VETHODS AND COVPOSI TI ONS FOR ENHANCI NG VASCULAR ACCESS
Rel ated Application Data [0001] This non-provisional
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benefit under 35 U.S.C. Section 119(e) of provisional
patent application, U S S. N 60/692,708 filed on June
21, 2005; and, clains priority under 35 U S. C
Sections 120, 363 and/or 365 to co-pendi ng

i nternational application PCT/US05/ 43967 fil ed
Decenber 6, 2005; which clains priority to provisional
patent application, U S.S. N 60/634, 155 filed on
Decenber 8, 2004; provisional patent application,

U. S. S. N M®I1360DISAND COXIPOSIEIGNS FOR BNIEANLHNG
provi sional patent application, U S.S.N 60/682, 054

filed on May 19, 2005VA@@ULRR&GUE$ contents of each
of the foregoing are incorporated by reference herein.

Background of the Invention [0002] Vascul ar access

failure is the major gonRkiGRAEQDdAHatRr OVi ding care to
patients on henodi a ym—s_rof@r_‘[—d'st age renal

di sease (ESRD). The rate of existing ESRD cases in the
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race, ethnicity and diabetic status
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growto 1.3 mllion by 2030. Currently, approximtely
6520, 363 thé/pr dssdoantpdaSRR ipematiatdl epplécation PEAYER0HH37 filed
henodi al ysis (approxi mately 264,710 patients). Between

1?2«\%11%&1 62806005 whikeh QaierarReity fogFedkiahyigiasenpapplicatiogU.S.S.N.

g60/634,155 filed on December 8, 2004; provisional patent application, U.S.S.N.
60/663,859 filed on March 21, 2005; and provisional patent application, U.S.S.N.
60/682,054 filed on May 19, 2005; and the entire contents of each of the foregoing

are incorporated by reference herein.

Background of the Invention

[0002] Vascular access failure is the major complication in providing care to
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 1980. 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

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



4.5% per year. Using Medicare data, it has been
determ ned that by 2001 the total ESRD costs reached
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$242 billion (total costs reached $22.8 billion from
all sources). Indeed, the annual cost of vascul ar
access related norbidity in the US currently exceeds 1
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i nvol ving ePTFE(r) prosthetic bridges and 62% f or
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for first time accesses at 1, 3 and 5 years were 54%

A% he SGYardlAted MBI bk TS elreetigrRdcdeddd b8 doltardper
for AV grafts, respectively. Currently, the use of

g; ts involving ePTFE prosthetic bridges accounts for
5_oof all henodi al ysis access procedures in the
United States, the National Kidney Foundation
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arteriovenous fistulae have historically been reg?rded
a3 RIS b found pe everall puimse RAssisied aetess PRisReHIaiC A PaIVS3%
pati ents. Wien an AV fistula successfully matures

afttleyeas Ulgi Icpdar priemty wmgssisted aeoess patertcyontes vierey e or vascular
with a lowrisk of conplications and a | ow i nci dence
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non-maturation vary widely, but remain about 20-50%

NQRr ¢93% W 3deABvenous (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
54%, 28% and 0% for AV grafts, respectively. Currently, the use of grafts involving
ePTFE prosthetic bridges accounts for 70% of all 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.

[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



is generally defined as the inability to permt
repetitive cannul ation of the fistula for dialysis or
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10

15

20

weeks after surgical creation. The occurrence of AV
fistula non-maturation can depend, in part, on the
quallty and size of the vessels used to formthe AV
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dreatiat. 'Bencsurecani AV fignlaaoampiteratioyceyr égpead g part, on the
devel op graft-associ ated stenoses and graft-associ at ed

q&&iﬁt? sh@Hige af theReseiastd e tnAVhistulenBrepperative assessment
anastonotic side. In one published report,

R %s@él%h&@{eﬁ%rﬂa? BLddhoRh 18 BEVEBYnSfitiaNEIYRe: ihridmtifying

pa [ eln 3 gra associ at ed, anastonotic stenosis
ed i,n i a consisting of snmooth
1 g ae&% 9
CVEETT Org%a\c]i race?ﬁul ar matrix. Gaft
thronb05|s may also contribute to vascul ar access
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reperf usion injury. Surgical manipul ation such as

sulled Ftog® afthe ahastomaessudnd ifsloginsiaenm syrsanpds-t Bor gxample, AV
endot hel | um and snmooth nuscle cells of the nedia in
b4 M rafttasdcised stejosesyarklrafressaciatdyocatugioneptrthe
endot he |um uring the creation of a native or graft
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Itiron to the physical trauma associated with
examination of segments removed from patients with graft-associated, anastomotic

stenosis revealed intimal hyperplasia consisting of smooth muscle cells and
extracellular matrix. Graft thrombosis may also contribute to vascular access
dysfunction in ePTFE dialysis grafts. 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 suturing can also result in direct trauma to the endothelium and smooth muscle
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 trauma 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



cutting and suturing veins and arteries during
formati on of a vascul ar access structure, increased
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and/ or bi ochem cal injury to the endothelium It has
been suggested that arterial pressure may alter the
nor mal production of endothelial growth regul atory
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W t hout stenting. Surgical treatnment can he rjsky.in
ahprodugeynpiphplogical and eshsmicah shangat v A g Ff’eOfJItE?l fterm
results of angioplasty and stenting are generally

di sappointing due to failure rates of their own. The
§096] of Thp caverd theaspsuioarassulos aesessoliailpisrip githar ywigical revision
pur poses as well as for peripheral circulation
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the original graft site to allow for blood flowrates
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at peripheral bypass sites. [0007] O her factors
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t . ascf Jcess structure or prol onged
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randomi zed clinical trials have been condycted .in the
fthesefaresis to mabidiatheanstonyicaldntegity Og F@/@ﬂﬁlp%lrﬁrafgﬁlﬁ%ﬁoéilow for
that have eval uated the causes of vascul ar access
fododdut@ hedeseto sepmiTedialysis dresinsméor sufBeientdpeshdow phperipheral
fact, at the present tine, despite the enormty of
tybsssRitedl em no effective surgical, therapeutic or

phar macol ogi ¢ nmeasures for the prol onged survival of
functioning dialysis access fistula are available to

qhOFYIC! anStheiFaBidEd donitieiRg t@Xicséssfill tnatrgorabLagevwly created
this'vital area of patient care.
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 failure prevention. Studies that
have evaluated the causes of vascular access failure have reached inconsistent
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 functioning dialysis access fistula are available to clinicians. Clearly a need

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

Summary of the Invention

[0008] The present invention exploits the discovery that an implantable material

comprising cells and a biocompatible matrix, when provided locally to a vascular

4



Summary of the Invention [0008] The present invention
exploits the discovery that an inplantable nateri al
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provided locally to a vascul araccess structure, can
pronote formation and/ or enhance maturation of the
structure as well as prolong the structure in a

BL U &l %5 R)?ﬂoté ﬁcﬁ‘ﬁﬁtlor} &@&C&hgrﬁé(iﬁaﬂﬁéahbn bhge structure

resent inve e Inplantable material is Iocated
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new y created vascul ar access structure pronot e anolr
blost assel dior hdjactrit onal the vicanityrd the V%ﬁulés(r%??t%ﬁ&‘ucwfe he
functioning structure; and, can aid in the sal vage of
prebait hention tai dffeedvely puahote éntefro0Q93nd/or cphencegpaigtation ofa
the invention is a nethod for treating a vascul ar

?&9 catdd WabbhLadcBssBtaiube ot @B RAd Sushdn tHeefusidtemablifetime
ocating at, adjacent or in the vicinity of the

Sg%g?)lfl% g ‘ﬁ%lg? ﬁmﬁg ng&&h‘:{er ardf) céﬁh&?t&@hﬁa@@&ﬁ! fallled or failing

oconpati ble matrrx, wherein
the inplantable material is effectlve to pronote
ﬁﬁﬁ“&‘ﬁeonality of said structure. According to certain
enbodi nents descri bed bel ow, the vascul ar access

structure is for dialysis 001 cordrn vari ous
99 nedp gne ?%Péc‘fvﬁ@d&‘fe’é‘r“o‘éiscae@?ﬁ‘@ ctf‘?ﬁ‘t 8 §’ a%ﬁ’i‘ hr aCCESs
arteriovenous native fistula, an arteriovenous graft,
atrpeturephermtletgrcaﬁtprlsmg\ﬂefn@@@Of:léﬁﬁétgélrta adjacgpt or in the vicihity of
in-dwelling port. In one enbodi ment, the arteriovenous

¥ dsceleniceSesruetups asiniiirtabld mad?gml cdmpmﬂm@cells and a
enbodi ments, the catheter is an indwelling dual |unen

%ﬁ{}ﬁﬁbl@ '?ﬂatﬁfc ephdr8id thdRnpladst hiafgiatl isadffectiveetd promote
cat pr onot e S
functionality of said structure. According to certain embodiments described below,

the vascular access structure is for dialysis.

[0010] According to various embodiments, the vascular access structure is an
arteriovenous native fistula, an arteriovenous graft, a peripheral 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] In 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



clinical stability sufficient to permt henodi al ysis.
[0011] In one enbodi nent, treating the vascul ar access
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t hrough and downstream of the structure. For exanple,
normal or near-normal blood flowis blood flow at a
rate sufficient toprevent re-circul ation during
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maturation sufficient to permt henodialysis, reduces
delay in maturation of the arteriovenous native
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case of an arteriovenous graft, treating the

anties fisukrenhisncgs aliticgd mutoirtsn siffiniestto petmabihkinpdialysis, reduces
sufficient to restore normal or near nornel

Cela§Uh atdt@Btiod 6f thabi@isvefbust agive fibnth amnirsmoteb eepetitive

i mpl'antabl e material reduces the occurrence of
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one enbodi nent, enhancing maturation is
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I's. According to

enbodi nent, enhancing maturation i s characterized

arerigns of thy em&O%teélrsn%@dm&) aél?%:lﬁ maieRglde ‘1‘“&%}‘ “*."H’g;“*PCg of
dialysis. Preferably, sufficient blood flow conprises
aevigios inh patenithagBe apnpeteshstrysEEer di ng t o vari ous

enbodi nents, application of the bioconpatible nmateri al

to the arteriovenous fistula is preceded by or

C[0018]i deriin onietembadivianit, snhatdingmeturationhe elgueqierized &y enwbility
physical dilatation or stenting. The arteriovenous
flostpttdivels cansilae eRhadtile foldialghis.0 e pdrdingto ansther embodiment,

brachi obasilic.
enhancing maturation is characterized by an ability to obtain sufficient blood flow
during dialysis. Preferably, sufficient blood flow comprises a rate of about 350
ml/min. According to various embodiments, application of the biocompatible
material to the arteriovenous fistula is preceded by or coincident with administration

of a therapeutic agent, physical dilatation or stenting. The arteriovenous fistula is

radiocephalic, brachiocephalic, or brachiobasilic.

[0014] In one preferred embodiment, the invention is a method for preventing
an arteriovenous fistula from failing to mature in a human comprising the step of
locating an implantable material comprising a biocompatible matrix and vascular
endothelial cells at, adjacent to or in the vicinity of the fistula thereby to prevent a

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



[0014] In one preferred enbodi nent, the invention is a
nmet hod for preventing an arteriovenous fistula from
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| ocating an inplantable material conprising a
bi oconpati bl e matri x and vascul ar endothelial cells
at, adjacent to or in the vicinity of the fistula

t £ i f e .
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m/mn. In other enbodinents, failing to mature is
charagietiesd beah byerveseusdistudy habess Hot g? qinnuiaied atdeast Aot
be cannul ated at | east 2 nonths, at |east 3 nonths, or
ahontkg at ledstrBonbinks,ak beleagt dandithnaftdr@®bEpnl n anot her
enbodi nent, the invention is a nmethod of maintaining a
bl ood flow rate of an arteriovenous graft sufficient
{005’ M tInGinaih¥Sémbedmphit, Sefifvenkien $ £petiod P esithinggan
i mpl antabl e material conprising cells and a
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di alysis. In one enbodi nent, the blood flow rate at
tdreripwermus goalt 4t) aliaceatypion thsf vigiaity of p pegsthslie beidse gf aygnous
IS substantially simlar to the blood flow rate
upaflowaeaion ofsiid aetidvienvusreegft oman i@ k6 pffectivario nisertain blood
enbodi ment, the invention is a nethod of maintaining

NA&WRAte BE BRDritk QYffiefentroRRirhR AR Rs. MMPAS SmBbainient, the blood
sufficient to maintain peripheral circulation
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similar to the blood flow rate upstream of said outflow region.

[0016] In another embodiment, the invention is a method of maintaining normal
blood flow of a peripheral bypass graft sufficient to maintain peripheral circulation
comprising the step of providing an implantable material comprising cells and a
biocompatible matrix wherein said implantable material 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.



bi oconpati ble matri x wherein said inplantable materi al

i s disposed on an exterior surface of said bypass
w@e@nody4 adjacent or in the vicinity of a prpSL/Osi00€021755

bridge in an anmount effective to naintain blood flow

rates of the bypass graft sufficient to maintain

peri pheral circulation. In one enbodi nent, an inflow
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simlar.[0017] In another enbodinent, the invention s
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Rree ARV gy Sy ReSHate A s ar bR Skarprble
wherein said inplantable material is di sposed on _an _
anelaix wherein spiddmplmtablg matgrialds dispesed w8 agrextarios gurface of said
adjacent or in the vicinity of a prosthetic bridge of
aartegioversous grdfl ayadjeginbor ioftheswichitsof @ prastiestio bsidge af 2 vénous
an anmount effective to maintain blood pressure

saiftflowireglbn bPsAE htrioveh@lsyaf in dharBd\ert @ffb&tlierve Mainthidelood
bl ood pressure at the venous outflow region of said

zﬁ%ﬁg&é’é{&ﬁ%&t 18 pefhit bRlyRIOSh 8RE LabddmehMilABlobPprlel&ire at the
00 d fl The

préessure upstream of 'said outflow'region.
prostheti.c bridge.is,selected fromth [ ‘.
CEmSP Y g Map g DRI R erue a5 bap iy Bopimiipr o the
unbi | i cal vein; dacron; PJFE, ePTEE, pol yurethane;
bbgPhareREEe HPHIRR Qfrid oy &%ﬂprﬁgee&wﬁe%w%aus Ygeied
al lograft. According to a preferred enbodinent, the
10 pfrowtthegiouplsondgimgiod: eMhEmOUS\GOL dpving haisegielt; umbilical vein;

enbodi nent, the invention is a method of pronoting

t dsseie PITFES gPBFE golnfrethanmy; dstihe ieserhericigdn;afndamnyopreserved
arteriovenous graft or a peripheral bypass graft

CRARIrAISIeRDalldpRafbt ﬁ@co@&in? k@Y prHifcHEE ddin bodh &iitt @B lp osthetic bridge
mat eri al conprising cell's and a bi oconpati bl e matrix

epgip said inplantable material is disposed on an
exteri or

[0018] In another embodiment, the invention is a method of promoting tissue
15  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
a biocompatible matrix wherein said implantable material is disposed on an exterior
surface of said arteriovenous graft or said peripheral bypass graft at, adjacent or in
the vicinity of a prosthetic bridge in an amount effective to promote tissue

20 integration of said bridge. In certain embodiments, the implantable material
promotes smooth muscle cell proliferation or migration within or in the vicinity of
an 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



surface of said arteriovenous graft or said periphera
bypass graft at, adjacent or in the vicinity of a
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tissue integration of said bridge. In certain
enbodi nents, the inplantable material pronotes snooth
muscle cell proliferation or mgration within or in
%)po%n V‘chsC %rﬁ‘('x;tg nffscRRell Rh@6E QldotidiENeH Wb BeRiiBh aAlificent or in
FOSURet | ¢ rlége or pronotes endothelial cel
ggoLifera ,on or mgration within or in the vicinity
e WHnitK O e @i-unen surface of said prosthetic
bridge. In certain other enbodi nents, the inplantable
mat eri al pronot es snoot h scle cel] and/o ndot hel i a
d@019] pr oiln petthen Gpposimeniqihs Lygptt 15@&‘?’418 SFBHGH?I}QW%JF
the graft. [0019] In another enbodinent, the invention
iredugingshb owidehcppbdebicerrg of en pEeriRieRgUS FEuln o8 RHERRYENEHS
dehi scence of an arteriovenous fistula or
arifeciopivinythegtedfdf peaviting ah igplahebstregsenidl comprisidizeglls and
an i nplantable material conprising cells and a
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i's disposed on an exterior surface of said fistula or

ar i r ' ' G of
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According to other enbodinents, %gg roviding step is
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failure of a native arteriovenous fistula or follow ng
failure of a native or saphenous vein_ periphera

HYp20is. [AeRding i ethetdnebodimprisithe prowiding Epp isgieriogmeghas an

i npl antable nmaterial conprising cells and a .
bihewstiahdl theappfollowisy fiatladel of afative artatovegous fisade af fallowing
access structure. The cells are endothelial cells or

celil® J7a\iafi9e 8fsPRERIUB Fbindleribhdsal Bpasot ype. The
[0021] In another aspect, the invention is an implantable material comprising
cells and a biocompatible matrix suitable for treating a vascular access structure.
The cells are endothelial cells or cells having an endothelial-like phenotype. The
biocompatible matrix 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 access structure. In certain embodiments, this form defines a slot.
According to one embodiment of the flowable composition, the flowable

composition is a shape-retaining composition.



bi oconpatible matrix is a flexible planar formor a
fl owabl e conposition. In a particularly preferred

wephsddrment, the cells are vascul ar endot hel i abCTEE1086/021755

10

15

20

The flexible planar formis configured for
i npl antation at, adjacent or in the vicinity of a
vascul ar access structure. In certain enbodi nents,
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the fl owabl e conp05|t|on | e conposition

i S
cr%ﬁoa%ﬁn%ﬁ%%ﬂg BEas &Qmﬁ?ﬁﬁégﬁ%a’éﬁ%ﬁilt%%fféﬂn yigh fiefhods for

r|S|n cells and a .bi oco e matr.i x suitable

8 TR o R SRR Rt Py Uhrind R At AGyefous

arterlovenous fistula by preventing an arteriQvenqus
ffisfelalfeont fedling teimatarg. t1diceallyate endﬁgeltaé celés reglls having an
endothelial cells or cells having an endothelial-Iike
pérelotiteliplelilenghenbiy pb piod thetbadcdobipetipta tratsix issa Hexfiblepldpaeform or
pl anar formor a flowable conposition. In one

eqreahbTe Abmpbdiod.| Bxdneletbiplimmnat, thoflexibk plank feur 8dohfgured
inplantation at, adjacent or in the vicinity of a

N i BlahlaBbi b ﬁdjla&n@ 8f fndthdyRIRQAr 'Eerﬁﬁ% fiktaias Ifl‘%éﬁ&lhs

con? ured sué hat it defines a slot or serles of

sl peet & 0
0’{:1 Q¢ @epté,[]tg ﬁ[s orm 1sc%orrr1%génlr%?|s{1éh %gﬁ&g&%ﬁt S Eéhes | slofs.
nhodi ment i nvention.i.s an i bl.e materi.al
BB SR ock Nevaa CamBr St oAt F BREeERHRE FRpRtGPn
the inplantable material is dlsposed on an exterlor
surface of a blood vessel at, adjacent_ or in
vi0923l t y bransther embpdimeat, ihy @g@monﬁé am rr@@@wébheén%?madge
Is situated at or near a venous outflow region of an
acdneprishvecedls sind ndil dcoorpaiille st tdreat theimpkatablematerial is
outfl ow of [0024] In another aspect, the invention is
adﬂs?@@& RALh cRRELASIGOIPOSH biood vEse] &l afjade@t @nin the vicinity of a
antable material conprising a bioconpatible matrix
aﬂx%sﬁ@ﬁ’é Bfil&d The prosthetic bridge is situated at or near a venous outflow

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

[0024] In another aspect, the invention is a transport media composition for
storing an implantable material comprising a biocompatible matrix and engrafted
cells. The transport media composition comprising 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 time when stored in said transport media

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

[0025] In another aspect, the invention is a method for storing an implantable
material comprising a biocompatible matrix and engrafted cells for an extended

period of time at a temperature below the cells’ standard cell culture temperature.
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cells. The transport medi a conposition conprising an
anount of VEGF sufficient to maintain cell viability

w@rooanoi7mhi bi t ory phenotype and for the cells POI/DS2086/621755
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vi abl e for an extended period of tinme when stored in
said transport nedia conposition at tenperatures bel ow
the cells' standard cell culture tenperature. [0025]

;[?8 ;ﬁ{é%dﬁeé’onﬂaﬁi%?scﬁw s e?? of lS‘a\fﬁﬂF ig%rlrd RaHIB ARG af B a transport

ng an | antable mater conprising a
bi qconpati bl e matr.ix and en .
et shterPEAs “mou enper Shtefrt & nifain et
cells" standard ce|/l culture tenperature, The rret.h,tc))ldf
iRty ean ibitore paengfyns SUFPE giorage- L celly ipa viable for an
material in a transport mnmedi a conposition conprising
arteadareriodfof E@EFvkanf ftoredl énsaid wansppr mzhdip eqapposition at a
viability or an inhibitory phenotype during storage.
Thepérahtesbol @ntlidcells adthrelafdecllamitardt temdecityper i od of tinme

when stored in said transport nedia conposition at a
tenperature below the cells' standard cell culture

Leoangr at WRordiRPRneAafRtmhdif, thotrmpormideiid eanpositidnecontains
transport nmedi a conposition contains an anount of VEG-

Saﬁfa];‘r{o%h\,e of V{S@F%f‘fﬁt@ﬁ e ﬁlﬁinltaéﬂ taPliabiity 8F arﬁ%hib‘i‘tﬁf%{bﬁeﬁbﬁype
phenotype at a tenperature below the cells' standard
cell cul tur enper at.ur nd ea

5 o el el €8 g o e BT SR B e than
tenperature. According to qone enbodinent, the anmgunt

Ghe wmiof VESH roun TRt e clBosHRG EOT thlfge fegrperatite
addi ti onal enbodiments, the inplantable material is
sh@oating to ewi antadimepoiht ameuntof AJHPD &5 atiogh4 ag/m.
tenperature bel ow 37C or at anbient tenperature for an
ext ended period of about 1 week, about 2 weeks, or

400271 3 weelosding thelditidratermbedimanios the inplantblel material is stored
endothelial-like cells that are nearconfl uent,

caRhiq4eRsporPhe@aTbmpesitibyl 8y tedipetanfe belaer 3f°Csirak agbient
and at | east 80%
temperature for an extended period of about 1 week, about 2 weeks, or about 3
weeks. Tthe cells are endothelial cells or endothelial-like cells that are near-

confluent, confluent, or post-confluent at the time of storage, and at least 80%

viable.

[0028] In another aspect, the invention is a cryopreservation media composition
for cryopreserving an implantable material comprising a biocompatible matrix and
engrafted cells. The cryopreservation media composition comprising a
cryopreservative, a polysaccharide and serum. Cell viability or an inhibitory
phenotype and matrix integrity are maintained for an extended period of time when

stored at at least about -4°C.
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vi abl e. [0028] In another aspect, the invention is a
cryopreservation nedia conposition for cryopreserving

wa@poo7ipi7ant abl e material conprising a bi oconpar@bUs2006/021755
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matri x and engrafted cells. The cryopreservation nedi a
conposition conprising a cryopreservative, a
polysaccharide and serum Cell viability or an

| [Ua2b] t or 1 AleRodR8eRNhe ARoLAXOf sBRBDT thY cAloBreservation media

mai nt ai ned for an extended period of tinme when stored

g{:r% ?c?lséxc@&@lfﬁe axﬁﬁn{t %?ge%.mlfgr IQ)ﬂﬁnceE‘:ﬁﬂﬁi 'g%?tthe ée'i'l@ for

serumin the cryopreservatl on me

excee he ampunt of rout i
R 20 b rTRET i SrufoRt Seshh i egyinar i s Bhgvine
serum _In one_enbodi nent, the serumis fetal bovine
s&Wh IR AnpEEbedimsat tertolysesrbarids incthe srvapredervation media
cryopreservation nedi a conposition exceeds the anopunt
ofomipdsitiaczxicegdsdhe drppunt ofi polyeacchdridgripnmputife clltiringldf ghe cells,
for exanple at |east about 4% pol ysaccharide or at

| &askaraplelut ledstaionnd % pabsirhiid orlan laaneabenbhdlamiisaccharide.
t he pol ysaccharide is dextran. |In another enbodi nent,

t Bforfe HARIIBREAtV Bk ﬁ@s%ﬁhﬁdéﬁ@ ARQSIN 1R AndtHEL dBodiment, the
conprises about 1 [ 0030] According to one

ji L et e S s S v

about -140C, or at at | east about - 160C. According to
i L %mﬁsﬁ?ff% o aeneﬁaqcoamosmon

enbodi nent, cell viab § east about 80%
[ Boseq fqrstospss Het leaﬁﬁbelet 9‘1% af w%ﬁbwinlﬂ% G or at at least abou -
cryopreserved inplantable material conprising a
bil @& &hpitdobding travarious emyodifiteats, thietehtenddd wermdafdiment aheut 1
of

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

about 80%.

[0031] In another aspect, the invention is a cryopreserved implantable material
comprising a biocompatible matrix engrafted with cells and a volume of
cryopreservation media composition sufficient to maintain cell viability or an
inhibitory phenotype and matrix integrity while cryopreserved, wherein the
cryopreservation media composition comprises a cryopreservative, a polysaccharide

and serum.

[0032] In another aspect, the invention 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 matrix
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cryopreservation media conposition sufficient to
mai ntain cell viability or an inhibitory phenotype and

woredorioxt7ent egrity while cryopreserved, wherei nP€TES2006/021755
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cryopreservati on nmedi a conposition conprises a
cryopreservative, a polysaccharide and serum [0032]
I n anot her aspect, the invention is a nethod of

RLSRALI S, &ihisifronh elvibicRigeRl] %!ﬂ@lplefé e sélNSeeded
bioconpatible matrix and engra ted cells. The nethod

?lg“ se ﬁ%get I_Iégtln?tn?ﬁ%rrlegv' %Iﬂﬁl\%é{lgitﬂqa %H%{%b(%gcagﬁnpat Q‘& acing
¢ FelkRERee PlarompRIPIC B AR SN APRF G um e B%lﬁ%fe near-

placing the cell seeded bioconpatible matrix materia

i sondpentneanslacals or post-genflyenhrad awspssing el aouat eell mahléh’tsh@nd
the cell seeded bioconpatible nmatrix material in an

i sellfhadtimmalitytdflthd ¢edl seedddsbierompatblecoatfik ueaterjal.

confluent, or post-confluent, and assessing cel

count, cell viability and cell functionality of the

cmbks]seedmcbﬂeleamaﬁmnt,uhe nigetiodi furthateemipeikes th@e@p3 of placing
one enbodi nent, the method further conprises the steps

On%e RLIRG &l[e'agcrl] B%%oﬁgéthbﬁ ﬁﬁ%&eﬁﬁﬂ%&ﬁﬂ@hﬁaﬁ@%ﬂ c¥yopreservation,

teria sui table for cryopr eservati on,

plggl‘f) %Cgli(lzﬁl {égflé%ﬁeag&%Pﬁﬁé{t %ﬁgéﬂfe& osf &g{flulémell s8€ded

seede oto

mat eri al vo|l ume of, cr rvation

B o S YIRS S Bb SR B8 g composion
pol ysacchari de and serum suffl cient to preserve cell
vécaprisinga ey opiesITHHISH & BPYysasRbaEleyAnd save fttipipnt to preserve
integrity while the material is cryopreserved, placin

t &udl wiblailityommnaniibitgryt thenatgpé arsleeateidt 1b1|egntymdaiq the enaterial is
matri x material and cryopreservati on nedi a conposition

| BryBpleb@edd, PhchifdithakAeEontaifting AIE NGeddl HoeMpatiblechatrix

control s the freezing rate to the freezing container,
material and cryopreservation media composition in a freezing container,
introducing an agent which controls the freezing rate to the freezing container,
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 at at least about -80°C.

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

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

[0035] 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



placing the freezing container containing said agentl|
in a freezer at at |east -4C, renoving the freezing

w@onradries fromthe at | east about -4C freezerPCHIN006/021755
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placing the freezing container in a freezer at at

| east about -80C. [0034] In another enbodi nent, the
nmet hod further conprises the steps of renoving the

f mbewti1Ggninates aemeryingriberdiflentatle heastal fBRAGHE VREZ81iANHe
placing the freezing container in a freezer at at

| %ﬂ?lanta@fé%teﬁﬁ%@%sé ﬁe@iﬁ%%ﬁg?siﬁmﬁgiamtﬁ mbfies (ﬂ%?ﬁing the

further conprises the steps renovi ng the vial

tk [ i | n_.anbi,ent tenperature
e ppERBE ey O chEe sl Sy b ng. tho vi o
in anmbi ent tenperature water bath forabout 15 m nutes,

r i n he inpl ant abl e teri,al, fromthe vial,

r TOU360, o7 I htbodacielhe Rl T s PrSen e steps of
conposition for about 5 mnutes, and placing the _

i FpharRs ey ighdrasn the froegers laping the Vipldn gatbicent fespeanoretair for
48 hours. [0036] In another enbodi nent, the nethod

f abquid P nzioniss el mavedhy Macipgsthe vial @maubient tein@eraiab watenivuth for
the freezer, placing the vial in anbient tenperature

abbout A6 naihotes, réMmoning Wheisnplattatdneaidpi] RbaGheYial RAd Yinding the
in anbient tenperature water bath for about 15

MiApth RSB ble HSATBNAI RS a tA6e IRt oSitiRRtSY a{b%}n id pldde

vial, and rinsing the inplantable material 1n a rinse
sol ution conposition for about 30 m nutes. [0037] In

ST TP TR R

st eps’ of acing t biroconp

maf es | in ayial. suit e faor storage and .

Rl ghs ot @atodfiofitn MBlaipr s a i i » y@hpuitgfe forstoage

post-confluent cell seeded bioconpatible matrix

nﬁ‘?‘{sﬁnitrﬁ ucing i) themedreonflpi pranfluprtderpasbaqrebient el seeded

conprisin% an anmount of VEGF sufficient to maintain

cblocompatiile magrizxomatgrial mvolbint of frapiperiangdiecomposition comprising
an amount of VEGF sufficient to maintain cell viability or an inhibitory phenotype

while the material is stored in said composition.

[0038] In another embodiment, the method further comprises the steps of
preparing the cell seeded biocompatible matrix material for cryopreservation
according 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.

