the freezing container from the at least -80°C freezer and placing the

20  freezing container in a freezer at at least -160°C.

10035} In another embodiment, the method further comprises the steps of
removing the vial from the freezer, placing the vial in ambient temperature air for

about 15 minutes followed by placing the vial in ambient temperature water bath for

13



material adnministered to an exterior surface of a vascul ar anastonpsi s

according to 15an illustrative enbodi nent of the invention. [0049]FIG 6 is
a top perspective view of a flexible planar formof inplantable nmateri al
adm nistered to a tubul ar anatom cal structure according to an illustrative

enbodi ment of the invention. [O050]FIG 7 is a flow chart of a nethod of
preparing, storing and transporting 20an inplantable material for

adm nistration to a recipient according to an iIIustrat%(sé}gIlT %Eggﬁgent of
the inventiof ¥ 2B¢t°4i*f ed Description of the Invention [ ﬁ% éxpl ai ned
herein, the invention is based on the discovery that a cell- based therapy
can be used to treat vascul ar access structures. The teachings presented

bel ow provide suffi £ @Rtued Yl AAACARE ﬂlé)%&slemrﬂﬁﬁomﬁv@t@éggk@ and 5

met hods of the present invention, and further provide suf ent gui dance

to identify sui I j } s i I and
y &@%ﬁb%ﬁn%gﬁ% ga I?r@gmééipb(ﬁﬁﬁo b f"c;é E%ZJE '}S] %%éut%?&tﬁ E'[a'cﬂ the

nonitoring the p t he naterlan an e present

i nvention. [005z] AGERIAhAGHY in A1 Eabks RARLA LOKE APNufOr clinically managi ng

vascul ar

[0036] In another embodiment, the method further comprises the steps of

5  removing the vial from the freezer, placinglthg vial in ambient temperature air for
about 15 minutes followed by placing the vial in ambient temperature water bath for
about 15 minutes, removing the implantable material from the vial, and rinsing the

implantable material in a rinse solution composition for about 30 minutes.

[0037] In another embodiment, the method further comprises the steps of

16 placing the cell seeded biocompatible matrix material in a vial suitable for storage
and introducing to the near-confluent, confluent, or post-confluent cell seeded
biocompatible matrix material a volume of transport media compaosition comprising
an amount of VEGF sufficient to maintain cell viability or an inhibitory phenotype

while the material is stored in said composition.

15 [0038] In another embodiment, the method further comprises the steps of
preparing the cell seeded biocompatible matrix material for eryopreservation
accofding to a disclosed method or for storage according to a disclosed method,
preparing the vial for transport and transporting the outer box to a clinical site for

administration to a patient.

20 [6039] In another embodiment, the method further comprises the steps of
placing the vial containing the cell seeded biocompatible matrix material into an
inner box, placing the inner box into an insulated outer box, and providing product

documentation.
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access conplications and/or failures has been devel oped. An exenplary 10
enbodi nent of the present invention conprises a bioconpatible matrix and
cells suitable for use with the treatnent paradi gns descri bed herein.
Specifically, in one preferred enbodi nent, the inplantable materi al
conprises a bioconpatible matrix and endothelial cells or endothelial-like
cells. In one enbodinent, the inplantable material is in a flexible planar
form and conprises endothelial cells or endothelial- 15like cells,
preferably human aortic endothelial cells and the bioconpatible matrix

Gel foanm(r) gelatin sponge (Pfizer, New York, NY, hereinafter "Gelfoatn
matri x"). According to another preferred enbodi nent, the inplantable
material is in godo] ovabl @:tebodined ofhapriseshentctdied babogalitls matrix

endot helial-like cells, preferably human aortic endothelial cells and the
bi oconpati bl e n@fikd-xisGahtaand elatgiel At ki pdfenparatjaticienidh 2 povetetia( Phi zer, New
York, NY, hereinafter "Gelfoamparticles"). [0053]Inplantable material of

the present invgpfi.0n1GeRRN S8 Behdistengrlalitiedmensialinyraneddon awi t hin a
bi oconpati ble matrix. Engrafted nmeans securedly attached via cell to cel

and/or cell to NRLLiX: (o eracbhorssaseh:y, thatsclhge 8 dvsian s bargdothay of the
rigors of the preparatory mani pul ati ons discl osed herein. As explai ned

el sewher e her ei iy QReaat i ve enbodi nent of inplantable material conprises
a near-confluent, confluent or post-confluent cell population having a
preferred phenotype. It is understood that enbodi nents of inplantable
material |ikel yjosigd cebhdhedunboagnebt, pE ejpassateds ymerdei qiulaatficomsg and/ or t hat
certain cells are not as securedly attached as are other cells. Al that is

requi red is thabyjmphant A:ecdmi-amnk 3l coPhibsenRabl saathathe Rehd t he
functional or phenotypical criteria set forth herein. 100541The i npl antabl e

material of the presepin. Ryt RiNaS: BEMRAREEE B Wi the cells using
reagents and conditions suitable therefor, wherein the cells are in an amount
sufficient to populate the mairix and grow to a confluent, near-confluent or post-
confluent population and further whezein the matrix is populated with cell typing-
independent, non-compatibility tested, non-matched cells. In another embodiment, the disclosure
is a method of providing an implantable material manufactured according to this method. Ina
further embodiment, the disclosure is an implantable material

comprising cells and a biocompatible matrix manufactared according to this method.

Brief Description of the Drawings

[0042] In the drawings, like reference characters generally refer to the same
parts thronghout the different views. Also, the drawings are not necesserily to scale
or proportion, emphasis instead generally being placed upon illustrating the

principles of the invention.

[0043] FIG.1 is a schematic perspective view of a flexible planar form of
implantable material for administration to an exterior surface of a tubular anatomicel

structure according to an illustrative embodiment of the invention.
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princi pals of tissue engineering and represents a novel approach to
addressi ng the 10above-described clinical needs. The inplantable materi al

of the present invention is unique in that the viable cells engrafted on,
in and/or within the bioconpatible matrix are able to supply to the
vascul ar access structure and associ ated vascul ature nultiple cell-based
products in physiol ogical proportions under physiol ogical feed- back
control. As described el sewhere herein, the cells suitable for use with the
15i npl ant abl YHAWEYEY are endot hel i al or endothellal-lFﬁ@m§@W%%rmlocal
.delivery of multiple conmpounds by these cells and physiol ogi cal |l y-dynam c
dosi ng provi de nore effective regulation of the processes responsible for

mai ntai ning a fyneli ongl, YARGUL Al AE GESSRELNG! Hioatt Shiisl R0 vascul ar

access conplic I'Ture antly, the endothelial cells, for

exanpl e, of th??rﬁ,engg @?%bbée e ggrf¢raadm§]95tr or tQ B&&%&%@&M@%&Qﬁ are

protected fro |"ow W't e vessel |unmen because of
its placenent at a n nlnal urfac 8¥t5@§ 88s&k of 10X Pl €, at the
adventitia or éﬁ%@%%@ﬁﬁ&%g cof W T ST AR o vesse?rlgﬁe i npl ant abl e

material of the present |nvent|on when w apped, dep05|ted or otherw se

tacted with s t d/
contacted w Sert “1{1%’@ %'2@21%185{ %Fa;ﬁic?arekch%mau%g?@dmémwms and/ or

its surrounds, reesfa honeost asi s the inplantable

material of the &r%éﬁﬂémgggﬁﬂér'f Pﬁﬂthﬂgnﬁﬂﬂﬁrb‘éfnrpﬁﬂi?@éﬁlot\m' ch mimics
supportive 6hy5|oP $"Conduci ve fo vascul ar access structure

formation, matuyralio ‘EoJaﬂglﬁQﬂlﬁMﬁ@eﬂl@gdxﬁEnt§$ﬁﬁéhb@rﬁEhon [ 0055] For pur poses
of the present Thvention, contacting nmeans directly or 5 indirectly

interacting with an extral uninal or non-luminal surface as defined
[0046] FIGS. 3A and 3B are representative cell growth curves according to an

illustrative embodiment of the invention.

[0047] FIGS. 4A, 4B and 4C illustrate a series of steps for administering
10 multiple flexible planar forms of implantable material to an exterior surface of a
vascular anastomosis from a top perspective view according to an illustrative

embodiment of the invention.

[6048] FIG. 5 is a top perspective view of a contoured form of implantable
material administered to an exterior surface of a vascular anastomosis according to

15  an illustrative embodiment of the invention.

[06049] FIG. 6 is a top perspective view of a flexible planar form of implantable
material administered to a tubular anatomical structure according to an illustrative

embodiment of the invention.

10050] FIG. 7 is a flow chart of a method of preparing, storing and transporting
20 an implantable material for administration to a recipient according to an Hlustrative

embodiment of the mvention.
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el sewhere herein. In the case of certain preferred enbodi nents, actua

physi cal contact is not required for effectiveness. In other enbodi nents,
actual physical contact is preferred. Al that is required to practice the
present invention is extralum nal or non-lum nal deposition of an

i npl antable material at, adjacent or in 10 the vicinity of an injured or
di seased site in an anount effective to treat the injured or diseased site.
In the case of certain diseases or injuries, a diseased or inLured_site can
clinically maHPP¥R&PIH an interior |umen surface. In t hECEHSEEPISE her
di seases or injuries, a diseased or injured site can clinically manifest on
an extralum nal or nonlum nal surface. In sone diseases or injuries, a
di seased or injured site can injcally 15 mani.fest. on both an interior

| umen surface and an extral umi*#&] & HR-fraf sttt ace. The present
invention is effective to treat any of the foregoing clinical

mani festations. Q561 Far., SXAIM Suin SAARINRL Bb G2l Be GAC:R) £R3EaR W de
vari ety of agen{ hat AFE8RET KAFPON Ran T nhi bi orgate adverse :

hysi ol ogi cal even associ.at e ith 2 o I.Caf i -follown
vascul ar - 3 BeBRr BoPult D R RN T BMkE DOCTY

vascul ar access &f ion. exenp erern, a-conposition

and method of use LNl fECARIULALRS: NOLIR RIKSLAl Q0K 3040840 | S useful
C

to enhance vascaS" ure fornatron, naturation, Integration
and/ or stabilizatjon wel | .as_pronote .l ong- ¢ L

vascul ar accéssH??Pﬁ%@ﬁ&@%§m$ﬁgﬁg%FT%g sl ngﬁ?&gﬁgﬁﬁggg%g%%%§%%ﬁ¥he

i npl ant abl e mat er,j of .the present.invention a I: I e
vicinity of the“ﬂ% p%pagg%ﬁﬁgagf¥5%%%ﬁgmgﬁ?%%Eygﬁggﬁgﬁ%ﬁg?&ﬁﬁﬁﬁﬁg
perivascul ar spacge external,to,the men of the artery and vein involved in
t he procedure Vﬁgﬁﬁﬁﬁ'B%%ﬁ?i%ﬁ%%%gahépgﬂﬁﬁ?wéﬁgﬁosited, or otherw se
contacting an injured, traumatized or diseased bl ood vessel, the cells of

the inplantabl ef{(ﬂ%&ﬁ” al coffithgl Q\félfi@as?f A1 HEGR B PRYCRIRANAES to the
for exanp

vascul at ur e, I'e"to thé underlying snmooth nuscle cells within the

bl ood vessel . | tagﬂjfegstf%%@,ﬁ%pﬁ}%%g@fﬁh% nathen Q@{,etl&gg_eqn@;@%@xt ral um nal

site, the cells antabl e material provide a continuous supply of

Itipl | . Al - ~ ' d
mul tiple regy ate%%?gg%%%@g eserl i esgfmaéo%p%tlmsﬁﬁﬁix ahdl &3e an

reach the | umnen, e cells are protec from the adverse nechanica

effects of bl 00d, b e LAR AeERIELL S hraafihs dERERIIRAN RN 1NE R T 1 1 ed

extralumnal sitée 1s an exterior surface ood vessel .

preferred embodiment, the implantable material comprises a biocompatible matrix

and endothelial cells or endothelial-like cells. In one embodiment, the implantable
material is in a flexible planar form and comprises endothelial cells or endothelial-
15 like cells, preferably human aortic endothelial cells and the biocompatible matrix
Gelfoam® gelatin sponge (Pfizer, New York, NY, hereinafter “Gelfoam matrix™).
According to another preferred embodiment, the implantable material is in a
flowable form and comprises endothelial cells or endothelial-like cells, preferably
human aortic endothelial cells and the biocompatible mafrix Gelfoam® gelatin

20 particles or powder (Pfizer, New York, NY, hereinafter “Gelfoam particles”™).

{0053} Implantable material of the present invention comprises cells engrafted
on, in and/or within a biccompatible matrix. Engrafted means securedly attached

via cell to cell and/or cell o matrix interactions such that the cells withstand the
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[ 0057] Treatnent with a preferred enbodi mrent of the present invention can
encourage nornmal or near nornmal healing and normal physiol ogy. On the
contrary, 15 in the absence of treatnent with a preferred enbodi nent of the
present invention, normal physiological healing is inpaired, e.g., native
endot helial cells and snmooth nuscle cells can grow abnormally at an
exuberant or uncontrolled rate follow ng creation of a vascul ar access
structure, leading to adverse clinical consequences, |nclud|ng vascul ar
access structWR @ ¥#iT4re. Accordingly, as contenpl ated REFEFHI3H8T eat ment
with the inplantable material of the present invention will inprove the
heal i ng of native tissue at the anastonotic site(s) to mai ntain vascul ar

access structurg pa gfg?czﬁe%%ﬂ?g%fug% 445CT] 152006/ 024755, 00581, For

pur poses of the" vascular access ‘st res may be forned
in a variety of confl ﬁ ess, structures can include

c
natural Iy occur Ff" ﬁlﬂ’a@r pg& ‘@eeggﬁoﬁl?e%trogé?%la%% BRrians nse?an Ul a,
arteriovenous graf era as raf ts, nId us
catheters, in-d r‘%g O%Pé E‘fraprDSt'CS%{@uemsceg %on&l%\a rgimg%%he? &ﬂ%’i'
structures created to | Qve v scu ar.. a a ditionally,
vari ous embodi nent %ndS’f’gLogggl LFaRe %]ceélé’sgglm qarnﬁ%f urflag méir%gehf or %ﬁ%ﬁ%mé vari ety

OT conf i gur a% Ia(gﬁrgeplg%lgfurgalﬂg%éa%lg Lde %I’ t?nla cEéttalin QIS It QSeS’BCBIE aY BI%C]%&Q(%S and

si de-to- end es &P "hoess S tFictures Can | aced in

a vari et y of anat O elglé %ﬁi}ﬁéﬁ?&ﬁﬂ@tﬂs% ?ﬂme?abiqulte 713, ié‘ p%sg?hﬂhaﬁl of the

present inventi 8{%

meet the functional or phenotypical criteria set forth herein.

[0034] The implantable material of the present invention was developed on the
principals of tissue engineering and represents a novel approach to addressing the

10 above-described clinical needs. The implantable material of the present invention is
unique in that the viable cells engrafted on, in and/or within the biocompatible
matrix are able to supply to the vascular access structure and associated vasculature
multiple cell-based products in physiological proportions under physielogical feed-
back control. As described elsewhere herein, the cells suitable for use with the

15  implantable material are endothelial or endothelial-like cells. Local delivery of
multiple compounds by these cells and physiologically-dyramic dosing provide
more effective regulation of the processes responsible for maintaining a fimctional
vascular access structure and diminishing vascular access complications and/or
failure. Importantly, the endothelial cells, for example, of the implantable material

20  of the present invention are protected from the erosive blood flow within the vessel
lumen because of its placement at a non-luminal surface of the vessel, for example,
at the adventitia or contacting an exterior surface of a vessel. The implantable
material of the present invention, when wrapped, deposited or otherwise contacted

with such an exterior target site, 1.e., the anastomosis and/or its surrounds, serves to
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variety of configurations at the vascul ar access structure to be treated.
According to certain enbodi nents, the inplantable naterial of the present

i nvention can be placed both at the anastonotic juncture and al so placed on
t he proxi mal vein segnent, distal to the anastonosis. In other enbodi nents,
the inplantable material of the 15 present invention can be placed on the
arterial segnent, on the proximl vein segnent, on the distal vein segnent,
and/ or bridging the vascul ar access structure. In another enbodi nent, the

i npl ant abl e V@ 2107811744l so can be placed on the graft naterialv@R17as porti on
of the graft material at the anastonotic junction. The vessels can be
contacted in whole or in part, for exanple, the inplantable material of the
20 present invention can be applied to the vessels circunferentially or in
an arc confi gur eeftgish romeestass. Hntirdhe pbetiblkraigicbdshappyetivrativieed only
be in contact with an_anmount of inplantable material sufficient to inprove
fornati on, mat uPRITGFRE NFREEEENGYIG TS SYpRMBCiPEEE o8y B IxqedwHEcul ar
access structure. WD 2007/001744PCT/ US2006/ 021755 [ 0060] Arteri ovenous

Fi stul a. Accor dioigsair eeesairirtenboantennairagion. ateEsiosvadouebilizaia a (" AV
fistula") created for vascul ar access can be treated with the inplantable
mat eri al of the(ﬁgesent'inventio . An AV fistula can be placed in a variety

of locations wi [P t h&OpRIFPRSAt Of e REPSGRi G900 POriAC PR REARS AFSf&fent in the 5
neck, wist, upper armand | ower ar Clinical, AV fistula configurations
i ncl ude radiBceﬁﬁgﬁﬁé“FH@FW%@%ﬁﬁﬂémgﬁﬁ?ﬁ?05??%@?“ Lﬂméﬁﬁméﬁ%ﬁﬁlic vein),

Brescia-Cmno (a side-to-side anastonpsis. of the radial artery and the
cephal i ¢ vei n woEHTHST IsE M P Shecasesi SeRinEeimed § OE[WP%%‘HM{WS‘B‘?%CN al
artery and the cephalic veLné, br.achi al ant ecubi t.al,. (bet weepn .t he brachi al
artery and the SPRSEWBPHETIGRIHFICHVEReRT hESFH ot 1t at“F‘ﬁﬁ@é&‘%aéd basi | ic
vein), ul narcephalic, (between the, ulnar, arter, nd the cephalic vein), and
saphenous | oop EEEhEREEEHer & &rfwe?TO%?Ctig?%%pﬁfenfﬁﬁe 'Bhbral artery)

fistula. [0061] Conpli.cations from AV fistul urgery typically occur durin
t hr ee [ ] extr uminﬁ or non-luminal deposition of an gﬁﬂp antz‘%?e %ategaﬁ) at, acljac%nt or Cm g

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

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

manifestations.

[0056] For example, _endothelial cells can release a wide variety of agents that
in combination can inhibit or mitigate adverse physiological events associated with

20  acute complications following vascular access structure creation. As exermplified
herein, a composition and method of use that recapitulates normal physiology and
dosing is useful to enhance vascular access structure formation, mé‘guration,

integration and/or stabilization, ag well as promote long-term patency of such
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phases. These phases are an acute phase which is often characterized by

t hronbosi s, 15an inteinedi ate phase whose clinical signature is a failure
of the fistula to mature, and finally a nore chronic failure of an

al ready-established, functioning fistula which, for exanple, can be due to
progressi ve venous stenosis. [0062] Characteristics of AV fistula maturation
i nclude, for exanple, the ability to repetitively cannulate the fistula for
di al ysis. Another characteristic of AV fistula 20 maturation is the ability
to obtai n suf¥ocienmzdi al ysis bl ood fl ow useful for henB8i&PipeIBI7SAdequat e
blood flowis at least a flow rate adequate to support dialysis using a

di al ysis machi ne such that recircul ati on does not occur. A sufficient
dialysis blood flow for purposes of the present invention is a bl ood flow
of at |east ah@ulaBsResisirmresatlypictliyreeapodm inchidesmacingtthiimpataileeks,
preferably nore than 20 weeks, nore preferably 16 weeks, and nost
preferably twelng.rweekse ﬂ%ieﬁflﬂdﬂéomﬂa@lgmm onifa thdrecmiﬁmfmhea\’asc’ﬁhea%ham SN
of AV fistula failure to mature are currently understood to include, for
exanpl e, early ghseRrknsirs eafmilfén hi strivasguiiessed siersdl tribskgesafthor near the
anastonotic site, the presence of accessory veins, including collateral or
venous si de br apehesd vtinateudinehagbadsiez B hei wedppell, mprbrbdegdat e vei n
internal dianeter, and late fistula failure due to progressive stenosis.
Accessory ve n%e@@ﬂe@roemamstehmtﬂmghmmnmdt trofmatibel dridistaskdblbyd @hsger t i ng

bl ood flow and by not allowing for the vein associated with the fistula to
beconme of adequat elisbz@e ifplaltittimniiatal 16 prdideagrivoth reguiatirg cougopedstit y t hought

that accessory veins nay devel op, for exanple,
the vasculature, for example to the underlying smooth muscle cells within the blood
vessel. Ttis contemplated that, when situated at an extraluminal site, the cells of the
implantable material provide a continuous supply of multiple regulatory compounds
10 which can penetrate vessel tissue and reach the lumen, yet the cells are protected

Fom the adverse mechanical effects of blood flow in the vessel(s). As described

herein, one preferred extraluminal site is an exterior surface of a blood vessel.

[0057) Treatment with a preferred embodiment of the present invention can
encourage normal or near normal healing and normal physiology. On the contrary,
15  in the absence of treatment with a prefesred embodiment of the present invention,
normal physiological healing is impaired, e.g., native endothelizl cells and smooth
muscle cells can grow abnormally at an exuberant or uncontrolled rate following
creation of a vascular access structure, leading to adverse clinical consequences,
including vascular access structure failure. Accordingly, as contemplated herein,
20  treatment with the implantable matesial of the present invention will improve the
healing of native tissue at the anastomotic site(s) to maintain vascular access

structure patency.
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in response to the presence of a stenosis in the fistula. The nmechani sns of
AV fistula nmaturation are nultinodal and generally require assessnent of
multiple clinical indicia. The absence of stenosis alone is generally an
insufficient indication of a mature AV fistula. 15[0063] Moreover, an AV
fistula that is considered adequate for the purpose of dialysis requires
both maturation of the fistula, those changes that occur in the vein
segnent of the fistula which allow the fistula to be repetitively
cannul at ed; amizoohboeod fl ow sufficient to support dial ySEEUSAPUAVEF| st ul a
can remain patent even when there is very little blood flow, but a patent
AV fistula may not be clinically 20adequate for dialysis. For purposes of

t he present invention, clinically adequate blood flow for djialysis is about
150- 500 ynTi m &S] pr GPEPHBIG: bR ST SOt A L SRS Eog o er abl y
about 350-400 nL/ninute;,sui%abIe bloodg%ngssures are about .50-180 mrHg,
preferably abouforBed REYARFAHGE CORNBIEHET/ VETHAASEH TGS FERHYEE [ 0064] For
pur poses of the present inventiqgn, it is believed %@at treatnment .with the
Ppl ant abl et EFFANY GUERE TSN AT AT SH RO een I ENET Fera
honeost ati ¢ envi ronnent such that'c?mglicati ns co .in AV fistul a

mat uration, for PERRARl BB KRR RRErE RS YRRGGRRTR B e AR BT PE R gr owt h
of accessory veins are 5 reduced when placed .adjacent to or jn the vicinity
at the fistuba AHEHERIEERAREOHT HECBHS FRabt i ATErREaT O TEoat 12 FHPr st age,
This type of benefjicial environnent al|lows an AV fistula to proceed to

mat urati on and/ érdle‘é‘i‘?é}Vn"aFlﬁusaF“ﬂ’ﬁ ‘B%E%tsg%‘é?tg%{lar%@“%ﬂﬁe%?ehﬁf”ﬁ Bionis
functionally established when the AV fistula vein thickens and . s able to
conduct hi gh f | SHCEhIGRIFELCRT L BiBBRICe Rise: S-S B ORPUAP BEFR wi th ¢ he
10 i npl antabl e materi al providgd for herein enhaqgeiﬁg?turation of the
fistula and/or FREVEHPEOTReY FPURIIPEST FORTTAFTT 1Y T ot re ™1 f s
understood for purposes of the present invention that enhancenment of AV
fistula maturat PECRREIFFEYL any i nprovenent in the functioning of the
fistula, including its formation, tine required to reach a functional state

as well as ni%i m[(fﬂ'%@fc € "ﬂ:]:e h%g]%nt];lialess %nlél,éefalalim?th%‘ p]r:]é%‘éﬂl’fl En%er];t%{q i be placedina

variety of configurations at the vascular access structure to be treated. According to
certain embodiments, the implantable material of the present invention can be placed
both at the anastomotic juncture and also placed on the proximal vein segment,
distal to the anastomosis. In other embodiments, the implantable material of the

15  present invention can be placed on the arterial segment, on the proximal vein
segment, on the distal vein segment, and/or bridging the vascular access structure.
In another embodiment, the implantable material also can be placed on the graft
material or a portion of the graft material at the anastomotic junction. The vessels
can be contacted in whole or in part, for example, the implantable material of the

20  present invention can be applied to the vessels circumferentially or in an arc
configuration. A vessel and/or vascular access structure need only be in contact
with an amount of implantable material sufficient to improve formation, maturation,

integration and/or stabilization of the vascular access structure.
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15[ 0065] | mredi at e post-operative thronbosis can prevent the formati on of a
patent AV fistula and lead to early failure of the fistula. As explained
herein, treatnent with the inplantable material of the present invention at
the time of surgery can prevent the AV fistula fromimediate failure due
to post-operative thronbosis. For exanple, the inplantable material

rel eases anti-thronbotic 20 nmedi ators that reduce thronbosis and can

maintain a p istula through the stages of fistula_ f i on.and
mat ur ati on. Qfﬁgﬁg%ﬁﬁécenent of the inplantable nateriafcgﬁg%%hgﬁbihe
vicinity of the site of the AV fistula at the tine of surgery can al so

enhance maturation by reducing stenosis at or near the fistula anastonoses,

al l owi ng the fi $i0G0la t cArtreivempugiiistaldefimtdnsiozerdOeRbvhde, syf fici ent bl ood
flow to support dialysis, facilitating venous 5 and arterial dilatation,

decreasi ng t he futarivatrioonfinla Fanagitili'y cREEEHS OAuleichSs B AEALNLAY nati ve
accessory veins to enhance maturation of the fistula, and inproving the

size of the vei the ihfleg7lAdeictiilofitk pesenaftvéVoh ShuhandQE WL RS 8.d :RR0€r
period of time to reach maturation than an AV graft. During the period of
fistula matur at voify didnetbmbvyinshd ftes, igan@safintxaoneutiadWsihg a
percut aneous or indwelling catheter, leading to an increased risk of

i nfection andl cosmpyestsipne aoeatid latvenseh N CHAER RO fistith 8681RAL Rl e

i npl antable material at the site of an AV fistula at the tinme of fistula
creation can reddesphhi (bétwecr deiinbefyond Hestpae t@EVBALLQRIMbhEr eby
reduci ng the associated risks of infection and conprom sed central vein

patency. Pl acensid-toofidetzhastinmplsatitiablden derimaidand alshale eQyighd €. Qfispn
i ndwel I'i ng catheter can reduce the risk of thronbosis, intiml hyperplasia

and restenosi s assdwicpitabd (hatvidan tH%ezrzic]ildV&Etl:ﬂyiaﬁ@ﬂﬁ@gﬂh@ﬁ@{?em)t hemehy reducing
the associated risks of infection and conpromi sed central vein patency.

[0068] Fi nal |y, useuigfal (teevdenTheanihibl eyt ahietBasNRE drRBb St gAN
decr ease
10 transposed basilic vein), ulnarcephalic (between the ulnar artery and the cephalic

vein), and saphenous loop (saphenous vein and the right side of the femoral artery)

fistula.

[0061] Complications from AV fistula surgery typically ocour during three
phases. These phases are an acute phase which is often characterized by thrombosis,

15 an intermediate phase whose clinical signature is a failure of the fistula to mature,
and finally a more chronic failure of an already-éstablished, functioning fistula

which, for example, can be due to progressive venous stenosis.

[06062] Characteristics of AV fistula maturation include, for example, the ability
to repetitively cannulate the fistula for dialysis, Another characteristic of AV fistula
20 maturation is the ability to obtain sufficient dialysis blood flow usefitl for
hemodialysis. Adequate blood fiow is at least a flow rate adequate to support
dialysis using a dialysis machine such that recirculation does not occur. A sufficient

dialysis blood flow for purposes of the present invention is a blood flow of at least
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|ate failure of a mature AV fistula. A mature fistula nmay experience
decreased 20bl ood fl ow and increased venous stenosis due to late
progressive stenosis. Stenosis or occlusion of a fistula to a degree
sufficient to reduce blood flow below a | evel necessary for dialysis may
require interventional angioplasty or stenting of the fistula to restore
adequate blood flow levels. Such interventional therapies increase the

ri sk of venous stenosis and occlusion, further preventing the formation of
a mature fistwbasorburithernore, stenting can result in o®CIruSIN@2115 onbosi s
or restenosis-of the treated vessel in the portion of the vessel distal and
proximal to the stent, often referred to as edge effects.

5[ 0069] Application of the inplantable material can result in positive
remodel i ng (a cHABIAAEILARINGE 2 JEE BYPLHO BTF g“ﬁ’é?% 3’5% H‘ﬁéﬁtlé’i%ff @%Oous

i nhi bition of venous neointinmal hyperpl asia) thereb reventing late
progressive st eviesks $10mg FERERY] WQ"’%ES@W I’F“PSBW)G@fabfyﬁé’e%ﬁgvﬁg‘é a%f‘rs‘g%l a, reducing

the need for rehabilitative angioplasty or stenting of an occluded fistula,
preventing st enﬁtreaé@%%ﬂlaﬁ&fﬂlaearg“em%qhﬁ%ﬁ%‘ff%@t‘ié&‘]g{cﬁﬂﬁa%e THET et i me and
usability of the mature fistula. [0070] The im&la@ta%le material of the
present i nvent i exersigad pdngiedsy foaeampl e tEPEbsLE e TR GFsel: fGRSr  of

di stinct stages. For exanple, treatnment at the time of surgery can prevent
the AV fistufa #oopsaf BicBRaTEPIoGC fif B 81e86769 ?Jfra‘"’%eéﬁ’r%ﬁed%{?éiuﬂ’gg 6‘35 f%n of the
fistula. The inplantable material can al so he pjovided after, the 15initi al
surgery to hast@rereasidagrageiee dapdpqpate yein fiaf- Inchyling iprdequaie Nefi fplemAl/ £ st ul a
has diameter, and late fistula failure due to progressive stenosis. Accessory veins can

prevent the development of the fistula by diverting blood flow and by not allowing
for the vein as-sociated with the fistula to become of adequate size-to allow for

10 camulation. Ttis currently thought that aceessory veins may develop, for example,
in response fo the presence of a étenosis in the fistula. The mechanisms of AV
fistula maturation are multimodal and generally require assessment of multiple
clinical indicia. The absence of stenosis alone is generally an insufficient indication

of a mature AV fistula.

15 [0063] Moreover, an AV fistula that is considered adequate for the purpose of
dialysis requires both maturation of the fistula, those changes that ocour in the vein
segment of the fistula which allow the fistula to be repetitively cannulated; and,
blood flow sufficient to support dialysis. An AV fistula can remain patent even
when there is very little blood flow, but a patent AV fistula may not be clinically

20 adequate for dialysis. For purposes of the present invention, clinically adequate
blood flow for dialysis is about 150-500 mL/minute, preferably about 300-500
ml/minute, and most preferably about 350-400 mL/minute; suitable blood pressures

are about 50-180 mmHg, preferably about 50-120 mmHg.
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founed to maintain it in a clinically stable state. Additionally, the
i npl antable material can also rescue a mature AV fistula that subsequently
fails and/or can extend the lifetinme of a mature fistula. These situations
are non-limting exanpl es of enhancenent of AV fistula maturation.
Accordingly, it is contenplated that the 20i npl antable material can be used
not only at the tine of initial surgery to create the AV fistula, but also
at subsequent tinme points (e.g., for maintaining a mature fistula or
rescui ng a maY@e7eMBEul a fromfailing). Subsequent adnFRFEFPH®LANS can be
acconplished surgically or non-invasively. WD 2007/001744PCT/ US2006/ 021755
[ 0071] Arteriovenous Graft. According to additional enbodi nents, an
arteriovenous graft ("AV graft") created for vascul ar_ access can, be treated
Wi th inpl ant abl B068t er Fer purfosesied thseaserh inveripant SoRUCVAR halregingrt "dhn be in
the formof a forearmstraight graft, a forearm|oop graft_or an upper arm
graft. Arteri al the iiploviebs miterisd of the pigerst Inprptionpreviden 2 hePpida §opeseihe comon
carotid artery, the radial artery at the wist, the brachial artery in the
ant ecubi t al f osswironrheat ichéat eomplipatiopycommanria AVOWEH: PafuEsien fff the arm the
brachial artery just below the axilla, the axillary artery and the fenoral
artery. Venous ouatbleotyrogiboes stepedtisileting gad/qqthe movhiof AfceBeY 6 Re nedi an
antecubi tal vein, the proximal cephalic vein, the distal cephalic vein, the
basi | i ¢ vei n510mtludetiavhbrepleded efiagenetost by vielny Bakfisda vhithrrat ™ #8° | evel of
the upper arm the axillary vein, the jugular_ vein and the feporal vein.
Addi tional art epf fdulaercktipe aoais [terciee-oHys B0t eidpdiclbPnvigRReRt FeSGP an AV
graft include the chest wall (axillary artery to the subclavian vein), the
lower extremntié¥ fshdmoraicestto aafprytiopapdior remgh Enoneissatafe: FoF epimpical
(anterior) artery), the aorta to the vena cava, the axillary artery to the
ferpral 15vein owtudien fsdumstionallg estehlishadgihen dreayy fistalp yeip diivkens d abieor
pur poses of the present invention, a functional AV graft involving a

to conduct high flow, high pressure blood. Treatment of afl AV fistula with the

10  implantable material provided for herein enhances maturation of the fistula and/or
prevents the fistula from failing to mature. It is understood for purposes of the
present invention that enhancement of AV fistula maturation includes any
improvement in the fumctioning of the fistula, including its formation, time required

to reach a functional state as well as maintenance of the fistula in a mature form.

15 [0065] Immediate post-operative thrombosis can prevent the formation of a
patent AV fistula and lead to early failure Qf the fistula. As explained herein,
treatment with the implantable material of the present invention at the time of
surgery can prevent the AV fistula from immediate failure due to post-operative
thrombosis. For example, the implantable material releases anti-thrombotic

20  mediators that reduce thrombosis and can maintain a patent fistula through the

stages of fistula formation and maturation.
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prosthetic bridge suitable for dialysis is able to conduct high-flow,
hi gh- pressure bl ood through the prosthetic bridge. In such AV grafts, the
bl ood flow rate at the venous outflow region of the graft is substantially
simlar to the blood flow rate 20 upstream of the graft outflow region.
Blood flow rates suitable for dialysis are about 150-500 niL/m n, preferably
about 300-500 niL/m n, and nost preferably about 350- 400 nL/m n; suitable
bl ood pressures are about 50-180 nmmHg, preferably about 50- 120 nmHg.
[ 00731AV grafWwes@evaral |y fail due to graft-associated ipaticembs/hrayper pl asi a
foll owed by graft-associated thronbosis at the venous-graft a nastonosis or
at the proxi mal venous segnent. AV grafts are also vulnerable to failure
due to poor tissue integration between the native vessels and the
prosthetic bri df¥%¥at erP?%Fm%{ﬁafféezémlaﬁ%blmﬁﬁ%ém@ ¢ vicivéty bf thelgiee oFat er i al
fromthe vessels. [00741For purposes of the present invention, treatnent
with the inpl antptelsie arthaime et sirgsrifen slep enlppre@ratirgioniyovdudes a
beneficial honmeostatic environnent such that conplications associated with
AV graft integr SRS dbeideFrdieisits sirstonayes.allawpr &e femagabersing, of st enosi s,
clotting and/or dehiscence are reduced whether at the 10 tine of graft
creation or at &HERTZedp ag¥ide pffigiontpined dpwie mpett fialysisfedilitstinganoual | ows
the AV graft associ ated bl ood vessels to fully integrate with the
prosthetic bri dg agtiddilaptionpdrereasigibp ErmaRanpf ARPBIE dceespanetinbnal | y
est abl i shed when the AV graft integrates and is able to conduct high flow,
hi gh pressure b%ﬁ&%ﬁl%nag‘é%ﬁ%gﬁ?r&f"é‘ﬂs Reppe metpghemdite Ftulamnd\v graft with
i npl antabl e materi al. enhances integration and 15 naturation of the graft
For purposes of TRIPYNg o Ept 918k vt i s understood that enhancement of AV
graft integration and/or maturation includes any inprovenent in the
functioni ng of graft,..incl udi its formatjon, tinme required to reach a
functi onal stathgggs mé?ﬁﬁﬁgﬁkh?hggﬁgwgé&ﬁwﬂﬁ% BEET RFHOd o e feasedli onal form
t hronbosi s_ can_prevent

[ 0075] | mredi at e po%%-o erative graft-associ.ate
tissue 20 int egFPaEOA" g“ﬁ’iﬂ%‘@érﬁ%hﬁg‘f”&ﬁ FRSEPED Qﬁ‘%s’éﬂaﬁ’é‘tt%rﬁ?o%@ewlfﬁ}s and can
|l ead to earlé failure of %gg ﬁnagt. As expl ai eg.herein, treatnent at the
time of surd8ry lsc;gﬁ?Fr%]ryé\?}é of REnQRPGFUFIEOs b P RRE Pt s lsadingrte aBue to
ost-operative thro i s.. For ex | e, the

P P }ncreasrgg (I)is of mi];ctiron am? compromising central vein patency. Placement of the

implantable material at the site of an AV fistula at the time of fistula creation can

reduce the time required for fistula maturation, thereby reducing the associated risks

of infection and compromised central vein patency. Placement of the implantable

15  material at the site of an indwelling catheter can reduce the risk of thrombosis,

intimal hyperplasia and restenosis associated with the indwelling catheter, thereby

reducing the associated risks of infection and compromised central vein patency.