[0039] 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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while the material is stored in said conposition.
[0038] In another enbodi nent, the nethod further

waeommpnises the steps of preparing the cell seePErus2006/021755
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bi oconpati ble matrix material for cryopreservation
according to a disclosed nethod or for storage

according to a disclosed nethod, preparing the via

f §0040} ans hwote anbodimanisgfahd methoti e 0¢ll SdedBDKiokOmpatible matrix
clinical site for admnistration to a patient. [0039]

| Poafdrll ReSlinfiaP Rl FRRrial Eﬁ@thg'?ﬁﬁ@ﬂ if A5 4rREhaROAR rc?iﬁfc‘ﬁl trial. In
a he ce

the steps of placing the vi contalningt

S ' t [ ' [0t o Lnne
o SR, SRGBARR o Rt che BRSO el Bproe] on-
o S on. |

o RUBEHEHRCgF (B RO, (HonUBTongee daigtc system 10 paom
bi oconpatible matrix material is clinical trial
nﬁ@%ﬁﬁgPdﬁﬁHm?%%wﬁﬁﬁﬁent is a participant in a
clinical trial. In another enbodi mrent of the nethod,
the inplantable naterial is prepared on a comerci al
stM4d] | nlmpmitheraspeshdloe inventeoni ine erdthaiofimamfacirotg an
systemto performany of the disclosed nethods. [0041]

| implantable m e ebmptikigg icolead ablodEnsatites M egixOthe method
manuf acturing an i nplantable material conprising cells
286k Brifh® SR dfRbRtaBBAY ih¥ bidcBRMpIREIL A HEOWRLIRL BdlistBR
stepﬁgf %ontacting fmeg%iocénpapible mat ri x mﬁtﬁgfhe 8
c ' ditions.suitabl e therefar,
B S e g A e A

popul ate the trix and ow to a cqnfluent,

n SutficiB o RAB{ATE he FnsTiE gt 1D 2 50PtIHeRt R6AT-SoRflueat PiHRst-
wherein the matrix is popul ated with cell ) ]
t gonthgnierayiatioasnd fgher sdeisan theimateiy i poputated with cell typing-
non- mat ched cells. I n another aspect, the

independent, non-compatibility tested, non-matched cells. In another aspect, the

invention is a method of providing an implantable material manufactured according
to this method. In a further aspect, the invention is an implantable material

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

Brief Description of the Drawings

[0042] In the drawings, like reference characters generally refer to the same
parts throughout the different views. Also, the drawings are not necessarily 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 anatomical

structure according to an illustrative embodiment of the invention.
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invention is a nmethod of providing an inplantable
mat eri al manufactured according to this nethod. In a

wo eworioer74aspect, the invention is an inpl ant abP@r/US2006/021755
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mat erial conprising cells and a bioconpatible matrix
manuf actured according to this nethod. Brief
Description of the Drawi ngs [0042] In the draw ngs,

rd4a) r ef BIGNER iChRhRmbRE ?ex@lﬁﬁéﬁ{f@{/ﬂew dfef @ntduded fiexiblapianar
éarts t hroughout the difrerent views. Al so, the

g?rp%h aigilgéallfh:‘%?r{lg %te@ﬁ?fo?%ﬁ%ﬂl re{tﬁn%’@ﬁ @xt@ﬁoﬂ’sru?ﬂa@é bf Ptibular

gener a eing placed upon

illustratin the rdn f.the

e micef it Agediind B SfaBo riTutoBlRgl o8t et
planar formof inplantable material for adm nistration

an exterior surface of a ul ar .anatom c

10030t o ETGECOR A O ge And 28 BrSiehE AR aaRiNg vigps of
the invention. £QO44] FIG 2Ais a schematic
penteopedtflexibly planaciorm of getimiptaatbly BRiCHRECOMMITHE & Yptn
of inplantable material for admnistration to an
exst@tingho satidwdbunfatine tmbodiarennd tlenneertiost r uct ur e

according to an illustrative enbodi nent of the
invention. [0045] FIGS. 2B, 2C, 2D, 2E, 2F and 2G are

6649t | FIOST SReGEH 3Beary t@ﬂé‘se@tﬁtv@e edindrowttechriéseacchildeng to an
pl anar form of the inplantable material conprising a

lustrative enbodi nents of
X 18&%3@%?!8%%%%%@]5 lu%:éﬁcgéd.)ﬂ'SA and 3B are

represent ative cell growth curves according to an

thlkﬁt rat Y}‘ECQKF %ISEE Q%C 1ﬁ1flst1talaeea ée@f\é??f“ lételgkptg[r %%ﬁﬂstgﬁr%s

e a serles o

admlgiﬁf;@'g o R e E POl 0B e o

vascular anastonosis from a t op .per spe tive vi f
acsodali angstomosais fiom g sap perspgetive view according to an illustrative

embodiment of the invention.

[0048] 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

an illustrative embodiment of the invention.

[0049] 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.

[0050] FIG. 7 is a flow chart of a method of preparing, storing and transporting
an implantable material for administration to a recipient according to an illustrative

embodiment of the invention.
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enbodi nent of the invention. [0048] FIG 5 is a top
perspective view of a contoured form of inplantable

wWoredog0dah4 adm ni stered to an exteri or surface PET/HS2006/021755
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vascul ar anastonosis according to an illustrative

enbodi nent of the invention. [0049] FIG 6 is a top
perspective view of a flexible planar form of

i mpl ant abl e mat er paly; 18kt tish §Fthk IndentiBRul ar

anatom cal structure according to an I1lustrative

enbodi nent of the invention. [0050] FIG 7 is a flow

c of [, DG ' i -
i F@%glpo rt &s %E}glﬁﬂl?%gl%ren grge]qé{f%%ton% 9’:{55@ glrl ﬁ{%ddlscovery that a cell

I nNg a eria

adm nistration to reci pi ent according to.an .

P d iesaie® s ot Dot eGP FE D paghines
Description of the Invention [0051] As expl ained

hitessnied balew prorada suificieat gudaage rmilreand; use deapgteriplg and
cel | based therapy can be used to treat vascul ar access
stethotls pBthe pidsent ievattiongamdginsbempreddbsuftiviept guidatse to identify
sufficient guidance to nake and use the materials and
meiitBscrRérid 41R] ALRSSTbr lefURN ie@uring shd Mbdife@ngahopérd@mance
sufficient guidance to identify suitable criteria and

S Hpﬂg]@ Glaferdd arfdERALihBEs of TREPMELR Guyedfish, moONi toring the
performance of the materials and nethods of the

present invention. [0052] Accordingly, a cell-based

t f i.nkcal l Hadi :

cﬂﬁ‘s?fzat %%ﬁ%”dg_%bﬁ A el TROAGLAG, YRRy BaiBRg vasgular
e t t in i

C AR b B ATt s DS SRl PEy (L cSETPIARY o

for use with the treatnent paradi gns descrjbed herein.

spabpdiment pithe presenfdnysnéipe coraprisrBdineRtpatibleppatrix and cells

i npl antabl e nmaterial conprises a bioconpatible matri x
suitable for use with the treatment paradigms described herein. Specifically, in one

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-
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 matrix Gelfoam® gelatin

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 biocompatible matrix. Engrafted means securedly attached

via cell to cell and/or cell to matrix interactions such that the cells withstand the
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and endothelial cells or endothelial-like cells. In
one enbodi nent, the inplantable material is in a

wo b@giol7e4 pl anar form and conpri ses endot hel i aPCT/EF1086/021755
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or endotheliallike cells, preferably human aortic
endot helial cells and the bioconpatible matrix
Gel foam(r) gel atin sponge (Pfizer, New York, NY,

h eigeis A theeprepdraiofomanifalatibxs' dlsclé’s'éd et gA Sxp’rlﬁhﬁé@ elkewhere
preferred enbodi nent, the inplantable material is in a

f hawabhe oﬁ&ﬁﬂﬂ@&ﬂb&ﬁﬂ@ﬁﬂo‘i‘? Pﬁﬁ%@té}ﬁétbﬁél ofl §e§z{ near-

endothelial -li1 ke cell's, preferably human a

e Q&fﬁd}ﬁ‘{) c?xllﬂlgq% %315 %oasg-g?rﬁijﬂ? P ce(flc ) rﬁg?&ag b'laYlF,g 2 fééf’errf\%%wnotype.
! R et o na@%ﬁlﬂ&ﬂ%ﬁﬁﬁ@%@@ﬁ%ﬁ%‘a Hkélgished s during

conprises cells engrafted on, in and/or within a
b PEsPaieaY NEDukEions and/phigebertain aella Are nos evsesyregly attached as
attached via cell to cell and/or cell to matrix

i ateentlzrtceldn SAH dledt is fegtirddhie tieat ith plantablest atexdal tcheprigocedls that
of the preparatory mani pul ati ons di scl osed herein. As

exfekathd €shctibsig Wi Phendipsiedl Rritedid soPRFB ey enbodi ment  of
i npl antabl e material conprises a nearconfl uent,

confl uent or post-confluent cell popul ation haV|ng a

P ;@fsar red TRO &AL HRGEe. rhateﬂla% ot %eﬂréée VH&% BIRILIZTBEY Sn the

i mpl antabl e material |ikely she s during

n I,ons .an that. certain ¢ S.
pERABAS kIR Sh Bl Phuigtpd F HEAT TN TR
that is r ir, ant bIe iial conpri se,
BP9 AR ca oo oGS BUEIRERC BHUABH §piHearesentinvention s
criteria set forth herein. q&30054 The i npl ant abl e
nRigre i1 thatf the Niabls eedls gngraficden.iip Andleswitkinghe piedompatithe
principals of tissue engineering and represents a

nonaglix ap pbleao upry adtheeasiuley atdess sthetee dad agsobiattd vasculature
clinical needs. The inplantable material of the

PERS@IE céINBERE ipafivcs iHPhiiSlobidallfiaportibes Micﬁpbﬁys@‘(ﬁbélﬁal feed-

engrafted on, in and/or within the bioconpatib
back control. As described elsewhere herein, the cells suitable for use with the
implantable material are endothelial or endothelial-like cells. Local delivery of
multiple compounds by these cells and physiologically-dynamic dosing provide
more effective regulation of the processes responsible for maintaining a functional
vascular access structure and diminishing vascular access complications and/or
failure. Importantly, the endothelial cells, for example, of the implantable material
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, i.e., the anastomosis and/or its surrounds, serves to
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matrix are able to supply to the vascul ar access
structure and associ ated vascul ature nultiple
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physi ol ogi cal feed back control. As described

el sewhere herein, the cells suitable for use with the

i npl antabl e material are endothelial or
epdahheshimdhrcobtfs CEhatSs, t larfigi1é MReriaPbs the pkdsBhi@nvention
conmpounds by these cell's and physi ol ogi cal | y-dynam ¢
dgash' Qyvidt 9 'egﬁr(m?ﬁ«%lt W‘hic%%fni’i& { gukRk 'pﬁg)?iglfog% B84 is conducive
processes responsible Tor nmarn ning-a’ functiona

vascul gar access structure and, dim nishing vascul ar... .

2 oo YRSl RS SHPF DO, MR e oSy Ay biljzation
endothelial cells, for exanple, of the inplantable

mat erjial of the present invention are protected frgom

t HOS8} osi Yer mrBesss P B PRFseH (RVHen coatacting mieaps HercHy 98

of its placenent at a non-lum nal surface of the
vislgett]y intaracsiogrvpthesn extralumgingldy evoniluminabsurésa vadefineg

an exterior surface of a vessel. The inplantable
nmelsevheat hekid He thy @seof cdrtanepreferd ewtbedinenay pettial physical
deposited or otherw se contacted with such an exterior

t 868 iShdt@equlire® for 4R tiRERS]. AR eABdAREentd, Sctual physical
surrounds, serves toreestablish honeostasis. That is,

L p(glvtééggé @ﬁfeﬁ%? ArfPﬁﬁtri% %&uﬁ%ﬁ?%a@ﬁ&%ﬁ@ reb M SR BBy £AN

envi ronmnmen m cS supportive

DR AR R SRS SRR SRR pent o

stabi lization, [0055] For_ purposes of the present .

i Phpameiniy of aowmiued pheiseasedhsited aa mopnipiiacHye faeeat the injured
interacting with an extralum nal or non-Ium nal

sor fisceedsited dhithrechse b§ esstagr dis¢rsesedrrinjutias, tatisegseskeordhjured site
certain preferred enbodi nents, actual physical contact

| Sar@inida@iguhariftst @f arcihfegior lvnesnasisfacd. NMinahdiedse of other diseases or
enbodi nents, actual physical contact is preferred. All

t h‘?ﬁriés,sa REASCE 8fidi RreRSRCEdnCGIni ARy RIBHB& on! ARBh AN non-
extral um nal or non-lum nal deposSition of an

| wrlli%%?lt s%pflage. rﬁts%{nieaﬂise%ges o?%ﬁﬁees% dRbadel or injured site can clinically

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

manifestations.

[0056] For example, endothelial cells can release a wide variety of agents that
in combination can inhibit or mitigate adverse physiological events associated with
acute complications following vascular access structure creation. As exemplified
herein, a composition and method of use that recapitulates normal physiology and
dosing is useful to enhance vascular access structure formation, maturation,

integration and/or stabilization, as well as promote long-term patency of such
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the vicinity of an injured or diseased site in an
anount effective to treat the injured or diseased
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di seased or injured site can clinically nanifest on an
interior lunmen surface. In the case of other diseases
or injuries, a diseased or injured site can clinically
est on_.a
B ke ot} L P e R R i e Bl e
can clinicall nanlfest on. both an_interior
Fheriad F HRPEsERY PR ,?Q; acght o & the gLy OQ‘EFF f Ssccé‘lar access
The present invention is effective to treat aqy of the
fstrnestysi sitg, Tor exaaple, indhe pesivasqulasspace eteswyl to-te lan %
endothelial cells can release a wi de variety of agents
tafaty dnd veimnisivalyed dmthe gnodediniebiWheprwirappédy aitrapred verusd,
physi ol ogi cal events associated with acute

RPBite8 At FRSwise| dofat il MemfuH @ Rramatssl @tdidsasadrdood vessel,
creation. As exenplified herein, a conposition and

gﬁé 08 oPlnet ﬁg)fletrﬁ:%le ﬁﬁ?ﬁﬁl La @Bﬁﬁe r@ﬂfvﬂ’ﬁ e R SiyoRbuAdito

osIng Is us to enhance 'vascular access structure
rmat | o turatio i nt

stﬁ%tgrsrr ﬁrlrr A SeBirEfhy nd I AR BBe sells within the plood
suchvascul ar access structures

iesteldlds Eamkcanplgter fkati whinsipaise at rXth%fﬂ:l‘ﬁ%m&# S‘tehﬁle Ceﬁs of the
present invention at, adjacent or in the vicinity of
titnplangebierinateriakpregisle stoontunue seprte of myhiniseegpiatory pempounds
the perivascul ar space external to the |lunen of the

awhieh yarepshewgicveisel tibswe dnd reatlnthefumer gt the celheare protected
wr apped, w apped around, deposited, or otherw se

CONh A ddIGrse 'ﬂtécﬁhﬁi&ﬁ@ffeéﬂ’s AUBRbLE TV iartheV&edassdAbldeagibed
vessel the cells of the |nplantable mat eri al can

[Q3%h M a{]te er‘M‘rPd 'é)?tgéﬂtﬁtr%{ Y€ 19'3{%9%&13 at:@ §f a blood r\]/essel.

vasc or exanp e un ying smoot
nmuscl e ceIIs within the bIood vessel . It is

C@?éﬁ t he %gﬁntp h Wtht%gfeﬁlea URLESiniht SinE ﬁersalttl‘fﬁ[\]/éﬂﬂt)n can

encourage normal or near normal healing and normal physiology. On the contrary,
in the absence of treatment with a preferred embodiment of the present invention,
normal physiological healing is impaired, e.g., native endothelial cells and smooth
muscle cells can grow abnormally at an exuberant or uncontrolled rate following
creation of a vascular access structure, leading to adverse clinical consequences,
including vascular access structure failure. Accordingly, as contemplated herein,
treatment with the implantable material 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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i npl antabl e material provide a continuous supply of
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protected fromthe adverse nmechanical effects of bl ood
flow in the vessel (s). As described herein, one

preferred extralumnal site is an exterior surface of
a[09is8pd vEssglrpode®05itke present ifdiition] taiculapaceésrsiractures may be
enbodi nent of the present invention can encourage

NQYRY 198 vAEAY ofesiIBurdiRAb. Vascald afQEiBlucRbYSEHl iVde
01 the contrary, in the absence of treatnent with a

[ I
%Léfagl g)g?%gi)ﬂg %te gﬁgfcaﬂgr cttegl%d Bftgﬁc?v%hoﬁsnﬂsq{ﬁtd %{E‘rlgggﬁdﬁ? grafts,
endothel cel | oth nusc e cell ro

BHOHE PP & %%fﬁﬁﬁ% Vet ﬁ%}ts?trrsornri%eﬁﬁ%% Sascatar ports, or
foll ow ng creati on of a vascul ar access structure,

| ethgr vagcular anpyomasic strupiies cregtsdde dupioye yasculg IaERfiSng a patient.
vascul ar access structure failure. Accordingly, as

c ddtldiophldy, edribes enbndimesa bfreascular adeesstséruciupdsant fipmed in a
material of the present invention will inprove the

healidty gf ednfip@tdtios irchfliy dde-tdddarRasdtesidt] endstoleddshd side-to-
mai ntai n vascul ar access structure patency.[0058] For

PUEPARSR nsed. h@asﬁﬁﬁ? §£Ues§ N BRkdsQan a}é%%;ﬂl&'%@d L& G8Fety of
structures may be formed in a variety o

nft&g?claﬁtoc&lons Vascul ar access structures can incl ude
ura occurring or surgically created
art eriovenous fistula, arteriovenous grafts,

O8] et < e HBaRRRBleAes S ol ] oS g placed in.

vascul ar anastonotic structures created to inprove

v ¥a13ely aF cateasationp abthp yescaler acossrastruchralq Be treaed. odeeording to
enbodi nents of vascul ar access structures are forned

i nertaiv ambediynenfs, therifiptputabid matsrialfltheiprespns indention sinde, placed
end-to-side, end-to-end and side-toend anast onpses.

Vasthuk dHe aSIEHDLS jundairel hiebals@plasddsen he prlxa@elvdimsegment,

vari ety of
distal to the anastomosis. In other embodiments, the implantable material of the
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
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.

21
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treated. According to certain embodinents, the

i mpl antabl e material of the present invention can be

placed both at the anastonotic juncture and.also

plAW8Y on Artesiopeneus Histulg.c Ancardiggenmtertain smhbdihmntshen

anastonosis. In other enbodi ments, the inplantable

mattenavehowsffistile (P4 €dBnila’l) oreattdifonvaaamabecpdsast Ge @RatkdQith

arterial segnent, on the proximal vein segnent, on the

diigtifplanéible HRGRRISS thePRE&H: idVehGeH, Nin WP AYARCRL AL placed in a

access structure. In another enbodi nent, theh .

I gRk : Is c C t-he gr

ng?l“e%“?E?B%?tl“;ﬁb@???thﬁ‘”’ﬂgﬁgwh%%@%gfﬁﬁ.s%% P, Dldgery i
miic junctiqon. The vessel e coptacted in

AR SR o P el et B (Cmice & R poatiigations include

materi gl of the present invention can be applied to

t Fiass Sbtpvern theapdimk arigry gndothe pephatic aein), Brescia-Cimino (a

configuration. A vessel and/or vascul ar access

s #iflertq-side apastainantd of therddinl evetyant thd ¢dphalic weimwithimthe wrist),

i npl antabl e material sufficient to inprove formation,

necltiatdphalic (hetve@nahd Braclnicirery siddk bl 98ing bridhel-

vascul ar access structure.[0060] Arteriovenous

Fi ' . ' .an . o

b e IS PPN s

\% .CeS s, reated with the i an e ..

e AR T B RO SR : %F%E e caphalic

be.placed in a variety of locations within the

oSl At APt i oy CAdienesparsbt ed (5 Hekhde of te foreoral artery)

neck, wist, upper armand lower arm dinical AV

fHsYla a configurations include radi ocephalic (between

the radial artery and the cephalic vein),

Brescia-Cmno (a side-to-side anastonosis of the

ri@80HI arCemplicatigns fremcaPHamhile sweéry typitdilyrodehedwirigstines

phases. These phases are an acute phase which is often characterized by thrombosis,
an intermediate phase whose clinical signature is a failure of the fistula to mature,
and finally a more chronic failure of an already-established, functioning fistula

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

[0062] Characteristics of AV fistula maturation include, for example, the ability
to repetitively cannulate the fistula for dialysis. Another characteristic of AV fistula
maturation is the ability to obtain sufficient dialysis blood flow useful for
hemodialysis. Adequate blood flow 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

22



brachi ocephalic (between the brachial artery and the
cephalic vein), brachial antecubital (between the
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brachi obasilic (a transposed basilic vein),

ul nar cephalic (between the ulnar artery and the

cephalic vein), and saphenous | oop (saphenous vein and
tdbeutrdsghhLsmidet atfintep@idtewonat tlemt Hrwoeks | mefekably f006thin 20
Conplications from AV fistula surgery typically occur

ek 5 dn B HeseRBRSESweckiCAfl RbApRTerably tialvaGideRs pitasRe
which is often characterized by thronbosis, an

'c% SlomRe bt IBQ agfe %Qﬁﬁlﬂé & £l OB ?ﬁﬂ'ért% hatuR are currently

farlure o e fistula to mature, and nally a nore

chronjc .fail ur est abl f.unct ion
FoPaBHoga i mclict ﬁor‘f 28l SRR, gL I g“%‘%%&?%%@ bses
venous stenosi s. 0062% Char act ristics of AV fjstul ia

e eReR tsrAnapiometi site.dhe pesanse e FaqeRRSORBYAIRS W&ﬂmg collateral
repetitively cannulate the fistula for dialysis.

Anoehars sidechrancthes.iisadequaié vav stzesingludingenadeguate weingnternal
ability to obtain sufficient dialysis blood flow

uligtheter, od ldiefistdlaatbifsic slue Adeguatdvbditondid | Awessdryateins can

| east a flow rate adequate to support dialysis using a

dirgd e it FEREBpRABnISFThe ﬁﬁﬁl‘a byeBvdrng Blob@flodosd byaiot allowing
occur. A sufficient dialysi$ blood flow for purposes

Qlfor Qfeﬂqra?§§ég%teél Q/‘{t‘fl%é ﬁglr%ﬂasto @e@n‘?eocgf afdleéflygtggz@{o al]ﬁw foE

Iea abo poi nt "no nore

el SR b Biebi ) %%sa“%‘&bv%irﬁ%e i Brf e,

creation of the fistula. The nechanjsnms of AV fistula
figirespeaserte thepprgrenca pba sigresinipthe fstler dihs seechanisme LY,
for exanple, early thronbosis of the fistula vessels,
sfigwie seduratioroare madtimode aad gstoalby fequise assessitest pfmgbiplﬁe
of accessory veins, including collateral or venous

Sdlihecabmaiih eFhe dasRfatefos e hlons isZgenerallg lat dhsnfficient indication
i nadequat e vein internal

of a mature AV fistula.

[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
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
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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dianmeter, and late fistula failure due to progressive

stenosis. Accessory veins can prevent the devel opnent
wo@tooriel7#d st ul a by diverting blood fl ow and byPe€DUS2006/021755

allowing for the vein associated with the fistula to

beconme of adequate size to allow for cannul ation. It

is currently thought that accessory veins may devel op,

f 068X APk drfi‘os'éﬁ SPRE ?Eesh?c i ?fl s i%%ﬁe\%fd tBatSttRRAG Svith

theflst anlsmso AV fistul a

ura ar e t eneral |
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of stenosis alone is generally an i fficient .
i Pt l@g{r’ie%s”&ﬁ that cemnplicatiags epragn in %‘r‘réﬂ%’ 9 an
AV fistula that is considered adequate for the purpose
oéxaipde, eiombosiguitenssishelptingandionthieqmowth aflnecdspery ews are
t hose changes that occur in the vein segnment of the

5 f reglueddawldni lhced| ddpeerithe of insthelvridity dieher fgpetnivilietedr gt the time

cannul at ed; and, blood flow sufficient to support
db?ﬁéfﬁl'a%reaﬁﬁn oY atf d [ated kg€ aNhik BRI o bEAI R eBViedhidif Bllows an
there is very little blood flow, but a patent AV

f 1’33/{ i1, TR r&g‘%d Qemﬁhfaﬁ'oﬁ ahd/¥: RABHAL aemtlil%.(‘ e Sl %%f Sxample,

For purposes o present Invention ni cal

adeﬂ}f te bI oogf) g’b‘? )fl%h di al%ﬁdﬁ%ééfﬁﬁ t"ﬁ{%}S 1cigl%and is able

nost preferably about 350-400 npi/mnute; suit
bicowadprtdigh ey, ek pesyie bingd1 & oeaﬁﬁ@ﬁ of gpér\e iﬁatbllaywﬂh the
about 50-120 nmmHg. [ 0064] For purposes of the Eresent

10 i mvelantable mat¢rial pradedddderbertinenhances tabmation efithe fistula and/or
i npl antabl e material of the present invention provides

apheaas thel fidtulb GroaORiladg to neitiier OrisRAderstocd fdrtpatposes of the
conplications common in AV fistula maturation, for

?ﬁgﬁl’c envehRE PO Shinch &R 88 W fighRinhdtRGtiaN iﬂcﬁfdeﬁ Bﬁy
of accessory veins are reduced when pl aced

aﬂhﬁﬁg%?ﬁ&gn e f‘uﬂct&ﬂl?ngvéf(‘\thg ﬁgt}ilaﬂnc J&?ngf 1&?%0%9&6@ %H%%Equired

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 of 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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of fistula creation or at a later stage. This type of
beneficial environnent allows an AV fistula to proceed

WO eoormoireat i on and/or remain in a nmature stat ePCFHU82006/021755

10

15

20

exanple, maturation is functionally established when

the AV fistula vein thickens and is able to conduct

hi gh flow, high pressure blood. Treatnent of an AV

f (#)66] a wPlaeembms dfitipd imlatvtde mateeinl a orfn theivdeidit§ of the site of
herei n enhances maturation of the fistula and/or

ptievevitistilde: the tinelofl shigef dadialson@himRe Mtiagon bl rdd®icin
under st ood for purposes of the present invention tha

e BARELITRIR heﬁfthéﬁstﬁia%gét&ng?ets}Je[lﬁl)tm;ift?% te}fe:}lfsétf% Fozbe%g}ﬁe of

i mprovenent in the functioning of

[ ' [ L an i reguired to . reach.a .

¢ DR 38 i R e o LR B et i wpnous
in re form, [0065] I di.at e post -operative
ol ey ebeton e AT BRHaR bRvBT ausarent Vo
fistula and lead to early failure of the fistula. As
eBIAIRIRg NRBYRRqseSSPRERiRfeiatenhich materaiiorpbithe Alstuda, and
material of the present invention at the time of
simpyevipg tlersipr eftbaveinhe AV fistula from i medi ate

failure due to post-operative thronbosis. For exanple,
the inplantable material rel eases anti-thronbotic

nfdd6 2L or sAtbisibnaled s & fsameg;fs ANEn&R Pei® Bt @h8 tdeach
patent fistula through the stages of tistula formation

angurRiontRdd A1 VA86] Dikia ﬂﬁeﬂ%}iogfo{ ﬁgt‘ﬁla! rggtluga?fo?gllée?%vialysis

material at or inthe vicrnity o e si

fi [ f surgery can,al.so e nc .

s Ptorkdietel e ARG 3P B R SR RS Tereyp an
anasts?fgosgs, .%FI owiag]a the fistula to beconme of

2YSqAEHA1sE of Inteeyiqn i cqmpsemising;cghal pedrptencywPiasement of the
support dialysis, facilitating venous and arteri al
dimplaniable mategiak piche pitgyofi aeA Y disida aiche timepdifiagild ereation can

accessory veins, maintaining native accessory veins to
enfiaasdhe timeueqtitedrfoofisttlaendtination, aheraydreducing the associated risks

of infection and compromised central vein patency. Placement of the implantable
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
blood flow 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 level
necessary for dialysis may require interventional angioplasty or stenting of the

fistula to restore adequate blood flow levels. Such interventional therapies increase
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i mproving the size of the vein. [0067] Additionally,
an AV fistula requires a |onger period of tine to

WO e@ciormat ur ati on than an AV graft. During theP@PUBNA6/021755

of fistula maturation, henodialysis is generally
conducted using a percutaneous or indwelling catheter,
| eading to an increased risk of infection and
mkasfivehag taidbisahd vedlsiqa themiesyr préleatentietiomiativhef a
i mpl antabl e material at the site of an AV fistula at
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?g's?en% ?ﬂw tkesaﬁ%l V%gsell ﬂ{t‘ﬁg ﬁobx? n%[i“{]h CoITR ﬁrg'teﬁ add SRR gr | afléll to the

e |np antabl e mat
the site I nd cat heter can reduce the risk
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associated with the indwelling catheter, ther eby
redu0|ng t he associated risks of |nfect|on and

dOBRi omi Srpliseian ofi the anplagable majerial eobisFuliimpasitive remgdeling

of the inplantable material described herein can
de combivetidmofvasailhudikatasfonavithaa simaltaneous sthibision af vieous e
fistula nmay experience decreased bl ood flow and
inR6ineiasehypeeplasis) theebyp pieveting Ihie pgradresspreaiinesis] mereasing
stenosis. Stenosis or occlusion of a fistula to a

I 8w B fHeGhRe stuls e6u ke he ackd fopYerasllom ah?l‘é@lasty or

necessary for dialysis may require interventiona

}Cf:%itqlggé) 51%%( cide tf%ml%] ﬁe‘%&uﬁ &ex%tj L 3btided Qd ee?f‘e@fs and

I ow el’s I nter vent onal
in rease he . risk.of veno enosi s and
H&P lffg?‘F‘ﬁé‘P praixof ﬂﬁ’ ufsbﬁpﬂ'ﬁ tion of a
mature fistul a. Furt her nor e, stentlng can result in
occl usi ve thronbosis or rest en05| s of the treated

MRQHY| i nThermpiwiablomatsrial oldhe Breset iientigh caghbp provided to the

proximal to the stent, often referred to as edge

dishde asany]d@g8imbep pf istndt glages ko @Xélm'plleamaélm@t at the time of
material can result in positive renodeling

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

accomplished surgically or non-invasively.

26



(a conbi nation of vascular dilatation with a
si mul t aneous i nhi bition of venous neointi nal

whypenpl7asi a) thereby preventing | ate progressP@BUS2006/021755

10

15

20

stenosi s, increasing blood flow of the mature fistula,
reduci ng the need for rehabilitative angi oplasty or
stenting of an occluded fistula, preventing
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epbRR Jrite drkd ald Uﬁﬁlﬁil_aﬁeﬁghb{rb%lcf\* ek, gﬁ%e&ﬁlaﬁ% erllliterg fand

situations are non-limti exanpl es ol enhance

AV fd t ' Accardi ngl.y,, .t is.con l.at ed ..

b o A bl 2O PEARET bt b RGP R i
[ te the AV fistula, .

bFieay LBl Geine e birukecPie Y50 RShtal gphalfoyein. the bditic vin

mai ntaining a mature fistula or rescuing a mature _

f pthgleyet elothe eliom, Hig) basidigiysiscpi éhet le v oif diesunpar 4rom shecawillary

be acconplished surgically or non-invasively.[0071]

Aweiay the yegubarsveld afdt the Amompldieny Addigidakl tarteriall and venous locations

enbodi nents, an arteriovenous graft ("AV graft")

C sgiadbisifol @irm@ss Bf af AVCEBE Sndadt thE chdsBAuR daMiliy artery to the
i mpl antabl e material of the present invention. An AV

S5l 10 1 LG (LRI PR Al e, o

pper arm-gra

! m){a?@nterior) artery), the aorta to the vena cava, the axillary artery to the femoral

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. In such AV grafts, the blood flow rate at the
venous outflow region of the graft is substantially similar to the blood flow rate
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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sites include, but are not limted to, the conmon
carotid artery, the radial artery at the wist, the

whe@choehs artery in the antecubital fossa, theP@rastwad217s5
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artery in the lower portion of the arm the brachial
artery just below the axilla, the axillary artery and
the fenoral artery. Venous outflow sites include, but

afld78pt | AV gradts benerdlhefallRide angRRtREIHRItERIntMAI Byp §s1a
proxi mal cephalic vein, the distal cephalic vein,

basiohled b %rzift—%so%ﬁ%dltﬁﬁéﬁibog’ig at i€ v@h&ﬁ#eraft b P&ﬁ&gﬂ &t at the
y Hary S eis,

veln at | evel of the upper arm

a é{irﬂli'%we%u s%glﬁgﬁtg q}\t/' g e ggglg%v%/lglﬁﬁggleftg ?ai#u&(:) ﬁlgelt togypor tissue

raft include t t wall (axillary artery
© bt et St nvsessefsr?éﬂ {Bruaiosogtis Baaq material and
(fenor artery / vein, saphenous vein, or tibial

(%WW?@? hyscgpeecpiythe bridge majerial from theevosssha cava, t he
axillary artery to the fenoral vein or the fenoral

artery to the axillary vein. [0072] For purposes of

t HO74k eseler pumpesas pHibe preséntrictdnting) tredmettadith thaviapMhtagle
a prosthetic bridge suitable for dialysis is able to

cmagrial oftthgprebdrawveRiigh pf RS b bendH 2 tohRrb areedvi8nment
prosthetic bridge. In such AV grafts, the blood flow

I Qch tigh céxﬁi?hé’a@i@ﬁé‘ fssObibich QW £Y1 g%ﬁ Hitcférgt?o il thath tlon for

substantially simlar to the blood owr e ‘ups

?éxa A OB St

out 30 pref erably about 350-

d
¥t Pt Al e Ll G5 o bis Bt tapeitioa rogagoliows
preferably about 50- 120 mrHg. [ 0073] AV grafts

g@ﬁ Vaglf@t Faqdiaterblopd vegsel to fidlydnteatasaiwith thermrbsthetic bridge
hyper pl asia foll owed by graft-associated thronbosis at
tthatexialn dios expraple, maastiomisfincionally etthblighedxihen khev£VQuSH
segnent. AV grafts are also vulnerable to failure due
tiategtudds dnd9Satile to conduct high flow, high pressure blood. As demonstrated
herein, treatment of an AV graft with implantable material enhances integration and
maturation of the graft. For purposes of this invention, it is understood that
enhancement of AV graft integration and/or maturation includes any improvement

in the functioning of the graft, including its formation, time required to reach a

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

[0075] Immediate post-operative graft-associated thrombosis can prevent tissue
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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integration between the native vessels and the
prosthetic bridge material and eventual dehi scence of

wao b@7iei7dge material fromthe vessels. [0074] MO¥/US2006/021755
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purposes of the present invention, treatnment with the
i mpl antabl e material of the present invention provides
a bepefi ci al honeostatic environnment such that
(o] tions. .a [

nﬁp@ﬁf a elfl%lrrélégs;eﬁ%ff thp%%gtnﬁ%egfa’ﬂfré tﬂgp%glgg%}&ﬁ‘bcﬁﬁdand
clotting and/ or. dehi gnce ar ed mhet er_.at
R R € BARIEB e oL sray B eragend sih g e
of beneficial envi ronrrent all ows the AV graft
associ ated bl ood vessels to fully integrate wt
AP0 het Flaasrieayel tha ey pabble popriak hpide ierh 419 VSIS of
functionally established when the AV graft integrates
ahel AVsgraf lapastom osis b edjakenghorfin dhe, vipinighi o thesisnees BIBoY.
As denonstrated herein, treatnent of an AV graft wth
18 bR Bf flel eafffRing/lor at, a@ﬁb@iﬁ,&&ﬁn thetvignay bbthe aypaft at the time of
mat uration of the graft. For purposes of this

| P}; Ldhlsd dnbhicedn fa?titoﬁ‘aﬁd Whalra®a R8I ivhedivte

gr Integration and/or maturation includes any

t[{%n?b\égﬁgﬁi glf;]ongréssﬁle TGk Qtn aloéle gﬂﬁt Q{agtfolnosésn C"h{féj' ng

5 I e reqU|re o re uncti ona

st at e, C t r af

rherapsusicafic foqlmWS[tg% kit ﬁ(f@ 3&?01%%%46§P?teléf integrated
graft-associ ated thronbosis can prevent tjss )

i witle thearro shetieriuidge aratarial. migimiges aodiesselihy osiggnd
graft, and can lead to early failure of the graft. As
eocplugioneshcheniatains ddequdtereesseldntetriab diaimeter 66 sunpogdigodciaw
prevent the AV graft fromimediate failure due to

p@%ﬁa@fg%laalhmst hronbosi s. For exanpl e, theinplantable
material rel eases anti-thronbotic nmedi ators that

reduce thronbosis and nmaintain a patent graft through

U879 ageﬁd m&fa"i‘loh of SRl MR ARSI A0 him[AQat6l
acenent o t he |rrpl antable material at, adjacent, or

| fa]ulhrheeof\él n%tﬂ%et XV oraft. A mature graft can experience decreased blood flow

and increased venous stenosis due to late progressive stenosis. Application of the
implantable material can result in positive venous remodeling (a combination of
vascular dilatation with a simultaneous 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
implantable material of the present invention promotes formation of a functional AV
graft suitable for dialysis. It is further understood 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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the AV graft anastonosis; at, adjacent, or in the
vicinity of the venous outflow region of the graft;

w@na/o0173¢ , adj acent, or in the vicinity of theChUsfone/ 021755
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at the time of surgery can al so enhance integration

and maturation by reducing i nmedi ate thronbosis and
progressive stenosis at or near the graft anastonpses.
Thiastoniusea@einteigeatiehfof die bt Hritge 9mdfdr nsdihtbhaice BF the graft
time to becone adequately integrated with the

PhRS{oRRIsbLink hER: fBh Sk Rlling™ 2R A8 %n MleA08 d¥R2 3 dehiscence.

t hronbosi s and occl usi on, and mai ntai ns adequate
vessel internal dianeter to support blood flow

S OCi enfy o & ' j ] L ni.stratien _of the
SHPOE Sohshebetiabhna of B0 CEAMALRHER L Daflh oy
of..a e aft. A mature.graft c experience
asaBi b S 9 ke ety iiinGai€ e el e Reto B e s of

t at ragressi ve stenosis. Application of the

i %%d %ﬁﬁ%@%egﬁ%& hemodialysiy, adequate blped Howils atleas e flowsrate
remodel i ng (a conbi nation of vascular dilatation with
aadenwale tafwpog diatysivusingmndietysisenashénersach titat reeirculation does not
hyper pl asi a) thereby preventing | ate progressive

steenosA slinically &dlsi AV ptafidsl ohd achfcah het smpoit Bldddatdy
and prolonging the lifetine and usability of the

relegiicfte @F @ipbort HOAVH. 108 SBERASMLAL ﬁx‘éfé?x%fdeén{bogfrﬁ&ﬁ“omt

of an AV graft anastonosis with the | nplantable
b&hi Blvebon ' i oppt es. f.ormation .
ori? a funct |§Oo n‘gﬁl A{;l 3glr ghﬂe@ éﬁ{& ggﬁlgmgg’r igo{ii@ g?@.re f’%’ pjogoting
f r.under st ood that 0 ur poses of the present
AP OF & s on 26t which Bt piear: soAusiiobd el
a é i.mprovenent in the clinical functioning of the
gcﬂ P¥15- or to the process of formation of the
gr af t anast onbses or integration of the prosthetic
bri dge, and/or naintenance of the graft anastonobses in
ur e Resipheral Bypase iGriaft. aAceudiogito additionah embodintarc &
of dehi scence.
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
be placed 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
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 blockage. In certain embodiments, the present

invention can be used to improve the functionality, integration, maturation and/or
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[0079] As is well recognized by the clinica
practitioner, AV graft adequacy requires that a graft

whedhosupport and nai ntai n adequat e bl ood fl owPCT/HS100€021755
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case of AV grafts useful for henodi al ysis, adequate
blood flowis at least a flow rate adequate to support
di al ysis using a dialysis machi ne such that

r ebilieaticat ofepediphsrahibfpascieaving Wridyeicoinpaiking nhevd mdteAMs; in
graft is one which can not support blood fl ow adequate
t et BRkts, He@lr¥® hes a pbsthstiEhmpet ed that a preferred
enbodi ment of the present invention will delay the
onset of, or dimnish, AV graft failure by pronoting

t r mag.| f t
A e e aﬁ?‘%ﬁ%s ?i@%?o%‘%bl}iﬁ%ﬁ%‘%ﬁﬁé*gﬁﬁ can be
Bypa Gaft Acco

SRR af SO P BBty 3?73?'?}96"58 e Bran
perlpheral bl ood vessel can be treated Wi, t h

| AR/ anemd) exterreifase ithe peftindedd: In pvréaie P odlments the
perlpheral bypass graft can be placed in a variety of
airaplentablgimdtental chio aentadt tled pedipherat bypask gueéirindtion as orghor both
as a region of the leg either above or bel ow t he knee.
Aepdt iIplbemtsih othepambodinehts, thaimpRntic@thet adeydpass exterior of the
bl ocked peripheral vessel, including a blockage in a
P8IdoRRBEsR] ustirde i Yof e pe@ipﬁerafbmgd gagral bypass graft
can be used to restore and/or maintain normal bl ood
rom;to the extremties, for exanple, a rate of blood

MZngf Hcgll% tlt arméfgfr QmBQ&lHEht i %ﬁamg&gpelrlal at or near

rlp ra clrcul atron. Ccord|ngtOC rtaln
t l.
¢ ISR ok Sutlony vl BEF bt BiBesg efie s fi2e PR Singrey can

of bI ockage. In certain enhodi nents, the present
i A¥e ﬁtﬂiwé’ﬁe é%rﬁlaﬁen Q€ & dmconahgrally @r%@eﬂl@tﬁ%rﬁxl%%md/?ryprevem

integration, maturation and/orstabilization of a

péelipteaeal F Qrmawezhaﬁ/thn greisent dayent omypr fusétimpahparipheral bypass

n:ia%r ils 2Llse to Ic:.)]nduct normal blood flow at normal pressures. Normal flow rates
for a bypass graft below the knee are about 50-150 mL/min, preferably about 80-100
mL/min; above the knee are about 50-150 mL/min, preferably about 80-100

mlL/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 grafts treated as described herein,
outflow rate is substantially similar to the inflow rate. The present invention
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
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certain others, the graft has a prosthetic bridge.
[0081] In the case of a peripheral bypass graft, the

wo ppaot7abl e material can be placed on an ext ePC€DUS2006/021755

surface of the bl ood vessel at one or both ends of the
graft and/or on an exterior surface of the graft
material. In certain enbodi nents, the inplantable

mhymEass glaficfatiue biytpaemotifiefop@kiiher @fun@ﬂ&ﬁ?ﬁel%}éfél bypass graft
junction at one or both ends. In certain oth

e bl SR Sw stifiRichPR) Afhta e Bf&fatRR, an exter or
of the bl oodsveslseel upstrea %?le Le peripheral bypass
graft. [0082] Placenent of a preferred enbodi rrent of

[ the i nfl wor 0
LQ?OEL""BF%@%@S’BB B pr A bR o e b ela}atenal is
h on of a functiona
Swlﬁﬁfeyfg%%%?aﬁq‘%a R SHOGT R5PVidr Ut St Sdupedkliow
For purposes of the present invention, a functional
p&fss ﬁﬂg ggﬁss%ﬁbﬁﬁglrﬁf} g)Ftheli@d]&b’IS’é in thecasiobA Vrgafigand supports
bI ood flow at normal pressures. Normal flow rates for

ablpgp ey ratesfnd presswestraquikaddor pariphatab tirc 3ok thd-éadk BF
preferably about 80-100 ni/m n; above the knee are

arviphetaDbim0s plafisi Mypipslf, gfcﬂﬂieﬁc ahagds £0 éls@é}a le,
pedal grafts are about 25-30 niL/m n. Sui ab eﬂg I(}

b
g{)&%g bw@ &lmqﬁte ntléﬂﬁ gmc ase oa&’ leofg ?lfa%hdé%gﬁ Sgl%tgﬁgpp ort

e outflgw ra
%B%‘E%QZ%%? Eﬁ%é%ﬁfnrﬁ 3 s T Eﬂf%lhwa{%uﬂi?ﬁaalk’?@@em an
te bl ood ow to the | ower
ST P s Bhonifehe Srase: sprbeoMizas Deciont €8 Lot e
i nadequate blood flow to the |ower extremties. A

preseis aed €ndoliasthetic bfidgdsacapaize detconMetid T cRE@YBTFE
the onset of, or dimnishes, peripheral bypass graft

froatetiale, ;ia)i/ylmd&thﬁlw; tatfoil 0618 PIFE, Ghd 3ofpBsitd 83RL. PTFE grafis
peri pheral bypass graft

can be crafted in a variety of physical configurations, including tapered, stretch,
ribbed, smooth, and containing multiple levels of PTFE. Prosthetic grafts can also
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 grafts, 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

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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with blood flow sufficient to nmaintain peripheral
circulation. [0084] For purposes of the present

WO pweioi7en, any prosthetic bridge material is BCI/USI90€021755
to create a vascul ar access structure provided that it
supports blood flow rates and pres?ures rgquired Ior
heppdi alysis in.the case of AV grafts, and supports .
ngtglﬁ gffrfg%l‘f %%F%Céatsﬁ Yassrlates £ eg@&m&eé@wsﬁﬁwbéﬁﬂpmla|factors
circulation in the case of peripheral bypass grafts.
Thsveded by theeedlstoh dhe implantaije materiel giffusemibihe vessekivblle, In the
conpatible with cellular integration, and of the
apgse op r isprthetiti grefisnaersaltthe poyopioy of thbeyntkeit mewrill @adiso
flowrates. One preferred enbodi nent utilizes a PTFE,

osffiesd by of eleyiRutiafdotns RALRH QNS pRIlifdgane &E‘ﬁ'feh%’ninal
utilizes Dacron(r) (E. I. duPont de Nenours and Co.).

P, j ' can al so be constructed of nodified
° P#g%kﬁgfégwgﬁggg%%?yurethane, carbon coated PTFE, and
conposite grafts. PTFE grafts can be crafted in a

V @ik 0b Lea onfigqurati.ons, .includi aper ed,
S[IORBLY CPTEEARACH SR B R 12.—9251: %g?eng% of -
| evel s of PTFE. thetic grafts can al so include

o ferpa] famedes ﬁﬁﬁ tybing lé&geﬁ’gtoxf%%tlse el ehBHm Adyand ¥'S
and boots interposed between the artery and the

f Ptandard WalbBTFE gradl, Ocomrodiiviam Meidivel G, Hatlsore NH). PTFE, a
materials such as saphenous vein grafts, unbilical
vearticasdy pisferfedrgrathmateeial) ind HogibRigobymarttattiagbegi ¢hdkvn to be
heterografts, including the bovine carotid and bovi ne

10 nesemiahibszeiRi wheabd th sueloBQRbde@uis aftis cSRMRplafidnBat
any of the foregoing are also contenplated herein. The

j it L] fecogm ze .suitable . .
colsTyER e RORRIG SARRS, Man s TRERA BRSY hisSes irgilarythose of
the f AV graft or a peripheral bypass graft,
JE ’%gﬁkﬁﬂﬁﬁgﬁﬁeﬂgﬁH@@“P@P%Méf heal i ng encour ages

endothelial cells to

[0087] The graft may be cut to a desired length to facilitate accurate placement
in a particular patient. The graft may be a forearm loop graft or a straight 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 [0088] Finally, providing implantable material to a failing or failed AV graft or
peripheral bypass graft 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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popul ate the [um nal surfaces of the prosthetic bridge
thereby facilitating integrationof the graft and

wa@s®ooiased vascul ature. To encourage i ntegr at PONPS2006/021755

therapeutic factors provided by the cells of the

i npl antable material diffuse into the vessel walls. In
the case of a synthetic graft material, the porosity
ofistuhiecas Patrédaded with a1 AN grefin ednsina{dneekn %Hé%%ﬁnltdbﬁé/
of therapeutic factors to reach cells proliferating on

t metetinhofitat pfdédtagRnabn as SYRIEIHEnA" [0086] PTFE
Gaft. In certain preferred enbo |Ir1r%r;[?£sr%p% 15-25 cm

|l ength of 6- mmi internal dianeter PTFE tubing is used

t[@oggr m t fat i Adv. \/S St andar,d Wal | .
PPI?F Eg)]g r af ?&%?ﬁ&%%éﬁ#@é ?g&tg ?hgdg CEHAy PO M Ritp, an in-

P : [ referre raft material, is a
i BB LA Rl TS B i oo begeated with implantable
non- t.hr ogeni ¢c.when used in surgical procedures. It

i I%S%%g%ﬂtogﬁ% &ie %edl% TSRO 1 & cathetey @a“glﬂ Blaged imatverigtylof locations

such as Dacron(r), having properties simlar to those
ottt e patisnt, inchiding, fer axempleaplagement imdteatech) the chdQSAY the
The graft may be cut to a desired length to facilitate

agzeior Foeppipaswrofbmodialysisas Hhaldl@en BahéteNéan ENEpHnAldas an
may be a forearmloop graft or a straight graft. The

en@smofastuler gadstwiiRya B8uls { m@ﬁlriﬁg 8ﬁ9 %gagyf Jig:ﬂglkgr%{m% gost-

fl anges, or in another configurat

isifgepase the surface area of the graft ends for
suturing or to inprove the accommodati on of the graft
by the particular patient. The ends of the graft my

F99) be n r ptherw se.nodified to facilitate
g‘é "l ad hé’gﬁggﬂgp%gasgtcﬁ%ﬁgf 5 gPnerafly P@?%?‘St“%?ﬁérdﬂﬁﬁo Rethetpe
oated with gelatin, albumn, or another therapeutic
éasgﬁ’taged[16@‘@%%’@%{?%%116?”6@ b cpigeierrpssapiated|terometosis iaithe
to a failing or failed AV graft or peripheral bypass
gPaus-cathister asaptamesis predt dltei proxiatal wencok stdtnor i gi nal
graft thereby
[0091] For purposes of the present invention, treatment with the implantable
material of the present invention provides a beneficial homeostatic environment
such that complications associated with vascular access catheter function, for
example, thrombosis, stenosis and/or clotting 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 vascular access catheter function includes any

improvement in the functioning of the catheter, or to the maintenance of the catheter

in a functional 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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restoring functionality of the graft. In a related
circunstance, a failed native AVfistula can be

wo ephacEdds Wi th an AV graft in conbi nati on w t hP€T®ES2006/021755
i npl antabl e material of the present invention as an
i nterventional therapy. [0089] Vascglar Access
Catheter. Accordi to certain enbodinments, an in .
d\)%%'ili]‘m P@%%&Clé‘g’t%ﬂefoé exampplat pieremsat siaseanbuy omastseigklocation
can be treated with i nplantable material of the
pieearm; thpeineidihe groinat het er can be placed in a
variety of locations within the patient, including,
for exanple, placenment in the neck, the chest, and the
gfWi98] FoVapmigresess pbrthgsmethllglpyah suredy fhiladveltd FBA-associated
catheter can be inplanted as an interimvascul ar

atitigss hyburbRsia follswed By pott-ARbM Ak thrBbasifhAhE vEfous-port
i ntegrating postsurgery. [0090] Vascul ar access

5 CRARBhRIS 390 gy fail due to
cat het ersassocﬁgﬁéégmyﬁt[?@:ﬁy%%gé?pI asia foll owed by
cat heter-associ ated thronbosis at the venous-cat heter

a nNDS{ t roxi.mal venous secti.gn. [0091
P oL 2 e den b e BEGR Preplie e e ciihbn impleryore
the i.npl antabl e naterial of the present invention
p’P“B(?PgE%ﬁ © BreSRHtIRYeRFOn Brawiies & Plgef@#ﬁl ihpmsaEAtic enydtenment
that conplications associated with vascul ar access

cich dhas comphieations asspelpted weithptaggulatracoeds poitsimeattonnfisiesample,
and/or clotting are reduced at the catheter whether at

t theorhbawsis, stencsit el @rclgtiag erreduced atthe pottatiRthes hBME time of
For purposes of this invention, it is understood that

10  epdreplasdi®dtit oPht ¥ RES Yags. Ws@@&pﬁisﬁﬁvé_%ﬁf ; ?gtlhnéierstood

i ncludes any inprovenent in the functioning 0
j . catheter in a.
R Sy b Gy B, TR R A G TP o LR

TPt R B8l PP (EORRLI PRy 5 peubinalon i R
i npl ant abl e

[0095] General Considerations. In certain embodiments of the invention,

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

15 following administration of the implantable material. For example, agents which
prevent or diminish blood clot formation, platelet aggregation or other similar
blockages can be administered. Exemplary agents include, for example, heparan
sulfate and TGF-B. 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,

paclitaxel and E2F Decoy agent. Any of the foregoing can be administered locally
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material of the present invention. A port can be
placed in a variety of |locationswthin the patient,

wo p@bodi7nyg, for exanple, placenment at a venousPOF/US2006/021755
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arterial location in the arm chest, and the groin.
[0093] Vascul ar access ports generally prematurely
fail due to port-associated intinmal hyperplasia

TP Ly BUSEaIRY iPREAINASSPAH 358k dAANRIatifedalitiiilehe implantable
venous- port anast’onosis or at the proxi mal venous

iﬁé%%ﬁgﬁg&ﬁﬁ?ﬁ%%Egﬁﬁggpposes of the present invention

. . . I nplantabl e material of the present
i nvention provides a beneficial honmeostatic

[ ronment..such that, c licatjans. QC] i
TOteh 2 ATy h SRR BB GRSt tan alo
t hronbosi s, stenosis and/or clotti are, reduced at
thigadpdnistergddn ﬁ%mblé’ta“%@’ltbiﬂi*@n%ﬁiarﬁ%]ﬂ? mafezia ﬁ‘@H? ety g
| ater stage. For purposes of this invention, it is .
ulesteibet hertirt. HEdr esamalec eartain agshts\cas pitragte gewaalor pormpal-like
function includes any inprovenent in the functioning

Qhmeh fepfdrhtion6r femotbltngafi lnmanbtisee of a siteofpastulamingry,
functional form [0095] General Considerations. In

?ﬁ(ﬁﬁ&fhg S&@Rﬁg 5B NtAD 0] stdhgkmd @At bOPontadel Withihathe implantable

erapeutic agents aré admnistered prior to,

coi.ngi.de ' follow ng adm nistration of the
i%Frg%g)égﬁ%thn% g;%?géé_)&']_lg.r exanpl e, agents which
prevent or dimnish blood clot formation, platelet

Con. her .sim .

JRAPE, b ey B o B PR AR R By e

heparan sulfate and TGF-b. O her cytokines or growth
SeEUEHE PRBraieR 4B 8

material, depending on the clinical indication

neffceitthdaddnow.hdsienplainad elsewhdre deisin, vRGEation plaedie

reendot helialization and b-FG- to pronote graft

| AHa@iiioAlichangePiie bodur e theofeirt Which peti cepagied bannulation during

i nclude, but are not limted to,
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
herein, certain of these changes permit a blood flow rate adequate to support
dialysis. Moreover, as explained elsewhere herein, a clinically failed vascular
access structure is one which can not be repetitively cannulated for dialysis and one
which can not support blood flow adequate to support dialysis. These clinical

failures can be directly correlated with dysfunction in the anatomic parameters

described above.

[0098] Accordingly, the present invention also provides for methods of
accomplishing vascular access-related clinical endpoints includiﬁg improving

cannulation frequency, improving vascular access structure blood flow, promoting
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antiproliferative agents and anti neopl asti c agents.
Exanpl es i ncl ude rapanyci n, paclitaxel and E2F Decoy

wag@no17any of the foregoing can be adm ni st er BAI/US2006/021755

| ocal | yor systemically; if locally, certain agents can
be contained within the inplantable material or
contributed by the cells. [0096] Additionally, agents
whassehwalg thickress awmiitteingngt limsn dianetaygald/org. carbizdtion diche
adm ni stered in conbination with the inplantable
Fedegbing] whirbiadhd Bl ddemprikdiate siep 6f dcath the Xzﬁgﬁh@ble
certain agents can pronote normal or nornmal-like | unmen
TEAGDA R LHABR or HEMR YRR Ghe LALARLCLEHBNAL irPhrtdd Gt
di tes. Agaln,

vascular injury, inc ng surgical si

o
e N S s

wel-l recogni zed by the clinical practitioner, vascul ar

eSS a acy for henodial ysis requires vascular, . .
T0EBT SHdlneiue e oreav oneliien 2SS B S repdaridentifying
flow. As explained el sewhere herein, maturation )
sBecgsdully manwmegoP@dar agersh sfeurturpn twhstein thei methpd comprises the
whi ch permt repeated cannul ation during dialysis.
Ceptodinmniibring eny bangfthe fdlosingdinitdl pampetdrs:iregeated
cannul ation relate to vessel size and/or vessel wall

tchhaAenn Blodd dloR adel i@ tiprav@i edcirctation ahiSee @pag'ls@,i Vask]
herein, certain of these changes permt a bl ood fiow

hfiehRIEHH ,tlﬁm&/ﬁ d%%?&rahe(ﬂla?é tl’)?ieﬁnit Wolﬂq%% -d}u‘Z% dialysis,

expl al ned €l sewhere herein, a Inically fa
vascul ar _acc structure S _one i ch can,not, be
SRS B ruRRG T Tt Pl fial® ap G HPLRs GBRIL Bt one pf e
ot support blood fl ow adequate to support dial ysis.
gING |PATFMELTSf aj | ures can be directly correl at ed

with dysfunction in the anatom c paraneters descri bed

%3(?1\(]%] 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
system, the reproductive system, the genitourinary system, the gastrointestinal
system, the pulmonary system, the respiratory system and the ventricular system of
the brain and spinal cord. As contemplated herein, tubular anatomical structures 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 limited to an
exterior surface of a tubular structure. In certain structures, the interior luminal
surface is an endothelial cell layer; in certain other structures, the interior luminal

surface is a non-endothelial cell layer.
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cannul ati on frequency, inproving vascul ar access
structure bl ood flow, pronotingvessel wall thickness,
mai ntai ning | unmen di aneter, and/or a conbi nation of

g{jkﬁlogg I e @ INEhurdM A Lddicina HERLAqH: ﬁlﬁ’ﬁ[@ﬁthﬁé sdtbienl of 81

( 0 ati e 1 nplantabl e material” at, adjacent or

in the vicinit f t v ul.an : L.k Nn an
it FigBe ety Ao Gl bs AOEIRS MG of

or egoi ng_endpoi nts. .. [ 0099] Furt hernore,, the present
iaH{PAPROUEN In¢ lrb%@?dd%ﬁn WHHE 022&“%“&#? FWP@‘&“‘WH from a
successful ly maturing vascul ar access structures

whidabde dondre Inveartadiel othenembedimentsca sougss freehnean birderiyed from
any one of the following clinical paraneters: repeated
cevadaNerbr Gom dtdbiehnkl ow adequate to prevent

recirculation during dialysis; vessel wall thickening;

l umen di aneter adequate to permt blood flow during

doalozgi S.InwWaekairntB Eufees shbblinenyicells ag cudstbelizicells. Ina
access structure exhibits at | east one of the

g%ﬂ?%g&g%g%%%%ﬁim&%Q%&%ndgﬁélihf%'lﬁ RfAdHtanemfremivakcular

the preser i nvention can be applied to any tubul ar
nat om ruct ure. L 1nG:J.nt e i
?t@%ﬁﬁ%aiahfyhbgﬁgsﬁlpgg%@% SRR, Y S ARG bR S e
i nclude structures of, the, vascul ar syst e

e RIS S Cah T BEAT 5ok ROy e ihtelAnoter
gastrointestinal system the pul npnary system .the )
rigppof wisoulgr endothehinkeedl suitebly &xtuse tsmnablll%%%ﬂ’]{f‘élﬁ epqphelial
brain and spinal cord. As contenpl ated herein, tubular

adwills O Hind panostier utelnfansaila endabelidhacll sujtadle fonuseris geronary
| um nal surface and an extral um nal surface. For

PR SEtRlial BEIsPIYRs Otter typeest vastulatshdetictiall asits matable for use
surface can be but is not limted to an
with the present invention include pulmonary artery endothelial cells and iliac artery

endothelial cells.

[00103]  In another cutrently preferred embodiment, suitable endothelial cells can
be obtained from non-vascular tissue. Non-vascular tissue can be derived from any
tubular anatomical structure as described elsewhere herein or can be derived from

any non-vascular tissue or organ.