[0068] Finally, use of the implantable material described herein can decrease
late failure of a mature AV fistula. A mature fistula may experience decreased

20 bleod flow and increased venous stenosis due to late progressive stenosis. Stenosis
or ocelusion of a fistula to a degree sufficient to reduce blood flow below a level
necessary for dialysis may require interventional angioplasty or stenting of the

fistula to restore adequate blood flow levels. Such interventioral therapies increase
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i npl antabl e material releases anti-thronbotic nediators that reduce
thronbosis and maintain a patent graft through the stages of graft
integration and maturation. [0076] Pl acenent of the inplantable material at,
adjacent, or in the vicinity of the AV graft anastonosis; at, adjacent, or
in the vicinity of the venous outflow 5 region of the graft; and/or at,

adj acent, or in the vicinity of the graft at the tinme of surgery can al so

enhance inte e?&k%&n%ﬂd mat urati on by reducing innediat$ &E&@ £§£§ and
progressive stenosis at or near the graft anastonoses. ﬁIS erapeutic

effect allows the graft sufficient tinme to becone adequately integrated
with the prosthetic bridge material, mnimzes bl ood vessel thronbosis and

10 occl usion, NdiRRFHBhNEnsdedAtEuNES Bthed ARt thélivan®icghf 40 support
bl ood flow sufficient for dialysis. [0077] Adm ni stration of the inplantable

material can als@, fHakEl EQkal 98, shealidotng il & BV AMbgEadit . A mature
graft can experience decreased blood flow and i ncreased venous stenosis due

to late progressidesstaNOsifd vARA G8bb@Bn 6f thé Resel BisiNpldgn-ablie tat er i al
can result in positive venous renodeling (a conbination of vascul ar

dilatation W tRQed hitbi-ARLRUSddaRIRI. i on of venous neointimal hyperpl asia)
thereby preventing | ate progressive stenosis, increasing blood flow of the

mature graft and prolonging the lifetime and usability of the mature graft.
[0078] As denpngbaed) ed Agieitdn of theahpiemtblohatanal A geudfih pasidetransilisg wi t h t he
20 inplantable material of the present invention pronotes formation of a
functional AV gf afribisdiioh ablaecul0 Bildithyedih. sinviltahaut tnhibhien ofnaenst ood t hat ,
for purposes of the present invention, formation of a functional AV graft
i ncl udes any i mpsievgaBRberblbkid) figraly ipfiverding lanabrenivagtendsid, eregeidf t, or to
the process of formation of the graft anastonpbses or integration of the
prost hetic bri dged madieie famicd iananeéucdis thdheedfoatdhzdiiastommeglasty nor a mat ur e
form including a reduction in the incidence of dehiscence.

stenting of an occluded fistula, preventing stent-associated edge effects, and

10 prolonging the lifetime and usability of the mature fistula.

[6670] The implantable material of the present invention can be provided to the
fistola at any of a number of distinct stages. For example, treatment at the time of
surgery can prevent the AV fistula from failing to mature and/or can enhance
maturation of the fistula. The implantable material can also be provided after the

15 initial surgery to hasten healing generally, as well .as after a mature AV fistula has
formed to maintain it in a clinically stable state. Additionally, the implantable
material can 2is0 rescue a mature AV fistula that subsequently fails and/or can
extend the lifetime of a mature fistula. These situations are non-limiting examples
of enhancement of AV ﬁstli}a maturation. Accordingly, it is contemplated that the

20 implantable material can be used not only at the time of initial surgery to create the
AV fistala, but also at subsequent time points (e.g., for maintaining a mature fistula
or rescuing a mature fistuta from failing). Subsequent administrations can be

accomplished surgically or non-invasively.

26



[0079] As is well recognized by the clinical practitioner, AV graft adequacy
requires that a graft both support and nai ntain adequate blood flow. In the
case of 5 AV grafts useful for henodial ysis, adequate blood flow is at
| east a flow rate adequate to support dialysis using a dialysis machine
such that recircul ation does not occur. Aclinically failed AV graft is one
whi ch can not support bl ood fl ow adequate to support dialysis. It is
expected that a preferred enbodi nent of the present invention will delay
t he onset of wmroodeorismi sh, AV graft failure by pronoti ngCLOS20¢&2176F mat i on
of a functional graft which can support adequate blood flow for dialysis.
[ 0080] Peri pheral Bypass Gaft. According to additional enbodinents, a
peri pheral graft created to bypass a failing peripheral blood vessel can be
treated with thé0hipl antdesorenms @raftahcetdingio sgdidewhembadiresits on. A
peri pheral bypass graft can 15 be placed in a variety of anatom cal
| ocati ons, i ncl edérpyertohe e ohieitdsresigd foragscalar engso nacgife trenfed ety ei t her
above or bel ow the knee. A peripheral bypass graft can be used to bypass a
bl ocked peri phefmplavgdswhicriil néihedicsryt mvbltioskayd Vi sratangent phéramlofartery or
vein. A peripheral bypass gaff can be used to restore and/or maintain
normal bl ood fl| dwedrm strhightesxaft; e fidrtarm doopfanft axamppes armagnedt Arterfal bidowd | ow
sufficient to 20 maintain normal or near normal peripheral circulation.
Accor di ng t o5cesitaiiriuabod arnestlgnitet e therinploe cabtibypsas degedifi erterg 2f or med
from above the regi on of bl ockage to bel ow the regi on of bl ockage. In
certain enbodi nértvgjst theebrphisd atery intheemtecdntabiapsalibe bsddal pdery frptholevet he
functionality, integration, maturation and/or stabilization of a
peri pheral bypagstihavf thgaty, itddechiahpieiysin genathoaxillpathe pyiBirg artdrp agder t ai n
others, the graft has a prosthetic bridge.

the femoral artery. Venous outflow sites include, but are not limited to, the median

antecubital vein, the proximal cephalic vein, the distal cephalic vein, the basilic vein
10 at the level of the elbow, the basilic vein at the level of the upper arm, the axillary
vein, the jugular vein and the femorzal vein. Additional arterial and venous locations
_suitable for formation of an AV graft include the chest wall {axillary artery to the
subclavian vein), the lower extremities (femoral artery / vein, saphenous vein, or
tibial (anterior) aﬁery), the aorta to the vena cave, the axillary artery to the femoral

15 vein or the femoral artery to the axillary vein.

[0072] For purposes of the present invention, a functional AV graft involving a
prosthetic bridge suitable for dialysis is able to conduct high-flow, high-pressure
blood through the prosthetic bridge. Insuch AV grafts, the blood flow rate at the
venous outflow region of the graft is substantially similar to the blood flow rate

20  upstream of the graft outflow region. Blood flow rates suitable for dialysis are about
150-500 mL/min, preferably about 300-500 mL/min, and most preferably about 350-
400 mL/min; suitable blood pressures are about 50-180 mmHg, preferably about 50-

120 mmHg.
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100811l n the case of a peripheral bypass graft, the inplantable material
can be placed on an exterior surface of the blood vessel at one or both
ends of the graft 5 and/or on an exterior surface of the graft material. In
certain enbodi ments, the inplantable material can contact the peripheral
bypass graft junction at one or both ends. In certain other enbodi nents,
the i nplant can be placed on an exterior of the bl ood vessel upstream of

t he peri pheral bypass graft. [0082] Pl acenent of a preferred enbodi nent of

i npl ant abl e ed ewi/edizaat or near 10 the inflow or outfl oRCEEERAE1GF a

peri pheral bypass graft at the tinme of surgery can al so enhance formation
of a functional graft, pronote integration and/or prevent dehiscence. For
pur poses of thenﬁresent i nvention, a functional perjpheral bypass graft is

abl e to conduct (M3l 4Y 568 sewwiniildss araihreadinddatimaibypaaplass ow r at es

for a bypass graft bel ow the knee are about 50-150 mi/mn, preferably about
80- 100 15 ni/ ni felogpdbeerefasspiided Brambaps atthesrnyseers mestamosiy afaebabl y- about
80-100 nmL/m n; pedal grafts are about 25-30 nl/m n. Suitable blood
pressures are aPOYETIPBOSCHRER, AYraraEmse ainsisblespailng daptagpoo15983] I n t he
case of peripheral bypass grafts treated as described herein, outflowrate
i s substantial | tegratiPn Betwed thyetiveyasesly and the propthetipbridge materiahasdt i on 20
restores adequate blood flow to the |lower extremties and di m nishes

synpt ons associ atcetralichrcrrpfdkiitdee Bristd fomofe Yosdhe | ower extremities. A
preferred enbodi nent of the present invention delays the onset of, or

di m ni shes, pe;hﬁpﬁral WO 2007/%91744PCT1U82006/021755 bypass graft
failure by pronBtifg fSPREEPSH e ssaHdrienicn SHErPpREndlc BpRaedegraft with

bl ood flow sufficjent .to naintain, peri ergl gLr%ylation. .
material of the present invention provides a beneficial homeostatic environment

such that complications associated with AV graft integration and maturation, for
example, thrombosis, stenosis, clotting and/or dehiscence are reduced whether at the

10 time of graft creation or at a later stage. This type of beneficial environment allows
the AV graft associated blood vessels to fully integrate with the prosthetic bridge

material. For examplé, maturation is ﬁmctidnally established when the AV grafi

integrates and is able to conduct high flow, high pressure blood. As demonstrated
herein, treatment of an AV graft with implantable material enhances integration and

15 maturation of the graft. For purposes of this invention, it is undersiood that
enhancement of AV graft integration and/or maturation includes any improvement
in the functioning of the grafi, including its formation, time required fo reach a

functional state, as well as maintenance of the graft in a functional form.

[0075] Immediate post-operative graft-agsociated thrombosis can prevent tissue
20 integration and eventual formation of a patent AV graft, and can lead to early failure
of the graft. As explained herein, treatment at the time of surgery can prevent the

AV graft from immediate failure due to post-operative thrombosis. For example, the
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[ 0084] For purposes of the present invention, any prosthetic bridge materi al
is suitable to create a vascul ar access structure provided that it supports
bl ood flow 5 rates and pressures required for henodialysis in the case of
AV grafts, and supports blood flow rates and pressures required for
peripheral circulation in the case of peripheral bypass grafts. Typically,
prosthetic bridges are preferably flexible, conpatible with cellular

i ntegration, ng&h he appropriate dinmensions to suppo%égggsm&ggqared

bl ood flow rates d preferred enbodi ment utilizes a P 0 ePTFE,
pol ytetrafl uoroet hyl ene bridge; another utilizes Dacron(r) duPont de Nenons
and Co.). Prosthetic bridges can also be constructed of nodified P1FE

mat eri al s, pol yuret on coa ted P 1FE,.. and.cQ te .qr. PTFE
grafts can be &FRIfgt ?ﬁetéﬁﬁeg ﬁs%staﬁ} gforﬁg ERROEORE t|r6u1’1rc"ea %nﬁtg) g%‘%dzl udi ng
tapered, stretch, ribbed, D | evel s of PTFE.
Prost hetic graﬁﬁgmﬁ%ﬁP%PESmggFﬁEg %gﬁ?g?é?ﬂﬂﬁ%#%ﬁ%%fm%%gmﬁ%grudrng venous

pat ches, collars and boots interposed between the artery and the fistula.

ddi ti onal embo RPNt pIAAELIIE (DILLIGTBLEEAE 1SUGh, BousARfiensus veln

grafts, unbili veln aI ra ts and Di ol ogi cal

het erograf t s, 'ngrgggﬁ%ggsg%m%gvrtnﬁba%@m % rnforhg%ggm@vmem@ c vein

grafts. Cbnp05| risin oregoi ng are al so

o el oot o £ ouse i g Al bl ern@%rrmeorrgmwthe%rgﬁgaﬂéﬁ sui tabl e

equi val ents. |ﬁportant In the case of an AV graft
encour ages “ZLSEH% i B fnde SOt bR AORER e FRaRe 077 10°
prosthetic bri d %m Qs?sr eg)frrgg%cséi{ré StgflO!SlQ% o'r Héa?%re%ﬂfpﬁasmmoses. This

therapeutic effect allows the graft sufficient time to become adequately integrated

with the prosthetic bridge material, minimizes blood vessel thrombosis and

10 occlusion, and maintains adequate vessel internal diameter to support blood flow

sufficient for dialysis.

10077} Administration of the implantable material can also minimize later
failure of a mature AV grafi. A mature graft can experience decreased blood flow
and increased venous stenosis due o late progressive stenosis. Application of the
15 implantable material can result in positive venous remodeling {(a combination of
vascular dilatation with a simulfaneous inhibition of venous neointimal hyperplasia)
thereby preventing late progressive stenosis, increasing blood flow of the mature

graft and prolonging the lifetime and usability of the mature graft.

[0078] As demonstrated herein, treatment of an AV graft anastomosis with the
20  implantable material of the present invention promotes formation of a functional AV

graft suitable for dialysis. It is further understeod that, for purposes of the present

invention, formation of a functional AV graft includes any improvement in the

clinical functioning of the graft, or to the process of formation of the graft
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of the graft and associ ated vascul ature. To encourage integration,

t herapeutic factors provided by the cells of the inplantable materi al
diffuse into the vessel walls. In the case of a synthetic graft material,
the porosity of the synthetic material can also affect the ability of
therapeutic factors to reach cells proliferating on the Ium nal 5surface of
a synthetic graft. [0086]Pi PE Graft. In certain preferred enbodi nents, a
15-25 cmlength of 6- nmminternal dianeter PTFE tubing is used to formthe
graft (AtriunvédewamiasVS Standard Wall P 11-E graft, 0. 8&HPSBE6RLIMA Medi cal
Corp, Hudson, NH). PTFE, a particularly preferred graft Material, is a

fl exi bl e pol ynmer that has been shomn to be 10 non-thronbogeni ¢ when used in
surgical procedures. It is conte natj ve pol terials,
such as Dacr on( FySIORERF H’gm'ﬁﬁ@fi‘érf g? @&%&E@mﬁp@eP{ﬁgm oul d al so
be used as graft materials. [0087 '_I'he graft may .be cut to desired | ength
to facilitate a@@ﬁP’&P%’S&%%ﬁ? Wcﬁld’ﬁﬁﬁﬁdem‘}&ﬁng’ﬁﬁcé%lceo?ﬁ EUGFePt maygbe
a forearmloop graft or a straight graft. The 15ends of the graft may be
cut at an angle th flan apot.her conf.i gur i 0 sufficient to

i ncrease the sumpﬁéc]e argad® %?el?’éeﬁ%nbz?g?)f ER Fdcf BF ‘?& "‘g{ra’i?%mf ‘prove the

dati f th ft th Th ds of .th ft
may al S0 be roubfdiad, é?grgftﬁ%ﬁlwéag Aot el B % I?thﬂgfwi e PSthest on.

anot e e apect 4+ Sy S0 ISR TEES O STt TRl o i or!
" Ghabi | tat on BIEHECGRAgT A BiaPE S CHP S %{‘%W i ﬁﬁ%&%&h PRIy of 't he
graft. In arel gcgc%rd chngéjaﬁl)srt‘faaﬂg& Qv graf{ & onee igfh:i R Edn'hot suppcrt blood flow

adequate to support dialysis. It is expected that a preferred embodiment of the

present invention will delay the onset of, or diminish, AV graft failure by promoting

10 the formation of a functional graft which can support adequate blood flow for

dialysis.

{0080] Peripheral Bypass Graft. According to additional embodiments, a

peripheral graft created to bypass a failing peripheral blood vessel can be treated
with the implantable material of the present invention. A peripheral bypass graft can
15 bepleced in a variety of anatomical locations, including the extremities such as a
region of the leg either above or below the knee. A peripheral bypass graft can be
used to bypass a blocked peripheral vessel, including a blockage in a peripheral
artery or vein. A peripheral bypass graft can be used to restore and/or maintain
normal blood flow to the extremities, for example, a rate of blood flow sufficient to
20  maintain normal or near normal peripheral circulation. According to certain
embodiments, the peripheral bypass graft is formed from above the region of
blockage to below the region of b}ockgge. In certain embodiments, the present

invention can be used to improve the functionality, integration, maturation and/or
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WO 2007/ 001744PCT/ US2006/ 021755 fistula can be replaced with an AV graft in
conbination with the inplantable material of the present invention as an

i nterventional therapy. [0089]Vascul ar Access Catheter. According to
certain enbodi nents, an in- dwelling venous catheter created for vascul ar
access can be treated with inplantable 5 material of the present invention.
A catheter can be placed in a variety of |ocations within the patient,

i ncluding, for exanple, placenent in the neck, the chest, and the groin.
For purposes wb 2venodidal ysi s, a dual -1 unmen cat het er can P& UsHsé/&@htSed as an
interimvascul ar access while a fistula is maturing or a graft is

i ntegrating post-surgery. 10[ 00901Vascul ar access catheters general |y
prematurely fail due to catheter- associated intinal er | asj a foll owed

by cat het er - assGEPHERA Oht BHBETHIYRTS PHE %%%m%5¥W%P ESmBsi s or at

t he proxi mal venous section. j£00911F3§ rposes of the present i nvention,
treat ment with CHED ﬁ%ﬁﬁéﬁ hasarEriist %Fg?he present invention prOV|des a

benefi ci al honeostatlc envi ronnent 155uch t hat conpllcatlons associ at ed
wi th vascul ar a g%ggter functi.on,.for e r.onbosi.s ten03|s
‘and/or clotti ngcigq%zfr e eaca%ft(’ftaﬁgn@a%@fpe?s @Epﬁérrnpla t 1 R cat het er
pl acenent or at gﬁ ter age gﬁ 9 Segi&£k§ H ggsgk
under st ood t hat P E@ﬁ% t d?ﬁ% é e & TR RTRP AL ﬁ% |ncludes
any i nprovenent the fupctio e i nt enance
of the cat hgt%er and/or on an ex erior Sur ace%f 818 graft ma ematI eItn certain emboochmen s, e

implantable material can contact the peripheral bypass graft junction at one or both

ends. In certain other embodiments, the implant can be placed on an exterior of the

blood vessel upstream of the peripheral bypass graft.

[06082] Placement of a preferred embodiment of implantable material at or near
10 the inflow or outflow regions of a peripheral bypass graft at the time of surgery can
also enhance formation of a functional graft, promote integration and/or prevent
dehiscence. For purposes of the present invention, a functional peripheral bypass
graft is able to conduct normal biood flow at normal pressures. Normal flow rates
for a bypass graft below the knee are about 50-150 mL/mi.n, preferably about 80-100
15  mL/min; above the knee are about 50-150 mI./min, preferably about 80-100
mL/min; pedal grafts are about 25-30 mL/min. Suitable blood pressures are about

50-180 mmHg, preferably about 50-120 mmHg.

[0083] In the case of peripheral bypass grafis treated as described herein,

outflow rate is substantially similar to the inflow rate. The present invention
20  restores .adequate blood flow to the lower extremities and diminishes symptoms

associated with inadequate blood flow to the lower extremities. A preferred

embodiment of the present invention delays the onset of, or diminishes, peripheral

31



20 in a functional form [0092] Vascul ar Access Port. According to certain
enbodi nents, an in- dwelling port created for vascul ar access can be
treated with the inplantable material of the present invention. A port can
be placed in a variety of locations 34 wthin the patient, including, for
exanpl e, placenment at a venous or arterial location in the aim chest, and
the groin. [0093] Vascul ar access ports generally prematurely fail due to
port-associ at ed intimal hyperplasia followed by port-associ at ed

t hr onbosi s atWwoh@74ERBus- port 5 anastonosi s or at the pPEXURHPEEHFdUS
section. [0094] For purposes of the present invention, treatnent with the

i npl antable material of the present invention provides a beneficial

homeostati c environnment .such that conplications associated with vascul ar

access port funéYW%%?ﬂégaB@ §ﬁﬁ¥%¥mﬁﬁgﬁﬁﬁﬁ§#§%H§F@Wg§?%éﬁﬁéﬁﬁﬁs@@%tting are

reduced at the po ther_.at the tinme of 10 port placenent or at a later
B TR et

stage. For purp TR fmegin pippeel sHE# O 00d t hat enhancenent of
vascul ar access port function includes any inprovenent in the functioning

of the port, or {60%# he #E%%&%?E‘ﬁﬁe ;Qr];seglg}gvc%%i}, a:rilynprgsﬂ];e%g %%i(iigoeqr?:a{ter}ca {sm
suitable to create a vasculer access structure provided that it supports blood flow
5  rates and pressures required for hemodialysis in the case of AV grafts, and supports

blood flow rates and pressures required for peripheral circulstion in the case of
peripheral bypass grafts. Ty%)ically, prosthetic bridges are preferably ﬂexibie,r
compatible with ceilulaf integration, and of thé appropriate dimensions to support
the required blood flow rates. One preferred embodiment utilizes a PTFE, or an

10 ePTFE, polytetrafluoroethylene bridge; another utilizes Dacron® (E.I. duPont de
Nemours and Co.). Prosthetic bridges can also be constructed of modified PTFE
materials, polyurethane, carbon coated PTFE, and composite grafts. PTFE grafts
can be crafted in a variety of physical conﬁg_urations, including tapered, stretch,
ribbed, smooth, and containing multiple levels of PTFE. Prosthetic grafts can also

15 include distal modifications including venous patches, collars and boots interposed
between the artery and the fistula. Additional embodiments include native materials
such as saphenous vein grafis, umbilical vein grafts, femoral vein allografts, and
biological heterografts, including the bovine carotid and bovine mesenteric vein
grafts. Composite grafts comprising any of the foregoing are also contemplated

20 herein. The skilled practitioner will recognize suitable equivalents.

{0085} Additionally and importantly, in the case of an AV graft or a peripheral
bypass graft, a normal or near normal rate of healing encourages endothelial cells to

populate the luminal surfaces of the prosthetic bridge thereby facilitating integration
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[ 0095] General Considerations. In certain enbodinents of the invention,

addi tional therapeutic agents are adm nistered prior to, coincident with
and/or 15 followi ng adm nistration of the inplantable material. For

exanpl e, agents which prevent or dimnish blood clot formation, platelet
aggregation or other simlar bl ockages can be adm ni stered. Exenplary
agents include, for exanple, heparan sulfate and TOP-B. O hér cytokines or
grow h factors can also be incorporated into the inplantable material,
dependi ng on YR&*tical indication necessitating the Z&HHpIYHTSS
including VEGF to pronote reendothelialization and b-FOP to pronote graft
integration. Qther types of therapeutic agents include, but are not limted
to, antiproliferéthe¢efizgeatsscidatvantitneopd astiregagestton, BxapplteJactorc| ude
rapamyci n, paclitaxel and E2F Decoy agent. Any of the foregoing can be

adm ni st er ed | ogaivided bpthe syibstod fisdapleyiable fnatetd aliifuge incetht aéssel @agpNtis tigan be
contained within the inplantable material or contributed by the cells.

[ 0096] Addi t i onalcksg of ageitesic whft ciatenelgliha beroposifitiewenthétianerl:emmdRLI Ng can

al so be admi nistered in conmbination with the inplantable materi al

enbodi ments 5 defestitieatiliyerfchampeRrfacoranpteh celdaiftratiganiiBe Ramapr onot e
normal or normal -1ike |lunen regeneration or renodeling of lumnal tissue at
a site of vascubkaface nfasypthetiowrhfidi ng surgical sites. Again, such agents can
be contained within the inplantable nmaterial or contributed by the cells.
[0097] As is well recognized by the clinical practitioner, vascul ar access
10 adequacy for [H8fbdi al’hrEiEakcbusertas predsied babodioods 8 15026 umtlengeh afet ur at i on
and a sufficient blood flow As explained el sewhere herein, naturation

rel ates to anat svh gddmag Hiamgest THaiubing tused tn farligha/gii (AvkiumhA dyestaivs r epeat ed
cannul ation during dialysis. Certain of the changes which permt repetitive
cannul ati on rel §t8@d2{1‘@“{p@§§§5 graft, 06?[11111, Atrium Medical COI}), HUdSOI‘l, N}D PTFE,&

particularly preferred graft material, is a flexible polymer that has been shown to be
10 non-thrombogenic when used in surgical procedures. It is contemplated that
alternative polymer materials, such as Dacron®, having properties similar to those of

PTEE, could also be used as graft materials.

{6087] The graft may be cut to a desired length to facilitate dccurate placement
in a particular patient. The graft may be a forearm loop graft or a strajght graft. The

15 ends of the graft may be cut at an angle, with flanges, or in another configuration,
sufficient to increase the surface area of the graft ends for suturing or to improve the
accommodation of the graft by the particular patient. The ends of the graft may also
be roughened or otherwise modified to facilitate cell adhesion. Additionally, the

graft material may be coated with gelatin, albumin, or another therapeutic agent.

20 [6088]} Finally, providing implantable material to a failing or failed AV graft or
peripheral bypass gratt can result in rehabilitation of the original graft thereby

restoring functionality of the graft. In a related circumstance, a failed native AV
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si ze and/ or vessel wall thickening and/or |unmen dianmeter. And, also
expl ai ned 15herein, certain of these changes permt a blood flow rate
adequate to support dialysis. Mreover, as explained el sewhere herein, a
clinically failed vascul ar access structure is one which can not be
repetitively cannulated for dialysis and one which can not support bl ood
fl ow adequate to support dialysis. These clinical failures can be directly
correlated with dysfunction in the anatom c paraneters 20 described above.
[ 0098] Accor diPY70%H& present invention al so provi des FoFUNEHEHS of
acconpl i shing vascul ar access-related clinical endpoints including

i nprovi ng cannul ati on frequency, inproving vascul ar access structure bl ood

fllow promt | nogeasel. 4alLatAhekASsse ARl ALALALNG,! ren, di ot er . and/or

a conbi nation of the foregoing, ere 0 he step of

| ocating the | mplantiablie pRL# I aliodls - ALASEALQL LY the vicinity of the

vascul ar access structuré Iin an anount ‘e Ive &Wécconplish one or nore
of the foregoing endpoints. 5[ 0099] Furthernore, the present invention also

provi des met hodmognr i dertuld Weogs GHESSS AEWhi, [TRLUL Qabéfﬁggn‘%s!%m?“ess
structures, wherein the nmethod conprises the Step of nonitori’ng any one of

the fol | owi ng cdvieliGalenRaaB Sk SicdtaRaatadcannul atdany ul?éh?ﬁi%ﬁaft' Qo
| | ?ﬁlckenlng;

adequate to prevent recirculation during dialysis; vessel wa _
lunen di aneter asecat @ bRs@emNAioR] 8Qekn ik, duLing 'ugé @?Jr%gjtasf’locz]ﬁ?vl\@er €in a

successfully maturing vascul ar access structure exhibits 'east” one of
t he within the patient, including, for example, placement in the neck, the chest, and the
groin. For purposes of hemodialysis, a dual-lumen catheter can be implanted as an

interim vascular access while a fistula is maturing or a graft is integrating post-

surgery.

10 [0090] Vascular access catheters generally prematurely fail due to catheter-
associated intimal hyperplasia followed by catheter-associated thrombosis af the

venous-catheter anastomosis or at the proximal venous section.

[0091] For purposes of the present invention, treatment with the implantable
material of the present invention provides a beneficial homeostafic environment

15 such that complications associated with vascular access catheter function, for
example, thrombosis, stenosis and/or cio’rting are reduced at the catheter whether at
the time of catheter placement or at a later stage. For purposes of this invention, it is
understood that enhancement of vasculer access catheter function includes any
improvement in the functioning of the catheter, or to the maintenance of the catheter

20 inafunctional form.

[0092] Vascular Access Port. According to certain embodiments, an in-

dwelling port created for vascular access can be treated with the implantable

material of the present invention. A port can be placed in a variety of locations
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foregoi ng paranmeters. [00100] The inplantable material of the present
i nvention can be applied to any tubul ar anatom cal structure requiring
interventional therapy to mai ntain homeostasis. Tubul ar anatom cal
structures include structures of the vascul ar 15system the reproductive
system the genitourinary system the gastrointestinal system the
pul monary system the respiratory systemand the ventricul ar system of the
brain and spinal cord. As contenplated herein, tubular anatom cal
structures am® WHEWEHhavi ng an interior |uminal surfacePalbS249e¥ al uni nal
surface. For purposes of the present invention, an extralum nal surface can
be but is not limted to an 20 exterior surface of a tubular structure. In
certain struct UfR%n tHehrdohbahidde, for BtRRle, SIMEREE: b SeRs sﬁaqlfaﬁgl%daﬁén cel |
| ayer; in certain othér structures, thé interior lumnal surface 1s a
non- endot hel i al ;,GR drm! G¥QI and fLRIHAL] Cel | Source. As described herein, the
i npl antabl e material of t he present invention conprises cells. Cells can be
al | ogenei c, xenogenei ¢ or autologous. In certain enbodi nents, a source of
living cells camotmg deniav@th: hdcedpartStntralp} Qe dOORly. fail BulBhbAlafoQkber
enbodi nents, a source of cells can be derived from5 a cadaver or froma
cel | bank. [001@8kkimypaglagurdiontd by firedaicied 1RFRBEHIER He veksk st ar e
endothelial cells, In a

5  anastomosis or at the proximal venous section.

{00941 For purposes of the present invention, treatment with the implantable
material of the present invention provides a beneficial homeostatic environmerit
such that complications associated with vascular aceess port function, for example,
thrombosis, stenosis and/or clotting are reduced at the port whether at the time of
10 port placement or at a later stage. For purposes of this invention, it is understood

that enhancement of vascular access port function includes any improvement in the

fanetioning of the port, or to the maintenance of the port in a functional form.

[0093] General Considerations. In certain embodiments of the invention,

additional therapeutic agents are administered prior to, coincident with and/or

I5  following administration of the implantable material. For example, agents which
prevent or diminish blood clot formation, platelet agérega‘cion or other similar
blockages can be administered. Exemplary agents include, for example, heparan
suifate and TGF-B. Other cytokines or growth factors can also be incorporated into
the implantable material, depending on the clinical indication necessitating the

20 implant, including VEGF to promote reendothelialization and b-FGF to promote
graft integration. Other types of therapeutic agents include, but are not limited to,
antiproliferative agents and antineoplastic agents. Examples include rapamycin,

paclitaxe!l and E2F Decoy agent. Any of the foregoing can be administered locally
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particularly preferred enbodi nent, such endothelial cells are obtained from
vascul ar tissue, preferably but not limted to arterial tissue. As
exenplified bel ow, one type of vascular endothelial cell suitable for use
is an aortic endothelial cell. Another 10type of vascul ar endothelial cel
suitable for use is unbilical cord vein endothelial cells. And, another
type of vascul ar endothelial cell suitable for use is coronary artery
endothelial cells. Yet other types of vascular endothelial cells suitable
for use w thWawoHeEent i nvention include pul nonary ar FEFYSEMISTRR i al
cells and iliac artery endothelial cells. 15[00103] 1 n another currently
preferred enbodi nent, suitable endothelial cells can be obtained from

non-vascul ar tissue. Non-vascular tissue can be,d rh¥§gafrog1gg% t ubul ar
anat oni cal st r gtevseicaly; dlseally Fetia pEEHTET & WBREFH “EP dan Be el ved from

any non-vascul ar tissue or organ. 100104]In yet another enbodi nent,
endot hel i al celnaterigles coreribised R¥S8e $596m 20endot hel i al progenitor cells or

stemcells; in still another enbodi nent, endothelial cells can be derived
fromprogenitor cells or_ ste

cells neral ly...In.oth f
enbodi ments, cd$9%l carHEIHE =é‘ﬁ?ﬂ165t‘ﬁtg‘ﬁ’l A laéee‘%/qsgwf H%ﬁm ge%leolagalﬁjlg%ﬂeﬁge%i c,
xenogenei ¢ or aut ol ogous, derived from.\vascul ar. or - r tissue or
organ. The preé@ﬁ@nmpﬁvgﬁ?F%ﬂﬁﬁﬁ?BVVtﬁ?@ﬁ%ﬁ%@%@E%%ggg?ﬁgﬁgﬂkgregoing whi ch
are genetically altered, nodified or engineered. [010 ht her
abod ment . % veBrPHORE S XTb s G BB 9 R Faae § b
lumen regeneration or remodeling of huminal tissue at a site of vascular injury,

including surgical sites. Again, such agents can be contained within the implantable

material or contributed by the cells.

{0097] As is well recognized by the clinical practitioner, vascular access

10 adequacy for hemodialysis requires vascular access structure maturation and 2
sufficient blood flow. As explained elsewhere herein, ma@aﬁon relates to
anatomical changes that oceur in the vein which permit repeated cannulation during
dialysis. Certain of the changes which permit repetitive cannulation relate to vessel
size and/or vessel wall thickening and/or lumen diameter. And, also explained

15 herein, certain of these changes permit a blood flow rate adequate to support
dialysis. Moreover, as explained elsewhere herein, a clipically failed vascular
access structuré is one which can not be repetitively cannulated for dialysis and one
which can not support bleod flow adequate to support dialysis. These clinical
failures can be directly correlated with dysfunction in the anatomic parameters

20  described above.

{0053] Accordingly, the present invention also provides for methods of
accomplishing vascular access-related clirical endpoints including impro_ving

cannulation frequency, improving vascular access structure blood flow, promoting
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prepare the present conposition. For exanple, a first cell can be

i ntroduced into the 5bioconpatible inplantable material and cultured until
confluent. The first cell type can include, for exanple, snpoth muscle
cells, fibroblasts, stemcells, endothelial progenitor cells, a conbination
of snmooth nuscle cells and fibroblasts, any other desired cell type or a
conbi nation of desired cell types suitable to create an environnent
conducive to endothelial cell gromh. Once the first cell type has

10r eached corffPe¥it¥74a second cell type is seeded on t FTOE2PHBIFF r st
confluent cell type in, on or within the bioconpatible matrix and cul tured
until both the first ceII type and second cell type have reached

confl uence. TheSeoanduElts bYDE TR LLRCkUdR.: (0o QXATRl g, opdot hel 1 o

cells or any other or co 1on o ypes. It is

cont enpl at ed_tfgkediflewhbkaln At SPEA S Bl gJ%Pi%gatfngghetlﬁg@m%ag%duced 15st ep

Wi se, or as a sSin m xt ure SO con density can
be nodified tonﬁk&ﬁft%ﬁ zﬁ e cells to endothelial cells.
[0101] To prevent Sver > EE %era éﬂ?ﬁﬁ%&%aﬁﬁggSsru%??in%ymﬁﬁ%ther cel

Lyhe prone Lo SHEARPLIRALALE ggaﬂocz{?ftﬁe@&eg thi W goprocedure can be

nodi fi ed. For exa cont I'uence-or: I'tst cell type, the
cul ture can be coated with 20an attachnment factor suitable for the second

cel | type prsiorgde9) i ntQEUGEH:O 'ﬁlequesteﬂ%v%&féﬂﬁgo ﬁ%lv del )ﬁ@ﬁod@é%ﬂ&k

at t achnment factors include coaling the culture wt tin to 1’nprove

attachment of endokhel hakursglkSulaALEQE Ghibdrd 0RRA {h% %{Qa%&hﬁg&t the hepa“ n

can be added to the culture nedia during culture of {he seco cell type

to reduce the pf |of fn6f i@ Qn)pénetolf‘ﬁ:teffélfoﬁrﬁngccﬁﬁlcaitpmﬁze@:ﬁd QuQptim ze the
desired first ce type to second cell type ratio. For exanple, after an
initial growh chfmﬂaﬁon, blood flow adequate to prevent recirculation during dialysis; vessel

wall thickening; lumen diameter adequate to permit blood flow during dialysis,

10 wherein a successfully maturing vascular access structure exhibits at least one of the

foregoing parameters.

{60106}  The implantable material of the present invention can be applied to any
tubular anatomical structure requiring interventional therapy to maintain
homeostasis. Tubular anatomical structures include structures of the vascular

15 sysiem, 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. As contemplated herein, tubular anatomical struchures are
those having an interior luminal surface and an extraluminal surface. For purposes
of the present invention, an extraluminal surface can be but is not Himited to an

20 exterior surface of a tubular structure. In certain structures, the interior Juminal
surface is an endothelial cell layer; in certain other structures, the interior luminal

surface is a non-endothelial cell layer.
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snooth nmuscle cells, heparin can be adm nistered to control snooth nuscle
cell growh to achieve a greater ratio of endothelial cells to snooth
nmuscle cells. 5[0102]In a preferred enbodi nent, a co-culture is created by
first seeding a bioconpatible inplantable material with snooth nuscle cells
to create vessel structures. Once the smooth nuscle cells have reached
confl uence, endothelial cells are seeded on top of the cultured snooth

nmuscle cells on the inplantable material to create a S'gHbﬁ%ﬁ%@ {QDd

vessel . Thi s VEH8EI%EAt can be administered, for exanpl 4 AV graft

or peripheral bypass graft according to nmethods described herein to pronote
the integration of the prosthetic graft material. [0103]All that is

required of the cells of the present 0Sj 11 i : exhi bit one
or nore preferﬂ@ﬂgﬁhedgﬂﬁ%@gﬁbﬁs ﬁﬁ@?ﬁgﬁg?“%?5%@?#%%i£g%§£§g§%ribed earlier
herein, the present invention,is bas an tQﬁ‘ é§%o€5£ Lhat a cell having
a 15 readily i deastn fVaBo8 cpREnGt V‘Bﬁé mﬁﬁ% SoC antled’yvm %/eh a preferred matrix
(described el sewhere herein) can facilitate,..restore [0k .OkheLW se

nodul atte \d/as_ctjlr?ﬁi‘ﬂféﬁ?othht%qrﬁa?i en%’@ﬁlﬁeﬁ%ﬁpgf%%fy}l?nﬁcff %Srca?t@?ﬁd%g; @Eromgost asi s
associ ated wi treatment of yascul ar access stru

arteriovenous fshisablgdene npgam %@Féﬁ’@{’féﬁ&? £ ?Quﬁffggﬁikgrgn gﬁr pggﬁféor%f t he

present invention, one such preferred, readily 20identifiable phenotype
typi cal of ébH%ﬁ%ﬁm%%éﬂﬁ%%gﬁﬁFm?nvention is an ability to inhibit or

otherwise interfere wwth vascular snooth nuscle cell proliferation as

Teasur ed by the Lihay! L0 2S5, SRSGKUBSAAELRNITIL B anr otk to herei

particularly preferred embodiment, such endothelial cells are obtained from vascular
tissue, preferably but not limited to arterial tissue. As exemplified below, one type
of vasoular endothelial cell suitable for use is an aortic endothelial cell. Another

10 type of vascular endothelial cell suitable for use is umbilical cord vein endothelial
cells. And, another type of vascular endothelial cell suitable for use is coronary
artery endothelial cells. Vet other types of vascular endothelial cells suitable for use
with the present invention include pulmoenary ariery endothelial cells and iliac artery

endothelal cells.

15 [00103] Inanother currently preferred embodiment, suitable endothelial cells can
be obtained from non-vascular tissue. Non-vascular tissue can be derived from any
fubular znatomical structure as described élsewhere herein or can be derived from

any non-vascular tissue or organ.

[00104]  In vet ancther embodiment, endothelial cells can be derived from

20  epdothelial progenitor cells or stem cells; in still another embodiment, endothelial
cells can be derived from progenitor cells or stem cells generally. In other preferred
embodiments, cells can be non-endothelial cells that are allogeneic, xenogeneic or

autologous derived from vascular or non-vascular tissue or organ. The present
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WO 2007/ 001744PCT/ 1JS2006/ 021755 [ 0105] Anot her readily identifiable

phenot ype exhi bited by cells of the present conposition is that they are
anti-thronbotic or are able to inhibit platel et adhesi on and aggregati on.
Anti-thronbotic activity can be determined using an in vitro heparan

sul fate assay and/or an in vitro platelet aggregati on assay descri bed

‘bel ow. 5[0106] I n a typical operative enbodi nrent of the present invention,
cells need not exhibit nore than one of the foregoing phenotypes. In

certai n enbogiomatwizscel | s can exhibit nore than one of PENESPGHRIGH ng
phenot ypes. [0107] Wil e the foregoing phenotypes each typify a functional
endot helial cell, such as but not limted to a vascular endothelial cell, a
non- endot helial cell 10 exhibiting such a phenotype(s) is considered

endot hel i al - hkeinkaftiop Hlspases:phfestzhg ophebenting whehtieqgensgivdlly Higedsui t abl e f or
use with the present invention. Cells that are endothelial-like are al so
referred to hergbfifedorfetgiatrainal anal ogs of endothelial cells; or
functional m mcs of endothelial cells. Thus, by way of exanple only, cells
suitable for use with the materials and nethods di scl osed herein al so

i ncl ude stem 15{bt]s oin pfugerinttodinsel, vy arlvere grwef pdlliara -@fget el i al -1 i ke
cells; cells that are non- endothelial cells in origin yet perform
functional |y |ijepaathepoeinhedmmisition| Forgsiuge. e st palt @mbe ariipdacst infoife h

herein; cells of any origin which are engi neered or otherw se nodified to
have endot hebi abickirketiblanopliorhid netpria sidegliuted updcepfeat sThs dirst £V her ei n.