[00104]  In yet another embodiment, endothelial cells can be derived from
endothelial 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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the interior lum nal surface is a non-endothelial cel

| ayer.[00101] Cell Source. As described herein, the

i npl antabl e nmaterial of the present invention

C RN G Ris EbrktSmplels afly GPfhe MreBbih @ UFAGH & k
o BEk PRt Sakipp Rk SEBCHE -l R9AA £ LSRR Rl

Iivh 9$Ilshgan be derived froma suitable donor. In
&Y BiHer gﬁ%bdinents, a source of cells can be
derived froma cadaver or froma cell bank. [00102] In

on rreptl refecred enmbodi ment, cell re

oMii0hel i 11 a fufhes .emfbﬁglaleaartw ChIRFS PRt sl a co-cultured to
enbodi ment, such endothelial cells are obtained from

v apatedhe presenieomppsitien. aberyexpuplen s firgticpdl eabe imtroduced into the
arterial tissue. As exenplified bel ow, one type of

v bcuomaatitda doplaslabkl maedidl andctlabbé ufitiirconfieerits Taa first cell type
aortic endothelial cell. Another type of vascul ar

e B&loindride Alor 6R4rhpl8, Wint v RubdE cdlBefibblaRhi dtbhdkllE; @hdbthelial
vein endothelial cells. And, another type of vascul ar

o . : . N

R s St LA B HAR10 SYE ARG RRIRIALS i other

endotheljal cells suitable for .use wth. resent

" eaib el MnecRasoiiiaiRn oF ot e 85 ot il BT i

and iliac artery endotheljal cells. [00103] In another

c GRYiEMMent pondigivede e iahst rowth.  @ptedhe Had cald fipghas

cells can be obtained from non-vascul ar tissue.

Nevachedsenflaende g sefond gell bwe deseedestornt topraf deyfitstignnifluent cell

anatom cal structure as described el sewhere herein or

C &ypelie, desr wieltn ftiieoliiv eoiypatible M asic Whd cultisd ustildsotlo figairst cell

[00104] In yet another enbodinent, endothelial cells

C &fpehid deddn¥@ell iy eMave 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

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

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

[0101] To prevent over-proliferation of smooth muscle cells or another 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
an attachment 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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ot her preferred enbodi nents, cells can be

non-endot helial cells that are all ogeneic, xenogeneic

or autol ogous derived from vascul ar or non-vascul ar

t ¢edlstype tsy redvgsethe prfiderptiensefithe fivse ell bive ahd éo optimize the desired
contenpl ates any of the foregoing which are

gfnsetélaipb yo sdcbrd ed] typoeitiol ddr exaneple) afiee ne thitidl @O dfn

a further enbodinent, two or nore types of cells are

Can&dth MisER ckBs, Befia! GntReJRAESIERY t6 0FRAS isiiodth mi&le cell
exanple, a first cell can be introduced into the

DLRRTER g  FRlankallp-Eberil st sl g

exanpl e, snooth nuscle cells, fibroblasts, stemcells,

HOBC" o o PeRR i ogffeiece SR gRAY kPRl P Rk o

type or combi nation of desired cell types suitable

¢ BlogpstIs miewinbls meeriel ommacdbmiesle flsun iceln vest |
growth. Once the first cell type has reached .
ceniciuren ce@ncethe smonidh medcle qellp bayesreaded sanidiencopndetheliad cells
first confluent cell type in, on or within the

buesesded tonlibe ofrtie cukued dmoothtimsett aetit oh tlromiplarhablé iragdrial to
cell type and second cell type have reached

C grahie WanG BlateliNBo SRR, T8lslentbolBnd¥ar PEAdHRIstdred, for example,
exanpl e, endothelial cells or any other desired cel

P Ry R PR Bl KB b g sty
Pl et S P Ge 7  o

alter the ratio of snmooth nmuscle cells to endotheli al
cells. [0101] To prevent over - liferation aof spooth
nioBL Lomlsharic sbrRpt weicrls Jiibe BieSTHE CPEPRLRR & 0 they
proliferation, the culture procedure can be nodified.
Fexhibit one or more preferred phenotypes or functional properties. As described
earlier herein, the present invention is based on the discovery that a cell having a
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
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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exanpl e, follow ng confluence of the first cell type,
the culture can be coated with an attachnent factor

wa@eioral7e4 f or the second cell type prior to  PCT/US2006/021755

i ntroduction of the second cell type. Exenplary
attachnment factors include coating the culture wth
gelatin to inprove attachnent of endothelial cells.

Aoros] di nQrctheneddilgridenifiabicphakoty fepaibitd tartelie o biid @ebsent
to the culture nedia during culture of the secondcel

¥RPotifoh RAUSEhE Sre RAQhLEILBLIE 8PaRfablehs iﬁl}ilﬁi% %)la%‘e@étladhesion

type and to opti'm ze the desired first ce ype to
Lt Lo . af. ey
3P APeE e, AR Ak £0F AT Sro R B i)

dnmini stered to contro] smooth nuscle cell growth t
Ty, SUEE Pty afPLA 4g iAo Bl pase epicrteed) Gescdaddheto
nmuscle cells. [0102] In a preferred enbodi nent, a
co-culture is created by first seeding a biocqonpatible
ilBHI0A Nt atin @ tyricd opstativg embadigshtofHhe plegent apyegtipy cells need
create vessel structures. Once the snooth nuscle cells
hav exhibitoloesithen ohé abihe doregridg phelotyies.c b ¢egtasir enbebinients,
on top of the cultured snmooth nuscle cells on the

icold cant exihitit mateathambnd of the at@ing shefvtypted bl ood
vessel . This enbodi nrent can be adm ni stered, for
exanple, to an AV graft or peripheral bypass graft

goron di ngvhide PRUBRESINGPhERdtIRA R SbiTy bFukitRARL &idbikelial cell,
integration of the prosthetic graft material. [0103]

Ahbn Lk nbB1ihfEY h{;\ e?ge%sg{élaf Eeliqﬁﬁglhi%lsceﬂf a hOE RIRRAN pell

conposition 1s t Yy one or nore pre erred

phenot ypes. or . functiqnal pr rti.es. .As..descri bed
SAPisER Srhesitre oS o BRT e PN UETRCRurmEtrs pf e

di scovery that a cell having a readily identifiable
PResBppatignand daussurtalle Horyse with the prasnt sy cpien. &ells that are
(described el sewhere herein) can facilitate, restore
andotbeliadtlikerand aleo redetvddatp dievedrs eufuacti@natiandiedsi dlendethtlial cells;
physi ol ogy and/or | um nal honeostasis associated with

tor éatcai®ndl miimics of endothelial cells. Thus, by way of example only, cells
suitable for use with the materials and methods disclosed herein also include stem
cells or progenitor cells that give rise to endothelial-like cells; cells that are non-
endothelial cells in origin yet perform functionally like 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.

[0108] Typically, cells of the present invention exhibit one or more of the
aforementioned phenotypes when present in confluent, near-confluent or post-
confluent populations and associated 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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i dentifiable phenotype typical of cells of the present
invention is an ability to inhibit or otherw se
interfere with vascular snmooth nuscle cell

isherat &hd fhov idely-
AL LR 175 (RAB B haL ok chmas s icel

escCri rred to herein as the

i nhi bi t .phenpt ype, r Id: :

R i it se o e s ARl C Sl ity gvaluation of
present conposjition is that, they are.anti:t.hronbotic

el apmbgihpes SP’Efa‘iW%‘i‘Stln%‘ft%t‘%déf‘E?éha‘iﬂ%g’% clypigacS Soch a"but not
aggregation. Anti-thrombotic activity can be
denmxhpmémymsﬂﬁgwﬁﬁOrﬁﬁﬂwfﬁ@ﬂﬁﬁparan sul fate assay

and/or an in vitro platel et aggregation assay

described bel ow. [0106] In a typical operative

dqobas]i meniddifiondily, for psmosesi aflnpriesan} inyentien, gadethetind-like cells
exhi bit nore than one of the foregoing phenotypes. In

GRELAS Putendasti IIBiddSto ceBd Wiich@mugxd bbinimivfiuectionally eme
of the foregoi ng phenotypes. [0107] Wile the

; . . . )
ﬁ%ﬁ?ﬁ%@%&f?@ﬁﬁ‘@ﬁ%ﬁ%@“ﬁ%@* RYst 3ol Lafhelial oclls s
vascul ar ot hel j al . - endot hel i al I 1
Rt by e Bl st Rlndelon €OCOLIEL 1 &, €

engoiﬂelialjligﬁ f?r pur poses of the present invention
an us suitahle fo se Wth.the present i [

" Tt Bstup s At Ruon it GRAGY spdbR DY e
herein as functional anal ogs_of endothelial cells; or

f practitionenef erdinarssiol insthg gttiveilliagpresisfa Row fgmake, ye, gy and
of exanple only, cells suitable for use with the

niale et fiyalpsrasinel embbdiorbstsctifsled inydahtatde siaterial discloprd hegein. That
stemcells or progenitor cells that give rise to

eRO@E ik hidls bidvaledaletein diselobesall that is aceespapencakéend vide the
cells in origin yet performfunctionally Iike an

ROl lVettioP§ ithpld4faBR hterials. And further, the teachings provided

herein disclose all that is necessary to identify, make and use operatively equivalent
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.

[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. Each lot of cells is derived from a single or multiple donors, tested

extensively for endothelial cell purity, biological function, the presence of bacteria,
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paraneters set forth herein; cells of any origin which
are engi neered or otherwi se nodified to have

wer@obbhd al -1 i ke functionality using the par aP€r/E8m06/021755

set forth herein. [0108] Typically, cells of the
present invention exhibit one or nore of the

af orenenti oned phenotypes when present in confluent,
ey - loominl huerdn mwithqess ashitharedyergisious agdntm sTheraglls are
associated with a preferred bioconpatible matrix such
apydphesredase bilied weingevdiek® Witk eiiquedSoMutel ex@nsion in
appreci ated by one of ordinary skill in the art,

CRftfie lfﬁfgubs&]gl?ﬁté fé?flﬂgllaﬂgﬁ‘ In RbcRAHHibRAM la‘iﬁe[b}le materials.

popul ati ons areldentifiable readily by a

variety of techniques, the nobst common and

\éﬂ)f{ﬂ yac@eﬁtﬁ%ﬁgti&@! &?Tthtgd %5\%0 by ferc%ﬁg 08 Ge obtaingd from a
Xamn nat i~ofr. i‘AcTUde “eVar uation of cell nunber

per. surface area ysi stapdard. cel L counti n

Rt ashe i 2ad Bl By It baetenea SRbhlrmbnbenen

or coulter counter. [0109] Additionally, for purposes

@prticradpihelidrells hsednin thsnimpdadablapicaipl e P@l%%‘f frgm the aorta of

include but are not |limted to cells which enulate or

radaver fomgs.i bnathénensrodimpéres goygied irtiy endotidliaberdls (Cell

near - confl uent or post-confluent endothelial cells as

esSieheshsPYard DR gpaC ARiedtdatse tromOidrhahpsreind aoft® byt @similar
Thus, using the detalled description and gui dance set

QQ&eﬁuﬂl%‘ﬂch‘I"to LbBteAEh dokRN&dotfe i dilfarXehSki bt cell i difived
rt wll e and

appreci ate how to nmake, use, test

A T

provi ded herejn disclose all that js necessary to nmake
I, L fIGAL actions e BPSRT R BB G B et P EFG.
And further, the teachings provided herein disclose
dinowntamangpathegersandyothes adveniitiony agenisk L heregllyais further
operatively equival ent cell-containing conpositions.
Atxphatetipeharattdriz ahd tiyopesarivedt fosn tivairking well &h@nat the third
cel | cont ai ni ng

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

subsequent formulation in biocompatible implantable material.

[0113] The human or porcine aortic endothelial cells are prepared in T-75 flasks
pre-treated by the addition of approximately 15 ml of endothelial cell growth media
per flask. Human aortic endothelial cells are prepared in Endothelial Growth Media
(EGM-2, Cambrex Biosciences, East Rutherford, NJ). EGM-2 consists of
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/m! gentamicin. The flasks are placed in an

incubator maintained at approximately 37°C and 5% CO, / 95% air, 90% humidity
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practitioner, equival ent enbodi ments of the present
conposition can be identified using only routine
experinentatjon together with the achj ngs provided
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endothelial cells used in the inplantable material of
t168° @ r- 24861 fréazoand thawved & approkimadlyf373m Eaeh wet efthawed cells
human cadaver donors. Each lot of cells is derived

fis sgvded BitpVveTors fmsks atpl densionef prdxdmbely Bxtléhsdllsglycm’,
for endothelial cell purity, biological function, the
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ot her adventitious agents. The cells are cryopreserved
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%%gtam%ﬁ]gicgﬁ% %ig trlgﬁ}erle%ilf@ %quéug)g{b?.' li’%? al; S-ﬁtlfd'ursh the spent

Xpansi or subsequen or mul at'i on

bi oconpati bl ¢ inpl antabl e teri.al 0112 | |
SrafaPaemoned s Bp Bt ST SeoiR, The bievih ohffissd guery wo
obtained froma variety of tissue types and cell
tig ghree days, terealienh upiildhe pelisgeashirparavantsly 3nRye senfiyeace
endothelial cells used in the inplantable material are
isalkmbbg bir mmeshiham 60 Yoeandmogaetavliem Okor When theonipantable
enbodi ments, porcine aortic endothelial cells (Cell

Apgkiigad indigled Sartlidicabspplicilonabelyiatibiatiedrek masdiai rused in the
porcine aorta by a simlar procedure used to isolate

g&é@? aﬁz%ﬁthfe SRR ene8ihkBal EASIhd Ahndhict6Rl dfshd S
erived f d

roma single or nultiple donors, tested

extensively. f. | 1. | viability, purity,
Bt aélé%bg%?l)‘{?ﬁ%:?tﬁgg,s }eg ??né 1%%8@@%% of nycopl asng,
bacteria, fungi, yeast, known human pat hogens and

dbERacq FreaaReler i e eyt prbdufRe et Gromgnolaver
wor ki ng cell bank at the third to sjxth passage using.
icRlscraineed withriOqulca HIGRES hyiéredsmaHBRES Y Eog HEPES is
arggloigc{, and 2 ml of trypsin 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 ml 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 108
cells/ml using EGM-2 without antibiotics, or in the case of porcine cells,

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

ug/ml gentamicin.

44



subsequent fornul ation in bioconpatible inplantable
material. [0113] The human or porcine aortic

wenaohbhd al cells are prepared in T-75 fl asksPCT/US2006/021755
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pre-treated by the addition of approximately 15 m of
endot helial cell growth nedia per flask. Human aortic
endothelial cells are prepared in Endothelial G owh

53 ( E@ybodmfa@bleensridl osebRINeES, thEpsterRutRatibng itk
IwﬂsiiEGl\/rZ'conslsts dF'EndothellaI %E?I Basal Media

& W&ble@ﬁﬂ@ﬁﬁ%oﬂ?‘?ﬁ&é mse&égﬁggegﬂn%mm kiR iEMndssive

equots whi ch contain Por ci ne cel I s are

re red su Ierrente °/F

ﬁ%r/ caittﬁc chogsdg g\ﬂ&l}lﬁhﬁlr% X %ﬁ %%gm? g flexible
|ncubator nalntalned at .a imately 37C_an 596CC2 /
98dseniprmajre, Fmrrrwarbeg'%ﬁf ntsSPId 6 APNERIE 2O e

or two vials of the cells are renoved fromthe - 1600C
compCsitiom eFanrpuagpases hhilie gresentapypnbirirfiavedble @paosEiaEneans a
vial of thawed cells is seeded into two T-75 fl asks at
Fophasitidy suteptihk xddmEhstrytich vsink(d inglctisn peinjectiBn-type
preferably, but no less than 1.0 x 10 and no nore than

Gefivety HBvice Ak dsButfoBBiSed AN b ALRIIOG syHAE 61 4 Sathdter. Other
returned to the incubator. After abouf 8-24 hours, the

_Slrﬁﬁ{? gggi'c@s \kfﬁ ch %H@ ﬁpex"{’ﬁgroﬁ &ﬁﬁ%ﬁ@éﬁlﬁﬁf)ﬁ gl%f}ﬂggem a.

tot

the e t he eIIs pAr

50 t%GLlhefrrlae e Euis i Pt %rlstegfefiﬁ%%”ae&%
and no nore than 100% Wen the inplantable naterﬁ
icompasitiap eFhppt-redaining c dihe MAgIx alse Fanbe Biihs form of a flexible
antibiotic-free nedia is used i'n the post-thaw culture
qflartau fram. dretthatrizatiotdar be &t the dbing obmgelna fafa @tsuspengipr, a
the inplantable material of the present invention.

[fiticdd, aHhierceagier hehicbcapallt, of adibrbusnsagibaird. SA cherently preferred
renmoved, and the nonol ayer of cells is rinsed with 10

Hhathk hﬁﬁﬁéﬁ@ﬁ%&%ﬁﬁ saline (HEPES). The HEPES is

[0116] The matrix, when implanted on an exterior surface of a blood vessel for
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 bioerodes.

[0117] One preferred matrix is Gelfoam® (Pfizer, New York, NY), an
absorbable gelatin sponge (hereinafter “Gelfoam matrix™). Gelfoam matrix is a
porous and flexible surgical sponge prepared from a specially treated, purified

porcine dermal gelatin solution.
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renmoved, and 2 ml of trypsin is added to detach the
cells fromthe surface of the T- 75 fl ask. Once

waledgomment has occurred, 3 m of trypsin neutP@i/Ugi00g021755

solution (TNS) is added to stop the enzymatic
reaction. An additional 5 m of HEPES is added, and
the cells are enunerated using a hermcytorrgf er. The

$Q18] s us peqarding ioanglbit pRberjBgnta thy tiefornaligleypatyx material

density of, in the case of hunman cells, approximtely
ta7be x nOfiaslahbtsikmhatersdl n dylqdifieapions tortbeimaini inbiesiel ¢ag, be
or in the case of porcine cells, approximately 1.50 x

t06cteetd sptithize shdigr foBhRolstupgticarheckilg) inbludMgRRScalst
50 ng/m gentamicin.[0115] Bioconpatible Mtrix.

@g&&&%m. o Ghd DRSS gﬁéno{y@\é}éag deR8ibddN® ol ETRIIRAEDESLs are

terial conprises a bioconpatible matrix. The matrix

Lﬁ?ﬁoﬁﬁ%e@[ \ﬁiz}ll Mnlg tr{xe?d):(lxc %lﬁéorg{nl%% Rnd Ql%%)?(ﬁlh‘%gf] emm%%éaﬁonéj{& the

matri x Is exi

conformabl e. The matrix can.be. ol.id, em -soli.d
Gt BB oG 82 s e Srpg i R e fcatsiy BeBeS o Sdgn
present invention, flowable conposition nmeans a
oepiidesithat sahangs sraahilyy of the wlpdqinBibitamasth wasdlg celh
injection or injection-type delivery device such as,
lpudlifenatioh, trideedadednflanmetoll, ¢9 ingreye hepgmnculiatequodustion,. to
O her delivery devices which enpl oy extrusion,

6h@6dsk ProsticyEPplodueibnakll/él 18 ndreast AGH-B1 pddtieionl Exemplary
Porous matrices are preferred. A preferred flowable

icagfq@ﬁ,zérg IeQRors ?rlcgih;e for reg{nﬁ' 1R fiSkond i, Bk 'gaq, E&varpipe

orm o exible planar form The matrix also

APl el By B8 12 AR RORY SRFAR e

a crocapsu rous

structure. A currently preferred rix has a. .
FAPEqUS spthogh he{ﬂ@ﬁsﬁ%ﬁ%%ﬁf?@@%@ rﬁgﬁwgﬂaﬂ%edpe&ﬂdes
an exterior surface of a blood vessel for

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

REDVY, GRGDF, GPDSGR, GRGDY and REDV.

[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
microcarriers, PLA/PGA and pHEMA/MMA copolymers (with polymer ratios
ranging from 1-100% for each copolymer). According to a preferred embodiment,
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

chemistry. Additional cell adhesion ligands include peptides having cell adhesion
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preferably about at |east 28 days before it bioerodes.
[0117] One preferred matrix is Gelfoan(r) (Pfizer, New
York, NY), an absorbable gelatin sponge (hereinafter
"t g fom seguanicss; jncl@ing batmotrimited ta: éngD'ps’oREDéfﬁér@RGDF,
fl exi bl e surgi cal sponge prepared froma specially

tGRRSeR, GRGDYiaad RBDYI ne dermal gelatin
sol ution.[0118] According to another enbodinment, the
bi oconpatible matrix material can be a nodified matrix

oI 20] al - AMRRihE ERrons chiboliidentBhd bischbpLIblehatR mierial is
selected to optim ze and/or to control function of the

. . . , g
ipﬁiﬁdf%ﬁl%%?l§>h‘3%22%%%§v9 Bl Lo RO XREmb 80 Aechiting o one
cells.are associ.at ed w.t e trix. Agcordin
iR, B RE0E ool B el e meSRRE Mdpd el o
i nclude coating the matrix wth attgchnment factors or
algsayeois cﬁélmtﬁag@@ertt RAE SEITHRREPCEtfS. AGEPiding tge Rfﬁ‘fr@mg
cells to inhibit snoboth nmuscle cell proliferation, to
decbakisent, af hlginatet matnix is Grst pxosehsledhsipgreateivn isplate followed
production, to increase prostacyclin production,

a4 edcoh® cioRsligldag sitFhisiBg cplcmaucilodde arfdeenthaprptocols.
attachment factors include, for exanple, fibronectin,
fibrin gel, and covalently attached cell adhesion

| joaapds (AB&: 8z i@ ytQmotsPembeliieR) thetpoké gikeef titandar d
aqueous carbodi 'm de chem stry. Additional cell

a&%@&hﬁ@bﬁé Sandss hhsde /Q?fl}gér%srgﬁl}?X i,?g& G8d is .BGResi BRto

recogm tion sequences, 1Inc I ng t limted to:

R A ST T OB 94450 o

m&rtn[ ie\)f(enorixgr%rpret:fgg&y about 75 pm to 100 pm. Other preferred pore sizes
include pore sizes below about 25 pm and above about 100 pm. According to one
embodiment, the pore size is modified using a salt leaching technique. Sodium
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.

[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 porous structure.

47



10

Gel foam Additional exenplary matrix materials
i nclude, for exanple, fibrin gel, alginate,

w@odoymoymene sodi um sul fonate mcrocarriers, chCT/E§EN6/021755
coated dextran mcrocarriers, PLA/ PGA and pHEMA/ MVA
copolynmers (with polyner ratios ranging from 1-100%
for each copolyner). According to a preferred

ﬁﬁ%i M oo ofdi ﬁtaﬁgfﬂei LA ERE b ifke8se- &g ReidiRdst 0

I"dde a gag actors or adhesion peptides, as
recited. an cri bed. ab . :
FEBIGRS 1 AErTI 19 “ERanir o Bt B AL AREbrtheiec
fibronectin, fibrin gel,. and.covalently attached cell
RSO B 1951 STl iR ey Tt PR g GiedRcpefion of
aqueous carbodiim de chem stry. Additional cell
atibets). ba% payaind ot boving gelajie pati ropoured, nfya Bwlq or dish and pre-
adhesi onrecogni tion sequences, including but not
| fi et et VaictREDYffeRBDIéY pe CREEF and3RBSGRphitReDYoratriod of
REDV. [0120] According to another enbodinment, the
i 0C OTRAhhiligl CRithdnbd@bRLlired in usigshrefdrdily radgifibledlight
to inprove cell attachment to the matrix. According to

. I . . .
io(?§4 ﬁrrl[egg ﬁgh?gﬂ;cgm%kﬁ?ermglygé éfr']ogmtﬁ%@mep MhacidR if Pf'@ﬂ@&mg

operti ove Its ce

attachnent. and gr,0 r rti ° C e
ﬁp@p@@ﬁ&eﬁ@@a&%%&%‘bgﬁ PR eCHaf A fiByatce (focze
cross linked using cal ciumsulfate fol d by.a.

St ohebasy GPSChaR BAlghB CEpnRIIRS Q% itk PO i L ggrerally
routine protocols. [0121] According to yet another
einbasélppriportidrel feothe ciczatraion dfgeliiode tsaoluion) sl alfect
is nmodified. A preferred matrix pore size is about 25

Nk Eé%uﬁt?%lﬁorelﬁﬁe oihthe piagfi:ematelriyl @tdoah b2 moedifiedtosPeatern

nore preferably about 50 nmto 75 nm even nore

gﬁ&%@ %a?leg%.o the GEIIENARALRA! AFPreiith eat REEitDIE Giste piRE &5 that

zes I nc pore sizes bel ow about 25 nmm and above
avts)/ﬁll“clh p%'cg)ncl)otggnandb‘ &1%‘%51%' cﬁlygin{a? capﬁopulations having the phenotypes

described elsewhere herein.

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

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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enbodi nent, the pore size is nodified using a salt
| eachi ng technique. Sodiumchloride is mxed in a

w@odoandom of the matri x materi al and a sol vent PCT/H82006/021755

solution is poured into a nold, and the solvent is
all owed to evaporate. The matrix/salt block is then
imrersed in water and the salt | eached out |eaving a

POI23YS StAde6idiicio ohBmbRUMEIME, thebieBAEFRIIO Ml istBfigured
matrix is in the solution but the salt is not. One

%ﬁ ? gir%%(%gey pl?lgslf Eféxin‘PRAh %ﬁ%\#ﬁﬁﬁ/ &y (ﬂlﬁ?ﬂt@%}hﬁ%&l@& for administration

ccor g'to an alternallve

nbodi men carb dj oxi as, bubbl es ar - .
TR S A S a0E0 o oL RS s BP0 eRE oo pdpigisgation
then stabilized with an approprjate surfactant. The , .
das vwﬁf}r 8CCeaT HIUCHBe ém%uynqté%%ido Giasglar apasogasis is
| eaving a porous structure.[0123] According to another
ellistrdiedent|Gal . f Feagures ofrlyngtl, width thiguess andeywsfaoy anga prs not
control the pore size of the matrix, using the
fdepieridng s¢add 6r iafa grhgortiowatérimanagan FIG! BFIGO1 104 morpliméing
of different sizes. For exanple, a gelatin solution of

abehtiPe dnBiReRCI Ne or bovine gelatin can be poured

into a nold or dish and prefrozen at a variety of

different tenperatures and then Iyophilized for a

E@ﬁ d ofywith MereddiEioTRES] | e?he)ﬁ?lg tp'ia?ﬁf‘ﬁo?ﬁl ﬁsig%érﬂ%dr}ﬁﬁﬁa
e rght (2 run) or

y using, preferably, ultravio rul _
S PRk et e 1o Rl VA B0

-18CDC%, | yophi li zing tenperature (freeze dry at, abouyt
femyp e be Qﬁ@bgee P%tfPﬂn%’é% rragapiahle %@af%tpsreé.e@%wwréace of
size is generally inversely proportional to the

edhipdant stiarciuonsush agelbdeddrvessel.t ke Setibleipdaniar éarm 2 ¢an contact
affect the resulting pore size of the nmatrix nateri al
andxeaior hefawedf b ibkddtvesset, eal erdp o1 eftatioradriaed @rdadwrap

The skilled artisan wll appreciate that a suitable

RRSBdShZRterdr bilidice.

[0127] According to one exemplary embodiment illustrated in FIG. 2A,
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 is
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
planar form 20°. According to a preferred 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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whi ch pronotes and sustains optimal cell popul ations
havi ng the phenotypes descri bed el sewhere herein.

wQ 024917 exi bl e Pl anar Form . As taught herei PCT/pE2I0&021755

forns of bioconpatible matrix can be configured in a
vari ety of shapes and sizes, preferably a shape and
size which is adapted for inplantation at, adjacent or

ipartichRyr ¥kérhpladyyentodaméntSthe lfiast t@hﬁﬁduongﬁmtmqg &l a Wualiny
or other vascul ar access structure and its surrounds

Rt e ka6 30 26@ M, mlg% B0l [l e Qécgg& & og:g&@g@ggt ga it e

access structure ané S associ ate

@&ﬁrlarg,gg‘gegn 8Qéb%§r &’l ng%gbmnt a single piece of

X 4 for application to the
speC|f|c vascul ar access structure to be

VB B SRRt B ER AP o) ofth oot

Ianar form An exenplary enbodi nent conflguted for
é@ iefined bsathe@homd%swb%qab #0ghady30ung beidep S és praferabdy about

limted to a bl ood vessel or for admnistration to a
VeHctolaboutdc@k sisors prefiertbly absutdh05e dbatit 08, thostiptederably about
vascul ar anastonpbsis is illustrated in FIG 1.

oet ieles. Prefti@blt Widiiwiedloli slot B 6RAGEBle plhas Firndlie igsfea
are not depicted to scale or in a proportionate manner

isherfel e dinenSloto &j sbéux‘g%@&ggéﬁéa‘ deli9gohd i}oﬁﬁfr{%%ﬁl' uhnterrupted

enbodi nent . 012 erence to
flexibl na m 20
shifficl By %ccgi%pbgk%ﬁs 0sue SRR of RN, @ A6 Bpismalagea
hat th fI e I apar 0
Hegsnioe Q@fg éaﬁwgmsbtéﬁ aag GI?E ﬁitgé%ﬁfl &F gpd as
surface of‘a tubul ar structure such as a bl ood vessel.
Paecribpé ketsineevisnabeealls spamvizith @by sl nettting oesthervyiss

surface of a bl ood vessel, can wap an exterior
sntefratmgoruck arelviaypr ar aelirkdidge. ext eri or surf ace.

[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
instructing the skilled practitioner to use a scalpel or other cutting tool to sever the

planar form, in part, thereby defining a slot.

[0130] In part, 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 tubular structure without compromising the integrity of
the implant or the cells engrafted thereto. One preferred embodiment optimizes
contact with and conforms 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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illustrated in FIG 2A, contoured flexible planar form
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such as a body 30, connected to a bridge 50, connected

to a tab 40. The Tab 40 is separable fromthe body 30

by the bridge 50, although the several regions forma
cententiliguestuptinedload How diraueh the yaeschigrpatmeyother dlsruptlons that
enbodi nent, interior edges of these several regions
acalddelay gmﬂon inhibéflioneeosinsis atdenaroral béading6 The skillheé practitioner
contoured flexible planar form 20" . According to a

Pl Ribadzeahesivedverlap liese tisRr\Eiablabegba asd dell ketbggize the
the interior slot 60 further define a first

t §d448 ?%dg@%oﬁ%!r B er63 V"'tﬁrﬁ' e Irﬂflahﬁbﬁ:ﬁhﬁén&lf Ad¥®ionally, in other

cont QU exi b anar for a second
t {
FLE O R
I I d h .
ISR I AR T BN R N—_—

40 and the bridge 50; and the second term nation point
6als¢vshese herelyo olrrdicgls @eom@wogh@qsh/bsumh%@em@ﬂmnts can be
30. [0128] In certain enbodinents, it is contenplated

t bptionahie atdeditth af Gmpfant. Ha cettain ofiter dmfbbdl'mmbnlmj stdhengents can be
above-descri bed tab 40, body 30 and bridge 50 is

PhEfed rt@B lb¥ocRRPHEDIE nthlrit BnERRThisCréHtin tAB hscREEC el dy
about 0.05 to about 0.08, nost preferably about 0.06

ﬁ)@&ﬁp?’cfgl@ﬁggﬁpl%ls)séd (1) suIIII?%I thl&IéafﬂkE An&dfa fibexi bl e

anar orm iclre nsion to
dlscourage engrafted cells fromformng an

U rrupt ed. confl uent. . ayer. I [

)P RSB DA L P Shd SRR R B e
hovvever t hat embodi.nents defi.ning a slot.  60.and.a
s fagget fitwlas s@ecwaséeqﬁist@an 1%@&@%%9@5@ ‘i?éIl%FIHm%%(Ié’ﬁ“‘?fI“S
cells span width 66 by cuttln or otherw se
 ptcorded o thecaaraiedbeadelr uh Byder-doging oF fhetsppugessent added to the

implantable material. The skilled practitioner will recognize that sub-optimal
contact at the time of implantation 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 composition
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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instructing the skilled practitioner to use a scal pe

or other cutting tool to sever the planar form in
part, thereby defining a slot. [0130] In part, the

| Pptshiel emiprising epdls dn.narasivithin a Bawabledype prsticiilate ovasriy as
that a contoured and/or conformable flexible planar

f eonignaplatsddietdie camipd fanhalated fomtse it artydnjeetadppalclieery device
optimally to a tubular structure w thout conprom sing

t fiegingtie gitetny] dibmbieefropibatt 220¢aukb & SiRJuk 36 @R Epable of
thereto. One preferred enbodi nent optim zes contact

WidifveARE a6 RS0 B o f Bodife %}ﬁﬁ&ﬁl/onq;ogﬁ)ris%% éoarticulatet: maferial

surgically-treated vessel and control's exten

YRRkt AR AREP! FRh R0 B P¥ace can

cause pressure points on the treated

v , potential ly restrjcti | ood . fl ow t hrou t he
v@gg orAg?oégl]tngﬁéa&ﬂ%‘?dyoﬁr%&%ﬁ?fi ediment, thstlowabie ay
and/ or _inhi bit honeostasis and normal healing. The o
SRS OB IS POh BIOCQINPatiblepastien ate matie seihves Galformap

at the tine OED inplantation and will recogni ze the
negeticles Gedfpesi” tiowmlenor ahitverizedeGajfoant™ PiizertIne., New York, NY)
i mpl antabl e material. Additionally, in other

efbritiafent Gelfonne phitiples™), 4 plokdactidiled fBigIordhe 8@hal gelatin,
result in over-dosing of therapeutic agents dispersed

V\lixtzcmrdﬁng Q@aﬁ&ﬁér%ﬂi%irﬁeﬂﬁ%ﬁ@ f)é.uﬁt:ulaﬁzlriﬂgg g% gg@gg-&/ (Amersham

el sewhere herein, chem cal s or ot

S A t t] nts.can he optional dded to
SBRRHEREISRRRE M) ARGNE S haniriBl M el Sl R

can%gadde .to.a bigco tible matrix and

aEHPIrade amaitix Qf ¢1oss- &U¥F cells; a bioconpatible

matri x used in this manner optionally defines a slot.

[0131] In contrast, inplantable material that does not
Ad¥at el 90(&%@5&@ alfgypative embodiments, the biocompatible implantable

particulate matrix is a modified biocompatible matrix. Modifications include those

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. ELV-008PC), the entire contents of
which is herein incorporated by reference; and, co-pending application

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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target tubular structure can |lead to insufficient

exposure to the clinical benefits provided by the
wengrabtred cells or an under-dosing of therapeRtT/6S2006/021755

agent added to the inplantable material. The skilled

practitioner will recognize that sub-optinmal contact

at the tinme of inplantation necessitates
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fl owabl e conmposition is preferably a shape-retaining

CBiteosibhilsle malti, seadedial R bAfadd GNEHESS Hpr&aRRfels1 82,0 x 10°
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use wth any injectab Vi Ce raggl o
i [ ¢l er gt .22 g e.to.a s
e ST h T ?1ﬁ§o£ﬂ‘§Pld§? fiig gouss o il
fl ble co sition conprising particulate materia
c‘ifﬁt AHRREtpr g‘? &fesisfl yrakivpisithen n%ﬁqqdi inte ipdividyal epnsdinars 1
to about 3 ni. [013321] According to a currently

1, @Aptubeso eadbl fgteclomipios cap containing a 0.2 pm

conprises a bioconpatible particulate matrix such as

Galtdrodth PEM-2 ahé sncubistbd apdpploximpeiydEreC 2d 396 0081i98emhir. The
Celfoam (r) (Pfizer Inc., New York, NY) (hereinafter

"1zedif @2dhapdd qveheRvo to tBreP HRF ordd@i, \(ﬁﬁ}otfh% %Tlmv%irgaghed

dermal gel atin. According to another enpbodi nent, t

RLFL&He2 e TR ionk Dréh QL GXE L ATRES Iﬂr%'f%rably passage 6, but

cells of fewer or more passages can be used. Further implantable material
preparation protocols according to additional embodiments of the invention are
disclosed in co-pending application PCT/US filed on

(also known as Attc;rney Docket No. ELV-009PC), the entire contents of which are

herein incorporated by reference.

[0137] Cell Growth Curve and Confluence. A sample of implantable material

is removed on or around days 3 or 4, 6 or 7, 9 or 10, and 12 or 13, the cells are
counted and assessed for viability, and a growth curve is constructed and evaluated
in order to assess the growth characteristics and to determine whether 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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Bi osci ences, Piscataway, NJ) microcarriers, conprised
of denatured collagen coupled to a matri x of

wee@3mel7inked dextran. [0134] Accordi ng to al t RCTEHS1006€021755
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enbodi ments, the bioconpatible inplantable particulate
matrix is a nodified bioconpatible matri x.
Modi fi cations include those descri bed above for an

i endcudlabbal MRdlakixd 6 &6 b@ésenté@grgxrﬁbsﬁéﬁ’%d O these

fl owabl e conpositions suitable | use | gCtTVI ; ][n_anngr
i 2 I - ' ication ile
ST R Lo IR0 5 St o
- [ is herein
e B0 e B bS8l e v

PCT/US fi| ed on even date herewith (also known as '
AAIOHRE Polby Rigdh a3 bsavstiaoga)incredse leptll nembaat trtearlptime
whi ch are herein incorporated by reference.[0136] Cell
Seeigisr{yhon refewiogip 1G4 bebiteenxbotrdays 016) ploHEREd BY a@ear
sui tabl e bi oconpatible matrix or an aliquot of

s cortfhibhtepHasoaepatienli: o/ FIBaBAEbeREE] boRE Bays@YE ElRid b
by the R I A oAbl Il BN FHRid by o

aplatea i f % / % al Ja. f 0_24.
s e Al AR 0 0 e

thet I Al e- ' opt.ai ners and pl aced in individua
LB B Eh RIS ) BERa el ‘1%&]?"1‘*1 oo ’legnj%“é a%gg the

at referred depsity of approximtely 1.5-2.0 x

c qlﬁgpe(p%?g%nffue%@ nf@"%ﬂ&@l tpd e oretivae byt dase 10-14). For
pl aced in _an incubator maintained at approxi mately 37C
PS5 etthe pregsnt iaventioppoalimepintitiys Which3selinfoplaisa for at least
facilitate cell attachment. The seeded matrix is then
plalewus amstpoefened.vi dual contai ners (American Master

Tech, Lodi, CA) tubes, each fitted with a cap

containing a 0.2 mmfilter with EGW2 and incubated at
alop3&Ixi meCell youhtdara achi&MdBy% ompd@destiond¥8he 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
volume of the cell suspension is diluted with 0.4% trypan blue (4:1 cells to trypan
blue) and viability assessed by trypan blue exclusion. Viable, non-viable and total
cells are enumerated using a hemacytometer. Growth curves are constructed by

plotting the number of viable cells versus the number of days in culture. Cells are

shipped and implanted after reaching confluence.

[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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media i s changed every two to three days, thereafter,
until the cells have reached confluence. The cells in

woer@7peierred enbodi nent are preferably passaper/652006/021755
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cells of fewer or nore passages can be used. Further

i npl antabl e material preparation protocols according

to, additional enbodinents of the invention are

dVisbligs st leastahogb P meetarsplyi tuane dass then/80% . i tlejeedls are not
(al so known as Attorney Docket No. ELV-009PC), the
entrifluentigndayntZomk3, wie wédiasehheged] and incdration as ewhtinyed for an
reference. [0137] Cell G owh Curve and Confluence. A

s additienad day . nPhis prcddbsis Foitafved hntilSconG e ds &hidfed aF Qntd 4
days 3 or 4, 6 or 7, 9 or 10, and 12 or 13, the cells

AH8ysGRYNREINBN OrEESLES Gdhd Qdl1s Ukt cbhMuer@Nfe ot W AWMalded. If
curve is constructed and eval uated in order to assess

t LSkl et.er mi ne_whet her

R IS B ARRE G bl PhRaP I BEDBR A ARRE TG o fna
been. achi eved. Representative growth curves fromt
oGRS/ CAR &S PBHOTNek S el mesiiusheage EatHprashiping FOM-2
porcine aorticendothelial_ cell inplanted |ots are
phétbewtbgnelredpabwitbputangbivics. | Immeriafelydpdemsingshe madia

i mpl antable material is in a flexible planar form
Celrmgal thy tubes eredittedrvdiinstenyle phig dealvdapb faphippiigat e t he

i ndicia of acceptable cell gromh at early, md- and

| ate tinme points, such as observation of an increase

i [01d6] | nERBlRLtiE! oftthecBadaliyy. tFdFuBsvses &f thyiifBntion described
referring to FIG 3A, between about days 2-6),

PR e O 6 St or

N I : he.cell s.h d
ARG TihcentPy EndiRe B s BBl g e
c BT AR A P GBS W FeIs RGeS CRFasorgi 1OF-

bet ween about days 10-14). For o
P1), basic fibroblast growth factor (b-FGF), and nitric oxide which are produced by

the cultured endothelial cells. In certain preferred embodiments, the implantable
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/cm® of flexible planar form;
percentage of viable cells is at least about 80-90%, preferably >90%, most
preferably at least about 90%; heparan sulfate in conditioned media is at least about
0.5-1.0, preferably at least about 1.0 microg/10° cell/day. TGF-B; in conditioned
media is at least about 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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pur poses of the present invention, cell popul ations
which are in a plateau for at |east 72 hours are

w@e@ieored. [0138] Cell counts are achi eved byPCDIPL006/6€21755

di gestion of the aliquot of inplantable material wth
a solution of 0.8 ng/m coll agenase in a trypsin-EDTA
sol ution. After neasuring the volune of the digested
[omd1qint ablepanmtsalfatallcvels den banuataltated usihg b heutae! |
suspension is diluted with 0.4%trypan blue (4:1 cells

danéthyl mﬁéﬂe@lu@eﬁon\dmﬁhe{seE&B@ag@ﬁmp@m PhoRAEtRE HRay.
excl usi on.” Viabl e, non-viable and total cells are

B R A R TG Rl o PP il YRR o
Ver%ﬁs e ?Eﬁv%ﬂ?w?% bl e wﬁ%w samples are

[0139] For {)ur poses of the present invention

comppigd e s agdaxéwuﬁ/@cgea@rateﬁ &sipe &sena duatitis of pudfied

about 4 x 105 cells/cnB when in a flexible planar form
chondneitinrsplfatmtddioted imaolactiah mediad Additinak sn@ecol conditigned
preferably about 7 x 105 to 1 x 106 total cells per
ahddgue re(fafked Qvitidhonhiitiiase ABE tldigdsbtindripeand d@matan
For both, cellviability is at |east about 90%

@ﬁﬁét@sr o Y addfidrfst$hd DMB 8O relaéeﬁt h %l%sbﬁoaﬁée@ afk‘)t

confluent by day 12 or 13, the nedra is changed,
gn%%quglteld ap the%n gc?rﬂhfn%ae\% n%[h £ rl%gﬁuet dﬁﬂeabl\&ﬁ}ﬁge Ilg%% with the
s CoNt T nued con ence Ts

a t- seed i f the
$AG sisp oo iy Ao 1106520 Ll Felsanaton ol Popary lfuce
are deternmned to be confluent after perfornln? .
ipAr Y el percdigdk salowlaedl isubtiagting ieaqgeentatipe pf elandepitin
This final nedia change is perfornmed usi ng EGW 2
whi demiatpherdfale fred thetbtalistlfcded glandsabiimdglymn concentration in
I medi ately follow ng the nedia change, the tubes are

fobhdif6nod thBdisine¥aidpeesP I0HBn&@atnasapB ( tivER iPdinfigmed by

digesting a sample of purified chondroitin sulfate. Conditioned medium samples are
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-B; and b-FGF levels can be quantitated using an ELISA assay
employing monoclonal or polyclonal antibodies, preferably polyclonal. Control
collection media can also be quantitated using an ELISA assay and the samples

corrected appropriately for TGF-; and b-FGF levels present in control media.
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[0140] Evaluation of Functionality. For purposes of
the invention described herein, the inplantable

woredogiodth4 i s further tested for indicia of PCT/US2006/021755
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functionality prior to inplantation. For exanple,
conditioned nedia are collected during the culture
period to ascertain |levels of heparan sulfate,

f h i 7 i ' | &an riess
(5031 0, S50 L G
i ch d d. b h I d [ | .
A NCEN T T A TR

mat eri al can be used_for the purposes, descri e&sh rein
Tiemot detep e metiadn B VPt ST DB bToRr B GRS
at |east about 4 x 105 cells/cnB of flexible planar
fomridey nipratec@iPAged oftritgi(NELp cerbt detpeiedpsing kiing phetometric
80-90% preferably >90% nost preferably at | east
ahakibds9 0%e hepaRanctiulbalyenkymaaatly towresd niterde t niritain the
| east about 0.5-1.0, preferably at |east about 1.0

P&l e hddudaNe. NidfteRd détBcte®@Bélbfimeirdllyash aolofedaizo
I"feast about 200-300, preferably at |east about 300

oi.co . : av o s b .
53 Bl 1B Mgk LRRESARA 3 fm B evgl g nitic
picog/m .[0141] Heparan sulfate |level s gan he. i
R TE e P o B ee CHyrpsp Ry g ef ol into nitie

bl ue-chondroi ti nase ABC di gestion spectrophotonetry
alsteampining the| totelpanseviertionyd HEHIR IR w@ﬁw@&@y&w@i then

are determ ned using a dinethyl net hyl ene bl ue (DWVB) )
dyenphiing iiegendSay comventidtion ofinkritvin astandpidscugyeegenerated using
conpared to a standard curve generated using known

4R duafsti@fofpitkitt tadieebomotialtei n sul fate diluted in
coll ection nedia. Additional sanples of conditioned
medi um are m xed with chondroitinase ABC to di gest

C@g@ﬂr 0i t SRGerdREORYADrebiréRinBbilery Sienbfpkhassessed using
addi tion of the DMVB col or reagent. All absorbances are

the quantitative heparan sulfate, TGF-B; NO and/or b-FGF assays described above,
as well as quantitative in vitro assays of smooth muscle cell growth and inhibition of
thrombosis as follows. For purposes of the present invention, implantable material
is ready for implantation when one or more of these alternative in vitro assays

confirm that the implantable material is exhibiting the preferred inhibitory

phenotype.

[0145] To evaluate inhibition of smooth muscle cell growth in vitro, the
magnitude of inhibition associated with cultured endothelial cells is determined.
Porcine or human aortic smooth muscle cells are sparsely seeded in 24 well tissue
culture plates in smooth muscle cells growth medium (SmGM-2, Cambrex

BioScience). The cells are allowed to attach for 24 hours. The medium is then
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determ ned at the maxi num wavel engt h absorbance of the
DVMB dye m xed with the GAG standard, generally around

wo1®75@64n0m The concentration of heparan sul f BEBUREN6/021755
106 cells per day is calculated by subtracting the
concentration of chondroitin and dermatan sulfate from
the total sulfated gl ycosam nogl ycan concentration in

?ﬂbéd Wik dr,BBEh il lyb%galgest | %ﬁ%ﬁffganp ?nnﬁ%rcb..’z% FBS for

|V|ty I's confirned

hondr itin,sul ndi.ti on ed ne
n%% §its R PR bkt L gt oS pndiRiey e Bt homanse
g puri |%g chondroitin sulfate is digested.
P& e§éﬂ>t celdglfuwresrdifutgd d el wih aéia?rMpt spwih medingnd
an ELI SA assay enpl oyi ng nonocl onal antibodies. [0142]
TeddePtcathid chltier Agpsitiye centrd) omjuhibitionaifethoothi myscncell growth
ELI SA assay enpl oyi ng nonocl onal or polycl ona
anindhaitdés caghragbar abfter thret ycfoanddys, e muhtdler 60ddlle ¢ e4h
medi a can al so be quantitated using an ELI SA assay and

tdﬁﬁl&%@lﬁﬁh@lﬁeﬁ&ﬂr@ﬁ{g@c&ﬂ% eRuARE ethe dfct dEE5HALRAREd media on
| evel s present in control nedla 0143] Nitric

%ﬂf SUL MRS % iagﬁéozlgéég@mpﬁ anS| g%gmggﬂgf%t h?é]t%lgﬂ%nldgfsqmo“h
dR oo bR ﬁﬁ%%&o"@%e Rt o rdisedagmedtom wit

products of nitric oxide, nitrate (NO3) and nitrite
(thetafter thage 9eomedaye o6 exnesisdo coutitionedghrstiveand te control

nmet hods. The Griess Reaction assay enzynmatically
coediefstandaid grawth mediai with amsl withavh éheprdd g mmad godwihi fhetatsg The
reductase. Nitrite is detected colorinetrically as a

anhgiivde 82 mhibigorpisaotisted wathsbe Bdrigtioted mtdd@ danPMs dré
the range of about 540 nm The level of nitric oxide

RIS thRhd Rec%RESMiiShitsh sfsplined vmh tﬁe gpﬁﬁ% DéhtRh

nitrate into nltrlte determning the

f%%%)?&lhé & é Sﬂafé}fedn 'rﬁgodgrﬁent,nthg hl%pllél,ﬂtkgl% matgma{ms coﬁsul%reccil

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

able to inhibit.

[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
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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comparing the resulting concentration of nitrite to a
standard curve generated using known quantities of

worRdrave4converted to nitrite. [0144] The PCT/US2006/021755
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earlier-described preferred inhibitory phenotype is
assessed using the quantitative heparan sulfate,
TGF-B1 NO and/ or b- FGF assays descri bed above, as well

2oyt | Wb pdefhoMith EpaIRS gfmaén 8@@%%@@&%@ !

gromh and inhibition o SI's as

present. .J.nvent.i i npl ant abl e, :
robenEherthe baRfl S MibRuRBLoRbe aRBRERE T pssogited
these alternative ip vitro assays confirmthat the
i WEhaiateles réé}’ﬁﬁl@%m?'a Oﬁcgwi%rr@i 1§ Phigined by Hheadditiengof sodium
inhi bi tory phenotype. [0145] To evaluate inhibition of
sfitaterio parraneebleed bangplesmthom temparatyre, Heitrated plasudds odntrifuged
i nhi bition associated with cultured endothelial cells

i 8t aigentle wpeeddio dawaedendwhinubiaod aellstin Spadiet, Neavitiodigtelets
cells are sparsely seeded in 24 well tissue culture

huidp@flet] in BG4S ATUSG AR dHRH hfeddr i ! INEV;
?Za r ef éi 0Sci edr?%:e) . Th(le cg:nlﬁs ggyégﬁﬁg\%eﬂééat t a%%m
f : T j LS : ot
oS dAg a%%?%w&é%&%o?@%éﬁ@é?ﬁa?eﬁat%%w?%sd@eéatelﬂ
48-72 h t rowt.h rest. the cells. it]joned,
a8 e o a8 oG plrasiies Sitaof Horielef Sgains
cultures, diluted 1:1 with 2X SMC growth nedi a and
atfyegonly ingladeypehidenate, ALND spilagpa, enipanhsine.fagd ristocetin
i nhibition of snoboth nuscle cell growth is included in
e@vhilablsfigm SigmerAltticle€ot, St.flours, Mi)s ,An hdlitiomib eliquat of plasma

cells in each sanple is enunerated using a Coulter

Cuasniogplatelehagoaifidt @€ torafiti e dhddiDatidd 16 dbssOfor SHRGND
muscle cell proliferation is determ ned by conparing

e S R
aggregation is also included in each assay. Exemplary positive controls include
aspirin, heparin, abciximab (ReoPro®, Eli Lilly, Indianapoiis, IN), tirofiban
(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 aggregometer. The
aggregometer measures platelet aggregation by monitoring optical density. As
platelets aggregate, more light can pass through the specimen. The aggregometer
reports results in “platelet aggregation units,” a function of the rate at which platelets
aggregate. Aggregation is assessed as maximal aggregation at 6 minutes after the
addition of the agonist. The effect of conditioned media on platelet aggregation is

determined by comparing baseline platelet aggregation before the addition of

conditioned medium with that after exposure of platelet-rich plasma to conditioned
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that after three to four days of exposure to
condi ti oned nedium and to control nedia (standard

w@e@robi7aedi a wi th and wi t hout the addition of PQr/ostons/021755
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factors). The magnitude of inhibition associated with
the conditioned nedia sanples are conpared to the

magni t ude of inhibition associated with the positive

c oretiivgd, andde thegiosigive contrqlr Bealtseuk epbesdédan percdngage of the
i mpl antabl e material is considered inhibitory if the

c badiihé. oTlesimagsitialeiof ibibitisn adzocihted Withathe vhatitidded media
heparin control is able to inhibit. [0146] To eval uate

| elthpled eRoRpateld 1o FRARAGIuBe ¥ TnhitiddRsdSMEd with the positive
heparan sul fate associated with the cul tured

e elyl ' ] r . has

p oA e Bordi 3 feffEd Bl PRRBLARGHE bRl
propertiges.. Using either.the raqutine, dimnmet t hyl ene
PO ® aseiipB meaiiun Bireatint 2ty it T,
ELI SA assay,  both assays are described in detail

aBevave eqnirok isrpblanonaltibén of heparan sul fate per 106
cells is calculated. The inplantable material can be
used for the purposes described herein when the

héHa8hn s WWheatreadynfor raplentation, itheiethlansabile miaeriat codmepriting a
about 0.5-1.0, preferably at |east about 1.0

miflexibly plaxer derinl B/sdpylidddh4inh] Hodid esnthdEROehchreabliat e
i nhibition of thronbosis involves determning the

MRgHthinkfae Pk 41,008 Rk Q@crﬁ*) sRhitd Sib&d wil gfe%&%lg%pfdiimately 5-8
vitro associated with platelet rich-plasm. Porcine
pgﬂ%nﬁre!f&alﬂgtaﬂegﬁ%bgé{ﬁiQ?O%ﬂkfcfng nd Lt Ige%q 'a%ﬂt@gs/r ﬁta?le ells,
t 0 pofcine blood sanpl es at room tenperature. traced

I [ trifuged a t]e speged, to drawre
DS et BBt e fhetB! SFckerue BREa g st daer
suspended in the plasma. Conditioned nmedia is prepared
f POHED BSt Cubimeqniiaipterdn dprrasimaigly 4e160 el prefrably gheut 50 ml,

added to aliquots of the platelet-rich plasma. A
peadathadial growth medium (for example, endothelial growth medium (EGM-2)

containing no phenol red and no antibiotics. When porcine aortic endothelial cells
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
example, sealed tissue culture containers modified with filter caps or pre-loaded
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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aggregating agent (agonist) is added to the plasma as
control. Platelet agonists comonly include

wa@reachidenat e, ADP, col |l agen, epinephrine, andPCT/US2006/021755
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ristocetin (available from Sigma-Aldrich Co., St.
Louis, MJ). An additional aliquot of plasma has no
pl at el et agoni st or conditioned nedi a added, to assess

gais aseldif ISROSK RIS P8t ;ﬁ%g{apggﬁé@%at&m

ositive CTontrol 1or rnntortron o

aggregation s also included in ea assay, ..Exenpl.ar
R0 X e R PG e pR Bl et BB o be
(ReoPro(r), EIi Lilly, Indianapqli IN).,.tirofiban
G’A@@‘iﬂb@flé% 1oy tepneratig, iEA .S‘eag{é@e.g viaf ¢dsipadosatdeashiyvo
NJ) or _eptifibatide (Integrilin(r), MIlennium
Phesksralislirilds sich implantablermateria) és mpinyainerhia abewiAt¢Ghgpl, more
pl atel et aggregation of all test conditions are then
eestabbdsusil, teanaporaggdie gatiedreritholin ed dgonad FBSe tTeansport media
nmeasures platel et aggregati on by nonitoring optical

4Rhprikds EGH-P hitded @Itﬁovﬁ%ﬂérﬁﬂ AE FEDES bd 4lakd &Rfhe RBRENE of
t hrough the speci nen. The aggregoneter reports results

Rl g AR i RGN Sl s,

sessed as imal regat,ion at .6 mnuytes after.the
JIRR FarbeBtst RSB CEfermard e Qi e oo 1
medi a on pl atel et aggregation is determ ned_ by .
dBwHEfation. léa%@?feﬁr@dgw Hmdl) the amgunt o §BSgived aF B apgport media
addition of conditioned nediumwi th that after
ex pabe thedéngsh af ahsat requicdd piadorimplenteeri t i onednedi um
and to the positive control. Results are expressed as
a percentage of the baseline. The nmagnitude of
i[ohsni t i dbryapeeaai@chfilinplantdbde Bateial. | Diccbnifileimtdmplantable
sanpl es are conpared to the magni tude of inhibition
aRNOGA1RbRHrMNG R ohfIfer? 9?%&111&’&1 GIRRILE Bdn b&&?@gr_@éem@th f8r Rorage

preferred enbodi nent, e inplantable material is
BRGSO SUAL il 00k ADEEL 8y or e

upon eventual thaw. Preferably, the implantable material is cryopreserved in a 15
ml cryovial (Nalgene®, Nalge Nunc Int’l, Rochester, NY) in a solution of about 5 ml
CryoStor CS-10 solution (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 controls the freezing rate) water bath,
transferred to an about -80°C freezer for about 4 hours, and subsequently transferred

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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positive control is able to inhibit. [0148] Wen ready
for inplantation, the inplantable material conprising

w@2do7exi7id e pl anar formis supplied in final prOTIUSL006/021755
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contai ners, each preferably containing a 1 x 4 x 0.3
cm (1.2 cnB) sterile piece with preferably
approximately 5-8 x 105 preferah|y t about %1}%\{1
YOShedeabpsy % HiBehiabaut | SELIvasbBEHIZ0 /GSW% 13 CUBPIEES
exanpl e, human aortic endothelial cells derived froma
mﬁlghtep}mad]amé rnd wwithr5 Osieg/mt gentapeicing (Fedfirgii tinse PEoqedures
approximately 45-60 m, preferably about 50 m,

@fhd&)hbﬁétédiforgtbﬁwﬁmifﬁiﬂéslhlﬁtc(dn@tenﬁ)eme The fiigtol fueteipabcedure is
growth nedi um (EGW 2) containing no phenol red and no

ABhd dR'tegtfoP§bouY\B§ﬂnﬁ%§hm°@%B%CCQE‘dOt helial cells are
use he growth nediumis also EBM 2 contai ning no

phenol red, but supplenented with 5% FBS and 50 ng/ni

ﬁﬁﬁim CIF%HOLV%Q’[?% gl*a@v Mddse! F&%&ﬁr}%@ ghee&?eﬁ'eﬁ@%cﬁmatemal is |

nt abl'e "ma conpris ng a e particul ate
for supplied i i nal
feneingst porows Ahpeut T gfrgdV o g Ao RhPsnion. For porcine
containers nodified wwth filter caps or .
opdothefial celbs dhe Top@feBRY %ﬂiw}mbléﬁ@ﬂrc% ﬁgp%%ﬁﬁgwﬁh%y %&So%nd
particulate material engrafted w th about x 105 to

difquml gentdidBirt at3FPCéma%t GOL.i Bar Immammiwh%% Gellsy theggeovery
m, preferably about 50 ml, endothelial growth nedium

Relutidh i IBOM-DGkERkt Shitfifticsi Ferthdr posplhawtcahilitiohiageni ¢ .
The i nplantable material conprising a confluent,

rb%ﬁ{eélcdm frd U8 MasOinoBRs ba 6efk pHs Pt e RHA/RE badkaging cel dtSrage or
can mai ntai ned at roomtenperature in a stable and

VI abI e.condition for at |least two weeks. Preferably,
rf‘fpl antable material is maintained in about 45-60
m nor e preferably 50 m transport nmedia with or

V\fOIE ut drlmte 1ateg/ pr10r§o im larrﬁstp SH. Ehe chhﬁm is decanted and

implantable material is rinsed in about 250-500 ml sterile saline (U SP). The
medium in the final product contains a small amount of FBS to maintain cell
viability during transport to a clinical site if necessary. 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.