[0108] Typically, cells of the present invention exhibit one or nore of the
can include, for example, smooth muscle cells, fibroblasts, stem cells, endothelial

progenitor cells, a combination of smooth muscle cells and fibroblasts, any other
desired cell typev or a combination of desired cell types suitable to create an
environment conducive to endothelial cell growth. Once the first cell type? has

10  reached confluence, a second cell type is seeded on top of the first confluent cell
type in, on or within the biocompatible matrix and cultured until both the first cell
type and second cell type have reached confluence. The second cell type may
include, for example, endothelial cells or any other desired cell type or combination
of cell types. It is contemplated that the first and second cell types can be introduced

15  step wise, or as a single mixture. It is also contemplated that cell density can be

modified to alter the ratio of smooth musele cells to endothelial cells.

10101] To prevent over-proliferation of smooth muscle cells or ancther cell type
prone to excessive proliferation, the culture procedure can be modified. For
example, following confluence of the first cell type, the culture can be coated with

20  an attackment factor suitable for the second cell type prior to introduction of the
second cell type. Exemplary attachment factors include coating the culture with
gelatin to improve attachment of endothelial cells. According to another

embodiment, heparin can be added to the culture media during culture of the second
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20 af orenenti oned phenotypes when present in confluent, near-confluent or
post - confl uent popul ati ons and associated with a preferred bi oconpatible
matri x such as those described el sewhere herein. As will be appreciated by
one of ordinary skill in the art, confluent, near-confluent or
post - confl uent popul ations of cells are W) 20071001744PCT/ US2006/ 021755
identifiable readily by a variety of techniques, the nost common and

wi del y-accepted of which is direct mcroscopic exam nation. Qhers include
eval uati on ofwoedoemmaber per surface area using standa®PdTgelps/gdignt i ng
techni ques such as but not limted to a hemacytoneter or coulter counter.
5[0109]Additional|y for purposes of the present i'nvention,

endot helial -1i ke g eyts e|f$_ii§{gzal tﬁePﬁ? It ati%n tﬁé)ﬁrs %%ﬁqﬂ&% falngzg E}MH Ghaiemul ate

or mmc functi B?II YpcCl a con I’ confluent or

post - conf | uent a g gset forth
herein. [0110]T gceﬂgWﬂ%s?ﬂ% %@ erﬁe 8%§%F'¥i%%? %ﬁ%H§%§%§% set forth
bel ow, the 10pract| | one

Ki. |1 te h
to make, use, t &8¢t Wﬂ“ﬁﬂ?ﬁf@ﬁ?ﬂln%%é?%m%uﬁﬁﬁfﬁlnen %£0¥$%L539&mfgh?agleow
t | discl d h Th di scl
o1 Cthat 15 necBORdty 5% aiﬁﬁaﬁws36‘%%%%6@&%51%%?5&5“%9&%‘Qﬁge' bl antabl e

rnvention™s i nplantabl e
materials. And further, the teachings prOV|ded herein disclose all that is

hecessary to ' dﬁ ]Oy IH%??ef&H:q %ﬁ&gﬁ@ﬁr aago' chftj¥ 1.ﬁcg&ﬁtéﬁ%yefﬂ'§t seeding a,
15cel | - cont ai’ni ‘Conposi t'i ons ottom a Is‘required is that
equi val ent cel | bm%gggta%u; o GOPASILLONS ALERSLLACLING Loat raEy vascul ar

access structures T accor: ance W t di scl osed herein. As wll

be appreci at ed bs%uctturgs Bk h%gm%tﬁ%ﬂ %E %Bave?&ehe\ﬂ%loﬁﬁuenmm@%tc&sOf t he

present COITpOSI tron can using only routine experinentation
together with t rz]u% &L ERS hxll E}%%f Bl QY HE SRS A R le cells on the implantable material to

create a simulated blood vessel. This embodiment can be administered, for example,
10 toan AV graft or peripheral bypass graft according to methods described herein to

promote the integration of the prosthetic graft material.

[0103] All that is required of the cells of the present composition is that they
exhibit one or more preferred phenotypes or functional properties. As described
earlier herein, the present invention is based on the discovery that a cell having 2

15  readily identifiable phenotype when associated with a preferred matrix (described
elsewhere herein) can facilitate, restore and/or otherwise modulate vascular
endothelial cell physiology and/or luminal homeostasis associated with treatment of

vascular access structures such as arteriovenous fistula or arteriovenous graft.

[0104] For purposes of the present invention, one such preferred, readily
20 identifiable phenotype typical of cells of the present invention is an ability to inhibit
or otherwise interfere with vascular smooth muscle cell proliferation as measured by

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

~ phenotype.
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20[0111]In certain preferred enbodi nents, endothelial cells used in the

i npl antable material of the present invention are isolated fromthe aorta
of human cadaver donors. Each lot of cells is derived froma single or
mul ti pl e donors, tested extensively for endothelial cell purity, biological
function, the presence of bacteria, fungi, known human pat hogens and ot her
adventitious agents. The cells are cryopreserved and banked usi ng

wel | - known techniques for |ater expansion in culture for subsequent

fouul ation i rwhkgzenpdti bl e i npl antabl e materi al s. [ 0112FT&b00qR2EPAr at | on.
As stated above, suitable cells can be obtained froma 5 variety of tissue
types and cell types. In certain preferred enbodi nents, human aortic

endot helial cells used in the jnplantable materi isolated fromthe
aorta of cadavé?“ﬁbnorénm?%r%@ﬁ%ﬁ“@%ﬁ%ﬂPﬁ%ﬁF’56%%#@ﬁ%§°%5@f¢€P@ﬁﬁBtheI|a
cells (Cell Applications n De CA) .are i ated.from normal porcine
aorta by a si chf&POSH?O&d%@Etr CH SR tt@foin??btl‘c féferﬁg}%éﬁmé[‘&“tﬂ leteletidbrehgl i al
cells. Each lot of cells is derived 10 froma single or nultiple donors,
tested extensi VBY §EFEAI N dOHHEPRPHCEAYIK 2R BF AFERARSdSINE g0 MFF ogi cal
function, the presence of nyco E asma, bacterla fungi, yeast, known human

pat hogens and &epEn %Ekf@/féﬁisﬁif 21 H &P atﬁﬁbﬂ%@@ﬁ@@ﬂ&ﬁ%yfi%fﬁﬂwérbd@&fpanded
characterized and cryopreserved to forma morklng cell bank at the third to

and Tor 15 SubdUREn P AP CRSRN A= B BRBALET BIS MPARCLBIE AAL or i &l -
flasks pro.t ﬁ%ﬁﬁ%h@?}rnﬁ{% 3 8?%4%%9%‘13%%%%3%&? 'ebyce%%l FPoGPREiot hel 1 al
CoLl oM YA ReL A BTRD. ARG saORELIEl ool s e preparid i
NJ). EGW 2 conS|sts of 20 Endot helial Cell Basal Media (EBM 2, Canbrex
E'ofif'n_inﬁif? e R S e R T
gggﬁ it fr:at”el y %;7% a%%ﬁ?g@h%&sgé @%‘ifg%hgf é{&og}g@%‘f E&f ngﬁ@&cﬂﬁa%hﬁ e at
10 exhibiting such a phenotype(s) is considered endothelial-like for purposes of the
present invention and thus suitable for use with the present invention. Cells that are
endothelial-like are also referred to herein as functional analogs of endothelial eells;
or functional mimics of endothelial cells. Thus, by way of example only, cells
suitable for use with the materials and methods disclosed kerein also include stem
15 cells or progenitor cells that give rise to endothelial-like cells; cells that are non-
endothelial cells in origin yet perform functionally Iiicc an endothelial cell using the

parameters set forth herein; cells of any origin which are engineered or otherwise

modified to have endothelial-like functionality using the parameters set forth herein.

[UIéS] Typically, cells of the present invention exhibit one or more of the

20  aforementioned phenotypes when present in confluent, near-confluent or post-
confluent populations and asscciated with a preferred biocompatible matrix such as
those described elsewhere herein. As will be appreciated by one of ordinary skill in

the art, confluent, near-confluent or post-confluent populations of cells are
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for a mninmmof 30 mnutes. One or two vials of the cells are renoved from
the - 160C -140C freezer and thawed at approximately 37C. Each vial of
thawed cells is seeded into two T-75 flasks at a density of approximately 3
x 103 cells per cnB, preferably, but no less than 1.0 x 103 and no nore
than 70 x 103; and the flasks 5containing the cells are returned to the

i ncubat or. After about 8-24 hours, the spent nedia is renoved and repl aced
with fresh nedia. The nedia is changed every two to three days, thereafter,
until the celdsbmeisapproxi mately 85-100% confl uence PEEFRPGBIYSS but no

| ess than 60% and no nore than 100% When the inplantable material is
intended for clinical application, only antibiotic-free nedia is used in
the 10 post-thaw culture of human aortic endothelial cells and nmanufacture
of the inpl ant ahl.espal esdigibyafatdecfecbsignts, bhnwercPBRoRpELYHEThe endot hel i al
cell growth nmedia is then renoved, and the nonol ayer of cells is rinsed
with 10 M of HERES:bffies adirsahiinesctid BRES)tioThebrEREEde salhEved, and 2
m of trypsin is added to detach the cells fromthe surface of the T- 1575
flask. Once detaghnBnt phas:meata ness sddad colf comyipsieshoiat Y&t B sol uti on
(TNS) is added to stop the enzymatic reaction. An additional 5 m of HEPES
i's added, and t§e..06) } sertcropbl®Icatiedcarsieng a henocytoneter. The cel |
suspension is centrifuged and adjusted to a density of, in the case of
human cells, approximately 1.75 x 106 cells/nil using E Zl.éa%khc%gt

anti bi oti cs,s orpoigv)t he Adasieniy, foopusiones of dlelpseseB EHH XA AREA V8D x 106
cell s/ mlL using [EBM 2 supplenmented with 5% FBS and 50 ug/ na?]ly agéent am ci n.

include but are not limited to cells which emulate or mimic funchion

phenotypeially confluent, near-confluent or post-confiuent endothelial cells as

measured by the parameters set forth herein.

[6110] Thus, using the detailed description and guidance set forth below, the

10 practitioner of ordinary skill in the art will appreciate how to make, use, test and
identify operative embodiments of the implantable material disclosed herein. That
is, the teachings provided herein disclose all that is necessary to make and use the
present invention’s implantable materials. And further, the teachings provided
herein disclose all that is necessary to identify, make and use operatively equivalent

15  cell-containing compositions. At bottom, all that is required is that equivalent cell-
containing compositions are effective to treat vascular access structures in
accordance with the methods disclosed herein. As will be appreciated by the skilled

practitioner, equivalent embodiments of the present composition can be identified

using only routine experimentation together with the teachings provided herein.
=]

20 [0111] In certain preferred embodiments, endothelial cells used in the
implantable material of the present invention are isolated from the aorta of human
cadaver donors. Bach lot of cells is derived from a single or multiple donors, tested

extensively for endothelial cell puiity, biclogical function, the presence of bacteria,
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WO 2007/ 001744PCTA3S2006/ 021755 [01151Bi oconpati bl e Matrix. According to
the present invention, the inplantable material conprises a bioconpatible
matrix. The matrix is perm ssive for cell gromh and attachnment to, on or
within the matrix. The matrix is flexible and confornmable. The matrix can
be a solid, a sem-solid or flowable porous 5 conposition. For purposes of
the present invention, flowable conposition neans a conposition susceptible
to administration using an injection or injection-type delivery device such
as, but not Iyodeshi114@, a needl e, a syringe or a cathet @gT/URpweR1ER| | very
devi ces which enploy extrusion, ejection or expulsion are also contenpl ated
herein. Porous nmatrices are preferred. A preferred flowable 10 conposition

is shape-retaining. The matrix al so %%Q ngin.the forggofﬂa fl exi bl e pl anar
form The mat r ifsnsakeerehimasesibaeeh ¢ FrPOr I Yerers £ 8a - ¥ suspensi on, a
particle, a raicrocarrier, a_mcrocapsule, o&?a fibrqus,structure. A
currently pref eropgseredeps biked g alrogra e HERR T T ETRREM R ri x, when

i npl anted on an exterior surface_of a bl ood %gsse %@{ 1§ex npl e, can
reside at the icoigirafr sehserrertipmuaion Bbigoempgt AEECEW HAYs, preferably
about at |east 7 days, nore preferably about- -at |east 14 days, nost

oot eraly about ) ea pAhSRge BSHl i AR SRR LRGN o1 o1t o0
A h i A R B e G
FotiEprr ki e & e e S

cadaver donors. In other embodiments, porcine aortic endothelial cells (Cell

Applications, San Diego, CA) are isolated from normal porcine aorta by a similar

procedure used to isolate human aortic en&othe}iai cells. Tach lot of cells is derived
10 from a single or multiple donors, tested extensively for endothelial cell viability,

purity, biological function, the presence of mycoplasma, bacteria, fungi, yeast,

kno;‘vn human pathogens and other adventitious age.nts. The cells are further

expanded, characterized and cryopreserved to form a working cell back at the third

¢0 sixth passage using well-known techniques for later expansion in culture and for

15 subsequent formulation in biocompatible implantable material.

[0113] The human or porcine aortic endothelial cells are prepared in T-75 fasks
pre-treated by the addition of approximately 15 mi of endothelial cell growth media
per flask. Fuman aortic endothelial cells are prepared in Endothelial Growth Media
(EGM-2, Cambrex Biosciences, East Rutherford, NT). EGM-2 consists of

20  Endothelial Cell Basal Media (EBM-2, Cambrex Biosciences) supplemented with
EGM-2 singlequots, which contain 2% FBS. Porcine cells are prepared in EBM-2
supplemented with 5% FBS and 50 pg/ml gentamicin. The flasks are placed in an

incubator maintained at approximately 37°C and 5% CO, / 95% atr, 90% humidity

43



can be a nodified matrix material. Moddifications to the matrix material can
be selected to optim ze and/or to control function of the cells, including
the cells' phenotype (e.g., the inhibitory phenotype) as descri bed above,
when the cells are 5associated with the matrix. According to one

enbodi nent, nodifications to the matrix material include coating the matrix
with attachnment factors or adhesion peptides that enhance the ability of
the cells to inhibit smooth nuscle cell proliferation, to decrease

i nfl ammat i on,whoeu@graase hepaxan sul fate production, t@OrAGSHEEEESS
prostacyclin production, and/or to increase TG~ Bl production. Exenplary
10attachnment factors include, for exanple, fibronectin, fibrin gel, and

coval ently attached. cel | esion ki i i RGD
utilizi ngyst an%?ﬂmwﬁ%ﬁgg@ &5 b‘r’n"g‘%g‘g‘g‘H%ir?i%gthggg%%ﬁ‘ﬁog%g@c‘gf| aélhesi on

el udi ng but BT ArE! RN R R CORBUa Y Shd REDV
Gol foam  Add ¢ BREF-HRBEPar Y TREI R HRPear B A B S al O i b
dexct ran"t i cr ocHPFTEPADRE KPP Kha o ENAY (IR Bap5t yracy a r ARkeory oy
mbod: ment 50 ¢HELEAPLRGRAFRE 1 R0 R e Rd Sk B O et
2t achment 1 act BFE FRERGHA o) B SR AR a: TR 0| OO 7 P ohect | h

Ui 11 21 ng. St andi B aHIBUEE AT DOtk P Re KA EE Ty i bral el | 'adhes! on
el udi ng but nBEEPHY PAIS: B D e e R ond Reov
[0120] According to anot het SIPQLl IR M nc-hdle oY OGAIRALAR S aiBl hdeX mBE er i al 1's

10 post-thaw culture of human zortic endothelial cells and manufacture of the

implantable material of the present invention.

[0114] The endothelial cell growth media is then removed, and thie monolayer
of cells is rinsed with 10 ml of HEPES buffered saline (HEPES). The HEPES is
removed, and 2 ml of trypsin is added to detach the cells from the surface of the T-

15 75 flask. Once detachment has oceurred, 3 ml of frypsin neutralizing solution (TNS)
is added to stop the enzymatic reaction. An additional 5 mi of HEPES is added, and
the cells are enumerated using a hemocytometer. The cell suspension is centrifuged
and adjusted to a density of, in the case of human cells, approximately 1.75 x 10°
cells/m] using EGM-2 without antibiotics, or in the case of poreine cells,

20-  approximately 1.50 % 10° cells/ml using EBM-2 supplemented with 5% FBS and 50

pg/mt gentamicin.
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physically nodified to inprove cell attachnment to the matrix. According to
one 5enbodi nent, the matrix is cross linked to enhance its nmechani cal
properties and to inprove its cell attachnment and growth properties.
According to a preferred enbodi nent, an alginate matrix is first cross

| i nked using calciumsulfate foll owed by a second cross |linking step using
cal cium chloride and routine protocols. [0121] According to yet another
enbodi ment, the pore size of the 10 bioconpatible matrix is nodified. A
preferred naﬁ¥?%£3%¥@4size i s about 25 pmto about 100 pH’“IPE8tably about
25 pmto 50 pm nore preferably about 50 pin to 75 nm even nore preferably
about 75 pmto 100 pm Qher preferred pore sizes include pore sizes bel ow

iz is i1 a0 ngiadineiPa R, AEERE I e o e 6
i xed i | ut i f_th I terial ; : ti [
poured into a WBPBT CRa ‘aBruent opEfiEReR, T Kl R vt on 1

mat ri x/ sal t b'géﬁeﬁgﬁ%@9gﬁ5' r%%qPQQO 1ﬁ$tﬁﬂgﬂﬁQGm§, doid §3GHEd out

| eavi ng a poro ure. e solvent 1S chosen so that the matrix is in

o Pene ol g idtfsBaut. bR Dl oONE SHEIPLALNAPbLIL AR hBlHI0es PLA ahd

net hyl ene chIoFF%C. I'ng to an alternative e I ment, carbon

di oxi de gas .bubbl es. are_i ncor %Qﬁh%.m%&ﬁﬁw%ﬁﬁquﬁﬁkk ﬁégéggg%ﬁg%%_natrix

and t hen stgbiFW?@ﬁﬁﬁFtﬁo%%ﬁ%bproprlate surtact es are
01231 Accor i ngorE diener Dig Rk A D aRRIOR SHAUERIED. | ¢
delivery device such as, but not limited to, a needle, a syringe or a catheter.” Other
delivery devices which employ exirusion, ejection or expulsion are also
conternplated herein. Porous matrices are preferred. A preferred flowable
10 composition is shape-retaining. The matrix also can be in the form of a flexible
planar form. The matrix also can be in the fo-rm of a gel, a foam, a suspension, a

particle, a microcarrier, a microcapsule, or a fibrous structure. A cursently preferred

matrix has a particulate form.

[0116] The matrix, when implanted on an exterior surface of a blood vessel for
15  example, can reside at the implantation site for at least about 56-84 days, preferably
about at least 7 days, more preferably about at least 14 days, most preferably about

at least 28 days before it bicerodes.

[6117] One preferred matrix js Gelfoam® (Pfizer, New York, NY), an
absorbable gelatin sponge (hereinafter “Gelfoam matrix™). Gelfoam matrix is a
20 porous and flexible surgical sponge prepared from a specially treated, pwrified

porcine dermal gelatin solution.
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enpl oyed to control the pore size of the matrix, using the freezing rate of
the ice mcroparticles to formpores of different sizes. For exanple, a
gelatin solution of about 0.1-2% porcine or bovine gelatin can be poured
into a nold or dish and pre- 5 frozen at a variety of different
tenperatures and then |lyophilized for a period of tine. The material can
then be cross-linked by using, preferably, ultraviolet light (254 nm or by
addi ng gl uteral dehyde (fornmal dehyde). Variations in pre-freezing

tenper ature Woroosotanpl e - 20C, -80C or -180C), |yophili 2CRGSHEMRERAL ur e
(freeze dry at about -50C), and gelatin concentration (0.1%to 2.0% pore
size is generally 10i nversely proportional to the concentration of gelatin

in the soluti 02@}1%n£ :cfni%{ez;ge&gfgnottﬂ%?eﬁﬁﬁ%éﬂt,% RXB A mAtix k@R i X

material and c O create a preferred material. The skilled

artisan wil apbreci 2t fal itk Ansilihallieokds o #embeixialibheh promot es

and sust ai ns 06 C popul ati ons having the phenotypes descri bed

ol sevner e her el A5 Q1441 Lt b & PLogaG Farn o8 aushtabens: n, pl anar

forms of bioco nmatri X can be configured in a variety of shapes and

sizes, breferably, o shape, AdRlZSNLED & cadanl et fhed dplapLal i on at.

adj acent or in raft, peripheral graft, or other

vascul ar _acqess structyre. and.| e, SHELONDES ARGl chasRaseRtar m to the

contoured s rfﬁ&@%ﬁ access structure and its associated bl ood 20
vessels. According Lo a,pleh E(ga?lg$ SIROH TR artoBhr SN GL Ok 64RO MRITIX 1S

f
sized and conf i%t %m;%§ applrcatton to the specitic vascul ar access

structure to be trgaled.,. 10,2007 001I44RG, THSA006/0211SE o19125] Accor di ng

to one enbodi meRtY roconpa e matrix is configure

proliferation, to decrease inflammation, to increase heparan sulfate production, to
increase prostacyclin production, and/or to increase TGF-f; production. Exemplary
10 attachment factors include, for example, fibronectin, fibrin gel, and covalently
" attached cell adhesion ligands (including for example RGD) utilizing standard
agueous carbodiimide chemistry. Additional cell adhesion ligands includs peptides
having cell adhesion recognition sequences, including but not limited to: RGDY,

REDVY, GRGDF, GPDSGR, GRGDY and REDV.

15 [0119] According to another embodiment, the matrix is a matrix other than
Gelfoam. Additional exemplary matrix materials include, for example, fibrin gel,
alginate, polystyrene sodium sulfonate microcarriers, collagen coated dextran
microcarriets, PLA/PGA and pHEMA/MMA copolymers (with polymer ratios
ranging from 1-100% for each copolymer). According to 2 preferred embodiment,

20  these additional matrices are modified to include attachment factors or adhesion

| peptides, as recited and described above. Exemplary attachment factors include, for
example, gelatin, collagen, fibronectin, fibrin gel, and covalently attached cell
adhesion ligands (including RGD) utilizing standard aqueous carbodiimide

chernistry. Additional cell adhesion ligands include peptides having cell adhesion
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as a flexible planar form An exenplary enbodi nent configured for
adm nistration to a tubular structure such as but not limted to a bl ood
vessel or for administration to a vascul ar access structure such as but not

limted to a vascul ar anastonosis is 5 illustrated in FIG 1. Features of
| ength, wi dth, thickness and surface area are not depicted to scale or in a
proportionate manner in FIG 1; FIG 1l is a non-limting illustrative

enbodi ment 10126] Wth reference to FIG 1, a flexible planar form20 is
formed from a@REEEIH# suitabl e bi oconpatible matrix. APFUVIRAIRES? equired
is that the flexible planar 10form 20 be flexi bl e, conformabl e and/or
adaptable to a contoured exterior surface of a tubular structure such as a

bl ood vessel . The flexiBle .l s Bind G Al 68N GRRSAGLERAY Q3REDFOr sur face
of a bl ood vess&°F*Can wrap an exterior surface or can wap around an

exterior surfac @?? gl’:{ Bgyto one exenpl ary enmbodinent illustrated
in FIG 2A, 15&%?9%%%’?# e%ﬁ e planar form 20" can be configured to
cont ai n defi nabl e regions such as a body 30, connected to a bridge 50,

connected to a 40. AThesdoR AQnirSnSeRALADHE biot@malibe rhathmatidis the
bri dge 50, althou the several regions forma contiguous whole. According

g
to one exenpl af#&@éﬁfﬁ%mﬁam ISk O aRdees: of thi Resie. sesedial tordgi ons ar e
e a

arranged to def interior 'slot 60 in the contoured flexible 20 pl anar

form 20" . Acgording. 1. e Riehek e 8o ABtee it ReSenis pRhadies £gitONs
defining the§i n éﬁa@&g’l ot 60 fsurther define a first term nation point 62

wthin the int ?{u%p?%vf?@cs LB O PG Hth Brebbkies. @bainghos pleffed a second

term nati on poin on an exterior edge of the contoured flexible planar

form 20", and a W dth 86, lladeisix Rk Lot 1BlkeXRPhRINh @iftedilvRal, the
first term nati%l}r%h%%iﬂ?\rlt’ GSgig at a boundary between the tab 40 and the

bri dge 50; and 860G R8T s8R cPeiuhl chifidk ndbuthelpesiedar y bet ween the
tab 40 and the %{8%;&%@9&6’53 ' Gl e

[6121] According to yet another embodiment, the pore size of the

id biocompatible matrix is modified. A preferred matrix pore size is about 25 pm to
about 100 pm; preferably about 25 pm to 50 pn; more preferably about 50 pm to 75
um; even more preferably about 75 pm to 100 um. Other preferred pore sizes
include pore sizes below about 25 pm and above about 100 um. According to one
embodiment, the pore size is modified using a salt leaching technique. Sodium

15  chloride is mixed in a solution of the matrix material and a solvent, the solution is
poured into a mold, and the solvent is allowed to evaporate. The matrix/salt block is
then immersed in water and the salt leached out leaving a porous structure. The
solvent is chosen so that the matrix is in the solution but the salt is not. One

exemplary solution includes PLA and methylene chloride.

20 [0122] According to an alternative embodiment, carbon dioxide gas bubbles are
incorporated into a non-solid form of the matrix and then stabilized with an

appropriate surfactant. The gas bubbles are subsequently removed using a vacuum,

leaving a perous structure.
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10128] I n certain enbodinents, it is contenplated that th i

slot 5 60 defined by the above-descri bed ng 40, body goeaﬁ%dhriggeogotrg

grggerably about 0.01 to about 0.04, nore preferably about 0.05 to about

0.08, nost preferably about 0.06 inches. Preferably, width 66 of slot 60 of
exi bl e planar form 20" is of sufficient dinension to discourage engrafted

fﬁglajggﬁn%gorp1ng an uninterrupted confluent layer or cell bridge across

the wdth dgfﬂ%ﬂ;_ilot 60. It is contenplated, 10 however, that _ _

: _ 4744 sl ot 60 and a slot width 66 can Be'BR8¥ A Yescri bed
herein even if cells span width 66 by sinply cutting or otherw se
interrupting such a cell layer or cell bridge. [0129JThe current invention
further contenplates that the flexible planar_for 0, .of .FIG 1 can b
adapted to def [¢183h s Mco@@gitmeaﬁ%wmmﬁ&rﬁ?@“%ﬁ%g SRS igy ©
15instructing the skilled practitioner to use.a scal pel or her cuttin
';) go![ t 1(:)hs ever theloptdinaentfadfapoieizpathe mefiy SHE tg%]??gﬁinﬁ 689%0@%30% [ 0130] Ign

rt, e invention disclosed hereinis b ' \
cont our ed and/@ﬁmommﬁ@wﬁaﬁhglmﬁ@?f@ﬁ%ﬁﬁﬁgggﬁg¥ggﬁ%%%FgaéﬁﬁﬁU%%ﬁ% Z;tgble
material to be applied optimally to a tubular s&ructur m&tho t .
;:ﬁ renrJ re 1(:) 21 a 2 gpt m]lcaout ﬁtlgzjﬁ ﬁ%zylgeﬁr tzuine gelatingsp BR PG B Iﬁ%lﬁ S l%%agn:dgreﬂ ed
referred enbodi ment optim 7es cqgn i f
anatony of & suhghcahhyﬁﬂyeﬁﬁ%@ﬂﬁé§@§$mﬁﬁﬁm€gﬁ%%%%@ﬁ%ﬁgmg%%gﬁgQ%?rgseﬁﬁathe
of inplantable material. Excessive overlap of  inplantabl terhal mﬁthiﬁ
the adventiti altimspdite regmaban§En be @§§d?”§ecg®i W?gfﬁ%fa&}& Pﬁ%‘ga%{ . Ihgssel
potentially restricting blood flow through éhe essel, or. creat | ot her
di sruptions tha@SQmu)@ﬂd@ﬁéygéﬁ@ﬁbkhF%N@BP?%%W%o§§%§P§3mﬁﬂ}ﬁ%?ﬁga
heal i ng. The skilled practitioner wl | recog%éégo cessive Qve&l%g at the
¢ {ITECre

time of inplant@anporue(frwkinpled8Egmize ot Hé e B8t On Y or al ter

e.g., trim the inplantable material. Addjtionall [
dry at about -50°C), and gelatin concentration ((}.1‘% to ¥.0° al; rp]orgggee s generally

10  inversely proportional to the concentration of gelatin in the solution) can all affect
the resulting pore size of the matrix material and can be modified to create a
preferred material. The skilled artisan will appreciate that a suitable pore size is that
which promotes and sustains optimal ceil populations having the phenotypes

described elsewhere herein.

15 [0124] Flexible Planar Form. As taught herein, planar forms of biocompatibie

matrix can be configured in a variety of shapes and sizes, preferably a shape and size
which is adapted for implantation at, adjacent or in the vicinity of a fistula, graft,
peripheral graft, or other vascular access structure and its surrounds and which can
conform to the contoured surfaces of the access structure and its associated blood

20  vessels. According to a preferred embodiment, a single piece of matrix is sized and

configured for application to the specific vascular access structure to be treated.
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5enbodi ments, overlap of inplantable material can result in over-dosing of
t herapeutic agents dispersed within the inplantable material. As descri bed
el sewhere herein, chem cals or other exogenously supplied therapeutic
agents can be optionally added to an inplant In certain other enbodinents,
such agents can be added to a bioconpatible matrix and adm nistered in the
absence of cells; a 10bioconpatible matrix used in this manner optionally
defines a slot. 101311lln contrast, inplantable nmaterial that does not
adequat el y candambiodig target tubul ar structure can | eadCr@sionsaifss ci ent
exposure to the clinical benefits provided by the engrafted cells or an
under - dosi ng of therapeutic agent added to the inplantable material. The
skilled practitioner will recogni ze that sub-optinal 15contact at the tine
of inpl ant ati o018t essita@tds: p engpadiodizent, ty Werdbortitdadittik srrarfiigumdl ant abl e
material. [0132] Fl onabl e Conposition. In certain enbodi nents contenpl at ed
herein, the i npkafitsblelamatien. adn oEmphy grhederest jondiened Hnadwnigrfticonabl e
conposition conprising a particul ate bioconpatible natrix. Any non-solid

fl owabl e conpose tinbnlap@rukore susheaswkint ot Hritedhjoediledvessehg éorddininigrijondevi ce
capabl e of either intralum nal (endovascul ar) adm nistration by navigating
the interior |engtiscabr medsh sodiueesseds borndhyimited tour sl gndsigrmais is

adm nistration is contenplated herein. The fl owabl e conposition is
preferably & shbgpeatediallti hgFebmgsofienitbrvidiinteknesn andryiiagstasislaes nofrat er i al
conprising cells in, on or within a fl owabl e-type particulate matrix as
cont enpl at ed hetepictad caswalber hampmpodicede faornen eliy 1 HIgnYispnpedmiiize del i very
device ranging in internal dianeter fromabout 22 gauge to about 26 gauge
and capabl e of itledtaterdmigdiatsotut 50 ng of fl owabl e conposition conprising
particul ate material 5containing preferably about 1 mllion cells in about

1 to about 3 m. .
[0126} With reference to FIG. 1, a flexible planar form 20 is formed from a

piece of suitable biocompatible matrix. All that is required is that the flexible planar

10 form 20 be flexible, conformable and/or adaptable to a contoured exterior surface of
a tubular structure such as a blood vessel. The flexible planar form 20 can contact
an exterior surface of a blood vessel, can wrap an eﬁten’or surface or can {wap

around an exterior surface.

[0127] According to one exemplary embodiment illustrated in FIG. 24,

15  contoured flexible planar form 20” can be configured to contain definable regions
such as a body 30, connected to a bridge 50, connected to a tab 40. The Tab 40 1s
separable from the body 30 by the bridge 50, although the several regions form a
contiguous whole. According to one exemplary embodiment, interior edges of these
several regions are arranged to define an interior slot 60 in the contoured flexible

20 planar form 20°. According to a pfeferred embodiment, these several regions
defining the interior slot 60 further define a first termination point 62 within the
interior of the contoured flexible planar form 20°, a second termination point 64 on

an exterior edge of the contoured flexible planar form 20°, and a width 66. In this
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[0133] According to a currently preferred enbodi nent, the flowabl e
conposition conprises a bioconpatible particulate matri x such as Cel foane
particles, Gelfoam(c) powder, or pulverized Gelfoam(r) (Pfizer Inc., New
York, NY) (hereinafter "Celfoamparticles"), a product derived from porcine
dermal gelatin. 10 According to another enbodi nent, the particulate matrix
is Cytodex-3 (Amersham Bi osci ences, Piscataway, NJ) raicrocarriers,

conpri sed of denatured collagen coupled to a matrix of cross-1linked
dextran. [0134QA@tendisng to alternative enbodi nents, the@CHUswOIpEss bl e

i npl ant abl e particulate matrix is a nodified bioconpatible matri x.

Modi fications include those 15 described above for an inplantable matrix
material . [0135] Exanpl es of fl owabl e cqnpositions suitable for use in this
manner are di sPRGSEF PROBEYFERATAG i (¢ SERBHIPETUSE islsbabwRdeyen dat e
herewith (al so_known_as Attorneg,Docket No. ELV-008PC), the entire contents
of which is her&ier the P8 rad Ba P1gEe 8 B dircseeond famingBaneaidich éf appl i cat i on
20 PCT/USfil ed on even date herewith %also known as Attorney Docket No.

ELV- 009PC), t héounrienrhetwesmitgibt0spd (hibedy 2 e herein i ncorporated by

reference. [0136] Cell Seedina of Biocomatible Matrix. Pre-cut pieces of a

Fuliabl ¢ oooTpal Bl o, atLA L 1 a0 2 S0eLy o LY A0, PgcRIEL 1
-?—R: le(;][ Iaﬁts gg][ é%%géfg‘;é:bg it te?aggxfe?) F?Cr@%ﬁ’ﬁg (é/%%ggf;/f 309a5n%b?iidée SfOO:.E pr%fzer;b% a%ﬁuthour S

0.01 to about 0.04, more preferably about 0.05 to about 0.08, most preferably about

0.06 inches. Preferably, width 66 of slot 60 of flexible planar form 20° is of

sufficient dimension fo discourage engrafted cells from forming an uninterrupted

contluent layer or cell bridge across the width 66 of the slot 60. It is contemplated,

10 however, that embodiments defining a slot 60 and a slot width 66 can be used as
described herein even if cells span width 66 by simply cutting or otherwise

interrupting such a cell layer or cell bridge.

{0129] The current invention further contemplates that the flexible planar form
20’ of FIG. 1 can be adapted to define a slot 60 immediately prior to use simply by
15  instructing the skilled practitioner to use a scalpel or other cutting tool to sever the

planar form, in part, thereby defining a slot.

{0136} In past, the invention disclosed herein is based on the discovery that a
contoured and/or conformable flexible planar form allows the implantable material
to be applied optimally to a fubular structure without compromising the integrity of

20 the implant or the cells engrafied thereto. One preferred embodiment optimizes
contact with and confoyms to the anatomy of a surgically-treated vessel and controls
the extent of overlap of implantable material. Excessive overlap of implantable

material within the adventitial space can cause pressure points on the treated vessel,
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5fromtheir re-hydration containers and placed in individual tissue culture
di shes. Bioconpatible matrix is seeded at a preferred density of
approximately 1.5-2.0 x 105 cells (1.25-1.66 x 105 cells 1cnB8 of matri x)
and placed in an incubator maintained at approxi mtely 37C and 5% CO2 / 95%
air, 90% humdity for 3-4 hours to facilitate cell attachnent. The seeded
matrix is then placed into individual containers 10 (Anerican Master Tech,
Lodi, CA) tubes, each fitted with a cap containing a 0.2 gmfilter with
EGM 2 and i nOUbEIEYIEE approxi mately 37C and 5% CO2 / 9%6993?21996/(}%%3 media is
changed every two to three days, thereafter, until the cells have reached
confluence. The cells in one preferred enbodi nent are preferably passage 6,
but cells of fq%@ﬁﬁghqﬁﬁﬁ&m@@ﬁﬁaﬂﬁﬁﬂﬁ&@bﬁ&\%&ﬁﬂxcEﬂﬂiQ&hﬂHﬁﬁbﬁﬂE&hﬂe
material 15 preparation protocols according to additional enbodi nents of

the invention %@wdie@gh&ﬁ@qﬂmt ESndReRe £ noppl hedihg. oTheRETEUShittederon (al so
known as Attorney Docket No. ELV-009PC), the entire contents of which are

herei n i ncor por gingd:byi-d 8Le4:RE6rlap FlBerfimeb imBlaomtith Ldril reanghiAol | uence. A
sanpl e of inplantablée material 20 Is renmoved on or around days 3 or 4,6 or
7, 9 or 10, andy.l@ifepokBion bhftet@ld, b/ Be Sttt meudtiah ssdBiedly, arotrabi i ty,
and a gromh curve is constructed and evaluated in order to assess the
growt h char aet efisai-gssandikPotdabRiAbgawhgtaefesapnfdveraiisiag ohear - conf | uence
or post-confluence has been achi eved. Representative growh curves fromtwo

preparations of gbnplanhaklsipaberdigin 6o MNisihonpeit] Aedaoiieic  endot hel i al

cell inplanted lots are presented in FIGS. 3A and 33. In these exanples,
the i npl ant abl e jpRlnefeindleid, Shebdicals drlo@i drbgenphsdnappidnherdpeuiy Akdtycandae of
ordinary skill wll appreciate the indicia of acceptable cell growth at

early, mid- and.lifhaitine ek thSant SHCHRrtAS olbSRb s aikican, ath apnt bartease in
cell nunber at the early tine points (when referring to FIG 3A between

about days 2-6) 5391 INEDuBN e ReEK 60Nk ikeBled PhBSs thséabencellefzerring to FIG
3A, between about days 6-8), followed by a plateau in cell nunber once the

cel I's have ngachgg,£aahk uRRsEistIAEHs kRS fithRgallyalcFhdSa sBA, bet ween about
days 8-10) and nmai nt'enance of the cell nunber when the cells are

post-confluent (when referring to FIG 3A, between about days 10-14). For
10pur poses of t i@spr esantortaMeintpl@mbleaedriapbpuloet icoakquitly bontecethe n a
pl ateau for at least 72 hours are preferred.
target tubular structure can lead to insufficient exposure to the clinical benefits
provided by the engrafted cells or an under-dosing of therapeutic agent added to the
implantable material. The skilled practitioner will recognize that sub-optimal

15  contact at the time of imaplantation necessitates re-positioning and/or additional

implantable material.