[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 10* and no more

than about 2 x 10° cells per kg body weight.
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conpri ses EGW 2 nedi a wi thout phenol red. FBS can be
added to the volune of transport nedia up to about 10%

wo-B®B7/0em740 t ot al concentration of about 12% FBSCT/US2006/021755

However, because FBS nmust be renoved fromthe
i npl antable material prior to inplantation, it is
preferred to limt the anount of FBS used in the

LR Edel t}xsm%ﬁ’[efhﬂleﬁed E&Hﬁletﬂeriﬁlpla%%lehm%nﬁl' dtS8e piRSsk r ed

prlor to inplantation. [015 Cryopreservatlon of
f’l‘gﬁ ?glqgrlg\é? E:gﬁsj gieg%rgw V%Qc{ﬁur %ﬁ@({athéfl a(f)kf ci%l are Breferably

eﬁwﬁ%%lﬁ 6 Veﬂp%a?t&. hrergneber e %18{5 @3%5%1'%% planar

|ntegr|t upon_event ual tham1 Preferably, th

ifern, and athen capiluent. produse é@%mr@éénmcqrﬁalamwemran sulfate at
cryovial (Nalgene(r), Nalge Nunc Int'l, Rochester NY)
iahleastsbbuitd. H4. (bi)reddzrabilly abhdast@byatt. Omigse/10° sadl/dei, & GF- -B; at at
(BioLife Sol utions, OGswego, NY) containing about 5%to

 20% DBCL0RBON tredeRyRR s edboanslakiest/mBday, 2% BE&SF below at

Cryovials are placed in a cold iso-propanol (or any
JushaRges 0 Yob &t GRBfEMIPnd Rord 88 2bAA 408 bRba ARt €T
bat : transﬁ@ g éﬁ$b an % outr-80C reeze? gr about 4
hours and subsequently transferred to liquid nitrogen
boul, 6150140 0ROC) 1l 19350k SPLveRGEREr ved al i quots
oWy thawed at
roomtenperature for about 15 m nutes, followed by an

T813ar or SrooCibBREaiod i ettty el SRtratmnisired o

about 3 tines in about 15 m_ wash nmedi a. Wash nedi a
dofprllaescapritugtiiedne VereN o foray. Axrgordingtosme pgtatred
gentamcin. The first two rinse procedures are

corvodoned, the implbotablenatenalies flexiblegdanat Erpeswding shapFlaad
final rinse procedure is conducted for about 30

Fizeutlash Btadapt€d ot ibidatdRion 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.

[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.
Additionally, more than one location along the length of a vascular access structure
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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[0153] Follow ng the thaw and rinse procedures, the
cryopreserved material is allowed to rest for about 48

whowrsoiTad about 10 ml of recovery sol ution. FoOPCPURIN6IE21755

endot helial cells, the recovery solution is EBM 2
suppl enented with 5% FBS and 50 ng/m gentam cin at
37C in 5% C2. For human endothelial cells, the

Qifs%‘(f@ﬁd’us%ﬁhé%&h@ﬂs hid FESMistal WehORUb R daQ'thtfeca‘&d with one or
Further post-thaw conditioning can be carried out for

to use and/or

%gogég %Sg&?g%m lgﬁgblg%g#ﬁ B{aalﬁeg{a})rt [0154] I rmmedi ately
prior to inplantation, the rredl umis decanted and

nt a terial is.r 250-5
4‘5%9 &w fﬂé’ﬁf no"rﬁlém %IFIE} ﬁhﬂ“"f‘ﬁih"f plgn q%il%li\?r&ef‘al 18
cont ai ns a small amount, of FBS to_maintain cell
FPEibgured tp qapfrpforan exissior surfase gt a blggdgpsel Ap exgmplary non-
necessary. The FBS has been tested extensively for the
pindEegplenaffotm dt dustegted WG, AndVith referendertalFI@gbrthsexemplary
according to Title 9 CFR Animal and Ani mal Products.
Aekibhsplagar foe 20 linea lehghinid, @ yedthj Idsindarhetght 16. According to
i mpl antati on, which decreases the anount of FBS

bh@g&?&?éde&nmfdﬁhﬁﬁtaﬁlﬂedg% PEHPBS MeRibROpIAghr BSIm QO‘P& zﬁﬁht 2 cm

[01 5] The total cell [oad per hunan patient will

B SAH Bt (PRI LB @ss el Slaes forhy 30 ?51@03%@%8{(‘% abgut 2
%Eﬁ?%ﬁﬁaeieh@t K6 o Hestile Piifieanh & HieEDi g Bratpptl s om.

present invention conprises cells, preferably vascul ar
endothelial cells, which are preferably about 90%

WO e aﬁcsowgr»&ﬁ%aw@ﬁr pnkodipspt thedsrifile plagaryfgem 20 can be
cells/cnB of flexible planar form and when confl uent,
ponlgired avandinaiamical ynemiteuredforai wihinly cordprmsie anexteios surface
at

of a blood vessel or a vascular access structure. An exemplary, anatomically

()

contoured flexible planar form 20’ configured for administration to a vascular access

structure is depicted in FIG. 2A and discussed in greater detail below.

[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
to 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
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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at | east about 0.5-1.0, preferably at |east about 1.0
m crog/ 106 cell/day, TG~-b at at |east about 200- 300,

woe@eoed y at | east about 300 picog/ m/day, apdr/bsi@H021755

bel ow at | east about 210 picog/m, preferably no nore

t han about 400 picog/m . Delivery of |nplantable

Material in Flexible Planar Form [0157] Cener al

Witk raspecata the.feartwe df apladre sloi canrpetdefined anyavhetrein, on or within
adm ni stered to a vascul ar access structure in a

viay ¢oditourad fléxblemlanAe famding At hotwas bpdefiesd ©e uniform in width
enbodi ment, the inplantable material is a flexible

Rk BRALA FHOHEIC UA 6t oin 5baBeneand 19bASndiifthr of cadad!t ed
for inplantation adjacent to a fistula, graft,

peri pheral graft, or other vascul ar access structure

it
O Phur ed" EEELRAEIOR, 20 JC 20 AL Tkeh Aot vt

associ at ed ood .vessel s. 58

SRR et SEE ARty it s ab A Fomh et inyetion
naterlal i.s sized for application _to the vascul ar
seplamingsatienst eresletply theroptousdl flexible planaiorny 28 sandstine one
enbodi nent, nore than one piece of inplantable

a1 thanione slos iof degiringngbqolimerds afidbeam befused exaneptdence with the
two, three, four, five, six, seven, eight or nore

phetioels didclovad hépsinreSler 60edefined@bn bewahpl 4 eshtdediflexibgl panar
vascul ar access |location. Additionally, nore than one

|f9&§2®’%n®e%ﬁ§néd¥ﬁoﬁ§w dUgRof theURALMIR I BSINE PBinar form 20 or
structure can be treated wth one or nore pieces of

géx{&’ﬂa’?e%ﬁt%‘?hﬁte‘?{o# éhhe%ﬁﬁto AL 00! RS ing % &fF1G.

I OVENOUS the proxi ma

%.%?ﬁag V0 AT R BT AERRoR s

pi eces of the inplantable matrix material. [0159]

Ao 2¥i 68y b@csleﬁng) todre-uritiorm i yidthiow Hamashin, Wigdfheand can be defined
i npl antable material is configured to conformto an

@x lisedronorskimdfanoecwied bl ood vessel. An exenpl ary
nonlimting

[0163] With reference to FIGS. 2F and 2G, the contoured flexible planar form

20’ can define a slot 60 or 60’ having differing widths 66 and 66°, respectively.

[0164] As 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.

[0165] According to one embodiment, an end to side vascular anastomotic
connection, such as an arteriovenous fistula, can be treated using the implantable

material of the invention. The steps of an exemplary method for delivering the
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planar formis illustrated in FIG 1. Wth reference
to FIG 1, the exenplary flexible planar form 20 has a

wo engbbn7a£, a width 14 and a hei ght 16. Accor dP@IyUSZ06/021755
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one preferred enbodi nent, the Iength 12 of the

flexible planar form 20 is about 2 cmto about 6 cm

the width 14 of the flexible planar form 20 is about

0 implepiabls ragsenial i a dlexibémplandydotne tagh entletoesidet Wascular anastomosis
flexible planar form 20 is about 0.1 cmto about 0.5

c exe i[10stf0dd iIAGIGSd4 AgAB andhOt her enbodi nent, the

flexi ble planar form 20 can be configured as an
anatonmically contoured formwhich conforns to an

ef01s6] or Wit atefde ta MIGOPA, ¥ BSESFlecObf itplRSAI HMaterial 22 is
access structure. An exenpl ar y, anatom cally contoured

f f

{ SRR @%%%ﬁ%?%?ﬁ%?ﬁ” Sl o 2% B Epthy g a6
det | .

RS e ERls e R B B B s 10

iyl oizr%égﬁ@?sfs plect of RPISHEIC GRS & 1t adrRig 11 where

one enbodi nent, the contoured flexible planar form 20
c8iervapsels KWy & himepte gihsrends Brat36ces thew vamppedtaeoindra sihot line
60. According to additional enbodi nents, edges of the
coi ethefhinttiex i Hl, &keppiag dre ifnpiamable malreﬁiéhfeneﬂ@t%@ve@fhet Jueure
interior slot 60 are angled or curved. According to

angd ner. geRdingRNbne H8bEHMeABthe@hdd e 3%%&MI%Q%ICCC of

flexi ble planar form 20 varies acr oss | engt

H%lgﬁt Ye Mttt ter?g% Eérpg@elrﬂa c%,:l 0 i’\g‘alp%qlgggg seclfe the first

nDre tﬁan one ta

ndi.ng.u t con U nandt i nt ended
f DSt AR idfit &a« éi -pﬁ?cg Aeahitfog QbR mpegiment,
é %o the feature of a slot, a slot can be
H3%hrP v dheotirshpiegmoigimplantahlemetisx waistialdZdp not overlap
erX| bl e anar form20'. A slot can be defined to be
ugdch@thari E'hweuda”ﬁ‘b B6whthieditsi meagi aftimplagtableonattixrmdterial 22, or
defined as linear, non-linear or curved.
of any other piece of implantable matrix material, do not have to meet each other,

overlap each other, or wrap around the entire circumference of either vessel 100,
110. According to one 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

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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[0162] Wth reference to FIGS. 2B, 2C, 2D and 2E,
whi ch depict nultiple enbodi nents of the contoured

wo b@gioni7e4 pl anar form 20° of the present i nvenP¢DNS2006/021755
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contai ning at | east one slot 60, the contoured
flexi ble planar form 20" can define one or nore than
one slot in certain enbodi nents and can be used in

gﬁefcﬁ{agﬁﬂfoﬁicﬁﬁﬁﬁohh% mehbods di sgh @%(E)%g%&e o%lnﬁ laB@ble

mnthln a cont ouf ed eX| pl anar orm

20 be align

v R4 26y Srandos o8 BR GRe T as e?scgﬁeo?wﬂb%‘s%?% fgthe
interior of the contoured .for r|

e piece of SglaAb{ e D230 S 15<s aic 4P OF Tgger e piece
or within the contoured flexible planar form 20" can

tod implantable matriyenatenidl 4 eai, rbuhirgtnet taquired foetPuch, aedap or
and can be defined as |inear, non-linear or curved.

[k Atoumd tilke ¢refre cietmefetoncdbiatheR Fesaeld 02 F1the

contoured flexible planar form 20" can define a sl ot

60 or 60' having differing widths 66 and 66

2[9 $68ICt | VWith refefohBo IS, dEphdebRing toheet ah&herféihbddim&itci third

G and the width 66" are representative of an

e;ﬂ@c]%qif TR PlantBR/ HAR: AN 12 B?t?cgeﬂ)??lg ;ﬂ[h%(]'l ﬂgrokllﬁ?al LEdEl s‘%%ment 116

antalon severs th ar form 20

DIl PO S5 e he{?ﬁ%w?%%éw& LT R PO of

2G [0165] According to one enbodj, nent nd to si
viEplantaple @ﬁ@ﬁl@b@@tapgor@aﬁ feemrs gnb Odé@EW 5@%&?3 longitudinafly
arteri ovenous fistula, can be treated using the

i algrigathe Aisigth ofistessal 400 whthtatfist endertaf dhe thmden@p% gmplantghle
exenpl ary nmethod for delivering theinplantable

mahterialed6 dtyadpackhietsidb lirethp vioisity éftherntastammotenjdattonslildend a
vascul ar anastonpsis are illustrated in FIGS. 4A, 4B

adorttCend ¥l Ghe WildhisRioe ‘irﬁﬁl‘éﬁtablé 1rAt62ial 86, digalft id anastomotic
pi ece of inplantabl'e material 22 is

junction 112. As described with respect to the first piece of implantable material 22
in FIG. 4A, the ends 54, 56 of the third piece of implantable matrix material 26 can,

but are not required to, touch, overlap, or wrap around the entire circumference of

the vessel 100.

[0169] According to an alternative embodiment, a single piece of contoured
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,
an end-to-side anastomosis. 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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provided to the vascul ar access structure by passing
one end 34, or a second end 36 of the first piece of

wo ppant7abl e material 22 under an anastonoti c BEDOB2U6/021755
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110 until the mddle 32 of the first piece of

i mpl antabl e material 22 is at a junction 112 where the
vessel s 100, 110 neet. The ends 34, 36 are then
winepqyiadliserdequide o tsaat both the neastbirbsRtant e ddjarehi @Rcdldre. Each
keeping the inplantable material centered over the

S gbntberell ifRRiblolPlanATERK o1y ' i
34, 36eof tlhe ia?st pi ecegsi;zgci1 ?r%??%?gg%gﬁ@haﬁﬁ% §B£jrﬁcular

i . 0 r enou tQ
conihlaPendels AARNAYEAL W BRET L0 R BlPE BT RY e e cqrerase
22 in ace, . Accardi t t her epbodi nent, the ends

3 ind Sagp R Tl 4t eb el o Bty alatoieenaieiagons) 1o create
material 22 do not overlap each other. The ends 34, 36

of hpmgostaticsenvoamenigor thappartiewls eserar acgessatragtiee andadjacent
or of any other piece of inplantable matrix material,
dyaseulatreve to neet each ot her, overlap each other, or
wrap around the entire circunference of either vessel

100, 110. According to one preferred enbodi nent, the
eflg0B4, IGtlofefdrbwgrelth F3G. Piaccrdidf tb b anbaiihentatsRipial

22 wap as far around the anastonotic junction 112 as

Pesblte 20 ddFRtig 6118 DEVIRA t95n hEARIHGks Y éegg%gfl% gl% lg)ély 30

required is that adequate coverage of the v
aghi [ . ' | reci.at e when
SR Rt 30 20l Ly BRE PG5 9058 oo

. hi.eved. [0167] . Wth re ence to FlI 4B,
BERE O e R e DO HEe e8] CUCBIEoPE e Dach of
i mpl antable material 24 is optionally applied, with
t prOndany vessabl Ik khedak 4@ isrihe br@@@t@roumﬁghxaam@ vessel 110

material 24 centered at or adjacent or in the vicinity

ofndhibe satedt s pirced ajong attopsurfit? of Tedramntisd #dsseldid 0of t he

second piece of inplantable material 24 are w apped

around the vessel 100. As described with respect to

t [71] 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
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). In one
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
than about 1 inch, more preferably about 1 inch and most preferably not more than

1.5 inch. When the contoured flexible planar form 20’ is administered to the site of

an anastomosis, rotation of the contoured flexible planar form 20’ around the
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first piece of inplantable material 22 in FIG 4A5the
ends 44, 46 of the second piece of inplantable matrix

woreioenoe4 24 can, but are not required to, touRt/US2006/021755
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overlap, or wap around the entire circunference of

ei ther vessel 100, 110. [0168] Wth reference to FI G

4C, according to yet another enbodinent, a third piece
ofbrdnohd Evdsedl 160 peingitted@by 2 i@ fetile@aadek Yheplef&tte pbints 70, 80
proxi mal vessel segnment 116 of the treated vessel 100,
ditg$f@dn.t 0 the anastonotic junction 112. The third

pi ece of inplantable material 26, according to one

enbodi ment, is placed longitudinally along the | ength

gff[Ofll?‘Esel t/\]c%?rd\m 3 dhee Hb;gur?éﬁg (a%é r&erdyf ta@bl'ildr"il@se&g 4B and

| an terra acent to-or

vieinity of .th ormtl unctlon se
oA 28" Sl Wit EraPe i qVﬁmLﬁr&ra%]fﬁ A utp8pr Giptantable

distal to the anastonotic junction 112. As described
winaieriad 23 and thesepond el nﬁp@e@bbfmatﬁwﬂa% a3 peplied to each of

material 22 in FIG 4A, the ends 54, 56 of the third

pitlecmoxiimal npheanstaabdtemeosns andthediséal ivelhou@ Gnasemodisit Addidonally,

not required to, touch, overlap, or wap around the

entid thitd @idce biigplentable ahatériud 26 @55 bt plho&d of ht@tal vein,

According to an alternative enbodi nent, a single piece

Ol GART QM BOmfthedistl SeRIu8BRstdrRssW. 20° defining a sl ot

60, for exanple the exenplary contoured form

illustrated in FIG. 2A is provided to a vascul ar

axg@t%i ms)ts %éb%&#&in%g | A oitgliﬂﬁ@@%%% g%hﬁ%dlm%ﬁt illustrated
CiblRed. giekipists 1“%- EAAIE TR BnfLRL A o

side anastonosis is illustrated in FIG 5. \Wen the
i AR Aphudes sauckatesyurh ps vesseldON. ftds gontpmplatadghatanmiagiablg ¢
is contenplated that a single piece of inplantable
menaténialetebé applied tad edhwdar strocutersaal abovésseltbat does not contain a
anast onosi s and the adjacent vascul ature. Each

vascular access structure. For example, a venous portion downstream from a

vascular access structure can experience increased inflammation, thrombosis,
restenosis or occlusion resulting from vascular access structure 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.

Delivery of Implantable Material in a Flowable Composition

[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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contoured flexible planar form 20" is sized and shaped
for application to a particular vascul ar access

wa@eooaoorme and, therefore, is preforned to prorRCTES2006/021755
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adequate coverage and a sufficient |evel of
endothelial cell factors and/ or therapeutic agent(s)
to create a honeostatic envi ronnent for that

particular ess str re and.ad] nt. 4

D gk, st SG 9Bl GE0R 3o muf e d IR PRI RO 10 cetlyme,
according to one enbod pent, a single contoured 20
d&rarapreiersIdat absutph-oilde elelkSGmaﬁn%ﬁﬁ aeeferrrsksafabpyt 2 x 10° cells/mg,
separating the body 30 fromthe tab 40. The body 30 is
plané edichl can graduse coaditorsd mediaemyaiviag heparddulfddr atdemst about
50 is placed on a surface of primary vessel 100 and

undet.0f frefdsanatieadt aboaaraictoy/essell/dbiOTGTB at afledtPabout
is then brought around the branched vessel 110 and the

t 2o 43@0 ' ﬁeﬁkﬁgﬁ% 18493601 36 m%g/iﬁlﬁ%? 2fa 8- ?@F%Pd%f besht 200

vessel 110 71] Accordin 5, the sin

piece Qn d flexi for 20"

\Rocolg/ olearngi fo 16%) RO m?ﬁ tﬁ%a]{%’élgg L piege E}ldmdz% ée Searlier-
% ]gﬁé d to #he site of an end-to-side

luﬁgp Mo ated in FIG 5, the two

reference points 70, 80 align. The first reference

point 70 is located on the tab 40 and the second

r 95 nc e Feppwiposss of sha pesentinvertiongenpraly psinggispratien of the
also FIG 2A). In one enbodi nent of contoured flexible
plflamablefpartulie matdnial isdb@lieat® qoiert,adj@ent80 opid the viainity of
i npl antation are separated by a distance of about

offige visblad 40ebss spuethey. Aeksitt ©F GefoiRdnAIEHY impladishle mABARL is
preferably about 1 inch and nost preferably not nore

tl%ﬁﬁalﬁlm 1 NAR cobR glattme‘faﬂtlgﬁlfzg féx%lu%ﬁalm ng&qﬁorf EhBe

|samn|stere toth S|teo an anast onbsi s,

r% {sﬁe({)?stftégﬁwgm oured flexible planar form 20'

aroun vessel 110 permtted by the sl ot
feature causes the reference points 70, 80

[0176] In a particularly preferred embodiment, the flowable composition is first
administered percutaneously, entering the perivascular space and then deposited on
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 occur prior to or coincident with percutaneous
delivery. The identifying step can be accomplished using intravascular ultrasound,
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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to align. [0172] According to one enbodi nent (and
referencing again FIGS. 4A, 4B and 4C), for exanple,

wob@n/ooréat i ng an arteriovenous graft, the firBCT/pE®o€021755
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of inplantable material 22 and the second piece of
i npl antabl e material 24 are applied to each of the
proxi mal venous anastonosis and the distal venous

?‘Wﬁm}s ll‘sf‘le: ﬂb‘%bfe éﬁ%ﬂ%@gﬁﬁon E%le alchioé 9 n?s(feirﬁé? Enarrah{milnally, ie.

tabl'e mat eri ace

ve| treamfro he di stal enou ana nosi s
SrPypSRER RGP e el ARG RO Ao ety G0 B SR avige 2be

errbodlrrent illustrated in FIG 6, a single piece of

i Hpbaimsetidevitkinarblegd Yassel) Bxibis igstanogneuchfasriniraomingl delivery

applied to a tubular structure such as vessel 100. It
i sedoniseqplpptéwithhataviersplgantpehéteatimgtdevicalwhicnpenetrates the
applied to a tubular structure such as a vessel that

d0esinAl#alC 604 BloBd dedsabioutath adfohElfmindl kuEidelof a bT6Yd vessel. The
exanpl e, a venous portion downstreamfrom a vascul ar

a?l%@vﬁﬁle%%fng)%glﬂﬁﬁ iCt@Bn géﬁbgftéda&?§nbﬂ‘ ﬁfn%ﬁﬁles%rfafe of a blood vessel at

nbosi’'s, restenosis or occlusion

S5 RO TR R

upstream of the treated venous portion. In such an

i t.he i npl antable material of the pres

| IRIATT on s For BafEtedhencin Bt A aptiudivel A R Eretgs o
cond| tions which arise at a distance fromthe vascul ar
a&¢lealyminal, serfageccanma¢lpdesgnexigriar op perivaseilar svifeee phe vessel, or
a Fl owabl e Conposition [0174] Ceneral Consi derations.
Than bavpithintthe hdvemtitie malia,of inthea pff kleod vessele Rot urpedes of this
in a flowable conposition conprises a particulate
bipeatidatnbh!l@minal or extraluminal is any surface except an interior surface of

the lumen.

[0179] The penetrating devices contemplated herein can permit, for example, a
single point of delivery or a plurality of delivery points arranged in a desired
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, a bulls-eye, or a
linear array arrangement to name but a few. The penetrating device can also be in
the form of a stent perforator, such as but not limited to, a balloon stent including a

plurality of delivery points.

[0180] According to a preferred embodiment of the invention, the penetrating
device is inserted via the interior luminal surface of the blood vessel either proximal

or distal to the site of the vascular access structure. In some clinical subjects,
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matrix and cells, preferably endothelial cells, nore
preferably vascul ar endothelialcells, which are about

wOMrMIEd e at a preferred density of about 0.BCRUSDM6/021755
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cells/ng, nore preferred of about 1.5 x 104 cell s/ ny,
nost preferred of about 2 x 104 cells/ng, and which

can produce conditioned nedi a containing heparan

Sidstaioa odthd astratilpadelvicd.abthk.s@le opthefvasaildriacedss biga@siire could
about 1.0 mcrog/ 106 cell/day, TGPl at at | east

alRHipt A0va30Har RE&QEARINE Al/dr 8881t iR Q%Eceﬁ@@of an arteriovenous
plcog/n1/day and b- FG- bel ow about 200 picog/m and
S%{% ﬁlg gﬂlgté %{cg}rcgn@g,r @Eggﬁ ﬁe%{)f %&8 gfl&}%d b Qﬁcen to insert the

ory

58%%?‘]9?1{5‘}3 o B R Gttt Moo %f' %g?sts ST e

material is localized to a site at, adjacent to or in
t Peefernbly distarse detramingd dy|the clirieias govyrnestlpyithe Spagic
site of deposition of the inplantable material is
exirchyaicasht haad. cont enpl at ed herein, |ocalized,
extral um nal deposition can be acconplished as
follows. [0176] In a particularly preferred

eniigd] menPrefedablyl flowalklk @eompogitien isidepoditd fonragierivascular surface
adm ni st ered percutaneously, entering the perivascul ar

SBRE BlRAYSRERItHERD Ml e 0PR vagbufa%taeaisymmkre% bttt Gr
a suitable néedle, catheter or other suitab

Aﬁ{iﬁéz‘én?gbegﬂéiﬁ );hé‘l{lgﬁeﬁt?%@ tﬁegsﬁt% o‘f{glv'aé/c%[%f agcee‘éé gt?lld:el]lre The |

erna oSl
per cut apneousl| sin a needl e, .cat eter r ]

DS be Bt Yelepo oo & Vet g8 fHReTFLag fp Sppscular access
identifying step to facilitate delivery to a desired
eXEvEmgniox §kagple eat theyerox el enasjoraepis @b%le digtal gagipmosis,
prior to or coincident with percutaneous delivery. The
| ddjatent Yo eithes begstaasis) forasemplsl insdedmuitimganastomosis, on the
i ntravascul ar ultrasound, other routine ultrasound,

L bpposgCaxmdtioransheDsurRidel @3EOMY an@tdinsk. 08¢®@8ding € #prderred

ut

embodiment, an adjacent site is within about 2 mm to 20 mm of the site of the

vascular access structure. In another preferred embodiment, a site is within about 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

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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a few The identifying step is optionally perforned
and not required to practice the nethods of the

w@e@3mpnt744 nventi on. [ 0177] The fl owabl e conposi PCDOSIA61021755
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al so be admnistered intralumnally, i.e.

endovascul arly. For exanple, the conposition can be

del i vered by any device able to be inserted within a

bl pod vess st anc such an i.ntral um
fg?e\xl‘\éql&pn Sé € g&q% tBBé:asqﬂﬁ%Ihveg i:e}naatoe I&y 69111013@’[ use of

penetratlng devi ce mhlch penetrates the | um nal wal

ofn HeBbERE §ter aefieseyb ‘?de%i)@ﬁe aAgw#n. thg idenifying sten deonsonal.

bl ood vessel. The fl owabl e conposition is then
deposited on a non-lum nal surface of a blood vesse

al08d] ac edixtmbiminal Administration; Frirtpjurpsises ¢lethe asesentanvention,

access structure site. [0178] It is contenpl ated
hedmiisttatiah of floomblewoinpasitiomisdocdleedredh gite adjacent to, in the
extral um nal, surface can include an exterior or

p@[dlfﬁﬁ}ﬁw bﬂa{t asslﬂt%fi@ﬁ@edef RS EAs cQﬁteﬁ@&té@ﬁe‘fﬁh hle‘alizB@
adventitia, nedia, or intima of a bl ood vessel. For

ex{(r ﬁﬁ%la‘?ﬁfﬁd}hﬁm' Jd}{%@ta#; eplﬂff&r As4BTI0R%, or

al'um na sur except ‘an interior surface
of the | unen. [0179] The penetratl ng devi ces

g WT‘SI ag;icrw%}) [ 9011219&5 1EI Figillweﬁ;if %?Clg%l}egs%lyys$gla rﬂeg(lﬂe

arranged | a deS| red geomstrl c configuratjion to X
aG%‘Sﬁ‘ﬁ? prgthercnrioale EBYeTY AeNien| 2liTaat thesHiovels composition i
nonl um nal surface of a blood vessel w thout

didshivesed peycatancasslyl caincaieaéw'ﬁh 989 elot giridancanpithadatoifagilitate
delivery points can be arranged, for exanple, in a

cidelivery tathbuitt i Baed, of aeatinehnt. NEpdn attryaiyitcathe peesveuiar dpace, the
name but a few. The penetrating device can also be in

t REnfcREBepbsi@ tﬁé ﬂ@\tvam@ EéRpSiRIn orﬁéiﬁ&tﬁ%ﬁ%bl sﬂfétat adjacent to, or
limted to, a balloon stent including a plurality of
del {h\é%é{n@}%%§ site in need of treatment. Percutaneous delivery optimally can

be guided and directed by routine ultrasound, fluoroscopy, endoscopy

methodologies, to name but a few.

[0185] In another embodiment, the flowable composition is delivered locally to
a surgically-exposed extraluminal site adjacent to or at or in the vicinity of a site 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.

[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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[0180] According to a preferred enbodi ment of the
i nvention, the penetrating device is inserted via the

WO paog/00on4 | um nal surface of the bl ood vessel BCT/E2006/021755
proximal or distal to the site of the vascul ar access
structure. In some clinical subjects,insertion of the
penetrating device at the site of the vascul ar access

?bg‘ﬂ% ure coul d i SspetentdA® HASHIH @llsodaROmSasHA tiaraéyDacket
[or—Ttesult in dehi scence of an arteriovenous or

y ot : : R _ .
R bRl e e e M bl R BB OBy i
| ocation a distance fromthe vascul ar access

ructure, preferably a.distanc ]
W18 ci “rhngBoRiofe Syt R SER e E ShFRIbaER e o
hand. [0181] Preferably, fl ogﬁl,e onposi tion i .
deppssitieniobiic RresentaEion 40 tﬂ%@yé Vg ah P%‘&asff’é%%{ﬂ ,
either at the site of a vascular access structure to
lsealantepeaificalkyror aujgicab sraland geerdlly. tinsudh & Awal PYRES t he
site of a vascular access structure. The conposition
caibobRnHENRS béiapositivrais Whb iefeytivefto sead dlid jonsturesdfdmiows niage
a vascul ar access structure, for exanple, at the

Q%Mér@ucﬁ%% RS § vordlin bigoulArStratusnwhéosmtadted with an
adj acent to elither anastonosis, for exanple, upstream

f th t ' ' '
e S R D R e

enbodj ment,_ an.adj acent site is within ab '
oD Drovpifeeaia - orcprrecyhgaan syt Se Pabmen(iRL Wues
anot her preferred enbodinent, a site is within a olut .2
Whinh can Wothpndanhage yasculis SsFiSy foy Fé?léP]Fe%Pde‘i?&H&?‘ﬁ%E’t uminal
siteis within about 4 1 mmto 60 nm In another
rnebteliddraamao Gunke atscalentsin alsp providerddditipselistalglity imihe o
100 mm Al ternatively, -an adjacent site is any other
GliiRitg bR Sels@mbsnatieraby atebiciloantsuane vépaire Alhthat is required
deposited conposition is capable of exhibiting a

de sl 8 LLHLECH PO BrdbeRlc@ @ this dual purpose composition do not interfere

with or impair coincident expression of the cells’ desired phenotype and the cell-

based functionality of the composition.