{0132} Flowable Composition. In certain embodiments contemplated herein,
the implantable material of the present invention is a flowable composition
comprising a particulate biocompatible matrix. Any non-solid flowable compasition

50 for use with an injectable-type delivery device capable of either intraluminal
(endovascular) administration by navigating the interior length of a blood vessel or
by percutaneous local administration is contemplated herein. The flowable

composition is preferably a shape-retaining composition. Thus, an implantable
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[0138] Cel | counts are achieved by conpl ete digestion of the aliquot of

i nplantable material with a solution of 0.8 ng/m collagenase in a
trypsi n- EDTA sol ution. After nmeasuring the volunme of the digested

i npl antable material, a known 15 volune of the cell suspension is diluted
with 0.4%trypan blue (4:1 cells to trypan blue) and viability assessed by
trypan bl ue exclusion. Viable, non-viable and total cells are enunerated
using a hemacytoneter. G owmh curves are constructed by pIottin% t he nunber
of viable cel¥Q24/&PE¢d t he nunber of days in cul ture. CEFIESHPEZERT pped and
i npl anted after reaching confluence. 20[0139] For purposes of the present

i nvention, confluence is defined as the presence of at |east about 4 x 105

cel I's/cnB when ifegailch@xiidthEcddt ANAY orf @A Ofoddde-dPPla0heR Ramter i al (1. OX
4.0 x 0.3 cm, and preferably about 7 x 105 to 1"x 106 total cells per

al i quot (50-70 pahlent)Rsn ieteid B thligiuhlea fGQEPRSH hlyQfiectEQE dé@f%@ defi&d |

viability is at |east about 90% preferably but no l'ess than 80% If the

cells are not C%%ibg'ﬁﬂhteﬁa\él ¥ etd2r @ abbds 20t N TE Fht b phBARAETpatRNE
i ncubation is continued for an additional day. This process is continued

unt i1 conf | uenceisAChedhst iuAkb o ARKS cHASLIAGRMLAG. sty 14, 11

the cells are not confluent, the |lot is discarded. 5the cells are

determ ned tg benfQihs BeRtabff &8t INBAITALEING abdd PIOBESS Rhecks, a final
medi a change is performed. This final nmedia change is perfornmed using EGW 2

wi t hout phenol red and wi thout antibiotics. Imediately follow ng the nedia

change, the tubgr3sre fAdbathow i burgh@y prbRri dighoSR@nt, @afwizBE Shi ppi ng.
[ 0140] Eval uati on of Functionality. For purposes of the invention described

10herei n, the i sph@BtiaktanfRtes bisdompstiflamdialatd Ratiechchas Gimdi®i a of
functionality prior to inplantation. For exanple, conditioned nedia are

col I ect ed duri ngartibles, Cultsaun"epopeed, odniveriascaibahhPfemwahs, 10§w Wepanap sul fat e,
transformng gromh factor-pi (TG-po, basic fibroblast growh factor

(b-FGF), and ni {Hetetnaginl ‘ARifmbth phrtides), phaduaaeity floheposdihd 4R cergpt hel i al
cells. In certain preferred enbodi nents, the inplantable
10 According to another embodiment, the particulate matrix is Cytodex-3 (Amersham
Biosciences, Piscataway, NI) microcariers, comprised of denatured collagen

coupled to a matrix of cross-linked dextran.

[0134] According to alternative embodiments, the biocompatible implantable
particulate matrix is a modified biocompatible matrix. Modifications include those

15  described above for an implantable matrix material.

{0135] Examples of flowable compositions suitable for use in this manner are
disclosed in co-pending application PCT/US filed on even date
herewith (also known as Attorney Docket No. EL'V-008PC), the entire contents of
which is herein incorporated by reference; and, co-pending application

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

No. ELV-009PC), the entire contents of which are herein incorporated by reference.
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15 material can be used for the purposes described herein when total cell
nunber is at |east about 2, preferably at |east about 4 x 105 cells/cnB of
flexible planar form percentage of viable cells is at |east about 80-90%
preferably >90% nost preferably at |east about 90% heparan sulfate in
conditioned nedia is at |east about 0.5-1.0, preferably at |east about 1.0
m crog/ 106 cell/day. TG~ 31 in conditioned 20 nedia is at |east about

200- 300, preferably at |east about 300 picog/mlday; b-FGF in conditioned
medi a i s bel oWOaW3017200 picog/ M, preferably no nore tR&NVaHBU214D0
picog/m . WD 2007/001744PCT/ U52006/ 021755 [ 0141] Heparan sul fate | evel s can
be quantitated using a routine di nmethyhnethyl ene bl ue-chondroitinase ABC

di gestion spectrophotonetric_assay. Total sulfated glycosam noglycan (GAG
level s are det ed¥fbd Usslipgedingeidesempaiiloaie Prst-qré picewes 2 eyteblbi ndi ng
assay in which unknown_ sanples are 5conpared to a standard curve generated
usi ng known qualtrenRAbsmabin ren duehefrtitabie bieromprtftdy Bovenblegnasti drpre-

col l ection nedia. Addjtional sanples of conditioned nmediumare mxed with
chondroi ti nase At;féaf@%bsaﬁhaé@ﬂ@%&&%ﬁ@tﬁ%%@@wmmmmam9e7§c|@m or to the
addition of the DIVIB color reagent. Al absorbances are determ ned at the
maxi mum wavel engtrCen/'Ser e 0P 2t herpvBedyaleprile shatrils thererovaAG
standard, generally around 515-525 nm The concentration of heparan sulfate
per 106 cel|ls péP=dhsir iedydafion qoatewgrssyd platse iniadividgalithaecolivedisheat i on of
chondroitin and_dermatan sulfate fromthe total sulfated gl ycosam noglycan
concentration i BIERBII oM rserdahitsarites ooy afirmredmade 1 ABO atdi vity is
confirmed by digesting a sanple of ,purified chondroitin sulfate.

Condi ti oned medFelin(§armpiees 1arwlla SuoptBettiehnd plaresipn painethptdr naingdedehan 100%
of the purified chondrojtin sulfate is digested. Heparan sulfate |evels may
al so be quantit ABREEKTEEHG7 dnard 3V sB0a5%554 2in #ptedimidtyforiot homato failftitbodi es.
[0142] TGF-f31 and b-FOP | evel s can be quantitated using an ELI SA assay

enpl oyi ng nmonoc FEhaiacksrenh olbp spesahmataings hesorlecsd intr iafimidapl|cpntaipry c| onal .
Control 20 collection nedia can also_be quantitated using an ELI SA assay
and the s an.dpes (American Master Tech, Lodi, CA) tubes, each fitted with a cap containing a 0.2 pm

filter with EGM-2 and incubated at approximately 37°C and 5% CO, / 95% air. The
media is changed every two fo three days, thereafter, until the cells have reached
confluence. The cells in one preferred embodiment are preferably passage 6, but
cells of fewer or more passages can be used. Further implantable material

15  preparation protocols according to additional embodiments of the invention are
disclosed in co-pending application PCT/US filed on
{also known as Aﬁc;mey Docket No. ELV-Q09PC), the entire contents of which are

berein incorporated by reference.

[0137] Cell Growth Curve and Coﬁﬁuence. A sample of implantable material
20 isremoved on or around days 3or 4,6 or 7, 9 or 10, and 12 or 13, the cells are
counted and assessed for viability, and a growth curve is constructed and evalnated
in order fo assess the growth characteristics and to determine whether confluence,
near-confluence or post-confluence has been achieved. Representative growth

curves from two preparations of implantable material comprising porcine aortic
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corrected appropriately for TGF431 and b-FOP | evels present in control
media. [0143]Nitric oxide (NO I|evels can be quantitated using a standard
Gi ess Reaction assay. The transient and volatile nature of nitric oxide
makes it unsuitable for nost detection nethods. However, two stable
breakdown products of nitric oxide, nitrate (NOG3) and nitrite (NO2), can be
detected using routine photonetric 5 nethods. The Giess Reaction assay
enzymatically converts nitrate to nitrite in the presence of nit

reduct ase. NWPRWEIgHdet ected col orinetrically as a coFST@ﬁKW%nH§%
product, absorbing visible light in the range of about 540 tun. The |evel
of nitric oxide present in the systemis determ ned by converting A

nitrate into nitr te1 de er g the tot%{ % centratlon of nitrite in the
unknown sanpl es %ﬂﬁlf %ﬂﬂﬁ?ﬁﬁﬁ”@ﬁ ip L £147g9 dBnletheseat i on of
nitrite to a standard @_ 1I%ﬁ)nerate u5|§g%knomn uantities of nitrate

converted to ni RS e TRaiFTal i g BSEPlE Beppr prier rmedly:- PR #i t or y
phenotype is assessedégilng the quantitatjve heParan sul fate, TG 131, NO
and/ or  b- FGF as SERruSdbvilenregplsihe mdie geicpentpbledish sivttticodysmidvind r o
assays of snooth nuscle cell growth and |nh|b|t|on of 15 thronbosis as
follows. For purfodaepypisshe aﬁtﬂé%eé‘ﬁfm‘? ?iﬁi’érﬁ‘i‘i“’&?? ImicehPEHeaY B (Rl éPral i s
ready for |nplantat|o when, one_or of fthese alternative in vitro

assays confi rm PRt THS Fipingrit &5t éAn!é{ftt‘@?*‘P&P‘mit S8 IIPHIYRY DY REcHr ef er r ed
| nhi bi tory phen%gnii&ent phase (when referring to FIG. 3A, between about days 6-8), followed by a

plateau in cell number once the cells have reached confluence (when referring to

FIG. 3A, between ebout days 8-10) and maintenance of the cell number when the

cells are post-confluent (when referring to FIG. 3A, between about days 10-14). For
10 purposes of the present invention, cell populations which are in a plateau for at least

72 hours are preferred.

[0138] Cell counts are achieved by complete digestion of the aliquot of
implantable material with a solution of 0.8 mg/ml collagenase in a trypsin-EDTA
solution. After measuring the volume of the digested implantable material, a known
15 wvolume of the cell suséension is diluted with 0.4% trypan blue (4:1 cells to trypan
blue) and viability assessed by trypan blue exclusion. Viable, non-vizble 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.

20 [0139] For purposes of the present invention, confluence is defined as the
presence of at least about 4 x 10° cells/cm® when in a flexible planar form of the
implantable material (1.0 x 4.0 x 0.3 cm), and preferably about 7 x 10° to 1 x 10°

total cells per aliquot (50-70 mg) when in the flexible composition. For both, cell
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[ 0145] To evaluate inhibition of snoboth nuscle cell growmh in vitro, the 20
magni t ude of inhibition associated with cultured endothelial cells is
determ ned. Porcine or human aortic snmooth nuscle cells are sparsely seeded
in 24 well tissue culture plates in snmooth nuscle cells growh nmedi um
(SmMGMt 2, Canbrex BioScience). The cells are allowed to attach for 24 hours.
The nmediumis then replaced with snooth nuscle cell basal nedia (SmBM
cont ai ni ng O. F Qr 48-72 hours to gromh arrest th ditioned
media is pr eécrf%%%&%m post- confluent endothelial cell QEE@%J&%{?@Q | ut ed
1:1 with 2X SMC growt h nedia and added to the cultures. A positive control
for inhibition of snmooth nmuscle cell growh 5is included in each assay.
After three to fietititydastdsast dheutrdittaeelembly bel dodess thae 861. $Ethptadls ks nenuner at ed
using a Coulter Counter. The effect of conditioned nedia on snmooth nuscle
cel | proliferat torlues by étel2nrdddhbmedioimpharigad abdhiscutatidyeis coflingmidotdr nuscl e
cells per well imedi ately before the addition of conditioned nediumwth
that after threeddionhlolay. Gkiyproofss expusuedurttd cadpetict isculidvatedimihl4and t o
control 10 nmedia (standard growth nedia with and without the addition of
growt h fact ors) dayFpestiyeegmict Gdetapis,iiithe bl pomotesdent tedovis ticatded. If
condi ti oned nedi a sanples are conpared to the magni tude of inhibition
associ at ed wpt hthehellsposdetarmamed tritercohfluepicdier phrfognite ireprpecesf ércleda 8mbodi nent
the inplantable material is considered inhibitory if the conditioned nedia
i nhi bits about 266 changhatpetitrechePlis findl codiecdngt 5 ptHaibled utiog EGN-Di t .

[0146] To evaluate inhibition of thronbosis in vitro, the | evel of heparan
sul f at e associ atvbowsphdnol feé aminvitheubehtibiotot heimedbtelydbllovingthdetedir m ned.
Heparan sulfate has both anti-proliferative and anti-thronbotic properties.
Usi ng eit her t hehangatliertebed pmaditiay ivite stayle elva stil crps fhichigpiogt | nase ABC
spectrophotonetric assay or an ELI SA

(0140} Evaluation of Functionality. For purposes of the invention described

10 herein, the implantable material is firther tested for indicia of functionality pror to
implantation. For example, conditioned media are collected during the culture
period fo ascertain levels of heparan sulfate, transforming growth factor-B; (TGF-
f1), basic fibroblast growth factor (b-FGF), and nitric oxide which are produced by
the cultured endothelial cells. In certain preferred embodiments, the implantable

15  material can be used for the purposes described herein when total cell number is at
least about 2, preferably at least about 4 x 10° cells/om® of flexible planar form;-
percentage of viable cells is at least about §0-90%, preferably =90%, most
preferably at least about 90%; heparan suifate in conditioned media is at least about
0.5-1.0, preferably at least about 1.0 microg/10° cell/day. TGF-B; in conditioned

20  media is at least ebout 200-300; 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.
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20 assay, both assays are described in detail above, the concentration of
heparan sul fate per 106 cells is calculated. The inplantable material can
be used for the purposes described herein when the heparan sulfate in the
conditioned nedia is at |east about 0.5-1.0, preferably at |east about 1.0
m crog/ 106 cells/day. WD 2007/001744PCTI US2006/ 021755 [0147] Anot her net hod
to evaluate inhibition of thronbosis involves determning the nagnitude of

i nhibition of,platel.et, aggregation in vitro associ ated ‘@c?)%sﬂ»'oé%zﬂs?f‘

rich-plasna.‘%or0|ne pl asma i s obtained by the addition of sodiumcitrate
to porcine blood sanples at roomtenperature. Ctrated plasma is
centrifuged 5at a gentle speed, to draw red and white blood cells into a

pel l et, |eavingoplipt el Btmrauspandeds dan bt henplaadnging ©andht | oned nmedia is
prepared from post-confluent endothelial cell cultures and added to

al i quot s of th@hﬁt@ﬁlﬁ%ﬁﬁhﬁé - §Hoas bRinasA ABICALi gdsbn @QGFRBSbIMAG: &gaNt
(agonist) is added to the plasma as control. Platelet agonists commonly

i ncl ude arachi denat@teARRicoselidoayesm (Gan) Meph kidRienamned dsstocet i n 10
(avail able from Sigma-Al drich Co., St. Louis, MJ). An additional aliquot of

pl asma has no piAdER{ISELARAIBIS: (DMB)EB Uinting A&dy MRdiieh @t satgleassess for

basel i ne spont aneous pl atel et aggregation. A positive control for

inhibition of pbapate AeHELTMNOLenESIcalER: kittinugeditenofreheassay.
Exenpl ary positive controls include aspirin, heparin, abciximb (ReoPro(r),

Eli Lilly, Indicanapetih SaifateNitel id @fliédionmiSHe Agadiasdatampldylf &dadioked. , 1 NC.,
Wi t ehouse Station, NJ) *or eptifibatide (Integrilin(r), MIIlennium

Phar maceut i cal snedhfd€are nERsasitd@Encrdnase ABE 6 eiged thdagroRlnaie b@tnaaggr egat i on
of all test conditions are then neasured using an aggregoneter. The

aggr egonet er nMaEAkQSioPtaheiRiticagothe PR eflotiYagsBNiAliobdineRtiLal density.
As platel ets aggregate, nore |ight can pass through the specinen. The
aggregonet er  determined at the maximum wavelength absorbance of the DMB dye mixed with the
10 GAG standard, generally around 515-525 nm. The concentration of heparan sulfate
per 10° cells per day is caleulated by subtracting the concentration of chondroitin
and dematan_sulfate from the total sulfated glycosaminoglycan concentration in
conditioned medium samples. Chondroitinase ABC activity is confinmed by
digesting a sample of purified chondroitin sulfate. Conditioned medium samples are
15 corrected appropriately if less than 100% of the purified chondroitin sulfate is

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

employing monoclonal antibodies.

[0142]  TGF-Bjand b-FGF levels can be guantitated using an ELISA assay
employing monoclonal or polyclonal antibodies, preferably polyclonal. Control
20 collection media can also be quantitated usﬁlg an ELISA assay and the samples

corrected appropriately for TGF-B; and b-FGF levels present in control media.
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20reports results in "platel et aggregation units,” a function of the rate -
at which platelets aggregate. Aggregation is assessed as maxi nal
aggregation at 6 mnutes after the addition of the agonist. The effect of
conditioned nedia on platelet aggregation is determ ned by conparing
basel i ne pl atel et aggregati on before the addition of conditioned nmedi um
with that after exposure of platelet-rich plasma to conditioned mnedium

and to the p ntrol. Results are expressed as a . of the
basel i ne. Th?ér%égsr/ﬁa]tlﬁge of inhibition associated with tﬁgﬁg%ﬁ I t?@ned medi a

sanpl es are corrpared to the magnitude of inhibition associated with the
positive control. According to a preferred enbodi ment, the inplantable

material is 5 &%ngerﬁgn d (;11!14 t{Nb‘))[e%IE tbgﬁu&q%dtdsﬁggqtm arikahi bits about

- 20% of what th itive con IS able to I bit.” [0148] When ready for
i mpl ant ati on, ant Lkenplianar formis
. . keﬁ u%t COn%.PH?n gll;d\% atife é§‘f'nr1]tﬂc E&Eﬁé!{ 1

supplied in fi ntair ners, each preferably containing a 1 x 4 x-
0.3 cm(l.2c r|I L ece, W | YR8 10x 105
preferably at rﬁ% Pg%e’&mis goggl{%gn%&a%ﬁgﬁ%?r@%l%oﬁt °90% vi abl e
cells, for exanple, . or I a single
cadaver donor g;g ’cném'%g@bg %%&%ee@\@%e%eﬂreq#dﬁ&%lﬁ%%% ?/tg%gﬂ m,

preferably i egsoﬁea% 1(5na€lssagh Pi gﬁ% C?th Qil%raﬁ)f }:€5n 1@ dot hel i al

growt h medi al nrn no antibiotics. Wien

por ci ne aort| C endot h s al so
EBM 2 cont ai n| r?é SH5e (6‘)’\1e dtagse %fft{%uppq%%gﬁ?fggﬁag{cﬁ%%ag%%{ gﬁr%d 50 gg/ml

gent ar ci n. @{?@%&t B6! R SLAL RS, ERAGULTERL S, L mbpnialle St AT

conpri sing a fI ’par ormis In final product

t I | |
L AR ot S, ok or

determining the total concentration of nitrite in the unknown samples, and then
10 comparing the resulting concentration of nitrite to a standard curve generated using

known quantities of nitrate converted to nitrite.

[0144] The earlier-described preferred inhibitory phenotype is assessed using
the quantitative heparan sulfate, TGF-83; NO and/or b-FGF assays described above,
as well as quantitative in vifro assays of smooth muscle cell growth and inhibition of

15  thrombosis as follows. For purposes of the present invention, implantable material
is ready for implantation when one or more of these alternative in vifro asszys

confirm that the implantable material is exhibiting the preferred inhibitory

phenotype.

[0145] To evaluate inhibition of smooth muscle cell growth in vifro, the

20 magnitude of inhibition associated with cultured endothelial cells is determined.
Porcine or human aortic smooth muscle cells are sparsely seeded in 24 well tissue
culture plates in smooth muscle cells growth medivum (SmGM-2, Cambrex

BioScience). The cells are allowed to attach for 24 hours. The medium is then
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20 syringes, each preferably containing about 50-60 ng of particul ate
material engrafted with about 7 x 105 to about | x 106 total endotheli al
cells in about 45-60 m, preferably about 50 ml, endothelial growth nmedium
per aliquot. WD 20071001744PCDUS2006/ 021755 [0150] Shel f-Life of

| mpl antabl e Material. The inplantable material conprising a confluent,

near - confl uent or post-confluent popul ation of cells can be naintai ned at
room t enper atwoendh o84St abl e and vi abl e condition for atpchgashsd s weeks.
Preferably, such iniplantable material is nmaintained in about 45-60 nm,
nore Spreferably 50 ml, transport nedia with or without additional PBS.
Transport media conprises EGW 2 nedia w thout phenol red. PBS can be added

to the vol ume ofephéan@RQidooBlisale dpll baa13RaM!(SHOYE) RBRuinBE 0394 B Pdor
concentration of about 12% PBS. However, because PBS nust be renoved from

the inpl ant abl e4gvt iuksth R PErdsOthi Dk A0LARH BB mbdia lsHrddeRl bhEdst 0 1imi t
t he anobunt of PBS used in the transport nedia 10to reduce the’l ength of

rinse required @niednt tdiofaRanl aliher. 4ik0d L Eheraaseryah ham,9fq | mpl ant abl e
Material. The confluent inplantable material conprising confluent

popul ati on of caldb&camdcueresr X QRSN flr MhiS i FIR08AM QL LABASARTt tO
the clinic without dimnishing its clinical potency or integrity upon

i\ée ntual thay. ®iel@eableich 0. iRl ant abbe 088 el RlnphSrebkopLggerved in a
| sample 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 expesure to conditicned medium, and to control
10 media (standard growth media with and without the addition of growth factors). The
magnitude of inhibition associated with the conditioned media samples are
compared to the magnitude of inhibition associated with the positive control.
According fo a preferred embodiment, the implantable material is considered

inhibitory if the conditioned media inhibits about 20% of what the heparin control is

15  able to inhibit.

7[0146} To evaluate inhibition of thrombosis in vitro, the level 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
dimethylmethylene blue-chondroitinase ABC spectrophotometric assay or an ELISA
20 assay, both assays are described in detail above, the concentration of heparan sulfate
per 10° cells is calculated. The implantable material 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.
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15 m cryovial (Nalgene(c), Nalge Nene Int'l, Rochester, NY) in a solution
of about 5 mM CryoStor CS-10 solution (BioLife Solutions, Oswego, NY)
cont ai ni ng about 5% to 20% DVSO, about 2-8% Dextran and about 50-75% PBS.
Cryovials are placed in a cold iso-propanol (or any such agent which
controls the freezing rate) water bath, transferred to an about -80C
freezer for about 4 hours, and subsequently transferred 20to |liquid

ni trogen (abowb 2e0tbé7440 - 165C). [0152] Cryopreserved al i guahs:@fchne

i npl antable material are then slowy thawed at roomtenperature for about
15 m nutes, followed by an additional approximately 15 mnutes in a room
tenperature water bath. The material is then WO

2007/ 001744PCT/ YH20D6/ 020055 masash eckvaleutnn®iddn B grbibakotttks M wash
medi a. Wash nedia conpri ses EBM w t hout phenol red and with 50 ug/nl

gent ami ci n. The déteimsiting e maghiselc pf BEOHUE B5HIAER: HORIMTEL 080sB00L 5
m nutes at roomtenperature. The final rinse procedure is conducted for

about 30 i nut esvittplaBEritlnpEYn Orcild A3 Fo iR HGhd e{ﬁﬁiﬁoﬁﬁy\éoﬁﬂ% rinse
procedures, the cryopreserved material is allowed to rest for about 48

hours in about titawetio plrcih€bIOV@Sa¥hpES bitbdid Bempe@kurd OC&hRAE nRRFOL iagittjifg%edca I's,
the recovery solution is EBM 2 supplenented with 5@6PB§ and 50 pg/nil

gentanmicin at 3%G jentlEHeddR driorednuianitenot Ral ind » Sk, %aviﬁé"%mgﬁﬁ overy
solution is EGW 2 w thout antibiotics. Further post-thaw conditioning can

be 10carried outusbendedin thefsimaaahiigsmed hela W efdfddQtont fhsls@aang/ or
packagi ng for storage or transport. [0154] I nmediately prior to

i mpl ant at i on, thﬁhﬁfﬂﬁuﬂlﬁsmﬂﬁ@ﬁm&ﬁ&ha@H%hﬁnkﬁﬁ&ﬁﬁhéqﬂﬁ&ﬁﬁﬁ§|A%Em&&nsed in
about 250-500 m sterile saline (USP). The
aggregating agent (agonist) is added to the plasma as control. Platelet agonists
commonly include arachidonate, ADP, collagen, epinephrine, and ristocetin
10 (available from Sigma-Aldrich Co., St. Louis, MO). An additional aliquot of plasma
has no platelet agonist or conditioned media added, to assess for baseline
spontaneous platelet aggregation. A positive control for inhibition of platelet
aggregation is also included in each assay. Exemplary positive controls include
aspirin, heparin, abeiximab (ReoPro®, Bl Lilly, India.napoﬁs, INY, tirofiban
15 (Aggrastat®, Merck & Co., Inc., Whitehouse Station, NJ) or eptifibatide (Integrilin®,
Millennium Pharmaceuticals, Inc., Cambridge, MA). The resulting platelet
aggregation of all test conditions are then measured using an ageregometer. The
aggregometer measures platelet aggregation by monitoring optical density. As
platelets aggregate, more light can pass through the specimen. The aggregometer
20 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 aggrepation is
dstermined by comparing baseline platelet aggregation before the addition of

conditioned medium with that after exposure of platelet-rich plasma to conditioned
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mediumin the final product contains a small ambunt of PBS to maintain cel
15 viability during transport to a clinical site if necessary. The PBS has
been tested extensively for the presence of bacteria, fungi and other viral
agents according to Title 9 CFR Aninmal and Aninmal Products. A rinsing
procedure is enployed just prior to inplantation, which decreases the
anount of FBS transferred preferably to between 0-60 ng per inplant.

20[ 0155] The twbabeeehls | cad per human patient will be pq@ﬁg&g@%&uﬁs_
approximately 1.6-2.6 x 104 cells per kg body weight, but no [ ess than
about 2 x 103 and no nore than about 2 x 106 cells per kg body weight. WO
2007/ 001744PCT/ TJS2006/ 021755 [ 0156] As contenpl ated herein, the inplantable
material of the GdEseatd P Heensifivreoabelp Regds asekpressedsefrercattbae ofdscul ar
endot helial cells, which are preferably about 90% viable at a density of
pref erabl y aboutbasgline. s megpifuge efighibition kessdistdwiti tnamditoned medidd when
confluent, produce conditioned nedia containing heparan sulfate at 5 at

| east about 0. 553mpies a5y Wimgneaees [1g/the magndads ofdplobition asSooirtairwigl thOpostizk| / day,
TG-131 at at | east about 200-300, preferably at |east about 300

pi cog/ m / day, afenielFECosEtedna atefired spbedhoert, tRd Guppintbly/miterispisef er abl y no
more than about 400 picoghnl. Delivery of Inplantable Material in Flexible
Pl anar Fat [ §157yEEkedahitdensi the cendittmed Mhda inhibitartoabls oawlet thal can be
adm ni stered to 10 a vascul ar access structure in a variety of forns.
Accor di ng to on@opiefcerrdé ablegoiitihéint, the inplantable material is a
flexible planar formcut in a shape and size whiech is adapted for

i npl antati on adj cg t to a fistula, graft, peripheral graft, or other
vascul ar access @ﬁ ct ut BendRRelY i ferdmalaptatnmm s implantelfs mhtedalsompisiagan t o t he

cont our ed surfa%Fs of the access_structure and its associ ated bl ood
vessel s. exible planar form is supplied in final product containers, each preferably

containing 2 1 x 4 x 0.3 cm (1.2 cm®) sterile piece with preferably approximately 5-8
10 x 10° preferably at least about 4 x 10° cells/om® and at least about 90% viable cells,

for example, human aortic endothelial cells derived from a single cadaver donor

source, per cubic centimeter in approximately 45-60 ml, preferably about 50 ml,

endothelial growth medium (for example, endothelial growth medium (EGM-2)

containing no phenol red and no antibiotics. When porcine aortic endothelial cells
15 are used, the growth medium is also EBM-2 containing no phenol red, but

supplemented with 5% FBS and 50 pg/ml gentamicin.

[0149] In other preferred embodiments, implantable material comprising a
flowable particulate form is supplied in final product containers, including, for
¢xample, sealed tissue culture containers modified with filter caps or pre-loaded
20 syringes, each preferably containing about 50-60 mg of particulate material
engrafted with about 7 x 10° to about 1 x 10° total endothelial cells in about 45-60

ml, preferably about 50 ml, endothelial growth medium per aliquot.
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15[ 01581According to a preferred enbodi ment, a single piece of inplantable
material is sized for application to the vascul ar access structure to be
treated. According to another enbodi ment, nore than one piece of

i npl antable material in its flexible planar folio, for exanple, two, three,
four, five, six, seven, eight or nore pieces of matrix material, can be
applied to a single vascul ar access location. 20 Additionally, nore than
one | ocati on ®oohgj/elies | engt h of a vascul ar access struatdii@&anbg treated
with one or nore pieces of the inplantable material. For exanple, in the
case of an arteriovenous graft, each of the proximal venous anastonosis,
the distal venous anastonosis and the distal venous section can be treated
wi th one or nor B1phleceShdf-Lifhel linyphabl dteiaelheixplamies halerial[ 0159] Accor di ng
to one non-limting enbodi nent, the inplantable material is configured to -
conformto an esqmgrisiog 2 senfluagmeaf-caailbdnd ofhoeeSathent APuRKTI BNYcaR B8 -
S5imting planar formis illustrated in FIG 1. Wth reference to FIG 1,
the exenpl ary fiexiabiedaipbansmpbatme B0 shak ad biengtdddldn i@ Mt hyvd4 and a

hei ght 16. According to one preferred enbodi nent, the length 12 of the

f 1 exi bl e pl anar wéebs.nP2forably, el istpl2ntahia teretdd b aifiai6en in bt Wh-g8 B Worof the
flexible planar form 20 is about 0.5 cmto about 2 cm and the height 16 of
t he flexi bl &5 pl anErablyGOmi 2enbrabalit wih d vitotdaaeu FOS STEMnokGhedia

[ 0160] Accordi ng to anot her enbodi nent, the flexible planar form 20 can be
configured as awmpnsds&GfM-Alntediacatibotihesh! fadl FRRkECH: GOAT 0B L2 exteri or
surface of a blood vessel or a vascular access structure. An exenplary

anat omi cal |y corneperteokdid upxd bt pIlaFaR, dransml20ncea@nibh gtuamad 01 FRs.

adm nistration to a vascul ar access structure is depicted in FIG 2A and

di scussed in gridawerr, tetes FBSetwrbe tbp@liGblAte Rxnaibroskelsswies e herein,
the contoured flexible planar form 20" of FIG 2A can be configured in a
vari ety of geonmtplntifmitisprefEoed elanpheamane FRENGed @ teNnemeisagigent , the
contoured flexible planar form 20" contains several regions that define an
interior sl&t 60redAccibe Biglyof dnsaddbirédynit odmphdizn@nt s, edges of the
contoured flexible planar form 20" and/or edges of the interior slot 60 are
angl ed or

[G151] Cryopreservation of Implantable Material. The confluent implantable
material comprising confluent population of cells can be cryopreserved for storage
and/or transport to the clinic without diminishing its clinical potency or integrity
upon eventual thaw. Preferably, the implantable material is cryopreserved in a 15
15 mleryovial (Nalgene®, Nalge Nune Int’], Rochester, NY) in a solution of about 5 ml
CryoStor C8-10 éolution (BioLife Solutions, Oswego, NY) containing about 5% to
20% DMSO, about 2-8% Dextran and about 50-75% FBS. Cryovials are placed in a
cold iso-propanol (or any such agent which cont'rols the freezing rate) water bath,
transferred to an about -80°C freezer for about 4 hours, and subsequently transferred

20 to liquid nitrogen (about -150 to ~165°C).

[0152] Cryopreserved aliquots of the implantable material are then slowly
thawed at room temperature for about 15 minutes, followed by an additional

approximately 15 minutes in a room temperature water bath. The material is then
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20curved. According to another enbodi nent, height 16' of the contoured
flexi ble planar form 20" varies across length 12' and/or width 14'.
Additionally, there can be one, or nore than one tab 40, bridge 50 and/ or
sl ot 60, depending upon the configuration and the intended purpose of the
contoured flexible planar form20'. Wth respect to the feature of a slot,
a slot can be defined anywhere in, on or within the contoured flexible

pl anar form 280 .200feskat can be defined to be uniformin pprAkihegsaried in
wi dth. A slot can be defined as linear, non-linear or curved. [0162]Wth
reference to FIGS. 2B, 2C, 2D and 2E, which depict mul tiple 5 enbodi ments
of the contoured erX|bIe pl an

r 20" present i.nv
containing at |veskad 2BeH 3dimst mﬂﬁﬁép %ﬁ%%d Fﬁ%&? ‘%mﬁW§ﬁ§£ﬁ4orn120' can
defi ne one or nDre tha taln e nments. and can be used in
accor dance wi t HWithg ‘%6§§mg“§%§é %W@Fﬁnng? S%ﬁ“ﬂ%??ﬁ@ﬁgﬁﬁgor Wit hin
a cont our ed erxibIe gﬂanar form 20 can be ali %ﬁ ? ?ﬁﬁfan%>§ ge of the
cont our ed f1 exi% @IFHcEA4Pr aﬁjﬁ?trﬁ%“te%qﬂ‘i‘@“ﬁ%ﬁerﬁ SEEETHTEHE S nteri or
of the contoured form 20’ F@ferrln? gﬁ%gp |G 2E, the width 66 or

overal | shape oPa&rHf fBEbe 3Qmingis 2oured flexible planar form
20' can be defined to be uniformin MAdth or varied in width and can be

and 20 the oDl ed Trsta e bRk Sapi ﬂ?&%m c“rxorpﬁé FrELEEebfil 60 or
the oot 80" of TR knathal etk st FRES rfacar% b defBriEE
epbod: Tt ?;{%ﬁ&ﬁﬁ@@ﬁf LA R S TRl av gy severs
converting it &Eﬁ%o@%ourang{%%?”&ﬁ% Fﬁo&ﬁ@nﬁanf 3 &he%igll eﬂe%ecrte cg*eryn FIG

2G 20 [01651A 0 ST de vascur

anast onmt i ¢ solufion is EGM-2 without antibiotics. Further post-thaw conditioning can be

10 carried out for at least another 24 hours prior to use and/or packaging for storage or

transport.

[6154] Immediately prior to irn;ﬁlastation, the medium is decanted and
implantable material is rinsed in about 250-500 ml sterile saline (USP). The
medium in the final product contains a small amount of FBS to maintain cell

15 viability during transport to a clinical site if HSCEZSS&.IY. The FBS has been tested
extensively for the presence of bacteria, fungi and other viral agents according to
Title 9 CFR: Animal and Animal Products. A rinsing procedure is employed just
prior to implantation, which decreases the amount of FBS transferred preferably to

between 0-60 ng per implant.

20 [0155] The total cell load per human patient will be preferably approximately
1.6-2.6 x 10* cells per kg body weight, but no less than about 2 x 107 and no more

than about 2 x 10° cells per kg body weight.
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connection, such as an arteriovenous fistula, can be treated using the

i npl antable material of the invention. The steps of an exenplary nethod for
delivering the inplantable material in a flexible planar formto an
end-t o-si de vascul ar anastonops s are illustrated in FIGS. 4A, 4B and 4C.
[0166] Wth reference to FIG 4A, a first piece of inplantable material 22
is provided to the vascul ar access structure by passing one end 34, or a
second end 36Y8af74HaHf i rst piece of inplantable materi @cT22ommdens an
anastonotic segnent 110 until the mddle 32 of the first piece of

i npl antable material 22 is at a junction 112 where the vessels 100, 110
meet. The ends 34, 36 are then wapped around a suture line 114 at the
junction 112, KESBl ng Lheenfemplatediatsinethadmelpitahle maptidoéthe premt t he suture

| ine 114. According to one enbodi ment, the ends 34, 36 of the first piece
of 10i npl ant abF&SRRGORPHEES 3tis dircforpbly apscploesndathelisd edils oviidraromeizradlyough t o
secure the first piece of inplantable matrix material 22 in place.
According to afPR¥EP%airblsat riansily affvecfanidy a3t 4 340°ctellytre’ dfiflesiblepleeme of
inplantable matrix material 22 do not overlap each other. The ends 34, 36
of the first pif@aeanstviemspeiherhpradueneoiditionsd Bediatoneninglepatn suifsteat her pi ece
of inplantable matrix material, do not have to neet each other, 15overl ap
each ot her, Sor #ieaspaterblifrd-O; prefemhlyiet bast phout P erieng/é0° s Wdist REF-fresssel 100,
110. According to one preferred enbodi ment, the ends 34, 36 of the first
pi ece of inpl aﬂﬁaﬁlﬁlb@ltr?’g@‘éﬁ}qa atefepablyt dsstabort 3P0 picegimbidayhend (st 'orot itc
junction 112 as possible without stretching or tearing. Al that is
required is t hdStaleEdal Bicerink prgieablif no hers Viss skdut 490 Bieosauhi eved. The
skilled artisan will appreciate when adm nistration of the 20i npl ant abl e

material is correctl chi eyed.
eﬁverv Xf I%m anta\éie Material in Flexible Planar Form

[0157] General Consideration. The implantable material can be administered to

10 2 vascular access structure in a variety of forms. According to one preferred
embodiment, the implantable material is 2 flexible planar form cut in a shape and
size which is adapted for implantation adjacent to a fistula, graft, peripheral graft, or
other vascular access structure and its surrounds and which can conform to the

" contoured surfaces of the access structure and its associated blood vessels.

15 [0158} According to a preferred embodiment, a single piece of implantable
material is sized for application to the vascular access structure to be treated.
According to another embodiment, more than one piece of implantable material in
its flexible planar form, for example, two, three, four, five, six, seven, eight or more
pieces of matrix material, can be applied to a single vascular access location.

20 Additionally, more than one location along the length of a vascular access stracture
can be treated with one or more pieces of the implantable material. For example, in

the case of an arteriovenous graft, each of the proximal venous anastomosis, the
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[01671Wth reference to FIG 4B, according to another enbodi nent, a second
pi ece of inplantable material 24 is optionally applied, with the mddle 42
of the second piece of inplantable material 24 centered at or adjacent or
inthe vicinity of the anastonotic junction 112. The ends 44, 46 of the
second piece of inplantable material 24 are wapped around the vessel 100.
As described with respect to the first piece of inplantable material 22 in

FIG 4A, the‘ﬁggﬁw@ﬁ?ﬁG of the second piece of inplantahle mptri.x.smaterial
24 can, but are not required to, touch, overlap, or 5wap aroun& the entire

circunference of either vessel 100, 110. [0168]Wth reference to FIG 4C,
according to yet another enbodinent, a third piece of inplantable materi al

26 is optional 'dystapb%ﬁéﬁe&oﬁmﬁnma HEASElous SRHBN i bi G RLd itk e at ed

vessel 100, distal to the anastonotic junction 112. The third piece of

i npl ant abl e na%%%%ﬁgmggfﬁggﬁg&g&ﬁgn%ﬁxgﬂgﬁ mbodi nent, is placed

| ongi tudinally ong t ngth of vessel 100 with a first end 54 of the
third piece of inplantable material 26 at, adjacent to or in the vicinity

of the anastonqpjmyj Ungldopiinglid 2ndRe-18ni8RE SRSk BRG T8 iRfplahABle tdickid ipi ece of

i npl antabl e material 26 distal to the anastonotic junction 112. As

described with ceﬁf%%&tatm béhrbibeo bh Bt R kaf8e 6f 2 1153 RadeR bl LeiBbRf Rh- 22 1 N
FIG 4A, the ends 54, 56 of the third piece of inplantable hatrix nmaterial

26 can, 15but angMOtladaith i EHud@ied HORIGN T, WMRLEBRncAb FIRF. APha QUM he
entire circunference of the vessel 100.

flexible planar form 20 has a length 12, a width 14 and a height 16, According to

one preferred embodiment, the length 12 of the flexible planar form 20 is about 2 cm

to about 6 cm, the width 14 of the flexible planar form 20 is about 0.5 cm to about 2

¢m, and the height 16 of the flexible planar form 20 is about 0.1 cm to about 0.5 cm.

10 [0160] According to another embodiment, the flexible planar form 20 can be
configured as an anatomically contoured form which conforms fo an exterior surface
of a blood vessel or a vascular access structure. An exemplary, anatomically
c‘ontoured flexible planar form 20° configured for administration o a vascular access

- structure is depicted in FIG. 2A and discussed in greater detail below.

15 [0161] As explained elsewhere herein, the contoured flexible planar form 20° of
FIG. 2A can be configured in a variety of geometric forms. For example, according
1o one embodiment, the contoured flexible planar form 20° contains several regions
that define an interior slot 60. According to additional embodiments, edges of the
contoured flexible planar form 20° and/or edges of the interior slot 60 are angled or

20  curved. According to another embodiment, height 16° of the contoured flexible
planar form 20° varies across length 12 and/or width 14°. Additionally, there can
be one, or more than one tab 40, bridge 50 and/ or slot 60, depending upon the

configuration and the intended purpose of the contoured flexible planar form 20°.
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[ 0169] According to an alternative enbodi nent, a single piece of contoured
flexi ble planar form 20" defining a slot 60, for exanple the exenplary
contoured formillustrated in FIG 2A, is provided to a vascul ar access
structure, for exanple, 20 an end-to-side anastonosis. Inplantation of the
contoured flexible planar form 20" of the inplantable material defining

sl ot 60 at, adjacent or in the vicinity of an endto-side anastonosis is

illustrated 5. When the inplantable material is _used in a appi ng
fashion, it ﬁ%oéﬁﬁwgﬁﬁlated that a single piece of inpl SAUEBIE T i x

material is adequate to treat both the anastonosis and the adjacent
vascul ature. Each contoured flexible planar fonn 20" is sized and shaped

for applicati onyfioreshepiarh tHeGeHaE oNVASGW At cﬁ?@@c&ﬁn&i&?&%ﬁé&éﬁz aneh witdher ef or e,
is prefornmed to provide adequate coverage and a sufficient |evel of

endot hel i al celge Ha6hRR ﬂeﬁﬂ@&)ﬁﬁaﬂf&%{ APE Ui cAARMEL S 14 B &i8AL & widh
honmeost ati ¢ environnment for that particular vascular access structure and

adj acent vascul @baed in w2 Ok Wok BanlRfdesRA G elidlr, bfindar caesR8di ng to one
enbodi ment, a single contoured 20" defining sl’ot is provi ded to an

anastonDS|s by separating the body 30 fromthe tab 40. The body 30 is

pl aced al ong a [s162f aceweth rqitrkmm tyFMSS S8l 21 00 and 08, BriidigrpidOrndilgplpl aced on a
surface of primary vessel 100 and under the branch of secondary vessel 110.
The tab 40 iss teh@bdibeatsghthe edreiined ARl ancied 200agsiel présdf ianpgidnhe tab 40 is
pl aced along a top surface of the branched vessel 110. [0171] According to
FIG 5, the singhi€inpgeareasotnecntoutiednioled bkl plaandsmi oy mm2dfincont ai Ns two

reference points 70, 80 (see also FIG 2A). Wen adm nistered to
or more than one slot in certain emboediments and can be used in accordance with the
methods disclosed herein. Slot 60 defined on or within a contoured flexible planar
form 20’ can be aligned along any edge of the contoured flexible planar form 20° or
10 can penetrate within the interior of the contoured form 20°. Referring now to FIG.
2E, the width 66 or overall shape of slot 60 in or within the contoured flexible planar

form 20° can be defined to be uniform in width or varied in width and can be defined

as Hnear, non-linear or curved.

[0163] With reference to FIGS. 2F and 2G, the contoured flexible planar form

15 20° can define a slot 60 or 60° having diffe:ing widths 66 and 66°, respectively.

[0164] Ag depicted, the slot 60° of FIG. 2G and the width 66° are representative
of an embodiment wherein the practitioner, at the time of implantation, severs the
flexible planar form 20" as brought elsewhere herein, thereby converting it to the

contoured flexible planar form 20 depicted in FIG. 2G.

20 [0165] According to one embodiment, an end to side vascular anastomotic
connection, such as an arteriovenous fistula, can be freated using the implantable

material of the invention. The steps of an exemplary method for delivering the
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15t he site of an end-to-side anastonosis, as illustrated in FIG 5, the two
reference points 70, 80 align. The first reference point 70 is | ocated on
the tab 40 and the second reference point 80 is |ocated on the bridge 50
(see also FIG 2A). In one enbodi nent of contoured flexible planar form
20", the reference points 70, 80 prior to inplantation are separated by a
di stance of about one-half inch, preferably |less 20 than about 1 inch, nore
preferably ahpytgededigh and nmost preferably not nore thagrdsiodfiehks Wen the
contoured flexible planar form 20" is admnistered to the site of an
anastonosis, rotation of the contoured flexible planar form 20" around the
branched vessel 110 permtted by the slot feature causes the reference

poi nts 70, 80 t@n@lﬁiﬁf@i@mﬁf@lﬁma\%@@ﬁﬁﬂﬁ@fmﬁéﬂ@Iﬁo@didnﬁ'ﬁﬂculcamdst¢}ms5sr enci ng
again FIGS. 4A, 4B and 4C), for exanple, when treating an arteriovenous
graft, the firseredllesgatcdin FIGH| HnttBisbe46. material 22 and the second piece of
inplantable material 24 are applied to each of the proxi mal venous
anastonosi s and the distal venous anastonpsis. Additionally, the third

pi ece of inpl ant¥fe malER redirensgtoddl: He adirsicinge shimplratableragrial R in
downstream fromthe di stal venous anastonosis, [0173] According to yet

anot her al t er naPiVEe edhpYaar A SSETRINERE by IPRPELas & Stoorasempdendit a singl e
pi ece of inplantable material in flexible planar form20 is applied to a
tubul ar st ruct uPbths fiEshrigs of suplartablppatesial 22 andes ar erpPaeEcseenant 1 hwithnt abl e
material can be applied to a tubular structure such as a vessel that does
not contain a va¥eUPdF 3helies Srstpipesof rrlantabdy mesdal gt is at aivpetitadd2 pbetei on
downstream from a vascul ar access structure can experience increased

i nfl anmation, t MoK 11Gmedt dhouids 3626 gredhensimapred awund ¢ gt Hesm vascul ar
access structure_formation or_ needl e sticks at the vascul ar access
structure, upst léhhthsrivachan { }2 kecaieiieipnenisble magsral qeprerpd OFer e sufvst ance, t he
inpl antable material of the present invention can treat, manage and/or

anel i orat e t hes&ntbifditrBABLiheresmardimentahe gndgi3d+39mé Seffirgmicehed vascul ar

access structure. . .
10 implantable matrix material 22 can overlap each other only enough to secure the first

piece of implaniable matrix material 22 in place. According to another embodiment,
the ends 34, 36 of the first piece of implantable matrix material 22 do not overlap
each other. The ends 34, 36 of the first piece of implantable matrix material 22, or
of any other piece of implantable matrix material, do not have to meet each other,

15 overlap each other, or wrap arcund the entire circumference of either vessei 100,
110. According to cne preferred embodiment, the ends 34, 36 of the first piece of
implantable material 22 wrap as far around the anastomotic junction 112 as possible
without stretching or tearing. All that is required is that adequate coverage of the
vessel(s) be achieved. The skilled artisan will appreciate when administration of the

20  implantable material is correctly achieved.

[0167] With reference to FIG. 4B, according to another embodiment, a second
piece of implantable material 24 is optionally applied, with the middle 42 of the

second piece of implantable material 24 centered at or adjacent or in the vicinity of
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20 Delivery of Inplantable Material in a Flowabl e Conposition [0174] General
Consi derations. The inplantable material of the present invention when in a
fl owabl e conposition conprises a particul ate bioconpatible matrix and
cells, preferably endothelial cells, nore preferably vascul ar endot heli al
69 cells, which are about 90% viable at a preferred density of about 0.8 Xx
104 cells/nmgy, nore preferred of about 1.5 x 104 cells/ng, nost preferred of

about 2 x 104 cells/ng, and which can produce condition i a _coptaining
hepar an sulfé?gz%?mvggst about 0.5-1.0, preferably at |§§EEE%%%ﬁ%%€_O

m crog/ 106 cell/day, TG--f31 at at |east about 5 200-300, preferably at

| east about 300 picog/mlday, and b- FG- bel ow about 200 picog/ M and

preferably no re than, about 400 .picog/n d, display t.h
earlier-descri HEURHAPEIVE? O%h§h8g§§%g4?%%%%%E3?“ﬂ§55%%%§m§?m?ﬁ% present
i nvention generall dmnistrati of t flowable particulate material is
| ocal i zed ?o a1§?Péﬂ%??ﬁﬁﬁﬁﬁ@%ﬁ?ﬂﬁgm5?$$ﬂﬁyhé% |%F§?$Vmﬁ?%fﬁ%?ﬁ% vascul ar
access structure. The site of. deposjt.i.on of the i an e material is
extral um nal . A@S%Wéﬁﬁpg?@gleﬁ@%é’i&kﬁ,j lP%L& 'I‘%Azgﬁ,eng’%d‘l’ é\% %ﬁ*‘ensaefmn&épb%esi tion
can be acconplished as, .fol ] ows. 76] I.n, a rticular]y .preferred
enbodinent,nPhéﬁﬁmﬁﬁgﬂﬁ%n%%ﬁﬁﬁﬁﬁﬁgﬁé%mﬁémf?FE%IS éﬁﬁk#ﬁﬁgav%g?%ﬁtaneously,
entering the perivascu %r space and thep:&qposifﬁg o

5 the en eithe , 110,

WIEpD arours € ClLICUINIerense o VEesse

[0168] With reference to FIG. 4C, according to vet another embodiment, a third
piece of implantable material 26 is optionally placed at proximal vessel segment 116
of the treated vessel 100, distal to the anastomotic junction 112. The third piece of
implantable material 26, according to one embodiment, is placed longitudinally

10 .along the length of vessel 100 with a first end 54 of the third piece of implantable
material 26 at, adjacent to or in the vicinity of the anastomotic junction 112 and a
second end 56 of the third piece of implantable material 26 distal to the anastomotic
junction 112, As described with respect to thé first piece of implantable material 22
in FIG. 44, the ends 54, 56 of the third piece of implantable matrix material 26 can,

15  but are not required to, touch, overlap, or wrap around the entire circumference of

the vessel 100.

[0169] According 1o an alternative embodiment, a single piece of confoured
flexible planar form 20° defining a slot 60, for example the exemplary contoured
form illustrated in FIG. 2A, is provided to a vascular access structure, for example,
20  an end-to-side apastomosis. Implantation of the contoured flexible planar form 20°
of the implantable material defining slot 60 at, adjacent or in the vicinity of an end-
to-side anastomosis is illustrated in FIG. 5. When the implantable material is used

in a wrapping fashion, it is contemplated that a single piece of implantable matrix
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15an extralum nal site using a suitable needle, catheter or other suitable
percutaneous injection-type delivery device. Alternatively, the flowable
conposition is delivered percutaneously using a needle, catheter or other
suitabl e delivery device in conjunction with an identifying step to
facilitate delivery to a desired extralumnal site. The identifying step
can occur prior to or coincident wth percutaneous 20 delivery. The

i dentifying §% ‘ﬁe acconpl i shed using intravascul a , ot her
routine ultra @%ﬁ%&ﬂ¥ uor oscopy, and/or endoscopy netho%gfggﬁgiaHﬁg name
but a few The identifying step is optionally perfornmed and not required to
practice the nethods of the present invention. WO

2007/ 001744PCT/ LgRO06E Q24050 [0k héih Fheahhomed £4eRnBRsIk (ARSaR, Blg0 be

adm nistered intralumnally, i.e. endovascularly. For exanple, the
CoNposi ti on can Beceel AelEtdy AR Yo de v &RnabhBed Br RS TEABEE Skt ipi N a
bl ood vessel. In this instance, such an intralum nal delivery device is

equi pped Wi th aidawelsdshnfenahirabig premhece hbah: ﬁ%@ﬁ&r@{f&aﬁget he 5
lum nal wall of a blood vessel to reach a non-lumnal surface of a bl ood

vessel . The fiowabl &rEROPRSdILEcILS1A BANRHASRASH bade AR uRe AT WH:0@l surface
of a bl ood vessel at adjacent to, or in the vicinity of the vascul ar access

structure site. zL0hZ8hkE edviromB BV RIADLGUNE R SlcMal P8dss 8rfdptks IRy al so
ternmed an extralum nal, surface can include an exterior or péerivascul ar

surface of a veggRhmRr 10can be within the adventitia, nedia, or intinm of
a bl ood vessel. For purposes of this invention, non-lum nal or extral um nal
is any surface except an interior surface of the Iunen. [0179] The
penetrating devi@egs] conyeiRlaieeoraGes ne@adinde ot tmbdddfier@kamlee, a

contoured 20° defining slot is provided to an anastomosis by separating the body 30

from the tab 40. The body 30 is placed along a surface of primary vessel 100.

10 Bridge 50 is placed on a surface of primary vessel 100 and under the branch of
secondary vessel 110. The tab 40 is then brought around the branched vessel 110

and the tab 40 is placed along a top surface of the branched vessel 110.

[0171] According to FIG. 5, the single piece of contoured flexible planar form
20’ contains two reference points 70, 80 (see also FIG. 2A). When administered to
15  the site of an end-to-side anastomosis, as illustrated in FIG. 5, the two reference
points 70, 80 align. The first reference point 70 is located on the tab 40 and the
second reference point 80 is located on the bridge 50 (see also FIG. 2A). Inone
embodiment of contoured flexible planar form 20°, the reference points 70, 80 prior
to implantation are separated by a distance of about one-half inch, preferably less
20 than about | inch, more preferably about 1 inch and most preferably not more than
1.5 inch. When the contoured flexible planar form 20° is administered fo the site of

an anastomosis, rotation of the contoured flexible planar form 207 around the
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single point of delivery or a plurality of delivery points arranged in a
desired 15 geonetric configuration to acconplish delivery of flowable
conposition to a nonlum nal surface of a blood vessel w thout disrupting a
vascul ar access structure. A plurality of delivery points can be arranged,
for exanple, in acircle, a bulls-eye, or a linear array arrangenent to
name but a few. The penetrating device can also be in the formof a stent
perforator, such as but not limted to, a balloon stent including a
20plural ity o¥Cd¥P%&ty points. [0180] According to a pr@FE@@%ﬁ“@%ﬁ%dinent
of the invention, the penetrating device is inserted via the interior

| um nal surface of the bl ood vessel either proxinmal or distal to the site
of the vascul ar I LNi uhiects,. . insgrtion of
t he penetratingbgggﬁggﬁg%lyﬁégéﬁﬁg%gﬁ%gggﬁ%%%%ﬁﬁ%%&%5%%3%3 P%ﬁ?@ugg coul d
di srupt the vasgg&g& access structure ancUor result in dehiscence of an
arteriovenous or peripheral graft. Accordingly, in such subjects, care
shoul d be taken to insert the penetrating device at a |ocation a distance

fromthe vascul %mépce%cc&ltdrﬁg% B o B h AL AR e B il %ﬁ{'@%sgmmnaed by

the clinician governed by the specific circunstance$ at han

101811Pref er abl v frl,Quablie V&QM%&%@&%V&%@@%&,% ﬂ&ggﬁcggﬂ aacyl.ar

surface of a bl ood vesse either at the site ©of 'a vas ar access

structure tosbe fheal Blng e s@@h@gﬁ&toftilﬁgl%taﬂié‘mﬁﬂéﬁalﬂ%fér&%%ﬁ'ad%e fgpsite of a
he 1 eposite

vascul ar access structure. T conposi tion can be | in a variety

of locations relgtdyemliQebul 88EihBEis #GRSHstal venous anastomosis. Additionally,

the third piece of implantable material 26 can be placed on the distal vein,

downstream from the distal venous anastomosis.

{0173] According to yet another alternative exemplary embodiment jilustrated

10 inFIG. 6, a single piece of implantable material in flexible planar form 20 is applied
to a tubular structure such as vessel 100. It is contemplated that implantable
material can be applied to a tubular structure such as a vessel that does not contain a
vascular access structure. For example, a venous portion downstream from a
vascular access struciure can experience increased inflammation, throrabosis,

15 sestenosis or occlusion resulting from vascular access structurs formation or needle
sticks at the_ vascular access structure, upstream of the treated venous portion. In
such an instance, the implantable material of the present invention can treat, manage
and/or ameliorate these conditions which arise at a distance from the vascular access

structure.

20  Delivery of Implantable Material in a Flowable Commnosition

[0174] General Considerations. The implantable material of the present
invention when in a flowable composition comprises a particulate biocompatible

matrix and cells, preferably endothelial cells, more preferably vascular endothelial
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structure, for exnnple, at the proximal anastonobsis, at the distal
anastonosi s, adjacent to either anastonosis, for exanple, upstreamof the
anastonosi s, on the opposing exterior vessel surface fromthe anastonosis.
According to a preferred enbodi nent, an adjacent site is within about 2 nm
to 20 ramof the site of the 15 vascul ar access structure. In another
preferred enbodinent, a site is within about 21 rumto 40 nm in yet

anot her preferred enbodinment, a site is within about 41 nmto 60 ram In
anot her pref eVPEH7OMIHdi nent, a site is within about 61 REWUSEE0H/ED73IM
Alternatively, an adjacent site is any other clinician-determ ned adjacent

| ocati on where the deposited conposition is capable of exhibiting a desired
effect on a blood 20 vessel in the proximty of the vascul ar access
structure. [0182%lly vaivhteebow®Dbdiabindt a frdferrdd denadloe1aMMRE i bl @Ns/ing,
delivered directly to a surgically-exposed extralum nal site adjacent to or

at or in the vi ahok pyfakd bhebowastul ereelantg stossirefueddbrebodt D 111l S1gRSE
delivery is guided and directed by direct observation of the site. Also in

this case, deli wedyhvhrgabgodicdechdipnedhati ch@ntninkSRpein Ad-deRLk fysng St ep
as descri bed above. Again, the identifying step is optional.

[ 0183] Ext r al umi ried-1.Adnéfiably malkisosbouFDO masPIS eal/@fy, TER BPiesRak avent i on,
adm ni stration of flowable conposition is localized to a site adjacent to,

in the 5vici M t 2008300, @refatblaatdedseabott 300 @Ro@h /L eMIERGE bASH SOt exp! at ed
herein, localized, extralum nal deposition can be acconplished as foll ows.
picog/ml and preferably no more than about 400 picog/ml; and, display the earlier-

described inhibitory phenotype.

[0175.] For purposes of the present invention generally, administration of the

flowable particulate material is localized to a site at, adjacent 1o or in the vicinity of
10 the vascular access structure. The site of deposition of the implantable material is

extraluminal. As contemplated herein, localized, extraluminal deposition can be

accomplishe& as follows.

[0176] In a particularly preferred embodiment, the flowable composition is first
administered percutaneously, entering the perivascular space and then deposited on

15 an extraluminal site using a suitable needle, catheter or other suitable percutaneous
injection-type delivery device. Alternatively, the flowable composition is delivered
percutaneously using a needle, catheter or other suitable delivery device in
conjunction with an identifying step to facilitate delivery to a desired extraluminal
site. The identifying step can oceur prior to or coincident with percutaneous

20 delivery. The identifying step can be accomplished using intravascular uirasound,
other routine ultrasound, fluoroscopy, and/or endoscopy methodologies, to name but
a few. The identifying step is optionally performed and not required to practice the

methods of the present invention.
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[ 0184] Pl owabl e conmposition is delivered percutaneously using a needle,
catheter or other suitable delivery device. Aternatively, the flowable
conposition is delivered percutaneously coincident with use of a guidance
method to facilitate 10 delivery to the site in need of treatnment. Upon
entry into the perivascul ar space, the clinician deposits the flowable
conposition on an extralurninal site at, adjacent to, or in the vicinity of
the site in need of treatnment. Percutaneous delivery optimlly can be

gui ded and di wecierhoiws routi ne ul trasound, fl uoroscopy, doscopy
met hodol ogi es, to nane but a few 15[0185]I1n anot her enﬂ%ﬁ?ﬁ%ﬂ?ﬁxﬁﬁe

fl owabl e conposition is delivered locally to a surgically-exposed
extralum nal site adjacent to or at or in the vicinity of a site in need of

treatment. |n tH0B77¢aseTEeldwiBleYokSostidl d directed by djrect
observation of the site in need ng?reggﬁgﬁggmé 8“5 e£ﬂFém@§§@$Lﬁelivery

can be ai ded by eaddvaehant FiSRaRle S kdi n hods as descri bed above.
20[ 0186] Exanpl es of fl owabl e céﬂ%%siti%ﬁ%&%ﬁf?%B$§§¥?W$E%%5T¥WWQﬁM? manner
are di sclosed i nobompendixnBinanmldakio Sfiled on even date herewith
(al so known as Attorney Docket No. ELVﬂﬁgéj- ?m$ﬁ%g€ﬂPF?%m%%%@@ﬁW@’of whi ch
i s herein incor geried iedqlipeh iBLGE: =pendi ng, appl i cation 73
PCT/ USfil ed on even date herewth (%?%%%Pﬁ%%%ﬁa V%f%é?ﬁ@?“ﬁﬁ@%@%

5  luminal wall of a biood‘ vessel to reach a non-luminal surface of a blood vessel, The

flowable composition is then deposited on a non-luminal surface of a blood vessel at

adjacent to, or in the vicinity of the vascular access struchure site,

[0178] It is contemnplated herein that a non-luminel, also termed an
extraluminal, surface can include an exterior or perivascular surface of a vessel, or
10 can be within the adventitia, media, or infima of a blood vessel. For purposes of this

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

the lumen.

[6179] 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 flowable composition to a non-
luminal surface of a blood vessel without disrupting a vascular access structure, A
plurality of delivery points can be arranged, for example, in a circle, 2 bulls-eye, or a
linear array arrangement to name but a few. The penetrating device can also be in
the form of a stent perforator, such as but not limited to, a balloon stent including a

20 plurality of delivery points.

[0180] According to a preferred embodiment of the invention, the penetrating
device is inserted via the interior huminal surface of the blood vessel either proximal

or dista] to the site of the vascular access structure. In some clinical subjects
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No. ELV-009PC), the entire contents of which is herein incorporated by
reference. [01871Anastonotic Sealant. In certain other enbodi nents, the

fl owabl e conposition of the present invention can additionally serve as
an anastonotic 5seal ant specifically or surgical sealant generally. In such
a dual purpose enbodi nent, the conposition is also effective to seal the
juncture of two or nore tubular structures or to seal a void in a tubular
structure when contacted with an exterior surface of trﬁ?ﬁ% g% gﬁ(s) or
applied in af%"®8H*hn exterior surface, or appl i ed ¢iTeu erentlally
Such a sealant can elimnate a requirenent for sutures 10 which can further
damage vascul ar tissue, for exanple, and contribute to |um nal endotheli al

trauma. Such a aﬁﬂl&%rz@@n&%ﬁ& R RY A6, JEdk ik QRALIaSiad Lihfedrd daulahe

vicinity of an anaston I's theteby reinforcing any suture repair. Al that

is required is L}% ﬁ%s%ﬁ? LAls s&ﬁ&@?e Qﬁ@&@é&ﬂt%de‘ﬂfsaéﬁ@é St AuabriReiRese

COI'T'pOSI tion do not inter or i rrpal r coinci dent expr essi on of

the cells' desi J’ig%]'lgﬂﬁan g}aﬁp%c@d}&lin 19% gtféh lsub}é@iéa@@sﬂo%%% kR0t ¥ @l the

conposi tion. urposes of “certai n seal ant enbodi nents, the

f1owabl e COWpOrSTJE)atn Qhn QORL a%fr‘ﬁac@trolﬁ' QERIRAE SR MR IRLEGE Yol kGl sel f

conpri ses a conponent”having seal ant properties, such as but not linmted to

a fibrin networ I for supportin
¥o Ern g\é}%ﬂw g:%ﬁ%? «%}%Iﬂéﬁ i e cﬁﬁgfalh ShefheRbPRR bdER pp g

endot hel i al or e cell " popul ati ons.

circumstances at hand.

{0181} Preferably, flowable compeosition is deposited on a perivascular surface
of a blood vessel, either at the site of a vascular access structure to 5& treated, or
adjacent to or in the vicinity of the site of a vascular access structure. The

10 composition can be deposited in a variety of locations relative 1o a vascular access
structure, for example, at the proximal anastomosis, at the distal anastomoss,
adjacent to either anastomosis, for example, ﬁpstream of the anastomosis, on the
opposing exterior vessel surface from the anastomosis. According to a preferred
embodiment, an adjacent site is within about 2 mm fo 20 mm of the site of the

15  vascular access structure. In another preferred embodiment, a site is within 2bout 21
mm to 40 mm; in yet another preferred embodiment, a site is within about 41 mm to
60 mm. In another preferred embodiment, a 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 on a blood

20  vessel in the proximity of the vascular access structure.

[0182] In another embodiment, the flowable composition is delivered directly to
a surgically-exposed extraluminal site adjacent to or at or in the vicinity of the

vascular access structure. In this case delivery is guided and directed by direct
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20 Al so, the bioconpatible matrix per se can have seal ant properties as
wel|l as those required to support a population of cells. In the case of

ot her enbodi nents, sealant functionality can be contributed, at least in
part, by the cells. For exanple, it is contenplated that cells associated
with the conposition produce a substance that can nodify a substrate, such
that the substrate acquires seal ant properties, while al so

exhi bi ting/ maggbaidg their requisite cellular functlog@kmg%mmgeggaln
cells can produce this substance naturally while other cells can be

engi neered to do so. Methods of Preparing, Storing and Transporting

| npl ant abl e Materi al 5[0189]Nethods of Cbtaining and Preparing Cells. The
i npl antabl e matet|al |ses | l.ogeni c, Xeno ei ¢ aut al ogous

endot hel i al or e% (r)‘faﬁ rﬁ{‘ Tirke est casf'h‘eeie?ﬁg?lhn%qaﬁ%egbgé?@%‘d%??@eé}ﬁt ai ned
froma patient e thelial cells are
der|vedpfron1vaggﬁfaﬁgwgg%ﬂgséﬁgﬁ’éEF@? ?ﬂbqy %?@'1%%¥?”%°Rogﬁue nost
preferably coronary artery tissue, puInDnary artery tlssue or iliac artery

Lotissue. Al ter gyl Vo, SRt fifld FoPhusNdolhel Lalslikg,gel | s are

derived froma ascul ar tissue or organ, progenf?or cells

or other pr Ogen'aﬁﬁgnfsﬁgéan%fﬂg&aglé chﬁﬁ%%lﬁgﬂ Q?AGL 3d'tAéCC§{eg!ijg n{t% actltgl tional

enbodi ments, the cells aré genetic ere or englneered

[ 0190] Each I.at Q,Ecuﬁﬁok%r ol o Bfhbd eam%gpof{s eegﬁﬁlsﬁdba%er%fé} fRgL4e!ly for 15

endot heli al cell t'y, ogl ca unction resence of nycopl asma,
bacteria, fungi, Hﬁg ot her adventltlous
agents. Accord|ﬁ6¥%%§%mﬁ%§$ﬁgﬁg E%&%hﬂ§%§9§mu ¢ are obtained froma

donor with type O blood. The cells are further expanded to passage 2 or 4,
characteri zed, angie!yREQRR! Whfhodton s JARGH Ge b ALLAIBNANGRL | Dank using

wel | - known technlques for later 'preparation 20 of a worki'ng ce bank,

expans ; on i N CUlCkYES or MG SHDSCEISRY dExQéemAiéHa%h! el iiSuabiRRLANADL &
delivered percutancously coincident with use of a guidance method to facilitate
10 delivery to the site in need of treatment. Upon entry info the perivascular space, the
_clinician deposits the flowable composition on an extraluminal site at, adjacent to, or
in the vicinity of the site in need of treatment. Percutaneous deli*v;ery optimally can

be guided and directed by routine ultrasound, fluoroscopy, endoscopy

methodologies, to name but a few.

15 [0185] In another embodiment, the flowable composition is delivered locally to
a surgicaliy-exposed extraluminal site adjacent to or at or in the vicinity of a sits in
need of treatment. In this case delivery is guided and directed by direct observation
of the site in need of treatment; also in this case, delivery can be aided by coincident

use of other guiding methods as described above.

20 [0186] Examples of flowable compositions suitable for use in this manner are
disclosed in co-pending application PCT/US filed on even date
herewith (also known as Attorney Docket No. ELV-008PC), the entire contents of

which is herein incorporated by reference; and, co-pending application
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WO 2007/ 001744PCT/ US2006/ 021755 [0191] A sel ected nmaster cell bank is then
expanded to forma working cell bank in a T-75 flask contai ning about 15 nL
endothelial cell growmh nedia. The flasks are placed in an incubator

mai nt ai ned at approximately 37C and 5% CO2 / 95% air, 90% humidity for a

m ni mum of 30 mnutes. One or two vials of cells are 5 renoved fromthe
-160C440C freezer and thawed at approxi mately 37C. Each vial of thawed

cells is seeq,@(glmk]%@.,%m T-75 flasks at a density of abepfudethihP3scells
per cnB, preferably, but no less than 1 0x103 and no nore than? 0x103. The

fl asks containing the cells are returned to the incubator. After about 8-24
hours, the spent nedia is renoved and replaced with fresh nedia. The nedi a

i s changed eVeg}gﬁU@ 10t 0 t hERE odays. datcheretah (@0, knuwh bd Atidreeydedcks r each
approxi mat el y -100% confTlence preferably, but no | ess than 60% and no

more than 100‘y‘i\{o%f@-ob%!ﬁ:3i DL AR @aletsHRLaIch & hetesn inedrporaledivf eferabd.ni cal
application, onl'y antibiotic-free media is used in the post-thaw cul ture of

cells and manufacture of the inplantable material of the present invention.

15[ 0192] The e”g@fﬁf' i alEhewihsdarei dn catdhetereaholieditgric fdvebronol ayer of
cells is rinsed wwth 10 nL of HEPES buffered saline (HEPES). The HEPES is

renoved, and 2 J,Qktichloy BS pRsdidbetition cabeddgiomlly skie addedagonadiet ach t he
cells fromthe surface of the T-75 flask. Once detachnent has occurred, 3

nL of trypsisn neil aleb@ty of Qlrpitil@ealdnd pS)rallg. mddeth dwl stopet he enzymatic
reaction. An additional 5 20 ni T, of HEPES is added, and the cells are

enuner at ed usi NgRHHRADEY LaNRSEE is He efdtive sLsgehsiunuture of went piofeuged and
adjusted to a density of about 1.75x106 cells/ml, using EGW2 w t hout

antibiotics. Q2004480474 4PGT/ AIS20106/10:R:17 Sbuchd 9Bdnl dontedted with drs are to be
frozen to forma working cell bank, the nedia is

exterior surface of the structure(s), or applied in an arc on an exterior surface, or

applied circumferentially. Such a sealant can eliminate a requirement for sutures

10 which can further damage vascular tissue, for example, and contribute to uminal

endothelial travma. Such a sealant can also provide additional stability in the

vicinity of an anastomosis thereby reinforcing any sature repair. All that is required

is that the sealant-type properties of this dual purpose composition do not interfere

with or impair coincident expression of the cells’ desired phenotype and the cell-

15  based functionality of the composition.

10188] For purposes of certain sealant embodiments, the flowable composition
comprises a biocompatible matrix which itself comprises a component having
sealant properties, such as but not limited to a fibrin network, while also having the
requisite properties for supporting endothelial or endothelial-like cell populations.
20  Also, the biocompatible matrix per se can have 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 the cells. For example, it is

contemplated that celis associated with the composition produce a substance that can
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suppl enented with an additional 10% PBS (final 12% PBS) and 10%

di net hyl suf oxi de (DMSO). One-mlliliter volunes of the resulting cel
suspensi on are dispersed into cryovials and placed into a freezer at -80C
for 4-24 hours. The 5frozen cells, i.e., the working cell bank, are then

transferred to a freezer set at - 140C for storage until use. The working
cell bank is frozen at passage 5. [0194] Met hods of Preparing the
hnpl ant abl e Material. Precut pieces of a bioconpatible L al i quot
of flowable M FIXYAHE rehydrated by the addition of bl
antibiotics at approximately 37C and 5% CO2/ 95%air for 12 10 to 48 hours.
The matrix material is then renoved fromits rehydrati on contai ner and
placed in an individual tissue culture dish. The matrix materigl is seeded
With cells fromoREY aeHoRTaRy SEaIthat fg APt ACqyies SE5IATE Aroparies: fulpiso

approxi mately 1.5-2.0x105 cells (1.25-1.66x105 cells/cnB8 of matrix) and

pl aced in an i nexiBhitipg/ mpieinng edirogsiy SpibxiTrReealitys FertalR e 59602/~ 95% air,
90% hum dity for 3-4 hours to facilitate 15 cell attachnment, According to
one enbodi ment , Prodacesbis srbgtapasmatselly 3vhilp ahernele @ be pEResiyd theR $Pi dual

seal abl e container or tube, fitted with a cap containing a 0.2 umfilter
wth EGW2 and incubated at, approxXi el /C and 5% .CO2 ./. 95% air. The
medi a i s changed ERREEHLATARETING B 7S HBEEEEFCERER the cel s have
reached confluence. According to an alternative enbodi nent, the seeded

trix i I i nt i ndivi I I i , fitted
et Pl aced g | n . o ool ol AL GUECTL AL BSr B s (11100
t ai i d.with 10% CO IF: . -
Con i ner 15 PUaStt Ul 10% O Bl ORI AT Ol
and FunCt I Onal I g[ﬁlﬂ ?&Dgﬂ%gﬁk%&%@& éb@%&?%o%%@aﬁ t?cl:aldgdef,Io?aEe% B%}Aﬁdn%n or ar Ound
, r , or .

days 3 or 4, 6 an he cell’s are counted and
assessed for viability and a,qrowh i:S.. C t | uated in
order to assessePﬁg&%¥%ﬁp M%ﬁa?ﬁc g%ﬁ%%%%gﬁ§ﬁa%@%I@§%%?§$%§%g mﬁether
confl uence, near:-confl yuence ar post-confl.uen . I eV [
counts are achié@%ﬁ”ﬁv;gﬁﬁﬁﬁg glﬁFﬁ%%%F %%g’%ﬁﬁgggfggﬁngg Of%% APabl e
material with a solution of. 0. Ll .col | n i 2ES/ 2

sol ution. Af ertﬁ%ﬁséﬁ?ﬁﬁ“?ﬁéa§8ﬁg%%c%_Ofﬁ%ggfgggkégﬂ?ﬁ%@gﬁﬁggﬁgg%ateriaI,
2 eIk :’lgV\/{] OV? :, ;rprz n Or{gr:z%%chia?t‘i’s% 36{:@ %}%g%‘, elngoﬂélgapgr ggem\%rtcgﬁsodr%%)e} 15\:% Ee%ﬂmbcleﬁf 01( 4:1

from stem cells. According to additional embodiments, the cells are genetically

altered, modified or engineered.