[0188] 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 cells associated with the composition produce a substance that can
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vessel in the proximty of the vascul ar access
structure. [0182] In another enbodi nent, the flowable

w@oooposi7edi on is delivered directly to a PCT/US2006/021755
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surgi cal | y-exposed extralum nal site adjacent to or at
or in the vicinity of the vascul ar access structure.
In this case delivery is guided and directed by

di 1 ect ob [ f the sit

o%?%%ysﬁﬁéﬁa?% 508 Bltog B R s6at G Opgiaes while also
|den lf [ s, desgr.i bed above. ain, the
i aélﬂ y(fﬁ% rg%g ﬁ@lréfﬂql%meﬂulﬁmsqw@im AP eratp gells can
Admi nistration. For purposes of the present invention,
atradure thistubsianess nathug il bihde othep odllstoan be iesgihewred irdmsa o
a site adjacent to, in the vicinity of, or at a site
in need of treatnent. As contenpl ated hereln
| dethodsed Prepeting) StofinaindiBraosiottimningdmibse Ataain! i shed
as follows. [0184] Fl owable conposition is delivered
per cut aneously using a needl e, catheter or other

s{o1sapl e dedthodsrof Gteathine andPepariad CuBd. YThd ingplidtanie Blaterial
conposition is delivered percutaneously coincident

Webfpti&s abgdh %H?%ﬁ@i TSR obOs dibiHelibAl% r
Lo TR ol gEehid Aefepticc OF bt gt Upon entr §H| bl e cells
p n|C|an depoesits the
%E g@cfcﬁh‘élﬁ[ ceslﬁaa?ee 81?]t£1f('1)]1§d gljﬁ ex atle t a. cﬁ%}veglqr él cg{l bank. The
in the vici t of the site in need of
Jéﬁ?fﬁ‘ilﬁ@ elis e dorhived S RSEHIENSF U PPt g el fien cortc
gU|ded and di rected by routine ultrasound,
f Hefseomegpyeicnnbiy semparyrstemodshegiubnonary arenydissug ordliac artery
few. [0185] In another enbodi nent, the flowable
c tisques iAlieonativelydeldottetielcello oaéﬂdpthediahlike cells are derived from a
surgi cal |l y-exposed extralum nal site adjacent to or at

Ohon-RadcRir Viksile i oyga@f erioficlil frogdi@etcdfs drlofitk Bﬁfgemtéﬂbells or
this case delivery is guided and di rected by direct

ORSRY éh icOls. O}scéoli](ﬁné kd gd tibriaf hi§ atrhg%gl‘isn%rg lgél%tfcglly

this case, delivery~can e al b&£§&coinc

altered, modified or engineered.

[0190] Each lot of cells derived from a donor is tested extensively for
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 tyipe O blood. The
cells are further expanded to passage 2 or 4, characterized, and cryopreserved at -
140°C to form a master cell bankv using well-known techniques for later preparation
of a working cell bank, expansion in culture, and subsequent formulation in the

implantable material.
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use of other guiding nmethods as described above.

[0186] Exanples of flowable conpositions suitable for
wais®zioo78hi s manner are di scl osed i n co-pendi NBCT/US2006/021755

application PCT7US filed on even date herewith (al so

known as Attorney Docket No. ELV-008PC), the entire

contents of which is herein incorporated by reference

fil
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g86%raat, 99% Humidity oree irdinumufBoseinateb.odnaentwo tiass of cells are
conmposition is also effective to seal the juncture of

5t vén@Ved TRING tHellpBO A- 1 H6°0UBS2ELMAThaw &l A RBprojiSER I7PCAEach
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and contrijbute to | um nal _endot hel i trauma. Suc
s e%rtalﬁtngéhﬁ C%lf e pitnedE the enorlb%rﬁrar A@@ra?&ront $y4 hﬁutSh@e spent

vicinity of an anastonosis thereby reinforcing any
s tiediags remperied andirgpladedtwithsfresbauédia dThemediatis ¢hapged every two
seal ant-type properties of this dual purpose

10 canmhesi days rthetoafiaf unithtieyr dedls ecash bPproxin AFRISS- 100N eindivBhice
expression of the cells' desired phenotype and the

C BHdflasIo dntt WoqkdsARA] 60% afd nd RRrERERIBHI QVher[ @ﬂ'% laﬁf%le

purposes of certain sealant enbodinents,

t Lk ?ﬂ S 18{én&&f%lr ﬁﬁ%al%gﬁh&?ﬁﬁp&ﬁ% Qllltﬁ)lg% fr é(m\é'ﬁ Ia 1£]used in the

cConpri ses

post-thaw culture of cells and manufacture of the implantable material of the present

invention.

15 [0192] 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 (TNYS) 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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seal ant properties, such as but not limted to a

fibrin network, while also having the requisite
w@e@peotues for supporting endothelial or PCT/US2006/021755

endothelial-1ike cell populations. A so, the

bi oconpati ble matri x per se can have seal ant

properties as well as those required to support a
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exhi biting/ maintaining their requisite cellular
f am;ctimmgiimy crowialaam platedgnioanirgszenhic80Chios 4-24 hours. The
substance naturally while other cells can be

5 efigzereadlied.d aheovosldng bl bandts arefthdry tepaferied to Steerargetand
Transporting I nplantable Material [0189] Mt hods of
Q@i toddpd VRHERRY. I THE Wektking -cell BEnlt ¥ 28h 8PpBsage 5.
materi al conprises allogenic, xenogeneic or ‘autol ogous

endot hel i al or_endothelial-like cells. The endot heli al
CZ(HﬁLar e s Prda0l: PRl ble Ela@&gﬁvp{;o Jlie®s of a
C ank: e endotheliral cells are derive rom

86 bl R o B ST R R bR M ation
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derived froma non-vascul ar tissue or organ,

10 efi$d heurb.alThpmetyeningigtialde they removrdnizem pis oehidiration container and
cells, or fromstemcells. According to additiona
ephoeld meani iadividval dssub sulture dghn @he aailtliy materiat 8deeded with cells
nodi fi ed or engi neered. [0190] Each lot of cells

deélohv@d Workikk dell ORAE atlaSpré Rt & deBkYy O Sp Bty 1.5-2.0x10° cells
endothelial cell purity, biological function, the

EEF.%?H ?6%?265 JOMCRRE 3 HB%r}])@?Aﬁg gfaic inf didbuba o%gﬁegigtahﬁﬁ‘é‘{‘

man pa ogens, and o ventitl ous age
A%ﬁ&%%r@a‘%el?}%wc and 5% CO, / 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 pm
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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a preferred enbodi nent, cells are obtained froma
donor with type O blood. The cells are further
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cryopreserved at - 140C to forma master cell bank
usi ng wel | -known techniques for |ater preparation of a
wor ki ng cell bank, expansion in culture, and

Sn’it er?uen%w ififle 1A JRLAREAR! Functionali rﬁ:sample
rm,a wor ki cel | nk in - a

tﬁ@‘ %@3%&&1 ifsreﬁwvsﬁgwh%fp dyyisi3 Org4i’ évar% ﬁ@afg and 12

The fI asks are placed in an incubator naintained at

aﬁbﬂ%x?h%?%ls)ﬁr%mt%d@%w fpr vigbdify and DOPeMH pRTE dsy

for a mnimmof 30 mnutes. One or two vials of cells

arenstwniededd vadmteh i ord60GaistSOhE pemrthrchamdtetibdosed &b

approxi mately 370C. Each vial of thawed cells is
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cont ai ni ng the cells are retur
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t o three days, thereafte ntil the cells reac
m@PB?&? nﬁf‘@i‘}} rl&%)éw& R aéﬁhe glaﬁféfl élpahﬁnsableﬁmtemi a known

l ess than 60% and no nore than 100% Wen the

i MpluEstadised swapersipmis dikitadivisnelddo trmandilusidchells to trypan blue)

application, only antibiotic-free nedia is used in the

pesd vinbidivy assbdsed by afypaeblus exridsiomnfablkt towviabletddd total cells

i mpl antabl e material of the present invention. [0192]

The canaetdial msa;h% Shanbdyiemettd Gowih @ﬁvé@ﬂ@\égﬂstﬁm&dt@eplomng
nmonol ayer of ce Is isrinsed with 10 nL of HEP

beeflﬁl'hﬁQr S8ia abo A gg)s tgg_ Hﬁrﬁ%@%ﬁaﬂfﬁg é)gl % tal HZ, an

of trypS|n

t ﬂgplggtaiﬁ% matSial 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
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 to be confluent after performing in-process
checks, a final media change is performed. This final media change is performed
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-p;
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the surface of the T-75 flask. Once detachnent has
occurred, 3 nL of trypsin neutralizing solution (TNS)
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5 mL of HEPES is added, and the cells are enunerated
usi ng a henocytoneter. The cell suspension is
centrifuged and adjusted to a density of about 1.75x1
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aAfp?Oxi nelLempositic hodsqf|Cd q Implggiable Material.

cells/cm 3 of rrat ri x) and pl aced in an i ncubat or
nBheningilargablamatgpial, ernpeisiak y @PTation] obyeaceeniluent woailpent, or
90% hum dity for 3-4 hours to facilitate cel

apdsaebrTRIRht colis @ﬁFl@'ﬁB@ it ®biosempatiddslinari, cart becryepdsmived for
matrix is then placed into an individual seal able

C@Ht%rﬁ”e& StorYe &v’épﬁon{h's td erdiot thaefifAdly C ANAREIO S BdRink

'ter wth EGW2 and i ncubated at approxi mately
0
3g1gnu ac 51r1/§),r %1 .Qe and %gs/ %,%Hdpreggﬁlatmn provides available, fully tested,

viable and confirmed functional implantable material for clinical use at any time and

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
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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media i s changed every two to three days, thereafter,
until the cells have reached confluence. According to

wa@pooalooEanat i ve enbodi ment, the seeded matri x PEI/phmoeeR1755
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into an individual seal able container or tube, fitted
with a plug seal cap and purged with 10% CQ2.
According to this nethod, the container is purged with

109 at, each dia change.[0195] Met hods of .

Diﬁ(fégﬁ?ni PofOR PR SRR Y P EbHOR o implantable
npl e _of inpplantable material is renmpved on or around

d&%@rgﬂ gyevaluagpddpr cell mumgher,1gabilifycpnd indjgatiops of fincien| s

are counted and assessed for viability and a growh

c tixemplagy cdhBinctiot sdawridcledamdvahtatidn ofileveld @f heparassgfhse (HS),

the gromh characteristics and to determ ne whet her

c arahsfueniag gravedrfacon{TGIR; ebBic fasblastarbithefacer (BEGF), and
been achi eved. Cell counts are achi eved by conplete

d'n&ﬁé bR (N f)tah@ a&'h'tﬂféCiBhlgft cifitd %@Qﬂh%ﬁ%ieeéel@(bwg) zé?owth

a solution o |'agenase I n a HEPES/ Ca

IS?%% ?cﬁdlﬁg%ltﬁ }ng{l aLas a?elf rah&]/g ﬁlc\%hisql 1g%ano?ssesglcFﬂ ng%sllty using a

ume o

sus on is ed 4% t.r hlue (4:1 cells
tgrygin}/ ﬁaﬁaaﬁeéjes e Sl 389 eagge%@)@glnﬁvsira%aﬁ i ue
excl usion. Viable, non-viable and total cells are
etgriapigblegnigsiizlgo a patenic yiceordingrto a@refprrpd embodimest, ¢he
constructed by plotting the nunber of viable cells

v énplastableemataridlds ackepribledf the tatal delircounts efjed] ab by greater than
i npl antable material conprising cells is inplanted

abenoe edlisieni®80% 16908 sian6R It (208 hreCRAlE U&p&raﬁ lsulfate is
near confluent cells can be used. If the cells are not

CHUS B804 5l M S

RS A SR qﬁa R

ﬁrggc‘éig)o 1% ! Clg\rfglloLtl%nﬁGF Esh3%0 pg/mL/Sda§f %Iro io%\?elrl y but not
[0200] According to one embodiment, the implantable material is
cryopreserved in a cryopreservation media composition comprising a
cryopreservative supplemented with a polysaccharide and serum. Accordingto 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
supplemented with about 4.5% Dextran and about 50% FBS. According to
additional embodiments, the concentration 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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di scarded. If the cells are determ ned to be confl uent
after performng in-process checks, a final nedia

webangel7us perfornmed. This final nedia change PGI/US2006/021755
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performed using EGW 2 w t hout phenol red and w thout
antibiotics. Imediately follow ng the nedia change,
the tubes are tightly fitted with sterile plug sea

c for. shi.ppi,n i, mpl ant abl e..;ymaterial .is

£ (B atost BEFREPY GponhrePIT. AR dRe0n sl ebPogiytent, the
i npl ant ati on,_For e_xanple6 cogditioned nedi a are .

c SPResatradonof Pergranys abant 2vir o S5ermerg preferalls ebaytyt% to 6%, and

| evel s of heparan sulfate, transform ng growth

f awasd preffgriGE: aliviu) 4.5@ s ecokdibg thdresembppdomeit, fheddextran has a
(b-FGF), and nitric oxide (NO produced by the

C whdleduiad vasiglatofabowl 1000801ts 5a0d00, tora bidfédablphbdud 0,000 to
cells to inhibit snoboth nmuscle cell growh and

t OO BOSthSstipReMlablybott ), 68 %écbfﬂ?lg,@td@ﬁie?erﬁﬁ%mbodiment the
eval uated according to previously described assays and

p . r » i t
oS E Rl ok B B L BB BRSRY i) £ B clfeRAARYy
functi lity. Alternativel it can be used in
céﬁ@#ﬁg?%ﬁz%WP?ﬂf% agy Féxéf the assays for .TGF-

bi b-FG-, and NO produced by the engrafted cells

and/or in conbjnation with the in vitro inhibit snpoth .
mi8201d celAccqeding toganeangthecholayrkenipisreting, the jmplaptablejmaterial
Conposi tions and Met hods of Cryopreserving | nplantable
Vas eaisidrredTham ityoblh nelaise iahtot 21 wil, cryoviplr(Nsigege d Nalge Nunc
popul ati on of near-confluent, confluent, or

pastl; Roclidstee WYY, ab hdhichngboaf 3 8d, dfierpopheseevaitipa iddicecomposition
matri x, can be cryopreserved for extended storage over

MR A6l toAtdHRER dnHolshdhts, it @A 198 atv®lume of about
reduci ng manufacturing tinme and costs,

g TR —

ni cal tine and, wi thout a

oA ST e oo miy e 1 G aPUIApLFeY o ervation media to

volume of air in the cryovial is about 1:1 to 1:2, more preferably about 1:1 to 2:3,

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). Isopropanol is
added to the freezing container to fill about one-half of the volume of the freezing
container. According to 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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[0198] The inplantable material can be cryopreserved
when the cells are nearconfluent, confluent, or

w@omwAoeomf | uent. According to various enbodi nePCEUS1006€021755
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i npl antable material is cryopreserved 10 to 14 days

followi ng seeding of the cells in the bioconpatible

matrix, more preferrably 10 to 12 days follow ng

sggst a5 ef greapl d | - :

o e Bl < R 1 OL) Bt 6 Wl embodiments

pﬁ%f nfluent. or confl%a
0

ent, on_or _aroun 0 day o
SR Cheffen § it S7 4 ong eSS deu A Cento 960°C.
or around ays fallow ng seeding [0199] Prior to
aﬁ’c?f%}alte?%f?ﬁsr %%r%og% MPuET oﬁroés]e&\/%t anghimostypgeferrably about -
inpl antable material is evaluated for cell nunber,
vila®iG for+6@ia Thedinydantane maferialiernt iemain iBeerpdraesered|state for
function assays include evaluation of |evels of

h & masrdls, 4 whdrahs 6(tiS)ths, Srmacishgn Ointwhtlgy, 0Vfbntlacindimore according
(TGF)-bl basic fibroblast growh factor (b-FG?), and

Nid Vdrfoue ¥m®edidals. and ability to inhibit cul tured
snooth muscle cell (SMC) growth. In addition, the

manuf act urer and/or the physician can assess cel

Vi[@khb, Uy gk ﬂgpl%n{aﬁgégﬁagte 14En &t AVed ﬂ&?&; ﬂg%qocjoﬂqpatible

det ai above, I or mnistration o

[ I ial,. i . 1 A di . .
B RSN Al 3p e AR 8,

acceptable jf the total cell count is equal tq_or )
gPRHtuepCY pxhviabiditp ohheaategaivafdhe watwiebisompseyed by thavgpg the
the cells are viable, heparan sulfate is present at
oimplapigbleimaenjal slovdy e Aresrdingrid a PGHerrer insthorded elowlmthawing the
300 pg/ nL/day or greater. According to an additi onal
eithpldhtrbletmatédie, thaptyaniahbbgainhigahé fbzérsingtaesilablatriaf and
the level of b-FGF is 300 pg/ni/day or |ower. [0200]

Aeriepitséidatich AB&a RAHVERRbm thd erebsBp(MAuaLI€ 15B8®C) 3l liquid
I'S Cryopreser ved in a cr yopreservati on medi a

¢ H{Hb‘géﬁ (/5;9)"11 p‘ﬁgsrgp(glf)ﬁtt)ﬁ%a"i]ely -40°C to -160°C) and thawed at room

temperature for about 15 minutes followed by an additional 15 minute thaw in a
room temperature water bath. The implantable material is then removed from the

cryovial and washed to remove remaining cryopreservation media.

[0204] 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 ug/mlL
gentamicin) for 5 minutes at room temperature, followed by a final wash in about 15
mL wash media for 30 minutes at 37°C and 5% 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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cryopreservative supplenented with a pol ysacchari de
and serum According to a preferred enbodi nent, the

w0 ppant7abl e material is cryopreserved in a  PCT/US2006/021755
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cryopreservation nmedia conposition conprising about 5
m. of CryoStor(tm) CS-10 solution (BioLife Solutions,
OGswego, NY) containi ng about 10% DVSO and suppl enent ed

i 1, t 50 0 . i
BB g A e R o oy Ry T

reater than the_.anmoun f..FBS us in_cell culture,
S Binitne b39eing S 00 Ry BRerACSr YRaEtt 4006 to
60% and nost preferrably about 50% According to
addi ti onal enbodi nents, the_.concentrration,of Qis .
T2 ' Soihesomius tommelheh R B meRe Rty SHBON PR A gged in
most preferably about 10% DMSO. According to )
dtoéliniofva padery oublaniation. Apeordivgde iy @mb@fgm@m, Brxdimpigatable
is about 2% to 8% nore preferrably about 4% to 6%
anderiad §& reproet e froabthy cabeial antl GsheAcwme di agput 600 nd. wash
enbodi nent, the Dextran has a nol ecul ar wei ght of

A AP0 tOvANIs CRBodiMRNE, HealAhhaddliy/ cahsrites 28PQA&e
to 200, 000, nost preferably about 70, 000. According to

S SC0 e ARy, e ESGHELh BT e
Bl SEhlBEESbafv 8 TS ERPL LR 80 o

cryopreservation, the inplantable npterial i .
R TARGH.ER gt PTG A9UES I 2 RISe 2] Biing eognd svasl media
cryovi al (Nal gene(r),Nalge Nunc Int'l, Rochester, NYQl
tsolwhibh ddr aboout tB2(inimpftese mpogprefoesblaebam 1ved aninutes. The
conposition is added. According to additional
eRpOAtASRNhSteriblie rehyadi fedm Hassecondobastmafia albintpléntedin the
10 nm., nore preferrably about 10 to 15 nL, and nost
Hafbgr rably about 15 ni. According to one enbodi nent,
the ratio of volunme of cryopreservation nedia to

[0206] Compositions and Methods of Extending the Shelf-Life of Implantable

Material. Embodiments of the implantable material comprising a near-confluent,
confluent, or post-confluent population of endothelial 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,

or at least about 4 weeks.

[0207) The implantable material can be prepared for storage at room
temperature, according to various embodiments, 10 to 14 days following seeding of

the cells in the biocompatible material. According to a currently preferred
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volunme of air in the cryovial is about 1:1 to 1:2,
nore preferably about 1:1 to 2:3, nost preferably

wa@b@avowrad. [0202] According to one nmethod of PCT/US2006/021755
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cryopreservation, the cryovial containing the
i npl antabl e material and cryopreservati on nedi a
conposition is placed in a freezing container (M.

BB dmeb e Bruliie Rl PhL iRt ShieRrhinon mperere

about one hal f of the vol une of the free2|n? ]
conlaysielowmessedipagArereieg tepsrmrarently pelardembeagiment,
container is then transferred to -20C freezer.
Atedmgilangpbleomatesiohie prepateddbonsiotage etwoofirtemperagire 10 days
container is then tranferred to a -80C freezer.
Adsilodh@geetiinga further enbodi ment, foll ow ng about 16
hours in the -80C freezer, the freezing container is
transferred to Iiquid nitrogenvapor phase

( puzBpXi MRkiet ¥ mlidplbndly foll&SRE)stordeCiartfingishrt Aedial theus

errbodl ments, the freezing container is maintained at a

pr g{lt?fé lrngata %SQRH%B\@%&‘(&%& Qell %&’anﬁ?ﬁcﬁaatg&s of Vlgblllty
f bl b 1400C -
A e o o %?ﬁ?’aﬁ% G ﬁaﬁaxé %ﬁl esyg%?ﬂoggoifrl%eas of heparan

st ate for 2 month

nﬁlhfaﬁ% (H&)ztr%ﬁf@wn& BEPVﬁB i@t%rd@ @F%Bltrgpa@’@ fxba?blwgrowth Factor (b-
enbodi nents. [0203] If the inplantable material is not

t Fep,dind Ingivic wxide(®iand ehibigt fobhlibitetibwied lsmipethomuscie cell
break apart in several pieces, reducing nmatrix

| (8MIQ) gtopvthC Eh hddited, kiwemeyufastarey hddiod the yhysI¢ien can assess cell
integrity of the material is i nproved by thaw ng the

| gbany abhe agﬁ\}})@ﬁ bRk a8da9WMekeriRAGR Gk Qb@)@e PriBf ﬁ)fa%ﬁrﬁﬁigtratlon

nmet hod of Sl ythavvlngthelrrplanta e naterial
CB?’ &%'lrﬁgla&gagieeﬁhgﬂteﬁgl th E&)& iEf? %Q?&élggl Ant E}Q!ﬂ% ?ﬁttﬂ%?)ofﬁment the
(ab

1m191antablée‘5cr:nat1ter1al E%scét)ccep’cat{)le 11L tﬂe total cell count is equal to or greater than

400,000 cells/cm3, 80% to 90% or more of the cells are viable, heparan sulfate is
present at 0.23 pg/ml./day or greater, and TGF- B, 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

V EGM-2 when used for cell culture purposes contains about 2% FBS, about 0.2
mg/mL hydrocortisone, about 2 ng/mL. 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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nitrogen vapor phase (approxi mtely -400C to -1600C)
and thawed at roomtenperature for about 15 m nutes

wo odo7oods by an additi onal 15 minute thaw i n aP€DUR2006/021755

tenperature water bath. The inplantable material is
then removed fromthe cryovial and washed to renove
remai ni ng cryopreservation nedia. [0204] According to

Bl UBACHT A bouibiBftc, i HRLARL BEY for R RH kS hbdut sblined |

i rIgra ory tor 1'n vitro assessnent. According to
thi s enbodi,nen t i ntable material is washed
Er TR SR80 A PR T and 80 g/

?ent amcin) for 5 mnutes at roomtenperature,

ol | owed by a_ final sh i n_ahout nL nmedi a,for
A0 o Sraring S aEroaed eBpOT R 0 PR e 1 ored
procedures, the inplantable material is placed in_10
at rRGMeperat @R (ICa A1AUSIoYh ITEda £IRPRSLG TP INEA0HO Gl
about 48 hours. The inplantable material canoptionally

G Mahdithowrpbendlaed @Panatstel BiaSvincd LasoRmtberfeidoNT} o
clinical use or for subsequent packagi ng of the

istphlambael vitedneidaalonhiaiboli 2ASRNT VEGF)BEinddeabail ng
t o ‘anot her enbodi nent, the inplantable material is

t %ﬁ%&aﬁ@n %P@F LRI %pgﬂt Redik ﬁf‘%boiuf'@ In?/i‘ﬁ]?t Afbrding to
Accor di ng ? |she i ment, the 1 nplantable rmtgerlal

I S, remve romthe cr (Al .and wash A '

S R S R SRR BB LT e
t he wash nedja conprises USP gr sal j ne, Lactated

R/ g rmereswpigtpbhy, 2batdl esmeim e PG SR aLE sbout 2
The inplantable nmaterial renmains in the first wash

medinb \EoGEt Aoporiling tabgueferred emhgringent thegrangpgremedia pH prior
preferably about 2 to 25 mnutes, and in the second

wa bl BRstisaresio bt 0t fod.0.ablaipH bf the (2@ sportnikds, denwaes as
preferably about 1 to 10 m nutes. The inplantable

NBhL 860 ihe B MYREsd! RMItiAeinsLeaRPoMasdiaFd fallavbg cell
inplanted in the

exposure of about 6.8 to 7.4.

[0211] According to another embodiment, the implantable material is stored at
room temperature in a transport media composition comprising about 50 mL EGM-2
without phenol red (Cambrex BioScience, East Rutherford, NJ) 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

most preferrably about 8% FBS.

[0212] The volume of transport 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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patient. [0206] Conpositions and Met hods of Extending
the Shelf-Life of Inplantable Material. Enbodi nents of

wo b@7iomghant abl e material conprising a near - coP€T/us2v06/021755

confluent, or post-confluent popul ation of endothelia
cell s enbedded in a bioconpatible matrix can be
mai nt ai ned for storage and/or transport in a viable,

shalld b6 hablunmERmEEEHAB pRvideORBHEHD @&%eﬁfr@ncfrp@r @Rhavh ofihe
1 to 28 days. According to addi'tional enbodinents, the

BT 3R rgd \?ﬁﬂ@%lm‘ﬁﬁgnéa %E&ﬁhg%g gﬁxmla cm[centga 10{1 of

1
terrperat or at east a ou

e S%%%edz% S8 AR B Evviatohe Bpemaybue hisaeaer

for  storage, at roon1tenperature according to various

i meaintein the implaniableyatenial inceasayassibe smmrpranretfalls below
cells in the bioconpatible nmaterial. According to a
itG.éhe tallshstendard eclbatitué temperaturhe Acnpidany tatl reeferred
material is prepared for storage at roomtenperature

2 bddiysent,ahd onplagalsie aditarihl isAtaed 8 Gmt empeRtRe in about 50 mL
currently preferred enbodi ment, the inplantable

OBt 8ispatt nhe%hep r RERY:Gidlg ft&édcﬁt‘i&faﬁ&ﬁb@&meﬁ@ n@hE ?ﬁﬁ%ﬁ?a%}érrﬁaterial

10 days foll ow ng seeding. ] Prior

e o zgkozwma%@@&?@s@ PG
eﬁ?wrér?sﬁhﬁ?l%e'g??”zg Qg lrraby BO% LT SrBior Betps Aspording
heparan sul fate (HS), transf ormng growth factor

foress) engpodimppts the tranprasbyialsontinsvabaut 4@ t-di7 X bY’ celigfym’ matrix
and nitric oxide (NO and ability to inhibit cultured

smtasizh  Avswliegde bhothGMB)bodinpatt the transpddivialaontatdserbout 0.1 —
manuf acturer and/or the physician can assess cell

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 transport. According to a preferred
embodiment, the cell culture vial is a 50 mL cell culture vial (Evergreen Scientific,
Los Angeles, CA; Becton, Dickenson and Company, Franklin Lakes, NJ).
According to another method of storage, the implantable material is cultured in a 30
mL cell culture vial and then transferred from its cell culture vial to a 50 mL
transport vial prior to storage and/or transport to accommodate a larger volume of
transport media. According to a further method of storage, the implantable material
is transferred from its cell culture vial to 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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viability using a trypan bl ue assay, described in
detail above, prior to adm nistration of the

w0 pplam7abl e material to a patient. Accordi ng POI/HS2006/021755
preferred enbodi nent, the inplantable material is
acceptable if the total cell count is equal to or
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sagplap l(rﬁvﬁrgmeEGMeﬁtiﬁNdma’mgelmsﬁmmrx@ﬁ 12202 tmd phento
used for cell culture purposes contains about 2% FBS,
aktite & rdofUétperhygd.ocort i sone, about 2 ng/rTL VEGF,
about 4ng/nmL hFGF, about 5 ng/niL R3-1G-1, about 75
rrg/rrL ascorbic acid, about 10 ng/nL hEG-, and about 1

iy he %’ck&hn@ﬁﬁ@r@hﬁw artPA RAGhdshon aF IeplapdbRaVIh®yial.
e unsuppl enented EGM 2further contal ns an

aﬂ%hm% ﬁte‘}ﬁ s of il g;aggaé)%a g!ﬂ r# ?%_gteﬁ%lts@o@? &'ttan%?ent

am CI n about arrphot eri CI n-

[0210 Acco n referred e

LTS8 Bl SO e BEHb el s mephased
a transport nmedi a conpositjion conprj sing aboug
EeRing torewa of Bwéﬁﬂpvgpmdnméﬁb Asgondi 1%95*@?0&% @@thquélifee
Rut herford, NJ) supplenented with an additional about
Zrmgpmm&cm plcedpitnepchid tvoteascatablecplasticdaigs Andthe VegT
in transport nmedia to about 4 ng/nL. According to
agddictl] aRR bagspadi lvmm) tafe, the0pavkthgddGivioZan ianatopl eentdaa) to
with about 0.1 to 4 ng/nL VEG-, nore preferrably about

Lardohed M JH e MR Gal 18 PRcEPREo B BlRACAP /@B pldstic bag and the

bag sealed. Four vials are then packaged into a plastic cylinder. Each of the
described packaging conﬁguiations is designed to provide multiple boundary layers
to protect the product from thermal effects, transit damage and to 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 lot is the appropriate

20  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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ng/ mL VEGF. According to a preferred enbodi nent, the
transport nmedia pH prior to cell exposure is about 7.4

W 200800174 he pH of the transport nedi a decr easPGI/ES2006/021755
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exposure to the cells increases, resulting in a
transport nedia pH follow ng cell exposure of about
6.8 to 7.4. [0211] According to another enbodi nent,

t iLrpl ant abl. erial js stored at, room:t er gt yr ¢

a5 o stietnahis ioplrpllech e cRpHEEn Ry SUBEA Ssg0'T,
nm. EGW 2 wi t hout phenaql red (Canbrex Bi oSci ence, East .
R8¢ e ror ok 49 Crg y 1 6056 and Adaded 1oy transpert XHcATORRehearTieNs @it carrier
8% FBS, bringing the total concentration of FBS in

t ameplaged mechirding do aboof thd @howkeg methiods; Aocaxditigttd onanethod,
enbodi nents, normal EGW 2 is supplenented with about 1

t 8achQ¥ydviadd.is pRE&] Mteieidbidual abedlabR (lastid My bRSthedsagd sealed.
nost preferrably about 8% FBS. [0212] The vol une of

e

g?%?é)froc%nh f_%qxé%&?x%?csal o, RBMR N Hhé e %%%a%gﬁg?dr;?ce. The

exa oom tenperature. The v
transport di ashoul d he a volume suffjcient tq, .
PR 2 DBt e oESTE it ABCHr [ et Bt Wilizendy ice
cell's' waste products while sinmultaneously providi nfg
afprofstabhmabasis mEERD tamiaisiain therdssiredethprnal eyiseragent (preferably
beneficial products. In general, the optimal vol une of

t alaons p&I°C toe diber () andrtd proteichitht loeyovigd @yaimbirensitedaaragal The
i ncreases as the tenperature falls below 37C, the

c 8tyrsfoamPansier BoxCiglthenCpeked iBitd SMBSII ALY Bﬁ‘eer-él@i@pfn?ib_ﬁg. to
a preferred enbodi nent, the inplantable material is

i%‘?ff‘?‘.ai’%% e b8 'ol 1 PR S%Qaﬁé*%%%ﬂ?ﬁ%%% Blyol R0 Pfabed
' ial i ' ) 150
| BRSSP oA e ien 13 bteRfefded] JoRBEr&h A frotge Wanother

embodiment, upon arrival at the clinic, the cryovials are subjected to the rinse and

thaw procedure, described above, for immediate patient implantation.