[6190] Each lot of cells derived from a donor is tested extensively for
15  endothelial cell purity, biological function, the presence of mycoplasma, bacteria,
~ fungi, yeast, known human pathogens, and other adventitious agents. According to
a preferred embodiment, cells are obtained from a donor with ty'pe O blood. The
cells are further expanded to passage 2 or 4, characterized, and cryopreserved at -
140°C to form a master cell bank. using well-known techniques for later preparation
20  of a working cell bank, expansion in culture, and subsequent formulation in the

implantable material.
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10and viability assessed by trypan blue exclusion. Viable, non-viable and
total cells are enunerated using a henocytoneter. G owh curves are
constructed by plotting the nunber of viable cells versus the nunber of
days in culture. Preferably, an inplantable material conprising cells is

i npl anted after cells reach confluence but post-confluent or near-confl uent
cells can be used. If the cells are not confluent by 15day 12 or 13, the
media is cha i hcubation is continued for an addi}t] ay.. This
process is co ?g%ﬁ@97ﬁhtil confluence is achieved or uanﬁﬂg%kga§§a
post-seeding. On day 14, if the cells are not yet confluent, the lot is
typically but not necessarily discarded. If the cells are determned to be

confluent after rform ng in-proce checks, a fipal. nedia change is

per f oi ni ed. Thié&ﬁﬂ&al ﬁé%Fﬁg@ﬁﬁﬁ@@iﬁ§n%€f?%¥Wﬁﬁﬂ °é§FH§W@$W@Qd i t hout

Phe Cubes. ar 6.t LMY T 11 BSHCqanIG o g rutg s LR B s gy ng. 0.
[0196] The inplantable material is further fested for_ indicia of
functionality p:}fa%?s af%”ﬁﬁ?g%ﬁ%ﬁ%ﬂm%?m APIRIESH T Bied® hBell a are
Cranst or mi ng. gr SavtTE S0 SR e p SR R0 PR CbF B ISR G IAGER [ actor
R RN et R i R Ml
thronmbosis in vitro, The conditioned medi re eval uated accordi,ng to

previ ously descrvimﬂ)gfcilﬂ%‘@%dd’g? Sléﬁ‘??d??;{‘?r?é’? gf7g.fﬂﬂ‘s b FESEY ?faﬁ?‘gﬁé)ix}(és&e ssay is

the 5 heparan sul fate ed. al one to_confirm

ass whi ch can $
functionality. AF?%?ﬂﬁ?gﬁgﬁyyﬁﬁPEﬁﬁ%m%gaﬂéeﬁmvﬁ”%ﬁﬁﬂﬁﬁ5@?5%-abq@“%he or
nore of the assays for . TG 131, h-POP, d roduced by the engrafted
cells and/or in CB’E}H‘BMSQ{*%%@WFHW&%&O &’?W?%EF‘H!\%‘?%T %F’Pt SsHOYTF HEsRE cel |

assay descri bed el sewhere herein. [019 sitions and Met hods of
Cry o%r eservi nR Irﬁzp&lsaéﬁ fegjdnlvgfl 30 & qcac{ \_m'lth gls mne-rc)lga. e media is changed every two

10 to three days, thereafter, until the cells reach approximately 85-100% confluence
preferably, but no less than 60% and no more than 100%. When the implantable
material 1s intended for clinical application, only antibiotic-free media is used in the
post-thaw culture of cells and manufacture of the implantable material of the present

invention,

15 [6192] The endothelial growth media is then removed and the monolayer of
cells is rinsed with 10 mL of HEPES buffered saline (HEPES). The HEPES is
removed, and 2 mL of trypsin (about 0.25 mg/mL) is added to detach the cells from
the surface of the T-75 flask. Once detachment has occurred, 3 mL of trypsin
neutralizing solution (TNS) is added to stop the enzymatic reaction. An additional 5

20  mL of HEPES is added, and the cells are enumerated using a hemocytometer, The
cell suspension is centrifuged and adjusted to a density of about 1.75x10° cells/mL

using EGM-2 without antibiotics.
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10 The inplantable material, conprising a popul ati on of near-confluent,
confluent, or post-confluent cells engrafted in a bioconpatible matrix, can
be cryopreserved for extended storage over nonths to years, or

indefinitely. In addition to reducing nmanufacturing tinme and costs,
cryopreservation provides available, fully tested, viable and confirned
functional inplantable material for clinical use at any tinme and 15w t hout
any production or _transportation rel ated del ays. [0198] | abl e

mat eri al can “B&*¥HY3pfeserved when the cells are near- ggﬁ@Fﬁgﬁg?%°
confluent, or post-confluent. According to various enbodi nents, the
inplantable material is cryopreserved 10 to 14 days foll ow ng seedi ng of

the cells in th j.oco tihle ri.x, nore pref.errahly .1Q to.l2 days

f ol | owi ng seediﬁgghandqggﬁﬁg#aﬁgg%%ﬁV%BFy%Tﬁg é§%n%%$ﬁ%%%%ﬁn§gé‘?ngy I'n
eneral, endothelial cells, are, pre- nt fl on or around 10
gays fplIomﬁng.§5@EFﬁﬁmﬁﬂﬂh§?3M§¥§ﬁ&§%g&%§§?@8§%Pﬁﬁ§ﬁ?g “or around 12 days

oo, T B BTSRRI Rl LR P

ol | "Tuncti on aceaSrROradL R ostadran T SPe0a €0 R e s e (b

omeLor g9 MR LACY O Tl b f LRSS, SR et er
muscle cell (S rowth. | n_ additjon,,the nyf act urer_and/or the

physi ci an cag Zg)é(ggsfg{:%?rﬁge\}inﬂﬁ?sl:‘:# ‘ﬁ%t}ﬂﬁ%c%ﬁfaa?gﬁ Ozgrf‘aﬁ[é’asﬁ%%easg, described in

detail above, prior to administration of the inplantable material to a
patfent  Accor gt 0 Bk 81l bRl ARG RN S, LFPh e pblie Fmt or ol s
ceL S STE, 207 e H R Bl B Sy bl epmap,aytate 1
POy, or O Spbeh ASERIL SRR ek TG B
or lover. 10 to 48 howrs. The matrix material is then removed from its rehydration container and
placed in an individual tissue culture dish. The matrix material is seeded with cells
from the working ceil bank at a preferred ciensity of approximately 1.5-2.0x10° cells
(1.25-1.66x10° cells/cm’ of matrix) and placed in an incubator maintained at
approximately 37°C and 5% COz / 95% air, 90% humidity for 3-4 hours to facilitate
15  cell attachment. According to one embodiment, the seeded matrix is then placed
into an individual sealable container or tube, fitted with a cap containing a 0.2 um
filter with EGM-2 and incubated at approximately 37°C and 5% CO,/ 95% air. The
media is changed every two to three days, thereafter, until the cells have reached
confluence. According to an alternative embodiment, the seeded matrix is placed
20 into an individual sealable container or tube, fitted with a plug seal cap and purged

with 10% CO.. According to this method, the container is purged with 10% CO, at

each media change.
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102001Accordi ng to one enbodi nent, the inplantable material is 15
cryopreserved in a myopreservation nedia conposition conprising a
cryopreservative suppl enented with a pol ysaccharide and serum According to
a preferred enbodi nent, the inplantable material is cryopreserved in a
cryopreservation nedia conposition conprising about 5 nL of CryoStor CS-10
solution (BioLife Solutions, Oswego, NY) containing about 10% DMSO and 20
suppl enment ed t 4.5% Dextran and about 50% PBS. , AGEQ5H) o]

addi ti onal ﬁoﬁ& %85‘ t he concentration of PBS is gr egt er gcﬁgg}gﬁie anmount
of PBS used in cell culture is about 20%to 80% nore preferrably about
40% to 60% and nost preferrabl y about 50% According to additional

S?te)?girgﬁln;[/sabouﬁu%}on M&MM&%&. ng to
mor e prof err abl ¥ ABBRE NS Ao N TSR eras Pably’ A8o0et 8 2Accor di ng
500, 000, more pPePer PRIy RS %d%ﬁg'sé?%%é‘"ﬁﬁf&%e&&%m Ofs B8Pk crably about
Conposi t1 on has S e Bt Tb R0 Bt B T B BTy ARGt 7 2 to 7 6.
o by A e SRR S T TR e ¢ ot
(I:?gl:}]g;'?e\r“, "\ O evﬁ%nggﬂ&é’ Qt\é?r%gc% é%? P%f%%er (tialgeesr%\?a?£u gal}r?gmm?tcgrrpoa tion
about 6 | oA({SOL%ﬁP stde BREr P oy hnaae S0 o e hﬁ‘énﬁ?épwefvglr?’gﬁ y
Uopr eser vat i on i V5 GBI CHE BT VI 1ret e a0 B85 o’uatquw_nL to 1:2,

or € pr.ef erably alpxr%g%f C:,Iéil]éuépgnsmn 18 dlﬂﬁ§er50w1&1 e F tr A Ih}é: (39 clé'lrls to trypa,n blue)

10 and viability assessed by irypan blue exclusion. Viable, non-viable and total cells

are enumerated using & hemoeytometer, Growth curves are constructed by plotting
the number of viable cells versus the number of days in culture. Preferably, an
implantable material comprising cells is implanted after cells reach confluence but
post-confluent or near-confluent cells can be used. If the cells are not confluent by

15 day 12 or 13, the media is changed and incubation is continued for an additional day.
This process is continued until confluence is achieved or until 14 days post-seeding.
On day 14, if the cells are not yet confluent, the lot is typically but not necessarily
discarded. If the cells are determined 1o be confluent after performing in-process
checks, a final media change'is performed. This final media change is performed

20 using EGM-2 without phenol red and without antibiotics. Immediately following

the media change, the tubes are tightly fitted with sterile plug seal caps for shipping.

{0196] The implantable material is further tested for indicia of functionality
prior to implantation. For example, conditioned media are collected during the

culture period to ascertain levels of heparan sulfate, transforming growth factor-By
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[ 0202] According to one nethod of cryopreservation, the cryovial containing
the inplantable material and cryopreservation nedia conposition is placed
in a freezing container (M. Frosty', Nalge Nunc Infl, Rochester, NY).

| sopropanol is added to the freezing container to fill about one-half of
the volune of the freezing 20 contai ner. According to one enbodi nent, the
freezing container is then transferred to -20C freezer. According to

anot her enbo he freezing container is then tran% 80C
freezer. Accg‘%'égl%%ﬂﬁto a further enbodi ment, follow ng a /?5%)@0 lg?frs in the
-80C freezer, the freezing container is transferred to l'iquid nitrogen
vapor phase (approxi mately -140C to -160C). According to various

.eil‘?;:?i)”?g:i eg%eﬁtmq?i’ﬁ rer ety ety B sbed AR BT ERAL® 2a st
preferrably a

cryopreserved éljteé’“‘éL %ndﬁthﬁlbaﬁﬁiéaﬂﬁlﬁﬁ%%]f ﬂb% Li%t?ﬁ%fb%ﬁm S&gmal nina
ol ant abl ¢ a8 P SGPRPRRBH S o TR T ARO R AR aicgt’d%%? 'aT tends
conti nency” and é?ra%%%a @escr%eﬁatswa??ﬁ‘f%ﬁ%% Sl SR SR, o by

t hawi ng theﬁlot ant Pthgﬁsgﬁ"glﬁli“%m use:s,y‘ éﬂ CCO(I)]J[__lgllnﬁgl 1ti(?x|aﬁt¥pref erred net hod

of slowy tHaw e cryovi al contai ning the
frozen inpl ant aﬁl e a{%éte,rg' al b%{fs%lgc CSF‘ erv Orgl%gé &tﬁe assra?%yed fromthe

freezer (about rogen vapor phase (approxi mately

-40C to -160C t at ur s t. es foll owed
by an addit i ona g‘fﬁ &W@%NQ %C&rgg’ Nao| %‘%ﬁ%%%?ﬁrl%é&v\% ear% ath. The
i npl ant abl e mat eri is th ro r [ hed to renove
remai ni ng cryopfds ?Va"fffoo’ﬂﬁﬁﬁa’in%o %I')e 8Scso Sﬁ%b%égﬁ%ﬁ%@er%ggl nent, the

i npl antable material is thawed in the
[0197] Compositions and Methods of Cryopreserving Impiantable Material.

10 The implantable material, comprising a population of near-confluent, confluent, or
post-confluent cells engrafted in a biocompatible matrix, can be cryopreserved for
extended storage over months to years, or indefinitely. In addition to reducing
manufacturing time and costs, cryopreservation provides available, fully tested,
viable and confirmed functional implantable material for clinical use at any time and

15  without any production or transportation related delays.

[0198] The implantable material can be cryopreserved when the cells are near-
confluent, confluent, or post-confluent. According to various embodiments, the
implantable material is cryopreserved 10 to 14 days following seeding of the cells in
the biocompatible matrix, more preferrably 10 to 12 days following seeding, and

20  most preferrably 12 days following seeding. In general, endothelial cells are pre-
confluent or confluent on or around 10 days following seeding and are 2-3 days

post-confluent on or around 12 days following seeding.
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| aboratory for in vitro assessnent. According to this enbodi nent, the

i nplantable material is washed twice in 15 nL wash nedi a (EBM PRF and 50
ug/ mL gentamcin) for 5 mnutes at roomtenperature, followed by a final
wash in about 15 m, wash nedia for 30 mnutes at 37C and 5% CO2. Fol | owi ng
the wash procedures, the inplantable material is placed in 10 nil EGW2 at
37C and 5% CO2 for a recovery period of about 48 hours. The inplantable
material can optionally be conditioned for an additional 24 hours prior to
clinical use We2pp1ddbsequent packagi ng of the inplant &bIESH¥%RI Al for
transport. [0205] According to another enbodi nent, the inplantable materi al
is thawed in the clinic for patient inplantation. According to this

enbodi ment, the inplantable 5 material is renoved fromthe cryovial and
washed tw ce injeisout 5Bk andastionaiyfodiowiAg cypptesegration, igrimplastaabodi ment s,
the wash nedia conprises USP grade saline, Lactated Ringer's solution, and
EBM PRF at r oomnizestipEss atdliraed fdivell nnpbantabiteamistdcatabs ofdnmiins in the first
wash nmedia solution for about 1 to 40 minutes, nore preferably about 2 to
25 minutes, and HxBmplhe sk Gontbivasls meldiesviDatialofitavens of ippaab odfte(H), 20

m nutes, nore preferably about 1 to 10 mnutes. The inplantable material is
renoved from t herasgaont: wasih faedi(A@GERY, basip bt growthHetqdb-FEhL and

[ 0206] Conposi ti ons and Met hods of Extending the Shelf-Life of I|nplantable
Mat eri al . EnbodinpEatsdofNa)hed eipityaninhbiteultved¢derioath ooniercels (SMC)egrowth.
near - confl uent, 15confluent, or post-confluent popul ati on of endotheli al
cell s enbedded irAadition, the manufacturer and/or the physician can assess cell viability using a

trypan blue assay, described in detail above, prior to administration of the
implantable material to a patient. According to a preferred embodiment, the
implantable material is acceptable if the total cell count is equal to or greater than
10 400,000 cellsfem?, 80% to 90% or more of the cells are viable, heparan sulfate is
present at 0.23 pug/mL/day or greater, and TGF- By is present at 300 pg/ml/day or
‘greater. According to an additional embodiment, the implantable material is

acceptable if the level of b-FGF is 300 pg/mL/day or lower.

[0200] According 1o one embodiment, the implantable material is

15  ecryopreserved in a cryopreservation media composition comprising a
cryopreservative supplemented with a polysaccharide and sexum. According to a
preferred embodiment, the implantable material is cryopreserved in a
cryopreservation media composition comprising about 5 mL of CryoStor™ CS-10
solution (BioLife Solutions, Oswego, NY) containing about 10% DMSO and

20  supplemented with about 4.5% Dextran and about 50% FBS. According to
additional embodiments, the concenfration of FBS is greater than the amount of FBS
used in cell culture, is about 20% to 80%, more preferrably about 40% to 60%, and
most preferrably about 50%. According to additional embodiments, the

concentration of DMSO is about 5% to 20% DMSO, more preferably about 7% to
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bi oconpati ble matrix can be nmaintained for storage and/or transport in a

vi abl e, shelf-stable condition at roomtenperature for about 21 to 28 days.
According to additional enbodinents, the inplantable material can be
mai nt ai ned at roomtenperature for at |east about 1 week, at |east about 2
weeks, at |east about 3 weeks, 20or at |east about 4 weeks. [0201The

i npl antabl e material can be prepared for storage at roomtenperature,
accordi ng to w@sdeats7s@nmbodi nents, 10 to 14 days fol |l ow pgrseatingsof the
cells in the bioconapatible material. According to a currently preferred
enbodi nent, the inplantable material is prepared for storage at room
tenperature 12 days foll ow ng seedi ng. According to another currently

pref erred e"bodw%n&msfgjg@efrwq%%ﬂmb/iﬁ hﬁﬁgggﬁgggé;%ggagﬁ gt aage at

roomtenperature 10 da oW ng seedi ng. |onaIIy

foll t ol | 6 b
ol | owi ng s oragﬁge %&I 961@2/&9?% zlb%fa[ﬂg%tgr/%wc%ﬂ €

eval uated for |cat|ons o V|a I t unétion.

Exenpl ary cell fyng Séréf@&ab%%%{% mxact?agggv%gje_gal@@ﬁé : tﬁé’ﬁéx?rl Plaghieparan

sulfate (HS), transtormn row h jasi c robl ast growth

fact b- FGF | t d
sﬁgo?L guscle %g¥ﬁ£g%?%k%?%f9§&f @%ﬁ?ﬁ%ﬁ%b&%ﬁ&%g%ﬂ §??E$g# aggfor t he
h bed
Getai | above. prroosh BEY prottaf %%%“l?%dé@c??% et il i S A
patient. Accordi, ggplte&rfmgﬁ L8k bt SRBRHLIR snokdies (T antapl e erial i

acceptable if th ota I's equ to or gred 00, 000

cells/cnB, 80% l1s are viable, heparan sulfate is
20 L& pferdoEanG il A8 p
15present at 0.%§Opgféaﬁfggy grfgrggter7 and TGF- 131 is present at 300

pg/ nL/ day or
[0201] According to one method of cryopreservation, the implantable material

is transferred from its cell culture vial to a 15 mI cryovial (Nalgene® Nalge Nune
10 Int’], Rochester, NY), to which about 5 mL of cryopreservation media composition
is added. According to additional embodiments, the cryovial has a volume of about
| 6to liO mL, more préferrab—ly about 10 to 15 mL, and most preferrably about 15 ml.
According to one embodiment, the ratio of volume of cryopreservation media to
volume of air in the cryovial is about 1:1 to 1.2, more preferably about 1:1 to 2:3,

15 most preferably about 1:1.

[0202] According to one method of cryopreservation, the cryovial containing
the implantable material and cryopreservation media composition is placed in a
freezing container (Mr. Frosty™, Nalge Nunc Int’l, Rochester, NY). Isopropancl is
added to the freezing container to fll about one-half of the volume of the freezing
20 container. According o one embodiment, the freezing container is then transferred
to -20°C freezer. According to another embodiment, the freezing container is then
tranferred to a -80°C freezer. According to a further embodiment, following about

16 hours in the -80°C freezer, the freezing container is transferred to liquid nitrogen
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greater. According to an additional enbodinment, the inplantable material is
acceptable if the level of b-FGF is 300 pg/nL/day or lower. [0209] The

i npl antable material is stored at roomtenperature in a transport nedia
conposition conprising supplemented EGW 2. Nornmal, unsuppl emented 20 EGM 2
when used for cell culture purposes contains about 2% FBS, about 0.2 ng/nL
hydr ocorti sone, about 2 ng/nL VEG-, about 4ng/nm. hFG-, about 5 ng/nL
R3-1G--1, ab mL ascorbic acid, about 10 ng/ni 3 bout 1
ng, / m. heparﬁﬁéziggﬁqéing to additional enbodinents, thggﬁﬁgﬁbp 5ﬁ%nted
EGW 2 further contains an antibiotic, including but not limted to about
30 ug/ nL gentam cin or about 15 ng/nlL anphotericin-B. [02101According to a

f d enbodi i I o al, 1S d
preterrea embodlf égé%%sl%gaﬁsx'o%@&%g} 511% € OF tGIEf)érf Ac'cosrdﬁt% ?o;]xgamggsge&{b%%g}eﬁté,l_ 5

terrper a_t ure in a CO_ITpOS! conpri

ot o without obenel SRR PhOSE L pnce., ESSLURLART bor depd)
concentral on ol YECER kL FAIFIRLL TRLA o shout o8 nal Loacoordirg 1o
ngl L VR, r o B LSTg A0l L0 R0l ML VECE L and sl pr o ably
redl o PP Wcall SARRUSls RO, ToAcle B0 TIe pOLAE, |

a transport ITEdIthV H@Q&ﬁoﬁu"%eﬂ% cell exposure of about 6.8 to 7.4.

[0203] If the implantable material is not thawed slowly, the biocompatible
material tends fo break apart in several pieces, reducing matrix integrity, cell
confluency and viability. The integrity of the material is improved by thawing the

10 implantable material slowly. According to a preferred method of slowly thawing the
implan{abie material, the cryovial containing the frozen implantable materia} and
cyropreservation media is removed from the freezer (about -4°C to -80°C) or liguid
nitrogen vapor phase (approximately -40°C to -160°C) and thawed at room
temperature for about 15 minutes followed by an additional 15 minute thawina

15 room temperature water bath. The implantable material is then removéd from the

cryovial and washed to remove remaining cryopreservation media.

[06204] According to one embodiment, the implantable material is thawed in the
laboratory for in vitro assessment. According to this embodiment, the implantable
material is washed twice in 15 mL wash media (EBM-PRF and 50 pg/mL

20  gentamicin) for 5 minutes at room temperature, followed by a final wash in about 15
mlI wash media for 30 minutes at 37°C and 3% CO,. Following the wash
procedures, the implantable material is placed in 10 mL EGM-2 at 37°C and 5%

CO; for a recovery period of about 48 hours. The implantable material can
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[0211] According to another enbodi nent, the inplantable nmaterial is stored
at 15 roomtenperature in a transport nedia conposition conprising about 50
m. EGW 2 wit hout phenol red (Canbrex Bi oSci ence, East Rutherford, NJ)

suppl enented with an additional about 8% PBS, bringing the total
concentration of PBS in transport nedia to about 10% According to

addi tional enbodi nents, normal EGW 2 is supplenented with about 1 to 50%
PBS, nore preferrably about 2 to 20% PBS, and 20 nost -zabout 8%
FBS. [0212] THE MYGHE* of transport media is an irrporta%&iﬂgsr%@i@’tmi%ﬁ to
maintain the viability of the inplantable material for up to about 21 to 28
days at a tenperature bel ow about 37 C, for exanple at room tenperature.

The vol ume of transpaqrt di a, .shoul.d. b ] :LeLhEent 10 provide an
opt i mal concen‘fﬂt’&f“?slgﬁ’eﬁi”g%qnﬁq fopR™ %éfig]toﬁag 2%3%%%2%%5& oducts while

si mul t aneously providing an opti.na ncentsLat i the cells secreted
benefi ci al proﬁ%&ﬁ%‘?ﬂtP?F%@%%?fg#‘?WL%%OBP%%%II&%%?%@%f transport nedia to
mai ntain the inplantable material increases as the tenperature falls bel ow

537C, the cel | gt andard soeld wbitbl aiBahRIRBahEAbIAGERHAInGal a2 B

preferred enbo nt, el antable material 1s stored at room

tenperature in_ abput 50 nal. :ANS B bhfs erMeeRdt B ifpladelde t i onal
- enbodi nent s, W@cﬁ?fﬁ%ﬁfﬁéﬁﬁl e%frlr%ga%?l{ﬂajf?&ﬁgn{sgsoredei n about 2189to 150 nL

Lransport Ted 2 e RLELEEL AR X ah0Nhe 3018 1400 TkokiapEROLY TEdl 2, and

most pr ef er r abF*Hbd ransport nedia. According 10 to one

embodi ment, the %{&2 2%‘?034::’1}1% %éi V%oﬁ%?%@éﬁ%%%%@asﬂ ﬁdiaumiﬂﬁs%QSSB @iaﬁfs/ cmi

matri x materiafl™® Ng to ano enbodi ment, the transport vial

contains about Q.1 I:alct%{;eﬁﬁ?%ps Geldos/ Al eRRAPRP A holBSHRranlr§2M3) According to
“TitTe’s

one net hod of § B rage, the inplantable material remains inits
cell culture vial far SLOLAJE: AN Bl il ISP L oNBRARSH8G:t18 & pref erred

minutes, more preferably about 2 to 25 minutes, and in the second wash media
10 solution for about 1 to 20 minutes, more preferably about 110 10 minutes. The

implantable material is removed from the second wash media and implanted in the

patient.

[0206} Compositions and Methods of Extending the Shelf-Life of Implantable

Material. Embodiments of the implantable material comprising a near-confluent,
15  confluent, or post-confluent population of endo_thelial cells embedded in a
biocompatible matrix can be maintained for storage and/or transport in a viable,
shelf-stable condition at room temperature for about 21 to 28 days. According to
additional embodiments, the implantable material can be maintained at room

temperature for at least about 1 week, at least about 2 weeks, at least about 3 weeks,

70  or at least about 4 weeks.

[0207}) The implantable material can be prepared for storage at room
temperature, according to various embodiments, 10 1o 14 days following seeding of

the cells in the biocompatible material. According to a currently preferred
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15enbodi ment, the cell culture vial is a 50 nL cell culture vial (Evergreen
Scientific, Los Angeles, CA, Becton, D ckenson and Conpany, Franklin Lakes,
NJ). According to another nethod of storage, the inplantable material is
cultured in a 30 m cell culture vial and then transferred fromits cell
culture vial to a 50 nL transport vial prior to storage and/or transport to
accommodate a | arger volunme of 20 tanwort nedia. According to a further

nmet hod of storage, the inplantable naterial is transferred fromits cell

cul ture vial WO28ABM*nL transport vial (Nal gene, Nal ge PRI PHE!"™s
Rochester, NY). According to various enbodi ments, the transport vial has a
vol ume of about 53 to 58 nL, nore preferrably about 54 to 56 nL, and nost
preferrably about 57 ml According to a preferred enbodi nent, the transport
vial contains atbbdastt, thbmflanBbleonaerial is pfep5%d OOstorgs ghregm femperare at i o of
volune of air to volune of nmedia and inplantable material of about 1:8 to
1: 12, nore pref é2 daslfylloamtbraseedingl GAccTidmg fia dnother camsnilsprelemedaebofiingnt. t he vi al
and the vial is sealed with a plug seal cap (Evergreen Scientific, Los
Angel es, CA) andhstiplaciapls mirtegihitieprepkrpk fottortge & toordigapathned@datsenper at ur e.

[ 0214] Packagi ng for Gound and Air Transport of Inplantable Mterial.
Transport vi al s fafowitpgsetding. ant abl e materi al packaged for storage at amnbi ent
tenperature and intended for transport via ground carrier or air carrier
are packaged according to one of the follow ng nethods. According to one
net hod, threé 1@P208hns i tadrdpticoely ilavied sioresindietPegitadito™ e- seal abl e

pl astic bags and the bags seal ed. Two bags (six vials) are then packaged
into an inner bdéxplareidemaieriy canbaivaiuped orpahyambeag in aﬁPnsiC@“ﬁblag’ed into an
i ndi vidual re-seal able plastic bag and the baq seal ed, Four vials are then
packaged into aapd fweticn. Eyemplarecell fmagivngrsayhac abserlrEiog ohrrlag hsppran
configurations is designed to provide nultiple boundary |ayers 15to protect
t he product fromﬂtfq?ﬁ@ﬁﬁgi ‘ffﬂ@FfP@étl%g‘fo‘f"ifhafh%?ft(rf@g}‘rﬁ!g@SWTQ%SHEPWMMW@'CI ean,

FGF), and nitric oxide (NO) and ability to inhibit cultured smooth muscle cell

10 (SMC) growth. In addition, the manufacturer and/or the physician can assess cell
viability using a trypan blue assay, described in detail above, prior to administration
of the implantable material to a patient. According to a preferred emﬁodiment, the
implantable material is acceptable if the total cell count is equal to or greater than
400,000 cells/cm3, 80% to 90% or more of fhe cells are viable, heparan sulfate is

15  present at 0.23 pg/ml/day or greater, and TGF- f; is present at 300 pg/mL/day or
greater, According to an additional embodiment, the implantable material is

acceptable if the level of b-FGF is 300 pg/ml/day or lower.

- [0209] The implantable material is stored at room temperature in a transport
media composition comprising supplemented EGM-2. Normal, unsupplemented
20 - EGM-2 when used for ¢ell culture purposes contains about 2% FBS, about 0.2
mg/mL hydrocortisone, about 2 ng/mlL VEGF, about 4ng/mL hFGF, about 5 ng/mL
R3-IGF-1, about 75 mg/mL ascorbic acid, about 10 ng/ml hEGF, and about 1

ng/mL heparin. According to additional embodiments, the unsupplemented EGM-2
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sterile environnent. The inner box or plastic cylinder is then packed into
an i nsul ated outer-shipping box. The outer-shipping box utilizes foam
inserts and gel packs to maintain the desired thermal environment
(preferably about 15-25C) and to protect against transit damage. |ncluded
with every lot is the appropriate 20docunentati on. The vials containing the
i nplantable material as well as the inner box or plastic cylinder and the
outer shipping box will also be appropriately |abel ed. e

2007/ 001744P BY8%421755 [0215] Cryovials of the inpl S?V‘.&%ZP%"”“%HE%M al
packaged for storage at -20C, - 80C, or -140C to -160C and intended for
transport via ground carrier or air carrier are packaged according to one

of the follow ng nethods. Acgordi.ng {.0 one t, cryovial is placed
into an indivi r@éia?éa?éibtl%éc’“& %@P‘%‘%%%ﬁaoﬂeﬁh‘ggﬁ%a@g%@éé éd. 5 The
cryovials are then packaged. into.an jnsulated i nner box, for exanple, a

St yr of oamM (D@Wt@%‘é’ﬁ’ioég]%“éb% DZREAPERSHS i nner box, containing dry ice.
The cryovials are buried or subnmerging in the dry ice. The inner box

11 zes Sy, | APt SL b SUr RO R e, s g dcr

environment (p and to protect the crpvials

agai nst transit_ da e. The.1l0 i : ol cked into an
i nsul at ed outeﬁigﬂggg?%%ﬁﬁg%?at%%%%ﬁ%%%ﬂgg%gﬂg&gﬁbggl%%ﬁ%&gﬂﬁgﬁ arrival at

e el c LG XL 28 B RSl DL s 20 B B0 ccoor Tor an

ext ended st 0 another’e I ment, upon arrival at

the clinic, the cr Oé{l:;teﬁlr‘%@]%[ﬂ%da%‘ga?gﬁtdﬁ%«%‘Pi%dﬂ’%&% . {,Aaw procedure,

descri bed aboveé R ate Ien antation. 0216] According to

var i ous enbod! neqt.s,, e cLERLATL bl Bl FolBhaG30ehe [mLRBL0S0 by

i
cryopr eser vat i S5 V&t on nedra for about ‘a nonth to a year,

preceded and/ or fal | oved by about, Lol east. Lnes Heekssakostol apRYI N
trans_por_t I’T'Edldq %8’3 roo_m enper a u_re Ior to use _|te mal nt al ni ng
the viability a\%’Gﬁ‘,%ﬂ% ijrgge?rlaél%rgbo%ft 1 Eokﬁeng:hﬂ}? %ﬁ%ﬁné@ﬁﬁfeh%iy about 2
10 ng/mL VEGF. According to a preferred embodiment, the transport media pH prior
to cell exposure is about 7.4 to 8.0. The pH of the transport media decreases as

exposuie to the cells increases, resulting in a transport media pH following cell

exposure of about 6.8 to 7.4,

[6211] According to another embodiment, the implantable material is stored at
15 room temperature in a transport media composition comprising about 50 mL EGM-2
without phenel red (Cambrex BioScience, East Rutherford, NI) supplemented with
an additional about 8% FBS, bringing the total concentration of FBS in transport
media to about 10%. According to additional embodiménts, normal EGM-2 is
supplemented with about 1 to 50% FBS, more preferrably about 2 to 20% FBS, and

20  most preferrably about 8% FBS.

{0212} The volume of fransport media is an important condition to maintain the
viability of the implantable material for up to about 21 to 28 days at a temperature

below about 37 C, for example at room temperature. The volume of transport media
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20[ 0217] I nredi ately prior to inplantation, the inplantable material is
renoved fromthe transport, cryopreservation or conditioning nedia and
rinsed two or three times in about 250-500 m sterile saline (USP) to
renove remai ning medi a constituents, including FBS. A sanple aliquot of the
i npl antable material can be tested for viability by the manufacturer

and/ or by the physician prior to inplantation, for exanple using a trypan
bl ue assay, described in detail above. [0218] Upon recei | icant or
applicant's &¢emM07¥i734 request for inplantable naterialg %Wﬁgg of
events exenplified as follows will be initiated: A 5 cryopreserved inplant
wll be prepared for transport in dry ice as descri bed above, an inpl ant

A | b ant i | RO SRR By R 45 BPGE O SETARES Fet e (e oel | o

? Egclto :a(r)nmalt t Sﬂefﬁ%ksy%’gs\é\é éfgg‘i\%%t‘{ﬁtglﬁg%%%‘éeou%?rf’? Flgrangé}g?ﬁ r‘a“c%%%h%oégt ai ned
the | nt ended T SticaNsRE RISt bR PHETGRE: THEOHF eSS0t PHES SEUPE br ¢ ype of
o 11 Fot test edenBo Bagat i gﬁ?@?ﬁ‘?ﬁ“ﬁ%@“?ﬁ%&%ﬁ Fﬂ%&ﬁa%fgfﬁm Abee
requi 1o a ?éfrf%'f@eﬁgté%?cl%@ Sl e e LSRRy RERLACT does Mot
brepared i n aceBPu p@et%fm%l%ﬁéﬂ%%%f%?”f Bt P enPReRB heEr 4t hent vi ¢ h
Conpatabi | | ty- o BERPIRPEHE e M LN G REREoTHE S ERIRRG | ne

b “or gan based * Feat ROPY AUt L1 Pl GERHET %541%3%9?? SRR B8t VB et er mi ne
or "or gan 1o be FhRENCERC Y R ABEH Eﬁdﬁ?u’f R R i AURERT e 11

occur. The present i nti vi at es th t.to .detennine
whet her a cHo %5 &t EF%@FB%V”B%BVW& 6 %F4% ]ﬁﬁﬁﬁﬁf%%ﬁg'?gﬁﬁlly
avail abl e, uninterrupted s i p).antabl e mat er.i,al s .for. treatnent of
any one of theqﬁﬁﬁ#|%§m8@%35§é3@%§ﬂ %@HﬂW@HﬁW@lﬂﬁaﬁﬁ&h tOP

0.4 x 10° cells/mL transport media.

[0213] According to one method of shelf-life storage, the implantable material
remains in its cell culture vial for storage and/or fransport. According to a preferred
15 embodiment, the cell culture vial is a 50 mL cell ctﬂture vial (Evergreen Scieniific,
Los Angeles, CA; Becton, Dickenson and Company, Franklin Lakes, NJ).
According to another method of storage, the implantable material is culfured in a 30
mL cell culture vial and then fransferred from its cell culture vial to a 50 mL
transport vial prior to storage and/or trapsport to accommodate a larger volume of
20  tramsport media. According to a further method of storage, the implantable material
is transferred from its cell culture vial fo a 150 mL transport vial (Nalgene®, Nalge
Nunc Int’l, Rochester, NY). According to various embodiments, the transport vial
has a volume of about 53 to 58 mL, more preferrably about 54 to 56 mL, and most

preferrably about 57 mL. According to a preferred embodiment, the transport vial
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Exanpl e 1: Human AV Fistula Study [0219] This exanpl e provi des experi nental
protocols for testing and using a preferred enbodi nent of inplantable

mat eri al conprising vascul ar endothelial cells 5to enhance naturation of a
fistula and/or prevent failure of a fistula to mature. Using standard

surgi cal procedures, an arteriovenous fistula is created at the desired
anatom c location. The inplantable material in a flexible planar formis

t hen di sposed in the perivascul ar space adjacent to the i lLy. created
fistula; the“ﬁﬁ@gwwy*gf one exenpl ary procedure are setP¢g§%h%§%7%ML As
described earlier, the 10 placenent and configuration of the inplantable
material can be varied to suit the clinical circunstances. In this study, a

preferred exenplary flexible planar form.i epicted.in e FIGS. 1 or
2A. 102201The EXPERS E}iré‘a%%‘@g%mé t‘b?ﬁid%él/"s@?s%o % ?F%‘é?%%‘%t}“é‘{ﬁoggﬁg’uf fi ci ent
gui dance: 151022111. To_eval.uate arteriovenous.fistula failur 0o nmature at
3 nont hs. [ 0222Fee of peda ﬁ%&ﬁaﬂ%&eﬁﬁe a‘t"gaﬁ%@&@éc’;@’d%?ri* ﬁree?fngtsﬂg't he

inability to permt repetitive cannul ation of .the fistula.for.dialysis and
Lo obtai n suf f FBPEALOARER T Enif RV o0 e A g ViR éeé‘lﬁéif“’l%l’?&o
raL/mn, with a preferred bl god fl ow of at least, 350 pl/mn, .w.thin about
12 weeks after stdl st Faergrentianicdos Adasd: Gf‘?ﬁqsdc%? ca‘gf)g%}t%lggprécéré[éw Il be
enpl oyed.

5  storage at room temperature.

[0214] Packaging for Ground and Air Transport of Implantable Material.

Transport vials of the implantable material packaged for storage at ambient
temperature and intended for transport via ground carrier or air carrier are packaged
according to one of the following methods. According to one method, three

10 transport vials are placed into each of two re-sealable plastic bags and the bags
sealed. Two bags (six vials) are then packaged into an inner box. According to
another method, each vi'al is placed into an individual re-sealable plastic bag and the
bag sealed. Four vials are then packaged into a plastic cylinder. Each of the
described packaging configurations is designed to provide multiple boundary layers

15  to protect the product from thermal effects, transit damage and {0 maintain a clean,
sterile environment. The inner box or plastic cylinder is then packed into an
insulated outer-shipping box. The outer-shipping box utilizes foam inserts and gel
packs to maintain the desired thermal environment (preferably about 15-25°C) and
to protect against transit damage. Included with every Iot is the appropriate

70 documentation. The vials containing the implantable material as well as the inner

box or plastic cylinder and the outer shipping box will also be appropriately labeled.
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WO 2007/ 001744PCT/ US2006/ 021755 [0223] 2. To eval uate access flow rate and
anatony (% area stenosis) by color flow Doppler ultrasound at day 5,2
weeks, 1, 3 and 6 nonths and at subsequent time points. [0224] Decrenent in
absol ute access fl ow between the baseline nmeasurenent 5 (day 5
post-surgical) and 6 nonths post-surgical as neasured by col or fl ow Doppler
ul trasound. Magni tude of stenosis determ ned by Doppler ultrasound at 6
nont hs when o baseline (day 5 post-surgical v algdard
clinical prac‘?%gsﬁgf%I be enpl oyed. [0225]3. To evalua?lejjfljt%00 A antlbody
response associated with the use of an 10all ogeneic cell product.
102261Quanti tative i mmunol ogi cal assessnent of the presence of donor HLA

ant{ bodes At o NS ZSElS i oo eI ERT b S B o9 Lo
[0227) Spect 11 cal L. et e i et i er g
(02 suraery i) rscelve ((medk ot ey el on, su g, apel o Lon of tuo
e L DT SRR e S A
patients will b%hee cnrjr,fc?vllal.lse acal.e en pg\gkagad into an insulated inner box, for example, a

Styrofoam™ (Dow Chemical Co., Midland, MI) inner box, containing dry ice. The

cryovials are burie‘:d or submerging in the dry ice. The inner box utilizes dry ice

(preferably about -80°C) to maintain the desired thermal environment (preferably

about -86°C to -160°C) and to protect the cryovials against transit damage. The

16 Styrofoam™ inner box is -then packed into an insulated outer-shipping box.
According to one embodiment, upon arrival at the clinic, the cryovials are placed
into a -20°C or -80°C freezer for an extended storage period. According to another

embodiment, upon arrival at the clinic, the cryovials are subjected to the rinse and

thaw procedure, described above, for immediate patient implantation.

15 [06216] According to various embodiments, the implantable material can be
maintained by cryopreservation in cryopreservation media for about a monthto a
year, preceded and/or followed by about at least three weeks of storage in transport
media at about room temperature prior to use while maintaining the viability and

functionality of the implantable material.

20 {0217] Immediately prior to implantation, the implantable material is removed
from the transport, cryopreservation or conditioning media and rinsed two or three
fimes in about 250-500 mL sterile saline (USP) to remove remaining media

constituents, including FBS. A sample aliquot of the implantable material can be
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20 not receive inplants. These 5 patients will be used for conparison to
standard of care. WD 2007/001744PCT/ US2006/ 021755 102281dC i ni cal

foll owups will be perfornmed at 5 days, 2 weeks and at 1, 3 and 6 nonths.
Access flow neasurenents using col or-flow Doppler ultrasound wll be
performed at day 5 to establish a baseline level, followed at 2 weeks, 1
nonth, 3 nonths and 6 nonths post-surgery. Patients that exhibit an
absolute flow of less 5 than about 350 ralimn, or exhibit %reater,than 25%
reduction in ¥WP8WPHEHh t he previous measurenent, or exhitbiftHIEREr t han
50% area stenosis (as nmeasured by Doppler ultrasound) will be referred for
angi ography. Renedial clinical intervention such as angioplasty wll be
permtted for stenqgtic,|esions of eater fhan 50% as determ ned b
angi ogr aphy. Paﬁﬁsﬁﬁg%rvﬁbaﬁyﬂ?ﬁé‘?%‘%%‘m?mp beﬁ%eﬂl&islﬂaé‘pﬁo’ftﬁi”ﬁ&ﬁa ks 10
will be referred for diagnostic inmaging.. Standard repedial clinical
intervention, i ﬁ@leﬁﬁpﬁﬁu&ﬁéﬁwa&% aésﬁ% %W‘g@f’?d{ﬂﬁﬂl& ®®of f side branches or
to revise the fistula, will be permtted to assist with functional

turation in fist hat _have failed to ot hin 1 ks. Th
Gur at fon_of St Ul Bhr 1 CRBATEOh Y O (RS0 BRLUNCIR Pl < DA ot e,

15[ 0229] A di ngl total, of 15 patient i.-| l.ed .l is trial.
et R T L e R L A
tandard of i1l be. f. i ._Pati.ent d i AV

i atul a pl aceme Rt PErTH R bR O PRERLST riTorLr el BE e SITLd T 0230] The
ten treated pati ents] treﬁlged Wt % e iog&pltaont atbl e nnte(%lgidaalc %f %)h_\iresD 20

i nvention will SASHPANVET BF BRI Lt U F S TP BRBARIS Srearddrysng,

t t ts, d inpl.ant dj to t follaow .St i . Th
irat 5 of t hese” TRV PRI PR b gy DAt B o Rr I Borh P B e pl anar

L?E) ;( Iu ’maf n\e/ eﬂ] Lg)gwgzﬂgf tto %{%SF\E "lﬁ%mt%:)'}ﬂghg Q)gmbc{ %nep (lbran(%oerg 0 th %ngt?cgﬂappﬂaleéé{ypgg the

described above. Cells for seeding can be obtained from a cell bank as explained

10 above, or can be obtained directly from the intended recipient of the implant.
Regardless of the source or type of cell present in an implantable material, it is not
required that the cell is first tested for ceﬁpaﬁbiliw with the hltc;nded recipiént.
That is, treatment with an implantable material of the present invention does not
require a cell typing, cell matching or cell compatability test relative to the intended

15  recipient prior to manufacture or implantation. When prepared in accordance with
the teachings set forth herein, treatment with an implantable material is a cell typing-
indept;:ndent, cell compatability-free, match-free treatment regimen. This feature of
the present invention stands in sharp contrast to conventional cell- | tissue- or organ
based treatments which routinely require pre-testing to determine that a match exists

20  between the intended recipient and the cell, tissue or organ to be implanted; in the
absence of a match, no treatment will occur. The present invention obviates the
need for a pre-test to determine whether a match exists thereby providing the
clinician with a readily available, unintermpted supply of implantable materials for

treatment of any one of the injuries or diseases described herein.
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anastonosis. Following treatnment of the last patient within this first
group, a one-nonth observation period will occur prior to treatnent of the
next group. Following a satisfactory review of the 1-nonth data fromthe
first 5 patients, the final 5 patients will be treated. 5[ 0231]Five

patients will be enrolled in the clinical trial and wll receive standard
AV fistula placenent, nedications, treatnents but no inplantable material.
These patients will be used for conparison to standard of care and w ||l

recei ve sini Mgr200H®EI*hg and i nmunol ogi cal fol | ow up as FrPPEA &4t ed
patients. [0232] Conventional AV fistula surgery procedures are to be
performed l10according to standard operative techni ques. Upon conpl etion of
the fistula, but prior to inplantation, nmeasurenent of the outflow vein
dianeter will be tirade. [0233]hbn-to@ﬁﬁ@ﬂgﬁorceps will be used to gently
lift the inplantable material in planar formfromthe rinse bows. The

inplantable material will be applied after the access surgery is conpleted
and flow throu 1; . ished with all 15 baseline
measur enents having been made. All bleeding will be controlled and the area

to be treated nade as dry as possipl e befor : Pl ant abl e
material . The gpé%(s)f%gﬁx pgg{ ??ﬁﬁ%?%%ﬁgg%%gﬁgﬁg%%%%m%?%cgggnt. One or

two i npl ant ill b dto t th ic site
ol ant wi || beregsed T PRee PRSPl T (R R Beghel Fp 2R HE%

| _ _ vei'n ségnent, distal to the
QRRbR R AR Y T 15 NN R LA T
fhe vessel s medbmesbRLHAE S PR RER Nrabhoe P ot | ARt UFSRe Koapi ng
the implant centered over the SYLULS. LiSa :TDR-RAON:R otADENS Segment
disposed in the perivascular space adjacent to the surgically created fistula; the
details of one exemplary procedure are set forth below. As described earlier, the
10 placement and configuration of the implantable material can be varied to suit the

clinical circumstances. In this study, a preferred exemplary flexible planar form is

depicted in at least FIGS. 1 or 2A.

[0220] The experiments and pretocols set forth below provide sufficient

guidance:

15 [0221} 1. To evaluate arteriovenous fistula failure to mature at 3 months.

{0222] For this study, failure to mature is defined as the inability to permit
repetitive cannulation of the fistula for dialysis and to obtain sufficient dialysis
blood flow within the range of 35-500 mL/min, with a preferred blood flow of at

least 350 mL/min, within about 12 weeks after fistula creation. Standard clinical

20  practices will be employed.
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WO 2007/ 001744PCTI US2006/ 021755 (distal to the venous-arterial anastonosis)
wll be treated by placing the inplantable material |ongitudinally along
the length of vein starting at the anastonotic site. The inplantable

mat eri al does not need to conpletely wap around the circunference of the
vein. 5[0234] Patients will be followed wth standard nursing procedures
during the course of hospital recovery followi ng AV fistula surgery. Vital

signs w | bqwgkﬁﬁﬁﬁ%4nonitored. Conconi tant nedi cati ongcWigkdodiRecor ded.
Patients will beé I'nStructed on requirenments for followup visits at 5 days,

2 weeks, and at 1, 3, and 6 nonths. [0235] Access flow will be recorded at
day 5 (baseline), 2 weeks and thereafter 10 at 1,3 and 6 nonths

post - surgery. @a}gﬂdeg%%"%ﬁﬁ‘%ﬁﬁg?s oWr%té arfl 22006 (det&rsm.ped b?yoigoppl er

ul trasound at 5 to esta aseline level "and again’at 2 weeks, 1,3

and 6 months f gr., coNpar 180N BHE RRSES.veA51 GOl 0blagd Spegiuen vi | | be

obt ai ned to pr erum et'ermi nation of anti-HLA antibody |evels at
5 days, 2 meek§ albm% and 6 nonths post-surgery. 15[ 0236] Access flow wi ||
be determ ned d?iﬁg col or-fl ow Doppler ultrasound at day 5 ( 24 hr) to
establish a baseline nmeasurenment and at 2 weeks ( 2 days), 1 nonth (= 4

days), 3, and ggﬁ?ﬁt hSpdcZenflayis b R08d 2:584E A6% Yetwat the Bisslidchadaseuhddpi t an
absol ute fl ow l'ess than about 350 mid/mn, or exhibit greater than 25%

reduction in fl & f Jo At AR an@PE BNh DY Sos BB RERBLsuRE b ¥bloDlldw Do@akrer than
50% ar ea stenoél

ultrasound. Magnitude of stenosis determined by Doppler ultrasound at 6 months

when compared to baseline (day 5 post-surgical value). Standard clinical practices

will be employed.

[06225] 3. To evaluate the HLA antibody response associated with the use of an

10 allogeneic cell product.

[{)226]7 Quantitative immunological assessment of the presence of donor HLA
antibodies at 5 days, 2 weeks, 1, 3 and 6 months post-surgery compared to pre-

surgical levels. Standard clinical practices will be employed.

[0227] Specifically, the study includes 10 human uremic patients undergoing
15 artcriovénous fistula surgery. Those patients who have undergone AV fistula
swrgery will receive (immediately after surgery) application of two (2) 1 x4 x 0.3
cm (1.2 cm’) erabodiments of a flexible planar form; one (i) placed at the
anastomotic juncture and the other is placed longitudinally on the proximal vein
segment, distal to the anastomosis. An additional 5 patients wiil be enrolled but will
20 mot receive implants. These 5 patients will be used for comparison fo standard of

care.
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20 (as neasured Doppler ultrasound) will be referred for angi ography.
Renedi al clinical intervention such as angioplasty will be permtted for
stenotic | esions of greater than 50% stenosis as determ ned by angi ography.
Patients with fistula that fail to mature within 12 weeks will be referred
for diagnostic imaging. Standard WO 2007/001744PCTr US2006/ 021755 renedi a
clinical intervention, including angioplasty and surgery to tie off si de

branches or the fistula, will be permtted top,asgiglsoM,
functi onal %fu%Q %2ﬁ4|n fistulae that have failed to nature /%L

weeks. Such intervention can be followed by inplantation of the |nplantable
materi al to enhance naturation 5 of the revi sed fistula and/ or mai ntain

functionality o tula escu | e
fistula. [0237] @xiﬂcte HRE T IR Ry SRR R E s “%ﬁagén‘i%a% B ¢ hat
patients treate ant abl e  mat er i al present ention as

descri bed above9§W?$h “m¥§gggﬁgﬁg?nﬂmﬂgmﬁﬁﬁ?ﬁpgwg?p%ﬁI%Wﬁg eﬁﬁﬁ? of
Speci {1 cal f;,r%%p%ﬂ% 3 By DacreniRt PR Al b > P a1 el .
flow w thin the PURgE 3@‘3‘@@83*%%%% wﬁ%%bfgl?hé‘{*ﬁ%ﬁ%@?@%‘ag B2y’ nit Fmin)
i al ysi o Aot R ?eﬂdé)?bﬁ%tﬁiﬁt e PERERHE ?éu 1an?§é't°ﬁctﬁ§%%t@§ﬁn & el |

t hi ckness; a 15successfull natu Xhlbltiaveln wal |

t hi ckeni ng. Thl%rquﬁ iﬁ?rneé%ﬁ¥8 “‘??ﬁﬁﬂl ?Q%ﬁ@?&%ﬁ?“ t PEEGIhGY (1 vUS)
measure vei n wal TR ERHELd THeC R Tt e berhRe efnﬁ%ﬁéwcélhﬁe R
(nrcnese grﬁb%x%%%%gﬁ%awm A TR 1 o
indicia of af u@e%n'n%géi 939 ar];éxosgtréiln §af' a%mz?t f(yil %saﬂaltﬁlaq?aﬁ tdl agreg v\eflr%hm H wee?cs expect ed
10 will be referred for diagnostic imaging. Standard remedial clinical intervention,

inclading angioplasty and surgery to tie off side branches or to revise the fistula, will

be permitted to assist with finctional maturation in fistulae that have failed to

mature within 12 weeks. The duration of study participation for each patient will be

6 months,

15 [0229) Accordingly, a total of 15 patients will be enrolled in this trial. Ten
patients will each receive 2 implants, and 5 patients receiving standard of care will
be used for comparison. Patients undergoing AV fistula placement for hemodialysis

access will also be enrolled.

[0230] The ten treated patients treated with the implantable material of this

20 invention will each have standard AV fistula placement, medications, treatments,
and implants, according to the following study design. The first 5 of these patients
will receive two imoplants in a flexible planar form, one at the anastomotic site and

one placed longitudinally on the proximal vein segment, distal to the
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that the inplantable material of the present invention will permt

mai nt enance of adequate | unmen di aneter thereby permtting uni npeded bl ood
flow at rates suitable for effective dialysis, i.e., blood flowthat is
margi nally greater than the punp rate of the dialysis machine; or, at |east
a blood rate adequate to prevent recirculation during dialysis. Lunen
dianeter will be nonitored serially using angi ography of the fistula

begi nning on day 5 after fistula creation and thereafter_ at | east 3 nonths
post surgeryWONa¥8¥khg of the |umen post-surgery will 581 aed with
bl ood flow rates using standard Doppl er ultrasound protocols. It is
expected that the 5 inplantable material will prevent or delay narrow ng

that i npedes blood flo elow a rate.suitabl.e for. di. i scri bed
her ei n.inhi s nf’é’ia?t%ﬁ’%\%ﬁo‘f”ﬂ%ﬁfjmﬁg i:aﬁt p@h%rf‘té%ﬁlensiluglfeﬁs@gr% }‘%?‘Pg% fistula
can arise due to stenosi s and,associ ated, thickeni of, t =0t | or it
can arise by a®eHKp PW’&’@%D%?B‘P%Wii%CﬁFrPéI(?f ‘iocgrﬁat@femt%éqg vnée}éts%ﬁml%' ?{8 %%vﬁ?g any

associated thickening. In the case of, actu hj ckeni.n n, angi.opl asty
i ntervention 1®5&AgR reATY §f 1Ge Wﬁ%&ﬁﬁ%@ﬁafh? %‘3{ §%§1§%t§’gh‘? %na% ﬁgglcegtge of
shrinkage and/or_contraction due, for exanple, to negative tissue

renodel i ng, di patbettieasdi s current| y a standard clinical intervention. It is
expected that an inplant-treated fistula will not require angi oplasty or

dilatation. _[0 As a.gro t. tr ed to show at
| east 1 ncr erch[an@r?hlS %iwgfp&ﬁ%ﬁsc‘g@%ieﬁmgﬁéﬁgg%t%{%%%?ﬁ’Q%ﬁgglég% orement i oned
indicia of maturati o S, conpare - r.ol | : t  Ani nal
St udy [0239] Th F@%%&m%rpgé\?}? eeng’ 1%3)%%@%%%? %en%?ﬁ%co gm %aglym%eeg%% ng and

using a preferred enbodi t.of .th I I I §QsPLomt e formation
of a functi onaﬁﬁfﬁﬁpﬁ@n{ar Pe?sﬁdgoﬁicrr}‘ﬁﬁmtgé@?ts%% jcgéc}tdgg%Usi ng st andar d

surgi cal procedures., an AV, graft ated E%ﬁuﬁ.@tﬁ giqarotid artery and
the jugul ar vefHld HEEERFAG, gu%%ogﬁ?la O%/gﬁsp igﬁlgﬁ i spgsgdlei n the
perivascul ar space adjacent to each surgically created AV graft

anastonosi s; t hg.get aid 5, iR PSR AEYy PHORBIAVER tdbpes@imdior th bel ow. As

10  according to standard operative techniques. Upon completion of the fistula, but

prior to implantetion, measurement of the outflow vein diameter will be made.

[0233) Non-toothed forceps will be used to gently lift the implantable material
in planar form from the rinse bowls. The implantable material will be applied after
the access surgery is completed and flow through the fistula is established with all

15  baseline measurements baving been made. All bleeding will be controlled and the
area to be treated made as dry as possible before placement of the implantable
material. The area(s) will not be irrigated after implant placement. One or two
implant(s) will be used to treat the anastomotic site. The other implant will be vsed
t0 treat the proximal vein segment, distal to the anastomosis. In certain

20 embodiments, the end to side vascular connections will be treated by passing an end
of the implant under the anastomaotic segment uni} the middle of the implant is at
the point .where the vessels meet. Both ends are then wrapped around the suture line

keeping the implant centered over the suture line. The proximal venous segment
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described earlier, the placenent and configuration of inplantable materi al
can be varied. In this study, the inplantable nmaterial was in a flexible
pl anar formas depicted in FIGS. 4A, 4B and 4C. [02401Specifically, the
study included 26 porcine test subjects undergoing AV 5 graft surgery.
Conventional AV graft surgery procedures were perfornmed according to
standard operative techniques. Inplantable material was applied to the AV

graft anastogafﬁﬁw@Fﬂ4surrounds as descri bed bel ow aft epet/hogfodd-ts Surgery
was conpl et ed and ow t hrough the graft was established. 102411For each

test subject undergoing AV graft surgery, one six-mllinmeter 10 internal
dianeter P | FE graft was placed between the | eft common carotid artery and

ri ght external @Sga? g};tgere\éf\{l glitlsr_l L Qf ﬁltag%é&“ﬁ"?&} ﬁ{ﬂtﬂe%hﬁ:d Bpiatedd @b 8n@neinte0- Si de

anast onosi s wa eac e graft using a running 6-0

prol ene suture. ALl .test,.subjec I i LoLL.a- Lkvesheparin and
adm ni stered d%??9d£§§§$FﬁﬂW3FP%§F%§1sd¥gg?§£&%§f%g§%%$gﬁ‘%f the test

subj ects received inplantable terial LSS A thi Srhdihehld al cells
on the day of g%ﬁ?j‘éﬁ%)’.m%rb d%eﬁglat%e%ﬂé’:ﬂ‘%@%re gpgl ied to each test
subject. Two inplants were w apped around each of the two anastornotic
sites. In this®™iF'eunstance, one end of the inplantable material was passed

under the anastonotic segnment until the middle of the inplant was at the

poi nt where th@é&ﬁ ve%agéma\% zgrfﬁiotwemtmm@g}&h reREeet hemgWeapped

around the sut | i ne keepi ng the i nplant centered over the suture |ine.

The ends over| a‘ﬁ)&gﬂﬁoﬁg%ﬁﬁ?qé\égﬁe%?ﬁ’% &~ Fﬁ%&a@&tg&?.i htal siinP AT clddely

addi ti onal siné e ace ongitudinally along the |ength of

the proximal venaus 1t Al AQnillh GeBRRS  PARSE Sill B n@mehd t est
subj ect. The iﬁ%?gﬁ?égggﬁﬁ%Fﬁ%ghﬁ1etely wrap around the circunference of

the vein. on requirements for follow-up visits at 5 days, 2 weeks, and at 1, 3, and 6 months.
[0235] Access flow will be recorded at day 5 (baseline), 2 weeks and thereafter
10 at 1,3 and 6 months post-surgery. The degree of stenosis will also be determined by
Doppler ultrasound at day 5 to establisha baseline level and again at 2 weeks, 1, 3
and 6 months for comparison purposes. A 5-cc whole blood specimen will be
ohtained to provide serum for determination of anti-HLA antibody levels at 5 days,

2 weeks, 1, 3 and 6 months post-surgery.

15 {0236} Access fiow will be determined using color-flow Doppler ultrasound at
day PS (£ 24 hr) to establish a baseline measurement and at 2 weeks (£ 2 days), 1
month (& 4 days), 3, and 6 months (& 7 days) post-surgery. Patients that exhibit an
absolute flow of less than about 350 mL/min, or exhibit greater than 25% reduction
in flow from their previous measurement or exhibit greater than 50% area stenosis

20 (as-measured Doppler ultrasound) will be referred for angiography. Remedial
clinical infervention such as angioplasty will be permitted for stenotic lesions of
greater than 50% stenosis as determined by angiograply. Patients with fistula that

f2i] to mature within 12 weeks will be referred for diagnostic imaging. Standard
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102431The anastonotie sites were wapped with inplantable material, for
exanple, as illustrated in the FIGS. 4A and 4B. Additionally, the proxi mal
venous 5 segnent (distal to the venous-arterial anastonpsis) was treated by
pl acing the inplantable material longitudinally along the | ength of vein
starting at the anastonotic site, for exanple, as illustrated in FIG 4C.
102441Ten test subjects received control inplants w thout cells, wapped
around the anastonotic sites and placed on the proxi mal venous segnent of
the graft 10 vomwhenday of surgery, for exanple, as depFEVERMH2EPGS. 4A,
4B and 4C. An additional 6 test subjects did not receive either type of

i nplant. These 6 test subjects were used for conparison to standard of
care. The total c

|| | pad based on body wei ght S a oximtely 2.5 x105
Ca s por ko el iy men SR oa Renr Y et Sl LSRR 2t [feant
6-10 tines the estinated cell ] oad ich will] be,used_.in.a 15 human
clinical st udybr&’éé‘ase‘é?é‘? Teﬁléﬁl‘hﬁﬁs%’%? W?@%@%%%%?%P&%}Swag@%B%. A 25- cm
m dl i ne | ongi tudi nal neck.incision was nmade and fhe | ef ommon . .carotid
B tery i sol ot cBFBRPRGAY 4 87e e P BT LA DSk ATertg oo
segment of vein wa re from surroundi i ssues,and,all tributaries off
thg vein were FWS?‘@%W\‘R;EWI@}?W@PPI?gg‘ﬁf”ﬁﬁ%’éé’lle'r‘ﬁ%ﬂfaé?c’ten@%ﬁ“@)f"ia?flmgg’f erly was 20
clanped and a 7: di ter circunferential, arteriofo erforned. An
obi T e ondSt oLhuE A HECT O T TR B B EERE TR oLr e oo Hhtoed 6.
i nternal diane erIU%%%gﬁgéf using a running 6-0 prol ene suture Once

fashi oned, thel2HBSF fip was renoved and the graft flushed with
hepari n-saline solution. Flow was

[0237) Expected Results of AV Fistula Study. It is expected that patients

treated with the implantable material of the present invention as described above
will display one or more indicia of an enhancement of fistula maturation and/or of

10 prevention of fistula failure to mature. Specifically, the freated patients individually
will display, for example, an improved blood flow, up to a flow sufficient for
dialysis (e.g., a blood flow within the range of 35 -500 mL/min and preferabiy at
least 350 mU/min) and/or an improved ability to repeatedly cannulate the fistula for
dialysis. Another of the indicia of fistula maturation is vein wall thickness; a

15 successfully mature or maturing fistula exhibits vein wall thickening. This will be
measured using intravascular ultrasound (IVUS) according to standard clinical
practices. Briefly, IVUS will be used to measure vein wall thickness and delineate
between intimal and medial thickness. The treated or control fistula will be
cannulated and the ultrasound probe placed inside the target veins and arteries. Yet

20  another indicia of a functioning fistula is adequate lumen diameter. It is expected
that the implantable material of the present invention will permit maintenance of
adequate lumen diameter thereby permitting unimpeded blood flow at rates suitable
for effective dialysis, i.e., blood flow that is marginally greater than the pump rate of

the dialysis machine; or, at least a blood rate adequate to prevent recirculation
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docunented through the artery into the graft. The graft was then tunnel ed
beneath the sternocl ei domastoi d nmuscl es and brought into the proximty of
the right external jugular vein. [0246] A 7-nmm di ameter circunferenti al
venotony was perforned directly in 5 the external jugular vein. The
arteriovenous graft was then conpleted with an oblique end-to-side

anast onosi s between the PTFE graft and the right external jugular vein
using a running 6-0 prolene suture (the length of graft was between 15- 25
cm and recor dBR2HIOUFE time of placenment). Al clanps WEFEFBRBEKIGESS and f1 ow
through the graft was confirned The left carotid artery distal to the PTFE
10anast onosis was doubly tied off with 3-0 silk sutures. [0247] Fol | ow ng
conpl eti on of the apastonoses, K the P|PE arterioveﬂous raft m&f osi ti oned

S
to prevent ki nRisg dietyrs. prperdianeier i\ EmaEoGE SR AR SRR 0gRENSS
carnmul ated wth a 23-gauge butterfly needle just djstal to the carotid
artery-graft afedlebpEsnag oGy CoHF} ﬁ‘%%?“%’@ﬁé%‘f‘?‘ﬁf)%%Eﬁﬁﬁgﬂ&g’b&r@ed into
the 15 systemwith a 10 cc syringe. The syst% was thgn,glﬁ§9§d with 10
cc's of sal i nesupers HMepringeiiasape PoRisvee g%’%‘i?é‘&la SFhPERRLA8EK of the
study animal so that the venous-graft ﬂnastonaosis and t he venous outfl ow
tract coul d berals3iiag piaedard PpRpéT LEHUPHEBISOIF Yo REHHYIA S- 15 cc' s of

i odi nated contrast (Renograffin, full ﬁg%%%ghg that impedes blood flow below

implantable material will prevent or de
a rate suitable for dialysis as described herein. This narrowing of the lumen which
characterizes a failed fistula can arise due fo stenosis and associated thickening of
the intima, or it can arise by a shrinkage and/or contraction of the vessel without any
associated thickening. In the case of actual thickening, an angioplasty intervention

10 is currently a standard clinical means; in the case of shrinkage andfor contraction
due, for example, to negative tigsue remodeling, dilatation is currently a standard

clinical intervention. It is expected that an implant-treated fistula will not require

angioplasty or dilatation.

[0238] As a group, the treated patients are expected to show at least incremental
15 differences in at least one of these aforementioned indicia of maturation as

compared to controls.

Examnle 2: AV Graft Animal Study

[0239] This example provides experimental protocols for testing and using a
preferred embodiment of the present invention to promote formation of a functional
20 AV graftin animal test subjects. Using standard surgical procedures, an AV grait
was created between the carotid artery and the jugolar vein. Implantable material
was then disposed in the perivascular space adjacent to each surgically created AV

orafl anastomosis; the details of one exemplary procedure are set forth below. As
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was i njected. The cine angi ography was recorded and stored for conparison
to the 20 pre-sacrifice angiogram [0248]After conpletion of the

angi ography, the anastonotic sites were wapped in a wet 4"x4" gauze
sponge. Pressure was nai ntained on the anastonotic sites for a period of
approximately 5 mnutes, before renoving the gauze sponges and inspecting
the anastonotic sites. If henostasis had not yet been achi eved, as was

evi denced by oozi ng of blood, the site was agai n wrappe her 5
i 36 BE !

m nutes. AddiY? dHAP1Edt ures were placed at the discreti ‘Sur geon

lithe henorrhage fromthe site was severe. Once henostasis had been
achi eved, the neck 5 wound was filled with sterile saline and fl ow probe

oot T bR eainf e ik Blent BROUZ6 AL Ich W AAGHI IS G T

Transonic flo salThe " was 1é necessary,

anast onoses nadefﬁ;hg%%gﬁ@%gﬁﬁ%%ﬁgﬁbﬁggmﬁxfﬁéﬁga¥@ﬁp&§%£?ﬁ%:'£p|antable

material conpr & el'Tal cell1s or con ants. Sites

wer e not treatg%ﬁ%%ﬁ?ﬁﬁ%%gﬁiﬁaégﬁﬂ9f i nplant until all bleeding had been

controlled, 10 graft confirnmed and the area nmade as dry as
possi bl e. When conplete, the wound was closed in |ayers and the ani mal was

al 1 oved 0 reogualy | amanes sk LAAbLERAN: Bas ATl skeued prior to

surgery as a 1 Nnj ection g/ hr conti nuous

i nfusion and g&lgaa%ﬁfﬁgng d&ﬂ\;dén{ioﬁahﬁv%?ﬂi ﬁ}gewrgr%ﬁ%es Jvé‘%‘g%'fcc%l_!ng@ eolglus doses

(100U kg) wer I Stered, as necessary 'to maintain s -200 seconds.

0250] G af P : af i g f
[ ]G aft attaeﬂ%ardi%g?r_gﬂé‘%gésh%gﬁén%‘)ﬁp%ﬁ?ﬁol@ﬁ@tfehaﬁ%ga e RRAES v Tdaw

measurenents using co ppl er trasound and ‘Transonic fl ow probe

(Transoni ¢ Sys ta;?a@ﬁ)amgélcénd sdrfolaﬁﬁ%ﬁ v TEB G AL EhY %@ﬁ b@her$ Wal&npletdr 7 days

post 20 surgery and once per week thereafter. Gafts were nonitored closely

for blood flow, jq,u through the graft was established.

[0241] For each test subject undergoing AV graft swgery, one six-millimeter

10 internal diameter PTFE graft was placed between the left common carotid artery and
right external jugular vein of the test subject. An obligue end-to-side anastomosis
was created at each end of the graft using a running 6-0 prolene sufure. All test

subjects received intra-operative heparin and administered daily aspirin following

surgery.

15 10242} Ten of the test subjects received implantable material comprising aortic
endothelial cells on the day of surgery. Five such implants were applied o cach test
subject. Two implants were wrapped around each of the two anastomotic sites. In
this circumstance, one end of the implantable material was passed under the
anastomotie segment until the middle of the implant was at the point where the

20  vessel and grafi meet. Both ends were then wrapped around the suture iiﬁe keeping
the implant centered over the suture line. _The ends overlapped minimally to secure

the material in place. An additional single implant was placed longitudinally along
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[ 0251] Pat hol ogy Procedures. Aninmal test subjects were anesthetized using
sodi um pent obarbital (65nmg/kg, 1V). The P 11-E grafts were exposed and

di gital photography of the PItiE graft and the venous anastonosis
perfornmed. The PTTE arteriovenous graft was then percutaneously cannul ated
Wi th a 23-gauge butterfly needle just distal to the carotid artery-graft
anastonosis. To confirm placenent, bl ood was aspirated into the systen1mﬁth
a 10 cc syringe. The systemwas then flushed with 10 cc 5U8£M%Bh5w .
C-arm f | uor o¥OIE/RE4* t hen pl aced over the neck 5of t he"anrmal so that t he
venous-graft anastonosis and the venous outflow tract could be visualized.
Under continuous fluoroscopy, 10-15 cc's of iodinated contrast

(Renograffin, full strength s injected. .The was
recorded at Odfh%ﬁagtb@f‘g‘ﬁ@?"éé“ IR eﬁ?fﬁq&?mg?ﬂgg}gft%%%gﬁ%gﬁ éaéﬁsd degree of
stenosis of the vengus outflow trac s _det er m,ne ad of the
necropsy angi otfPisfis Thp Ml S48 Lromd ?‘?f) B ‘?ﬁ pos‘?yf l{gg%ggngﬁf&gngl ogr ans.
Angl o grams were graded on a scal e of 0 5 dependi ng upon the degree of

stenosi s Obseré’?‘%ﬁeno e a;lg mo ?rerg%r%gw&ﬁl%%ﬁ%a@f&d was as

follows: 0 = €nosi 40% st enosi’'s, 3 60%

stenosis, 4 = 80% sten SIS 1009 n [ ﬁﬂ@ted t hat
the grafts tre%ﬁa@ﬁfev\?stlﬁ tgg “n%5F Sa%IQé/B %Bfeg?dlﬁomw ; cf)}%g;éle\ﬁt 15

i nvention woul d exhi a .decreas SORA to control
upon exani nat i %ﬁﬁmﬁ‘ﬁ‘t( lﬁ%l ko Vgﬁr aﬁa%gl%%%gg%vﬁé%?%& of tk%ggeanl mal test
subjects (5 cel | afted nt subjects; 3
subj ects wt ho{fi‘i.‘p1 Fdﬂ?t #/\gglgladlenﬁ%l gﬁ% ﬁggtg %%gjlt%%\n&ﬁ%@surgery The

remaining animal tes b ects (5 ¢ raft i npl ant 20subj ects; 5
control i npl anfmaéti%‘joé%fi? }Oée’é ge tlgus\ltfmatt‘%gglu}tﬁﬁl ﬁ% ants) were eut hani zed

[0244] Ten test subjects received control implants without cells, wrapped
around the anastomotic sites and placed on the proximal venous segment of the graft
10 on the day of surgery, for example, as depicted in FIGS. 4A, 4B and 4C. An
additional 6 test subjects did not receive either type of implant. These 6 test sgbj ects
were used for comparison to standard of care. The total cell load based on body
weight was approximately 2.5 x10° cells per kg. Tt is expected that this cell load is
approximately at least 6-10 times the estimated cell load which will be used in a

15  human clinical study as described below.

10245} Surcical Procedure. A 15-cm midline longitudinal neck incision was

made and the left common carotid artery isolated followed by the right external
jugular vein. An 8 cm segment of vein was freed from surrounding tissves and all
tsbutaries off the vein were ligated with 3-0 silk sutures. The left carotid artery was
.20 clamped and a 7-mm diameter circumferential arteriotomy performed. An oblique
end-to-side anastomosis was mads between the artery and a 6-mm internal diameter
PTEE graft using a ranning 6-0 prolene suture. Once fashioned, the arterial clemp

was removed and the graft flushed with heparin-saline solution. Flow was
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one nonth follow ng surgery. WD 2007/001744PCT/ US2006/ 021755 [ 0253] A
limted necropsy, defined as the nacroscopi c exam nation of the

adm nistration site, including all anastonotic and proxi mal venous sites,
and surroundi ng tissue including draining | ynph nodes was perfornmed on all
test subjects. Tissue frommajor organs, including brain, lungs, kidneys,
liver, heart and 5spleen, were collected and saved for all test subjects
eut hani zed at one nonth follow ng surgery. The organs were to be anal yzed
only if unuswal 200itteithgs ar ose from nacroscopi ¢ exani nafF BRIt HE ext erna
surface of the body or fromthe m croscopi c exam nati on of adm nistration
sites and surrounding tissue. No unusual findings arose that warranted

further exam nation of the najor organs Ln.an f the ' enrol |l ed
into the studydocppged taorenie gy {ﬂ“g‘ﬁ%?ﬁ%%ﬁ? %‘agi“tasegw%g??iggs%d@é%ﬁ‘di ng
tissues, including 5-cm se nts,each of .th nast onns | artery,
were trimed, ®Hp i‘fé‘ao‘f]ﬁd‘%@ﬁ?#%@ﬁﬁﬁsﬁn ?Uggélﬁfﬁ\}g? gﬁgﬂﬁ%ﬁ%&é&#@éﬂﬁ%@q} n

gl ycohnet hacryl ate (or equivalent). Using approximtely 3nmthick sections

cut with a C preflr &%t ai nl ess steel knife (or 15equival ent), sections were
prepared fromat |east three regions: the vein graft

[0246] A 7-mm diameter qircumferential venotomy was performed directly in

5 the external jugular vein. The arteriovenous graft was then completed with an
oblique end-to-side anastomosis between the PTFE graft and the right exiernal
jugular vein using a running 6-0 prolens suture (the length of graft was between 15-
25 cm and recorded at the time of placement). All clamps were removed and flow
through the graft was confirmed. The left carotid artery distal to the PTFE

10  anastomosis was doubly tied off with 3-0 silk sutures.

{6247} Following completion of the anastomoses, the PTFE arteriovenous graft
was positioned to prevent kinking. The PTFE arteriovenous graft was
percutanecusly cannulated with a 23-gauge butterfly needle just distal to the carotid
artery-graft anastomosis. To confirm placement, blood was aspirated info the

15  system with a 10 cc syringe. The system was then flushed with 10 c¢’s of saline, A
C-arm fluoroscope was then placed over the neck of the study animal so that the
venous-grafi anastomosis and the venous cutflow tract could be visualized. Under
continuous fluoroscopy, 10-15 cc’s of iodinated contrast (Renograffin, full strength)
was injected. The cine angiography was recorded and stored for comparisen to the

20  pre-sacrifice angiogram.

[0248] After completion of the angiography, the anastomotic sites were
wrapped in a wet 47x4” gauze sponge. Pressure was maintained on the anastomotic

sites for a period of approximately 5 mimutes, before removing the gauze sponges
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anastonosis, the graft-artery anastonosis, and the venous outflow tract.
Three sections were nade transversely through the vein graft anastonosis.

Fi ve sections were made t hrough the venous outflow tract (therefore
covering 1.5-cmof outflow vein). Three sections were nade through the
graft-artery anastonosis at 1-mm 20i ntervals. These sections were nounted
on gel atin-coated (or equivalent) glass slides and stained with hematoxylin
and eosin or Verhoeff's elastin stain. WD 2007/ 001744PCT/ US2006/ 021755

[ 0255] Per i vaSeUiFo0 8 | uni nal i nflammation will be det BYHYH&U bEth acutely
(3 day subjects) and chronically (1 nonth subjects). Acute inflammtion is
mar ked by granul ocytes, primarily neutrophils, while chronic inflammtion

i s marked by macrophages and | ynphocytes. Addi.ti onal sectipons may al so
St Rt e B

be stained wi tFIENESHDS BF ERARC e PR b dentify
| eukocytes, anti-CD3 to identify T.cells, CD79a to identi cells and
. MAC387 to ideanfegfidﬁ%%éw%%%rPé}é%%ﬁ%eg*&E Wag APERT R ?%’ﬁ‘“ﬂ%%;‘ f| ides will be

exam ned and scored for .the presence of s th muscl.e cells.and endot heli al
cell's and for PhdiEsabiBiaby ﬁﬁ@@ﬁéf?%ﬁ“ﬁ%&ﬁggwnﬁﬁgm§W?3Pﬂg$@or venous

anastonosis and the artificial graft material . Ahhi§ections f 10 the
i sol at ed tissukemormhegedirhge Slfevgraiere: Mare prarstes fad PP A B STt i ma, t he
i nner portion of the nedia near, the | n, the outer portj of . the nedi a
near the ad@ehWWFﬁéﬁsgﬂﬁiWﬁ%ﬁgﬂ%ﬁ¥W??$§EWBFQ§5%%W8fp?ﬁ@“%%ﬁﬂ“&?ﬁ%t
anastonosi s, the graft-arterygag;%g) si s, .and %Qe ﬁegﬁus outfl ow tract
will be evaluaf%%ﬁ%ﬁﬁﬂ%%%ﬁ%ﬂﬁl s ansgpie EQWRTele- (Hes P EHd RS far t ment s,
for example, t Q%eée?stééy??ﬁd ti[:seh aenasqggés%s %Qc?e atts g?y as possible and treated with either

implantable materizl comprising aortic endothelial cells or contrel implants. Sites

were not treated with either type of implant until all bleeding had been controlied,

10 flow through the graft confirmed and the area made as dry as possible. When

complete, the wound was closed in layers and the animal was allowed to recover

from anesthesia.

[0249] Heparin was administered prior to surgery as a 100 U/kg bolus injection
plus a 35 U/kg/hr continuous infusion and maintained until the end of surgery.
15 Additional bolus doses (100U/kg) were administered, as necessary to maintain

ACTs 2200 seconds.

[0250] Graft Patency. AV graft patency was confirmed by access flow
measurements using color-flow Doppler uitrasound and Transonic flow probe
(Transonic Systems, Inc., Ithaca, NY) immediately after surgery, 3-7 days post

20 surgery'and once per week thereafier. Grafts were monitored closely for blood flow.

{0251} Pathology Procedures, Animal test subjects were anesthetized using

sodium pentobarbital (65mg/kg, IV). The PTFE grafts were exposed and digital

photography of the PTFE graft and the venous anastomosis performed. The PTFE
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15adventifia, will be nmeasured in microns. Each section will be eval uated
for the presence and/or extent of each of the following criteria. Inclicia
of inflammation will be evaluated, including but not limted to, the
presence and extent of neutrophils, |ynphocytes, nmacrophages, eosinophils,
giant cells and plasma cells. Gaft sections wll be evaluated for the
presence of fibroblasts, neovascul arization, calcification, 20henorrhage,
congestion, fibrin, graft fibrosis and graft infiltratiaon. Tissue sections
addi ti onal |y WPP7M™val uated for indicia of degenerat PG SIREHEY ng but
not limted to the degeneration, elastin | oss and/or the absence of the

ti ssue portion, snooth nuscle nyofiber vacuol ati on and/or calcification of

the t1SSUe. Ti.AgG.S6ELLARSBlLAGtibl:o0f cxaluel ot Los sadathintj ol cel

proliferation, s erdtion,

2007/ 001744PCT, e&@%%%ﬁaés% /82 A &Q}fg%gaﬁ%ﬂﬂﬁkﬁ% 'Slzﬂ LB Blacement,

neovascul ari zat'l t he presence snoot e rnyofi ber, fibroblasts

and fibrosis. b%ao%ma%sgg@tt%%m%%@yEfs@mt{kq’gxfygaogr%%g&g%n%h%%@%gme@e eval uat ed

for tissue necrosis a e presence efgn material. Scores will be

[ df [ : I 4 = lgni ficant
A e

changes; 1 = 4 = sever

| 0257] Addl 3 0Nl 3661 O\ &5&@5&%%9@%0@;&%@% ASL QUGB Les fromthe

1- nmonth ani mal test subjects on e nmounted on gl ass slides and
stai ned could be visualized. Under continuous fluoroscopy, 10-15 ce’s of iodinated confrast

{Renograffin, full strength) was injected. The cine angiography was recorded at 0°
and 90° angles to the PTFE graft. Graft patency and degree of stenosis of the
venous outflow tract was determined by blinded read of the necropsy angicgrams in

10 paired comparison with post-placement angiograms. Angiograms were graded ona
scale of 0-5 depending upon the degree of stenosis observed in the angiogram. The
grading scheme employed was as follows: 0 = 0% stenosis, 1 = 20% stenosis, 2 =
40% stenosis, 3 = 60% stenosis, 4 = 80% stenosis and 5 = 100% stenosis. It was
anticipated that the grafts treated with the implantable material of the present

15  invention would exhibit a decreased percent stenosis compared to control upon

examination of the angiograms.

[0252] Histology. Half of the animal test subjects (5 cell engrafted implant

subjects; 5 control implant subjects; 3 subjects without implants) were euthanized 3

days following surgery. The remaining animaj test subjects (5 cell engrafted implant
20 subjects; S control implant subjects; 3 subjects without iroplants) were euthanized

one month following surgery.
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(Verhoeff's elastin) for norphonetric analysis. Measurenents of the
lumna!, nedial, intinmal and total vessel volune will be taken using
conputerized digital 10 planinmetry with a video m croscope and custom 7ed
software for each section. The extent of intimal hyperplasia wll be
determ ned for each section. One nethod of quantifying intiml hyperplasia
is by normalizing the intima area by the total vessel wall area [(inting,

nun2) / (|rn|&$§?”mﬂ§8|a nmm)], or by determ ning the e hggﬁ%?,#?eA I
a ni ma

[ (I umen, “Unen + intima, mmB)] 15[ 0258] Results o1
Subj ects. Subjects treated with the inplantable material of the present
i nvention as described above displayed one or nore indicia of formation of

aclinically fu onal ) S treated in accordance with the

materi al s and n@? %é(lds dqi@(j:\éfiegs e%&?%’fgelﬁgedaas ST Ea B T REW ‘&3‘1

that ?'se%n;?gf’%?na #Efragipé‘a Z*ﬁ%ﬂ%@% e BEel Pt Rty 's°?rScL! ne, or

at least a bloo u r.event |rcula ion dur di al ysi s.

Al'so, the treate su jecgglg% %P$§“ﬁ$ éﬁ@ﬂpgcyﬁﬁﬁ@%ﬂ W%C|dence of

dehi scence def| S ratlon of the, ana tic r artery fromthe
S FIR I D e R SRS AR ot

Pl kKE graft, roved i ntegr efi ned

ol sl 'niﬁr?r' Wbl %We?wo@f%%@%'dgnve?#és SEHER sutﬁae?%é'atson‘é%wgrﬁd?f ow out of

arart site. ae ROTHERGH, # ”'stﬁ SRS BE R RyaPrear ror

1507500 L/ im0y SPaPRBrS CRR wga@fﬁga‘é?rbéﬁ%mg?@ﬁla cﬁwér%ﬁp?t@% crably about

cel | mgration .n?o%?o% fé%‘ af?o%f‘oﬁ' oS Rar i B FGEFe b WosStfed g an

i ci a_of 1Nt SGLALL e b B ONL SR 2L S, 12 th%%%gar sy b o & O
10 animals enrolled into the study.

[0254)] All AV graft anastomotic sites and surrounding tissues, including 5-cm
segments each of the anastomosed vein and artery, were trimmed, fixed in 10%
formalin (or equivalent) and embedded in glycolmethacrylate (or equivalent). Using
approximately 3pm-thick sections cut with a C-profile stainless steel knife (or

15 equivalent), sections were prepared from at least three regions: the vein graft
anastomosis, the graft-artery anastomosis, and the venous outflow tract. Three
sections were made transversely through the vein graft anastomosis. Five sections
wete made through the venous outflow tract (therefore covering 1.5-cm of outflow
vein). Three sections were made through the graft-arlery anastomosis at 1-mm

20 infervals. These sections were mounted on gelatin-coated (or equivalent) glass

slides and stained with hematoxylin and eosin or Verhoeffs elastin stain.
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10snmoot h nuscle cell proliferation and endothelial cell proliferation, as
well as mgration of both into the bridge. Three five-m croneter sections

t hrough the PTFE graft may be obtai ned and stained for SMC actin and w ||
be evaluated to identify SMC and Factor VIII (von WI I ebrands Factor)
and/or PECAM1 to identify endothelial cells. The endothelial cells wll be
quantitated using 15 rnicroscopy/ norphonetry and custom software. [0260) Yet
another indicia of a functioning AN graft is adequate |unen dianeter The

i npl ants of ™@200r/&EAt i nvention permtted mai nt enancePefUEdE§eEse | unen
di aneter by reducing vessel stenosis and ther eby permtting uni npeded bl ood
flow at rates suitable for effecti ve dialysis, i.e., effective dialysis

i bl Of | t h | | h t f
the di S:Sygi S 3%?@# igwfsawaéié B e Be A R o ovent
recircul ation rin . ' t st
noni t ored usi r% BGI?)%{%%ES/‘“‘E}T‘%MEF %P%?ﬁvgho%%uq%@%gg%%% %nge:_ \gfr '? he
Kot ovi g of %3931%5 ésg%iveacfﬁﬁ?eta Pé}“@g‘gﬂi&ﬁﬁﬁ’%{) PRSI 1 ow 1t o

rrowing o ow rat es
tandard Do |t d t 0261 The . | i al
of ¢ ﬂezpfgsghﬂwﬁﬁaﬁ? { B RACEE AR e e A s et BH LRbei & of t he
t t t to {, t | |
e e e L R s S gt

cells, CD79%a to identify B cells and MAC387 to identify monocytes/macrophages.

[0256] The stained slides will be examined and scored for the presence of
smooth muscle cells and endothelial cells and for indications of integration between
the arterial or venous anastomosis and the artificial graft material. Al sections of

10 the isolated tissue, including the graft material, the intima/psendointima, the inner
portion of the media near the lumen, the cuter portion of the media near the
adventitia, and the adventitia for each of the vein graft anastomosis, the graft-artery
anastomosis, and the venous outflow tract will be evaluated and scored. The size of
each of the tissue compartments, for example, the intima, the media and the

15  adventitia, will be measured in microns. Each section will be evaluated for the
presence and/or extent of each of the following criferia. Indicia of inflammation will
be evaluated, including but not limited to, the presence and extent of neutrophils,
lymphocytes, macrophages, ¢osinophils, giant cells and plasma cells. Graft sections
will be evaluated for the presence of fibroblasts, neovascularization, calcification,

20  hemorrhage, congestion, fibrin, graft fibrosis and graft infiltration. Tissue sections
additionally will be evaluated for indicia of degeneration, including but not Jimited

_to the degeneration, elastin loss and/or the absence of the tissue portion, smooth

musele myofiber vacuolation and/or calcification of the fissue. Tissue sections also

will be evaluated for endothelial cell proliferation, subintimat cell proliferation,
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study is presented below in Table 1. On average, the inplantable material
reduced stenosis by ninety-five percent, from46%in control animals to
2.5% for those receiving inplants conprising cells ([46 - 2.5] / 46 x 100).
The results will be confirnmed histologically. These studies illustrate that
the present invention 10 prevented or del ayed narrow ng that reduces bl ood
flow below a rate suitable for dialysis, thereby pronoting the
functionality of an A/V graft anastonosis. Table 1 Su ry of AV Graft

St udy Ani mal WOGRG({Ip'Her cent Stenosis (00 angle to gr aP?P?Téé?O(?g?fyﬁétenosi S

including but not limited to neovascularization and the presence of smooth muscle
myofiber, fibroblasts and fibrosis. Each of the measured tissue sections also will be
evaluated for tissue necrosis and the presence of foreign material, Scores will be
assigned for each variable on a scale of 0 through 4 (0 = no significant changes; 1 =

5  minimal; 2 = mild; 3 = moderate; and 4 = severe).

[0257} Additional sections of arteriovenous graft anastomotic sites from the 1-
month animal test subjects only, will be mounted on glass slides and stained
(Verhoeff's elastin) for morphometric analysis. Measurements of the luminal,
medial, intimal and total vessel volume will be taken using computerized digital

10 planimefry with a video microscope and customized software for each section. The
extent of intimal hyperplasia will be determined for each section. One method of
quentifying intimal hyperplasia is by normalizing the intima area by the total vessel
wall area [(intima, mm®) / (intima + media, mm?*)], or by determining the residual

lumen [(lumen, mm?) / (fumen + intima, mm?)].

15 [6258] Results for AV Graft Anima) Subjects. Subjects treated with the
implantable material of the present invention as described above displayed one or
more indicia of formation of a clinically functional AV graft. AV grafts treated in
accordance with the materials and methods disclosed herein supported blood flow
rates sufficient to permit dialysis. Effective dialysis requires a blood flow that ig

20  marginally greater than the pump rate of the dialysis machine, or at least a blood rate
adequate to prevent recirculation during dialysis. Also, the treated subjects
individually displayed a reduced incidence of dehiscence defined as separation of

the anastomotic vein or artery from the PTFE graft, and an improved integration of
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(8800/0 angle to graft) Average Percent Stenosis 1656 2 30% 20% 25% 1657 2 80%
0

WO 2007/001744 PCT/US2006/021755

the prosthetic bridge defined as proliferation and/or migration of smooth muscle
cells or endothelial cells into or within the lumen of the prosthetic bridge. Blood
flow out of the A/V graft at the venous outflow site was comperable to that into the
graft site. As used herein, comparable means substantially similar for clinical

5  purposes. For example, the desired blood flow rate is about 150-500 mL/min,

preferably about 300-500 mL/min, and more preferably about 350-400 mL/min.

[0259] Additionally, smooth muscle cell and/or endothelial cell migration into
or within the prosthetic bridge will be measured as an indicia of integration. It is
contemplated that the implantable material of the present invention will promote

10 smooth muscle cell proliferation and endothelial cell proliferation, as well as
migration of both into the bridge. Three five-micrometer sections through the PTFE
graft may be obtained and stained for SMC actin and will be evaluated to identify
SMC and Factor VIII (von Willebrands Factor) and/or PECAM-1 to identify
endothelial cells. The endothelial cells will be quantitated using

15  microscopy/morphometry and custom software.

{0266] Yet another indicia of a functioning A/V graft is adequate lumen
diameter, The implants of the present invention permitted maintenance of adequate
lumen diameter by reducing vessel stenosis and thereby permitting unimpéded blood
flow at rates suitable for effective dialysis, i.e., effective dialysis requires a blood

50 flow that is marginally greater than the pump rate of the dialysis machine, or at least
2 blood flow rate adequate o prevent recirculation during dialysis. Lumen diameter
and pescent stenosis were monitored using angiography of the arteriovenous graft

anastomoses at the day of arteriovenous graft creation and just prior to 30-day
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80% 1664 2 60% 80% 70% 1667 2 0% 20% 10% 1624 3

WO 2007/001744 PCT/US2606/021733

10

sacrifice. Narrowing of the lumen post-surgery was correlated with blood flow rates

using standard Doppler ultrasound protocols.

[6261] The implantable material of the present invention reduced the presence
and degree of stenosis of the treated anastomoses compared to the control implants.
Percent stenosis, determined by angiography, for each test subject treated in the
study is presented below in Table I. On average, the implantable material reduced
stenosis by ninety-five percent, from 46% in control animals to 2.5% for those
receiving implants comprising cells ([46 - 2.5] / 46 % 100). The results will be
conﬁrmeci histologically. These studies illustrate that the present invention
prevented or delayed narrowing that reduces blood flow below a rate suitable for

dialysis, thereby promoting the functionality of an A/V graft anastomosis.
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ND 0% 0% 1659 3 0% 0% 0% 1666 3 0% 20% 10%

10

WO 2007/601744 PCTAIS2006/021755

Table 1 Summary of AV Graft Study

Animal # Group Percent Percent Stenosis | Average Percent
» Stenosis (90° angle to Stenosis
(0° angle to graft)
graft)
1656 2 30% 20% 25%
1657 2 80% 80% 80%
1664 2 60% 80% 70%
1667 2 0% 20% 10%
1624 3 ND 0% 0%
1659 3 0% ' 0% 0%
1666 3 0% 20% 10%
1670 3 0% 0% 0%

Group 2: Received control implant of biocompatible matrix alone.
Group 3: Received implantable material in a flexible planar form comprising cells
and biocompatible matrix.

Example 3: Human AV Graft Clinical Stady

{0262} This t;.xa.mpie provides experimental protocols for testing and using the
invention to promote formation of a fimctional AV graft in human clinical test
subjects. Using standard surgical procedures, an AV graft anastomosis is created at
the desired anatomic location and an ePTFE prosthetic bridge is placed between the
arierial and venous anastomoses. Implantable material is then disposed in the
perivascular space adjacent to each surgically created AV graft anastomosis; the

details of one exernplary procedure are set forth below. As described earlier, the
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1670 3 0% 0% 0% G oup 2: Received control inplant of bioconpatible matrix
al one. G oup 3: Received inplantable material in a flexible planar fouu
conprising cells and bi oconpatible matrix. Exanple 3. Human AV G aft
Clinical Study [0262] This exanpl e provi des experinental protocols for
testing and using the 5 invention to pronote formation of a functional AV
graft in human clinical test subjects. Using standard surgical procedures,

an AV graft anastonosis is created at the desired anatonj |.on and an
eP11- E prost TR PE7¥ii*4ge i s pl aced between the arterialggﬁgggéﬂ%hga

anastonoses | nplantable material is then disposed in the

placement and configuration of implantable material can be varied by the skilled

practitioner in a routine manner.

~ [0263] Specifically, the study includes human test subjects undergoing AV grgft
surgery. Conventional AV graft surgery procedures will be performed according to
5 standard operative techniques. The implantable material of the present invention
will be applied to the AV graft anastomoses and surrounds as described below after

the graft surgery is completed and flow through the graft is established.

[0264] Humean clinical subjects will receive one or more portions of the
implantable material on the day of surgery. Two to three such portions will be

10 applied to cach test subject. One portion of implantable materjal is wrapped around
each anastomotic site. One end is then passed under the anastomotic segment until
the middle of the wrap is at the point where the vessel and graft meet. Both ends are
then wrapped around the suture line keeping the implant centered over the suture
line. The ends can overlap to secure the material in place. An additional single

15  portion of implantable material will be placed on the proximal venous segment of
the arteriovenous graft, longitudinally along the length of the vein starting at the
apastomosis, of each test subject. The implantable material does not need to

completely wrap around the circumference of the vein.

10265} The anastomotic sites will be treated with preferred implants, for

20  example, as illustrated in FIGS. 4A, 4B and 4C, or as illustrated in FIG. 5.
Additionally, in certain patients, the proximal venous segment (distal to the venous-
arerial anastomosis) is treated by placing a preferred implant longitudinally along

the length of vein starting at the anastomotic site. Itis expected that the fotal cell
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perivascul ar space adjacent to each surgically created AV graft
anastonosis; the 10details of one exenplary procedure are set forth bel ow
As described earlier, the placenent and configuration of inplantable
material can be varied by the skilled practitioner in a routine nmanner.

[ 0263] Specifically, the study includes human test subjects undergoi ng AV
graft surgery. Conventional AV graft surgery procedures will be perforned

according to 5standard operative techniques. The inplan terial of
the present iMYERITSH Wi || be applied to the AV graft aﬁ’gg)t‘]g%n@é?gand

surrounds as described below after the graft surgery is conpleted and fl ow
through the graft is established. [0264] Human clinical subjects wll

recei ve one or 1 i . 4 i t er | t he day of
surgery. Two tégggﬁg%ggéh%aﬁﬂg%ﬁiﬁgggeA\Bigﬁ‘g%téeq?%‘ggp icg%g%(%k%%ch test subject.
One portion ofa%gﬁﬁ%%éggﬁﬁx%Féﬁ%égh%%s wr apped around each anastonotic

site. One end i asse e anastonotic segnent until the mddle
of the wap is at the point where the vessel and graft neet. Both ends are

then wapped a8 t NGl 1016w B GilKRSREDGhHREs bR ARl Bl £ edigver the

suture line. The ehds can overlap to secure the material 1 n place. An
addi tional si n%'n?onths. Access flow measurements using celor-flow Doppler ultrasound will be

5  required at day 5 fo establish a baseline level, followed at 2 weeks, I month, 3
months and 6 months post-surgery. Test subjects that exhibit an abselute flow of
less than 350 mL/min, or greater than 25% reduction in flow from the previous
meagsurement, or greater than 50% area stenolsis (as measured by Doppler
ulirasound) will be referred for angiography. Remedial clinical infervention such as

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

angiography.

[0267] Contrast angiography of the graft, as well as the arterial and venous
anastomotic sites, will be performed at baseline and at 3 months. Lumen diameter

will be calculated for each region and peak systolic velocity will be measured.

15 [6268} Expected Results for Human AV Graft Clinical Study. It is expected

that subjects treated with the implantable material of the present invention as
described above will display one or more indicia of formation of a clinically
functional AV graft. Specifically, the treated subjects individually will display, for
example, an improved blood flow, up to at least a flow sufficient for dialysis (e.g. a
20 blood flow within the range of 35-500 mL/min and preferably at least 350 ml/min.)},
areduced incidence of dehiscence defined as separation of the anastomotic vein or
artery from the PTFE graft, a reduced incidence of serous perigraft collections and

pseudoansurysm, and/or an improved infegration of the prosthetic bridge defined as
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15 portion of inplantable material will be placed on the proxinml venous
segnent of the arteriovenous graft, longitudinally along the |ength of the
vein starting at the anastonosis, of each test subject. The inplantable

mat eri al does not need to conpletely wap around the circunference of the
vein. 10265] The anastonotic sites will be treated with preferred inpl ants,
for 20 exanple, as illustrated in FIGS. 4A, 4B and 4C, or as illustrated in

FIG 5. Additionally, in certain patients, the proxinal W osegENt
(distal to tN@’W@W@%@iarterial anastonosis) is treated g¥ placing a

preferred inplant longitudinally along the length of vein starting at the
anastonotic site. It is expected that the total cell |oad based on body

wei ght will be approxi mately. 2..0 RLiexhwaRt el y 60 x104
cel I's per kg. PEPEBERAR %Iaq{lgagi)ﬁl%%ﬂbﬁgﬁi\}mdsﬁlleg {es'oggﬁoglreﬁrrfgd at5 days, 2

Doppl er Ul {r asSUAG W FPoBE S BRONT B0 4 dag Lo Sor a6 R a sl 1 ne
ovel Lol oved 21 2 Heks: o 120 Rl 19053, 8PS MCligabasinaut ger
areat er L han 200 L SUFLL Pk R LL S BG LAY SRR RO
gt opl asty T A0t LRRHD EUGE B O B 6 006
determ ned by ang, i .1. 0267] Contrast angi ography of the graft, as

wel | as the arﬁ@Pﬁégg%ﬁggégW8Us

[0269] Additionally, smooth muscle cell and/or endothelial cell migration into
or within the prosthetic bridge will be measured by intravascular ultrasound as an
indicia of integration. It is expected that the implantable material of the present

10 invention when used as described herein will promote smooth muscle proliferation

a'nd/or endothelial cell proliferation, as well as migration of both into the bridge.

10270} Yet another iﬁdicia of a functioning AV graft is adequate lumen
diameter. It is expected that the implants of the present invention will permit
maintenance of adequate lumen diameter thereby permitting unimpeded blood flow

15  at rates suitable for effective dialysis, i.e., effective dialysis requires a blood flow
that is marginally greater that the pump rate of the dialysis machine, or atleasta
blood rate adequate to prevent recirculation during dialysis. Lumen diameter will be
monitored using angiography of the arteriovenous graft anastomosis at baseline
{approximately 5 days post-arteriovenous graft creation) and thereafier at least 3

20  months post surgery. Narrowing of the lumen post-surgery will be correlated with
blood flow rates using standard Doppler ultrasound protocols. It is expected that the
present invention when used as described herein will prevent ot delay narrowing that

impedes blood flow below a rate suitable for dialysis as described herein.
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anastonotic sites, will be perforned at baseline and at 3 nonths. Lunen
dianeter will be calculated for each region and peak systolic velocity wl
be neasured. 15[ 0268] Expected Results for Human AV Gaft dinical Study. |
is expected that subjects neated with the inplantable material of the
present invention as descri bed above will display one or nore indicia of
formation of a clinically functional AV graft. Specifically, the treated
subjects individually will display, for exanple, an inproved blood flow, up
to at | east aydb@weukficient for dialysis (e.g. a 20 blrovdsfoba@aasét hin t he
range of 35-500 mM/mn and preferably at least 350 mM/mn ), a reduced

i nci dence of dehi scence defined as separation of the anastornotic vein or
artery fromthe P [FE graft, a reduced incidence of serous perjgraft

col | ections andppAgudoRnBEYSH ARBthierit iamponpd Guste impleatpblmiasniabtf  he
prosthetic bridge defined as proliferation and/or mgration of snooth
muscl e cells orpenehtigtdnabn &8l grévehidroedore e trhidence heddhismene.of t he
prosthetic bridge. Blood flow out of the AV graft at the venous outfl ow
site will be conparable to that into the graft site. Conparabl e nmeans
substantial |y sjopidjar fer gaiuprtheadatqdunijosess ehpericdiRabiit & lche desired bl ood
flowrate 5 is about 150-500 ralL/mn, preferably about 300-500 rnL/m n, and
nore pref er abl yinababkta] A5F0r406: ink lndshone[(d 469 setaineritioped| insiciaghpot h nuscl e
cell and/or endothelial cell mgration into or within the prosthetic bridge
wi || be meassir efinbiionking seacampewt & candrelsasound as an indicia of integration
It is expected that the inplantable material of the present 10 invention
when used as described herein will pronote snooth nmuscle proliferation
and/ or endot hel Esdmmdet:| PauiphdralfGreibiugh, as wel |l as migration of both into

t he bridge.

|
t

[6273] This example provides experimental protocols for testing and using a
preferred embodiment of the present invention to promote formation of a functional
peripheral graft in test subjects. Using standard surgical procedures, a peripheral
10 praft anastomoéis is created at the desired anatomic location and an ¢PTFE
prosthetic bridge is placed between the anastomoses. Implaritable material is then
disposed in the perivascular space adjacent to each surgically created peripheral
graft anastomosis; the details of one exemplary procedure are set forth below. As

described earlier, the placement and configuration of implantable material can be:

15 varied.

(0274} Specifically, the study includes test subjects undergoing peripheral grait
surgery. Conventional peripheral graft surgery procedures will be performed
according to standard operative technigues. Tmplantable material will be applied to
the peripheral graft anastomoses and surrounds as described below after the graft

20  surgery is completed and flow through the grafi is established.
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[0270) Yet another indicia of a functioning AV graft
dianeter. It is expected that the inplants of the present

i s adequate | unen
i nvention wl |

permt maintenance of adequate |unmen dianeter thereby permtting uni npeded

bl ood fl ow 15at

di alysis requires a blood flow that

rates suitable for effective dialysis, i.e.

, effective
is marginally greater that the punp

rate of the dialysis nachine, or at |east a blood rate adequate to prevent

recirculation during dialysis. Lunmen diameter will be npajtohed.isi ng

angi ogr aphy &¥0 19880047t eri ovenous graft anastonosis at baseline
(approximately 5 days post-arteriovenous graft creation) and thereafter at

| east 3 20 nonths post surgery. Narrowi ng of the |unen post-surgery wll

be

correlated with bl ood fl ow rates _using standar dﬁ;%)o l.er. ultrasound
‘?‘%H“ﬁﬂ @S descri bed

protocol s. It i$028%bectiedt Lhists FHE G ELERHET PRGE
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herein will prevent or delay narrow ng that inpedes blood flow below a rate
F

suitabl e for di anrihsidey absurese rivpda thesruthimplpgz

PAPRURR B8 AV grafts,

it is expected that the inplantable material] of the present i nve?%i on will
prevent or redudeitheOnaerliEtant HrreRpRt YewKEch ?@??‘?%Ksm& PRTHS Ot e
treated subjects are expected to show at | east Jncrenment

al
in at |east oneisplanthdemasriaisheniawAsees Hgirrisompfo S?gﬁ?ﬂﬁlfl’&ﬂg‘??? los

conpared to controls Exanple 4: Peri heraL Gaft St ugi)( Jng273 Thi s exanpl e
provi des expéri wEike zranis st Berpriat v fewse o

10

i5

20

ﬁlda%ﬁ%f‘ Bestn § are then
wrapped around the suture line keeping the implant centered over the suture line.
The ends can overlap each other to secure the material in place. An additional single
implant will be placed on the proximal venous segment of the peripheral graft,
longitudinally along the length of the vein starting at the anastomosis, of each test

subject. The implant does not need to completely wrap around the circumference of

the vein.

{0276} The anastomotic sites will be wrapped with implantable material, for
example, as illustrated in FIGS. 4A, 4B and 4C, or as llustrated in FIG. 5.
Additionally, the proximal vessel segment (distal to the anastomosis) is treated by
placing the implantable material longitudinally along the length of vessel starting at
the anastomotic site. The total cell load based on body weight will be approximately

2.0 x10* cells per kg to approximately 6.0 x 10* cells per kg.

[6277] Clinical follow-ups will be performed at 5 days, 2 weeks and at 1, 3 and
6 months. Blood flow measurements using color-flow Doppler ultrasound will be
required at day 5 to establish a baseline level, followed at 2 weeks, 1 month, 3
months znd 6 months post-surgery. Test subjects that exhibit an absolute flow of
less than 350 mL/min, or greater than 25% reduction in flow from the previous

measurement, or greater than 50% area stenosis (as measured by Doppler
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preferred enbodi nent of the present invention to pronote formation of a
functional peripheral graft in test subjects. Using standard surgi cal
procedures, a peripheral 10graft anastonpbsis is created at the desired
anatom c | ocation and an eP prosthetic bridge is placed between the
anastonoses. Inplantable material is then disposed in the perivascul ar
space adj acent to each surgically created peripheral graft anastonosis; the
details of one exenplary procedure are set forth bel ow. As descri bed
earlier, thewe meeoeat and configuration of inplantabl ePEHVEIIEAI7Pan be
15varied. 102741Specifically, the study includes test subjects undergoing
peri pheral graft surgery. Conventional peripheral graft surgery procedures
will be performed according to standard operative techni ques. |nplantable
material wll ' Orebdied PR bhhiedpal, Remddial athtisd onesesioandk sur r ounds
as descri bed b2®%%$§%¥§@l%hg graft ZOSufggry is conpleted and fl ow t hrough
the graft is es %p)lraigé;u%@z be MONRRA T4 QRRIAHARGH UER006/RADHEIAH2RE Test
subjects will recCeive’one or nore -preferred i nplantable naterials on the
day of surgery.mﬁﬂgﬁ%gythree such inplants will be applied to each test
subj ect. One sucli rnplant is wapped around each anastonotic site. One end
of the inplantable material is then passed under the anastonotic segnent
until the mddl gbgf tRoMaBdicrahy bitke goitns walies the mhrstowags ies,anid gr af t
meet. The ends are then .

5 beperformed. Lumen diameter will be calculated for each region and peak systolic

velocity will be measured.

{02791 Expected Results for Perinheral-Graft Subjects. It is expected that
subjects treated with the implantable material of the present invention as described
abO-ve will display one or more indicia of formation of 2 clinically functional

10 peripheral graft. Peripheral grafis treated in accordance with the materials and
methods disclosed hersin will support blood flow sufficient fo restore or maintain
clinically-acceptable blood circulation. Also, the treated subjects individually wiil
display, for example, a reduced incidence of dehiscence defined as separation of the
anastorotic vein from the PTFE graft, and/or an improved integration of the

15  prosthetic bridge defined as proliferation and/or migration of smooth muscle cells or
endothelial cells into or within the lumen of the prosthetic bridge. Blood flow out of
the peripheral graft at the outflow site will be comparable to that into the graft site.
As used herein, comparable means substantially similar for clinical purposes. For
example, the desired blood flow rate is about 150-500 mL/min, preferably about

20 300-500 mL/min, and more preferably about 350-400 ml/min.

{0280} Additionally, smooth muscle cell and/or endothelial cell migration info
or within the prosthetic bridge will be measured as an indicia of integration. IHis

expected that the implantable material of the present invention wili promote smooth
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wr apped around the suture |ine keeping the inplant centered over the suture
line. The ends can overlap each other to secure the material in place. An
additional single inplant will be placed on the proxi mal venous segnent of
t he peripheral graft, longitudinally along the Iength of the vein starting
at the anastonosis, of each test 10subject. The inplant does not need to
conpletely wap around the circunference of the vein. [0276] The anastonotic
sites will be wapped with inplantable material, for exanple, as

i | lustrated iwoB6@I744A, 4B and 4C, or as illustrated i PCEYRI06E21755

Addi tionally, the proximal vessel segnent (distal to the anastonobsis) is
treated by 15 placing the inplantable naterial longitudinally along the
| ength of vessel starting at the anastonotic site. The total cell |oad
based on body wai@htpraittirideandfppemsihatet edlyor@iferandi04s well dsgnigeiiokd t o
approximately 6.0 x 104 cells per kg. [0277]Clinical followups wll be
performed at 5 glaysic®Beve@ks and at 1, 3 and 6 nonths. Blood flow
measur enents using col or-fl ow Doppler ultrasound will be 20 required at day
5 to establish a baseline level, followed at 2 weeks, 1 nonth, 3 nonths and
6 rmont hs post - spieglry. Yeestotisulbiliente a fngionéngietipherd gradiis eieqeed Fmety of | ess
than 350 mlimn, or greater than 25%reduction in flow fromthe previous
measur ement , or dighead dt isthysuoted 086 te perlstsed dwi pseseridnverieuFE@eBYt Doppl er
ultrasound) will be referred for angi ography. Renedial clinical
i nt er vent i onssughinesaragf aplesd ymwi fikm&er thesehyi retreigtingoninnedsidyeed fogsi ons of
greater than 50% det erm ned by ) )

at rates sufficient to maintain peripheral circulation. Lumen diameter will be

monitored using angiography of the peripheral graft at baseline and at least 3 months

post-graft creation. Narrowing of the lumen post-surgery will be correlated with

blood flow rates using standard Doppler ultrasound protocols. It is expected that the

10 implantable material of the present invention will prevent or delay narrowing that
impedes blood flow below a rate suitable for peripheral circulation as described

herein.

[0282] In the case of peripheral bypass grafis, it is expected that treatment with
the implantable material of the present invention will result in blood flow rates

15 permitting clinically-acceptable circulation, or approximating normal rates. Flow
into and out of the graft will be comparable. Comparable means substantially
similar for clinical purposes. For example, the desired blood flow rate is about 150-
500 mL/min, preferably about 300-500 mL/min, and more preferably about 350-400
mI/min. Additionally, it is expected that treatment will promote proliferation and

20  migration of smooth muscle cells and/or endothelial cells into the prosthetic or

native graft.
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angi ogr aphy. [0278] Contrast angi ography of the graft, as well as the
anastonotic sites, will 5 be perforned. Lunen dianeter will be cal cul ated
for each region and peak systolic velocity will be measured. [0279] Expected
Results for Peripheral Gaft Subjects. It is expected that subjects treated
with the inplantable material of the present invention as described above
w Il display one or nore indicia of formation of a clinically functional
10peri pheral graft. Peripheral grafts treated in accordance with the

mat eri al s andygedhedssdi scl osed herein will support bl oedriknwesussicient
to restore or maintain clinically-acceptable blood circulation. A so, the
treated subjects individually will display, for exanple, a reduced

i nci dence of dehi scence defined as separation of the anastonotic vein from

the PTFE graft, or | DR PYEERT R LTPE 0k etibed BPhOSIRELE bridge
defined as proI#@%gétigﬁﬂgﬁ /5}¥%gbra3§%n %f sénofﬁﬁnﬁscle ceFP% or

endothelial cell g, it &é&iréfg‘eﬁtﬁ&}x}%né&%h'ﬁf@&t% b R iestdet buchkdedge. Bl ood

Py
fl ow out of the perlﬁher graft at the outflow site will be conparable to
that into the graft site. As used herein, conparable neans substantially

simlar for cliny®al PUKPOSES, tHeQca®X MBPLE arclehfoctiasd soe dpleannd flow rate is
about 150-500 mImn, preferably about 20 300-500 niL/mn, and nore

preferably about,350:400rilehdds i at 1280} ARst hRRAlch¥ones MRidvimuscl e cel |
and/ or endothelial cell mgration into or wwthin the prosthetic bridge wll

be measured as afkRdiisl A cOhpdf ©@sREdON. It is expected that the
i npl antabl e material of the present invention wll pronote snooth nuscle

proliferation and/ or endothelial cell proliferation, as well as mgration
of both into thegoiysi dgeThe invention may be embodied in other specific forms without

departing from the spirit or essential characteristics thereof. The present

embodiments are therefore to be considered illustrative and not restrictive, the scope

of the invention being indicated by the appended claims rather than by the foregoing

10 deseription, and all changes which come within the meaning and range of

equivalency of the claims are therefore intended to-be embraced therein.

115



[ 0281] Yet another indicia of a functioning peripheral graft is adequate

| umen dianeter. It is expected that the inplants of the present invention
will permt 5 maintenance of adequate |unmen dianmeter thereby permtting

uni npeded bl ood flow at rates sufficient to maintain peripheral

circul ati on. whumenlaghamet er will be nonitored using angi ography of the
peripheral graft at baseline and at | east 3 nonths post-graft creation.
Narrow ng of the |unmen post-surgery will be correlated with bl ood fl ow
rates using standqr g L0oRRI efedil tERSVINDIPIOE 08 dil ihpIEXPRCteGetiat the
10i mpl ant abl e material of the present invention wll prevent or delay
narrowi ng that i . bl fl ow.bel r.at It 0, I a
circulation as dggﬁg?%glEﬁ@g%ﬁ%&%%giﬁéﬁﬁé?%?%gggggg(%EQS%%%%%gﬁéfggggass
grafts, it is expected that treatpgent mjéh }qe Eg@lantable mat eri al of the
present inventi orfRACFIIPBSHNPIIFAS KREBY 19 P BHHMa¥ €S 15per i tti ng
clinically-acceptable circulation, or approximating nornmal rates. Flow into
and out of the graft will be conparable. Conparable neans substantially
similar Por clinical purposes. For exanple, the desired blood flowrate is
about 150- 500 ni/mn, preferably about 300-500 nL/mn, and nore preferably
about 350-400 niL/mn. Additionally, it is expected that treatnent wl|
pronote proliferation and 20m grati on of snooth nuscle cells and/or
endothelial cells into the prosthetic or native graft.

10

15
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WO 2007/ 001744PCT1U52006/ 021755 [02831I n the case of peripheral bypass
grafts, it is expected that the inplantable material of the present
invention will prevent or reduce the incidence of dehiscence. [02841As a
group, the treated subjects are expected to show at | east i ncrenent al
differences pn atTHeaagkpRnaeala dongesirahoreneat i oRaereimti Gihdvuaf of VEGF
S5functionality as conpared to controls [02851The i nvention nmay be enbodi ed
in other specifig B&ﬁﬂﬁmﬁ%ﬁbOUt departing fromthe spirit or essential
characteristics thereof. e present enbodi nents are therefore to be
considered illustrative and not restrictive, the scope of the invention
bei ng i ndicated by the appended clains rather than by the foregoing 10
description, and all changes which come within the nmeani ng and range of
equi val ency of the clains are therefore intended to be enbraced therein.
What is clainmed is: 1. A transport nedia conposition for storing an

i npl antabl e material conprising a bioconpatible matrix and engrafted cells,
said transport mnedia conposition conprising 2ng/nmlL to 6 ng/m VEG-.
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510 15 is about 4 ng/nL. 3.A nethod for storing an inplantable materi al
conprising a bioconpatible matrix and engrafted cells, said nethod
conprising the steps of: bathing the inplantable naterial in a transport
medi a conmposition conprising 2 ng/nE to 6 ng/ nL VEG- 54. The nethod of claim

3 wherein the ratAQn@tﬁm&%x‘Jﬁf@ri% aﬁ_riﬁag%%le ARl @&rﬁpﬁ%g 1208 ot SnyRibwTe  of
i npl antable material is about The nmethod of claim 3 wherein the

vol ume of transpo %%quﬁégpégg§9ag %ﬁﬂﬁéﬂmﬁ%gﬁgﬁgngﬂlﬁgﬁmqgthOd of claim3

wherein the trans

bathing the implantable material in a transport media composition
comprising 2 ng/mkL to 6 ng/ml. VEGF
S 4 The method of claim 3 wherein the ratio of volume of transport media

composition to volume of implantable material is about 50:1.

5. The method of claim 3 wherein the volume of transport media composition 1

about 50 ml..

6. The method of claim 3 wherein the transport media composition pH is about
10 7.4,
7. The method of claim 3 wherein the implantable material is stored in said

transport media composition at a temperature at or below 37°C.

15

20
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107.4. 7. The nethod of claim3 wherein the inplantable material is stored
in said transport nedia conposition at a tenperature at or bel ow 37C. 15
20 8. The nethod of claim 3 wherein the anount of VEGF is about 4 ng/nL
9. The method of claim3 wherein the transport media conposition pHis

bet ween 6.8 agd 8. method dclaif® wikBehOGie @fnoGhBbMVIBGIREsRIUNA hRenIt.r anspor t
nmedi a conposition pHis between 57.2 and 7. 6.
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9. The method of claim 3 wherein the transport media composition pH is between

6.8 and 8.0.

10. The method of claim 3 wherein the transport media composition pH 1s between

7.2 and 7.6.
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