[0216] According to various embodiments, the implantable material can be
maintained by cryopreservation in cryopreservation media for about a month to 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.

[0217] Immediately prior to implantation, the implantable material is removed
from the transport, cryopreservation or conditioning media and rinsed two or three
times 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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mL transport nmedia, and nost preferrably about 50 nL
transport nedi a. According to one enbodi nent, the

wo e@nspons vial contains about 4.2 -17 x 105 ceCT/BSm008021755
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matri x material. According to another enbodi nent, the
transport vial contains about 0.1 - 0.4 x 105 cells/nL
transport nedia. [0213] According to one nethod of

S Bl bi {80 AR mdfifd ] {Santat
DRI IOL PR 8 i pobTR, 2RIE By i BBt el 1B B antaron,
According to a_preferred enbodi t., ,th ell culture
o explgb. bnda ByBer b ey eor e gl b
Scientific, Los Angeles, CA, Becton, Dickenson and

Y, anklin Lakes, NJ). According tq anothe
D CBE o ThPE fesit B9 BB oA ARG AEH PR ot or
cultured in a 30 nL cell culture vial and then
t itaplgniaplegrateriana sesiet el qventslexemplifadeas follows will he initiated: A
transport vial prior to storage and/or transport to
acyomresdate implhargdl bevorbpaned fof tthinspostiiaklty iweds described above,
According to a further nethod of storage, the

| R irdplasbiEl Bedrepdrad forIrah§Rsdt 85de terife@Mute & &8drlbed above, or
culture vial to a 150 nL transport vial (Nalgene(r),

Q%ggPIMilﬂ lﬂ% fF]IJeparQ?B? Slifdza Bg@%ma@?igfé\r}g%l@& vt/ﬁ} é’eg sla R4S

nments, e transport “vi une o out
53 t0..58. nL. nore preferrahl.y about 54 6 nL, .and
mertsrdip ity b SLhAhi AZBEaref Be Rinchpesl hrnnyees
enbod,| t, the transpqrt vialcontajns at | east about,
55?%9%%% 21%1@6% seedyagpal) he obfpingd e aedfbapk pafeplgned
air to volume of nedia and inplantable naterial of
aBlane, ot @nthy obtained dipacty fioat e intbhdedabapientlofitbe inTplent.
filter cap is renoved fromthe vial and the vial is

sBabadless dftha spirdgosype of &l (frEseat Pracimphaitabié hfategial, lOS not
Angel es, CA) and the caps tightened prior to storage

atequedtiae At iRt tdsfid ¥ coRasatiBlity Gith e fHXHBY R Hent.

Air Transport of Inplantable Material.
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
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-
independent, 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
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, uninterrupted supply of implantable materials for

treatment of any one of the injuries or diseases described herein.
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Transport vials of the inplantable material packaged
for storage at anbient tenperature and intended for

WO e@nspons via ground carrier or air carrier arP€r/us2006/021755
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packaged according to one of the follow ng nethods.
According to one nethod, three transport vials are

pl aced into each of two re-seal able plastic bags and
t he bags seal ed. Two bags j ials) are then
packaged i nto an inner boE.g('ﬁ legrding to anot her

nmet hod, each vial is placed into an individua

e-seal abl e pl astd. nd the bag seal ed. Four vials
E?@n?gén ‘ﬁln&§2§h§H§§g%%blastic cylinder. Each of the
descri bed packagi ng configurations is designed to

provi de [tiple boundary |ayers.to protect fhe .
B8l MsaemBloRPviget Srnetineniak poeoRat frslini and ying o
mai ntain a clean, sterile environment, The inner box
orefprressenodimentafamplagtablranatstelicommmintg vascularcndaihekpl cells
out er - shi ppi ng box. The outer-shipping box utilizes
toathahasmeatusatamcbfgeistylaekd ot prevet fidibiraof hEstulagp meajure.
thermal environnent (preferably about 15-25C) and to

U/ sfgtdndagpdunsicall prodedutes @@ eiovdrdak fisrith Mictdatcelagthe desired
ot 1s the appropriate docunentation. The vials

%ﬁ&%ﬁkcﬂfo@&icﬁb He TRl ﬁaféﬁﬁﬁhia‘?ﬂexﬁﬂe PRinbr Bfmiffhen

nner box or plastrc cylinder and the outer shipping
il.l also.b iately l.abel )

O obiih LR R PRI S e a8k e e

t t -20C, - 8QQC, -14Q0C.t o -1600C.and ..

T N S

carrier are packaged according to one of the tollom@ng
mpitchodst andooofigimton of e énpiantably, mateidd cep peypugd foguit the
pl aced into an individual re-seal able plastic bag and
tchigichbgrcaantaades. Thehis stndy| aprefearcd ekéraplapeafidkdle gplanat form is
an insul ated i nner box, for exanple, a Styrofoan(tm

(fpi4ahe i ade FEos, 1 M dhand, M) inner box, containing
dry ice. The cryovials are buried or subnerging in the

dry ice. The inner box utilizes dry ice
[0220] The experiments and protocols set forth below provide sufficient

guidance:
[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

practices will be employed.
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(preferably about -800C) to maintain the desired
thermal environnent (preferably about -800C to -16000)

wa@p@7e7ps ot ect the cryovial s agai nst transit PEIE§®6/021755

The Styrofoan(tm inner box is then packed into an
i nsul at ed outer-shi ppi ng box. According to one
enbodi nent, upon arrival at the clinic, the cryovials

gl;l?i’,ﬁl acgd 7, Rl Budte 22ARECARY rét%qg&:aﬁ%{t@ﬁ§@% ;frgi stefosis) by color

ehded storage period. According to” another

mbadi nent ,. upon. ar i v at, the,clinpi C Vi
P8 ot atrRE By el P fonuheifpadt SRR
descri bed above, for imedi ate patient inplantation.
floePeccordi ng to vari ous enbodi nents, the
i mpl antabl e material can be maintai ned by
cr oEr eservation in cryopreservation nedia for about a
m%M t oDgcipaent inpbselutecagcess dlonr batwegroifie fassling Brsgsurgpent
| east three weeks of storage in transport nedia at
&yt pasoeungicalppad tmioghppéspsurgpalissenedsited hysdohraflaw Rgppler
the viability and functionality of the inplantable
iRta8buRl MdgdRddd of sleReis dtetningd beDdppler Dhtaamimal 4t @Mmonths
the inplantable material is renoved fromthe

i t o Rbi leh.] o ' ices

R o R R R
saJéibne gDSPést O renove remnai ni ng nmedi a constituents,
e PEFMRYYEBS. A sanpl e aliquot of the inplantable
material can betested for viability by the

uf act yr and/ or by _the physician prior to .
TBESh e o o, SVRbptene Ftan b oo Fosatia it i gpe of an
described in detail above. [0218] Upon receipt by
appganeiwrrellgrodyspl i cant' s agent of a request for
inplantable materials, a series of events exenplified
as follows will be initiated: A cryopreserved inplant
\i0226] be weptitative iromunoelagisplassessmentrof thecprespncelebdanop Ed-A
above, an inplant will be prepared for transport at
ra@ 8o i€ B &1 daly kL rewdeks B Scanidietl oatho pest-sargery compared to pre-

surgical levels. Standard clinical practices will be employed.

[0227] Specifically, the study includes 10 human uremic patients undergoing
arteriovenous fistula surgery. Those patients who have undergone AV fistula
surgery will receive (immediately after surgery) application of two (2) 1 x4 x 0.3
cm (1.2 cm’) embodiments 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 will be enrolled but will
not receive implants. These 5 patients will be used for comparison to standard of

carc.
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an inplant will be prepared by seeding a bioconpatible
matrix with cells and permtted to growin vitro until

WO poogxbi7iedi t s one or nore of the functional phePOL/YR®E6/021755
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descri bed above. Cells for seeding can be obtained
froma cell bank as expl ai ned above, or can be
obtai ned directly fromthe intended recipient of t he

' f
AT SIS BP0 Als S8l 1w
RShr I oy Bt L e TR B s

i npl.antabl e material, of the present invention does not
r egfarmed gt day 7 tossfabligh a béﬂelan@lh fallpwed ag & weeks, 1 month, 3

conpatability test relative to the intended recipient
pricnths eod frawatizgrast-eurgeryi Rplient tint ehibivkeabsphepioedrioss
accordance with the teachings set forth herein,

t themtben 85 MiniThima or Bihidh ioadaked thR 25% 8ldub SorBinGRIW from the
t ypi ngi ndependent, cell conpatability-free, match-free

tﬁx%ﬁ%ﬁ?ﬂkailﬁ&h&ﬁ Nor kil b?t TEALUhE 509 LR RLRSEMs  measured by

i'nvention stands in s contrast to conventl

B B U R TR iy emcnin
mat ch exi.st.s between the | ntended recipient and t

cBef & FRSHBstE PP R g o eeant phsear s SAtkess

of a match, no treatnent will occur. The present

i drjeAEReskbyangicareshy: Ratierte withdistula phaefailgs matare within 12 weeks
det ermi ne whet her a match exists thereby providing the
cwilhbeciegenredi fohdiagmstid ithygiay. af taaddré renuglisltetintcdPinedvention,
supply of inplantable materials for treatnment of any

OiR€ludingtafBiob sty dndlSs er}dtostﬁza(ﬁlfﬁdg BRAEARRA to revise the fistula, will
her ei n. Exanpl es Exanpl e 1: Human AV Fistula St udy

127 Phitfdi+ a?s’f% FRhERRERHa O ?tll?g{tﬂ)glrlh %&ﬁ lth@crh%lg e 1o
for testing and using a preferre
I{l&név%ﬁ)mem wee r.l ‘Hle cclurggcr)rll 3 squyvgasf’g&i)a fon og ggc patlglllt will be

6 months.

[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
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 implants 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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to enhance maturation of a fistula and/or prevent
failure of a fistula to mature. Using standard

W@ eoogioeeth4 procedur es, an arteriovenous fi stul aP€BUS2006/021755

created at the desired anatom c | ocation. The
i mpl antable material in a flexible planar formis then
di sposed in the perivascul ar space adjacent to the

SRHSEINERIY. FotloRatetledtingiiifdhe lafigatledtaritin efis A€ group, a one-
exenpl ary procedure are set forth bel ow. As descri bed

it @Jserg%ﬁ@n emmccﬁﬁgn&ci@ b gtHeat bORe %xttéi‘@up Following

|rrpFanta teri al e varied to suit the

ni f
8%%?6?"2%‘// SRR R G e P B8 HES s oRuffE BB 5 papiens

1 or 2A. [0220] The experiments and protocols

f BE¥fdpel ow provide sufficient guidance: [0221] 1.
To eval uate arteriovenous fistula failure to mature at
3 months. [0222] For this study, failure to mature is
H28ilhed Hiveumticnts anil bp eyrofled peinpictiniedljeial andyeill receive
cannul ation of the fistula for dialysis and to obtain
stahddrd iAdhfistulaaplyeinenh Inowlicatibosyteatitents tuh eo implgetable material.
35-500 niL/mn, with a preferred bl ood fl ow of at
Thawtpatibits Mill Bk Rsedot Bompatzento dandsedkScaad bed will beiva

creation. Standard clinical practices will be
%ﬁﬂia?YrﬁQ%x{lﬁg&ﬁmrﬁuneﬁg IENGbHA & ipas %ﬁgen{ LrOMed ?&tﬁ:nﬁend
anat ony area st eno by c | ow Do

ultrasound at day 5, 2 vveeks 1 3 and 6 rmnt hs and at
Z%‘A’?ﬁﬁi“??fgwﬁa@g%"‘fﬁw%%é% RiEE ?Le&é%ﬁ?ﬁ%f“iﬂe
Bt L BRr v B o RRRELCra! B L, o

stenosi s determ ned by Do? ler ultrasound at 6 nonths
prior to implantation, 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
baseline measurements having 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 used
to treat the proximal vein segment, distal to the anastomosis. In certain
embodiments, the end to side vascular connections will be treated by passing an end
of the implant under the anastomotic segment until 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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when conpared to baseline (day 5 post-surgical value).

Standard clinical practices wll be enployed. [0225]
w@200T008¥al uate the HLA anti body response assoRCHUSI06/021755

with the use of an allogeneic cell product. [0226]

Quantitative i nmmunol ogi cal assessnent of the presence

of donor HLA antibodies at 5 days, 2 weeks, 1, 3 and 6

s 18%0%15%%‘% ERTRELES lifie E@%ﬁ% S Elgpimate
peci cal d des  10. nuremec. .
Bhtrshseindiialyoy Shmeeitue R rg S aﬁargmc st The

Those patients who have under one AV fi st Ia surg

inuplpntalele anaferial deerant aeed tp compltely yyrar Arppnd His GircymigRnce of

of two (2) 1 x 4 x 0.3 cm (1.2 cnB) enbodi nents of a

fHeaxibl e pl anar form one (i) placed at the

anastonotic juncture and the other is placed

| ongitudinally on the proximal vein segnent, distal to

[0284pnas Patesd will Bnfollddied wdthatandaydatureng proseddresduring the

enrolled but will not receive inplants. These 5

PRl EMIRD Ozz%‘fTAllrecQ)%ersl%ﬁoWg ALOTRAN §lﬁ?€ go VatapEidad @ilDbe closely

care. Cinical foll'owups w | e perfornmed at 5

d %&ﬁmﬁ léémﬁﬂﬁ n‘;"etdlcf"atlo% ?ﬁ%e&g@%ﬁ&@ SpatfeafSHitl gl 1ﬁwructed

sur emnen S using co ['er trasoun

PoFFigHRRR To* HERAD wsa&aﬁ?ﬁ%'ﬁ?sﬁ%&@%@ ! Eir?&ﬁt%ﬁ%f’mhs

post-surgery. Patients that exhibit an absolute flow

of less than about 350 nL/m.n xhibit gr ter han
BASE o lueress How Milbh Tereiied Ray PR h2ausske pidhthercatter

or exhibit greater than 50% area stenosis (as msasur ed
boty 1, Boqyoll emonihs pasieurgeyy.wihd ddgeeer affstanosid Wik plso be determined by
angi ography. Renedial clinical intervention

Doppler ultrasound at day 5 to establish a baseline level and again at 2 weeks, 1, 3

and 6 months for comparison purposes. A 5-c¢ whole blood specimen will be
obtained to provide serum for determination of anti-HLA antibody levels at 5 days,

2 weeks, 1, 3 and 6 months post-surgery.

[0236] Access flow will be determined using color-flow Doppler ultrasound at
day '5 (+ 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
(as measured Doppler ultrasound) will be referred for angiography. Remedial .
clinical intervention such as angioplasty will be permitted for stenotic lesions of
greater than 50% stenosis as determined by angiography. Patients with fistula that

fail to mature within 12 weeks will be referred for diagnostic imaging. Standard
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such as angioplasty wll be permtted for stenotic
| esions of greater than 50% as determ ned by

war@rography. Patients with fistula that fail POI/IB1006/621755

within 12 weeks will be referred for diagnostic

I magi ng. Standard renedi al clinical intervention,

i ncl udi ng angi opl asty and surgery to tie off side
tenedizh ekinical iherveatios dndliiing bsdivplasty whd L‘ur?&yﬂ@ tEToFt Sk
to assist with functional maturation in tistul ae that

hanche af toa@vise (R dhile, WY frhRie8e Ksist ﬂ?@xbfg{{c%ﬁ)tnhpn of

study participation for each patient w 3 rrgnt hs.
' : .patjents w .

g tondf Al Aok S RUR il WBR! (7Pl e Bk pnion

[ nts.,and .5 patients.receiving standard of care,
Gt S o B b B e RSl o e b sRomageation
fistula Ql acenment for henodialysis access will also be
%‘Jrfﬁ%rqu%*a. f%bﬁ%@]d/mam@ﬁi funetirialitynefithe revised fistleehdaiesdue a
the inplantable material of this invention will each
fatling ostaitedeftstulAy fistul a pl acement, nedications,
treatments, and inplants, according to the foll ow ng
study design. The first 5 of these patients wl|
[023Fi ve ExpecietReanltsofl AV &FidthleSinhlye IpisanpsctdDiha pplgtsat
the anastonotic site and one placed |ongitudinally on

trdaGedPK BB N B YRk Abl SREFBRL of tHd Sleddnt ﬁ&ehﬁ&?%%’i‘%ﬁ: a?ove

Fol l owi ng treatnent of the | ast pat i ent_vmdt N
j t n od w OCGUr
T Bbo1B O oA AR BN A RELL P o8 o
N T e
0231] Five patients will be enrolled in the clinical
‘Eﬂ?’i $P1gh dongxamples ap iparoxed lgad dlomyup tet dpw sufEdenidon |

nedi cations, treatnents but no inplantable material.
dialysis (e.g., a blood flow within the range of 35-500 mIL/min and preferably at

least 350 ml/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
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
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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These patients wll
of care and w |
WO povanel7egi cal
[ 0232] Conventi onal

receive simlar
foll owup as inplant-treated paPCEOEH06/021755

be used for conparison to standard
i magi ng and

AV fistula surgery procedures are

to be perfornmed according to standard operative

t echni ques. Upon conpletion of the fistula, but prior
QiddMAGSHE L LARn dTRAIMRIERIm Aitck&iBseBlly LANE ¥8EiBoraphy of th
d‘%ér%%le? vviFI bIé made. [023??][1 Iiloon-tgot hiéd P%rc%lp%ragvi}l,? °

B3R DGR R A Tl s o

mat eri w .l be. applied after the . access surge [
SR o NAORRE 9 e MRS oS SREr PPl e carie sy S PlogH g
with all baseline nmeasurenments having been nade.

s using standaid Poppderainasosnd prpteneds. tIhis expeied Babihe

treated nade as dry as possi bl e before placenent of
irhgantaile anttebi] evilipteventdr. deHyaaaneda(gsthavin gedesdtlobdilow below
irrigated after inplant placenent. One or two

b PR atb fotilalysheasWiedite@ hbte@at THID Sardhiaisib @Metd lamsh inthich
The other inplant will be used to treat the proxinal

é%g&é&%gg 'ﬁiietdﬁjis%ﬁlg!gaﬁ Qristehfgle W ?t%ﬁ&?@ﬁid%ssdc‘i‘at@@fhﬁ@éeﬂinrg Iof

odl nent s, e end to side vascular connections w

e.treated b assi ng, an_end the inpla un h
HdbliBhnstint baBRE R Aanio2 oy trlfeeb B e VRSFLm g any
at the point where the vessels neet. Both ends are )
ayseriated dpiskaning. ok ihe ¢ase of atifldbickenge é@ﬁpalgp[jaﬁw inervention
i npl ant centered over the suture |ine. The proxi nal
wsanvougstly e glandard ¢lisical meanst indhe ease 9 shrinkege apd/or contraction
anastonosis) will be treated by placing the
dog Ifand-ahlpte, iahegatiaé tibsua gérhodtling) dijataionng ctrinmtlyersgirdard
of vein starting at the anastonotic site. The

cERtANLRRIALHIR Rid Slpetied thad o iRSIask-fut&Ofdthia bal hoved ire
around the circunference of the vein. [0234] Patients

g%i%’%lg&ﬂ?ghh&m&wth standard nursing procedures

[0238] As a group, the treated patients are expected to show at least incremental
differences in at least one of these aforementioned indicia of maturation as

compared to controls.

Example 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
AV graft in animal test subjects. Using standard surgical procedures, an AV graft
was created between the carotid artery and the jugular vein. Implantable material

was then disposed in the perivascular space adjacent to each surgically created AV

graft anastomosis; the details of one exemplary procedure are set forth below. As
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course of hospital recovery followng AV fistula
surgery. Vital signs will be closely nonitored.

wa@ocom7sant medi cations will be recorded. Pat P&nts2006/021755

will be instructed on requirenents for follow up
visits at 5 days, 2 weeks, and at 1, 3, and 6 nonths.
[0235] Access flow will be recorded at day 5

(&e6B¢d fdier, ﬁle\fﬁﬁbﬁleﬁfﬁldtd&ﬁﬁ@ﬁﬁﬁ&{ oﬁ?nplant@ol@ﬁ@te@ml pan be

nmont hs post-surgery. The degree of stenosis will also
t
g%tl e Iff ﬁﬂk Qtﬁg% mn@%tg%lg l‘ﬁﬁtér%? g\}égﬂh?g%ﬁg}é vé r&a? for? as,

f.or,,Cco i son purposes. A 5-cc whole

ﬂ%%ﬁd§£€@#§6ﬁ~®ﬁﬁ HF‘)@obtalned to provide serum for
determ nation of anti-HLA antibody | evels at 5 days, 2

eks, 1, 3 .and 6 _nonths t-surgery Access
{3407 i 1 Bogsidl @glveﬁhmsm l&f@ﬁlff?g 20q106510§ Teé{/\?“ét?ﬁiﬂ wdergoing AV
ultrasound at day 5 24 hr) to establish a baseline
gReHSUrgSe nGOIa\rmtlgmalz@ esifissufgepy gepgeduresi wetsrpehfomer according
days), 3, and 6 nonths ( 7 days) post-surgery.

feedtareiat Sogelnativeaxdhinbiues. almE xstable hentdriab wao bppled o theahV graft
about 350 nL/mn, or exhibit greater than 25%

hieaueidseNardsubloanad dsimsdrtel heRMEMtR Use SRASHIRAEREs &mpleted
exhi bit greater than 50% area stenosis (as neasured

%}pﬁ&@q}lﬂghél i %y{w)zva%étéblgﬁed' eferred for angi ography.

i ntervention such as angi opl asty
mnll be permtted for stenotlc | esions of greater than

ten SIS et,erm Pat i en

AP 7 oP ST SPeif TR e AV BRI chEslEhil i
be r ferred nostlc |nag|n andar dr enmedj a

WA msish %ﬁ% ik vias placadihet gh@ OFgRgn %@f“‘i artery and

surgery to tie off S|de branches or to revise the
tigkftaxteanalypgulanysiped the tasbenbjest. ad s ioblique and-torsidst dngsigmosis
maturation in fistulae that have failed to mature
wiat bicated 2t suehlend obtelprafintisiny e ninndmy 6-8rprblené altinewed] feyt
i nplantation of the inplantable material to enhance
5 dbiPlebélRed intra-operative heparin and administered daily aspirin following

surgery.

[0242] Ten of the test subjects received implantable material comprising aortic
endothelial cells on the day of surgery. Five such implants were applied to each 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
anastomotic segment until the middle of the implant was at the point where the
vessel and graft meet. Both ends were then wrapped around the suture line 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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of the revised fistula and/or maintain functionality
of the revised fistula and rescue a failing or failed

wo cawber44 [ 0237] Expected Results of AV Fi st ul BCBUSIY6/021755

It is expected that patients treated with the
I mpl antabl e material of the present invention as
descri bed above will display one or nore indicia of an

geNaeIe BBk pRxifnhBidibas %Méh%th@lﬂg%ﬂ@fe%ﬁaé@&n@&@‘b@%&d}ﬁ@s’t
of fistula failure to mature. Specifically, th

gelg(bz%%ﬁgl’l@ g}ﬁﬂ)llg%%cﬁd oﬁpgéérggllfvyr E\xa{c}ung 'tl'f‘eoélﬁg(xfngév&ﬁce of the vein.
sufficient for di aIyS|s (e.g., a bI ood flow within the

of .35-50 /m.n and prefera t |
AN Thergreaetenrs 06 el vl% P afRapga for
cannul ate _the fistula for dialys Anot her of the
PYRRRLE. 0 dHustiatord in therFl Gy 4394 4@ Addivionglly) the prsiimakenous
a successfully mature or maturing fistula exhibits
segimrenpvédistal thitldoeamonsgyartarial gnasitdnhosts wesdrsated bypddoieg the
i ntravascul ar ultrasound (1VUS) according to standard
thplanteble nptadd] laestudBailgbloyng tHeMbifptivof Veihstansigiatttie
nmeasure vein wall thickness and delineate between
histdRdticaye ﬁ?@ka’—iﬁplk hisGieaeed id FeGt4@at ed or control
fistula wiI1” be cannul ated and the ultrasound probe
pl aced inside the target veins and arteries. Yet
er
faule; TeEs! %b?éctﬁszéﬁ%%%ﬁgapﬂﬁééﬁ% Wéﬁf PRI
mat eri,al of th ent,i on W
AR Lfanetobpts SaG an o o 8 s i V?%Oéﬂséﬁ%}nem of the graf
perm tting uni eded bl ood_fl ow at_rates iui table for
er thecday\nd saqgsmﬁrsexampl@ as gapicsed 1 St Ads 4Pgnd 4C. An
margi nal ly greater than the punp rate of the dialysis
redinpomad 6 test sulgects didstot zeckivestherype aftiemlnte Thesepr testenbjects
recircul ati onduring dialysis. Lunmen dianmeter will be
WRrd fised €6k charpadikdy tousandgrdeotgiang rEeitytabéell boed bast vhdody
begi nning on day 5 after fistula creation and

bRee Mt 8ppBkint #8450, B P REIMSpPRE! It is expected that this cell load is

approximately at least 6-10 times the estimated cell load which will be used in a

human clinical study as described below.

[0245] Surgical 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 tissues and all
tributaries off the vein were ligated with 3-0 silk sutures. The left carotid artery was
clamped and a 7-mm diameter circumferential arteriotomy performed. An oblique
end-to-side anastomosis was made between the artery and a 6-mm internal diameter
PTFE graft using a running 6-0 prolene suture. Once fashioned, the arterial clamp

was removed and the graft flushed with heparin-saline solution. Flow was
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surgery. Narrow ng of the |lumen post-surgery will be
correlated with blood flow rates using standard

w@oepploer74ul t rasound protocols. It is expected PORUS1006€021755

i mpl antable material will prevent or delay narrow ng
that inpedes blood flow below a rate suitable for

di al ysis as described herein. This narrow ng of the
HodmienWdi thidugh teditety ird@thearifai TiedgraftsiasltRerc@ndéed Beneath
due to stenosis and associ ated thickening of the

{H%ts'te'iq?ocléiflmhﬁst&a @mﬁﬁle§ ﬁn&’b‘roﬁgﬁtﬁﬁﬂorﬂﬁ@ﬂﬁ)xﬁﬂﬂ{r Bf the right external

contraction of the vessel hout any associ at ed
kenlng In the case of actual thickening, an

EﬁBrBHFESty intervention is currently a standard

clinical neans in the case of shrinkage and/or

F@Hsher agmt Rl rGH kL e SR drectly in

clinical |ntervent|on i s expected that an

thepspcannal fRgdaragins Eltebﬁr@rwmounh éfaffr‘é%ﬁﬁhﬁléccéﬁﬁlﬂﬁﬂl“élg’t 3
or dilatation. [0238] As a group, the treated patients
abliquexnddb-silletanagbmusiabetivears theiRditegrefitad thti fighs extevws
in at | east one of these aforenentioned indicia of

Feiulsr dtinQRirRSe ©AARE6e0 pictere @uturd(tBe lehxdngtlgeafR WY/ béBvatd 15-
Ani mal  Study [0239] Th| s exanpl e provi des experi nent al

9§ QhoaQl S dr@id 4t]RL HiRg o?EQcéiﬁérﬁ}J Al RBIRWSE r&mqlaﬁg Mlow

e present inventioh to pronote formation of

functl naI [ af
UL PR B W OB i O el R P U BT,
bet ween .the carotid V. t he ugular vein.
PRRSEOmRSiVES bl ise gt fignd ed in the
perivascul ar space adjacent to each surgically created
Aﬁagraft anastonosi s; the details of gne exenplary

bdur Eclipwingeonibition o dicanastangesse el dd’ Fe%ﬁqli%(?nous graft

the placenent and configuration of inplantable
wab @o$itibnegian poevent kinking. The PTFE arteriovenous graft was

percutaneously cannulated with a 23-gauge butterfly needle just distal to the carotid
artery-graft anastomosis. To confirm placement, blood was aspirated into the
system with a 10 cc syringe. The system was then flushed with 10 cc’s of saline. A
C-arm fluoroscope was then placed over the neck of the study animal so that the
venous-graft anastomosis and the venous outflow 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 comparison to the

pre-sacrifice angiogram.

[0248] After completion of the angiography, the anastomotic sites were
wrapped in a wet 4”x4” gauze sponge. Pressure was maintained on the anastomotic

sites for a period of approximately 5 minutes, before removing the gauze sponges
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varied. In this study, the inplantable material was in
a flexible planar formas depicted in FIGS. 4A, 4B and

waao7joez40] Specifically, the study included 2BCPUS06IE21755

test subjects undergoing AV graft surgery.
Conventional AV graft surgery procedures were
perfornmed according to standard operative techni ques.

A hRaRd teMbRbmBlC YIRS, @ﬂq@mcﬁ,&skqlaa 6t ﬁ:‘(b@é@i&neved as
anastonDses and surrounds as descri bed bel ow after the

SAEHAERBL KoHRE pEBARN. O AR (Bt it BHAVER ohReOS 21
ARG UGt b R et acShrticlh e RiFpnyif the

| eft common carotid artery and right external jugular
henorthage dpm thesite siappaere. Qpeedismogiasisdiad been aghipved, the neck

anastonosi s was created at each end of the graft using
wonnthwanfill&l Gith stetitnmliseiand Bow Akdbetapslysis pojfermesl at the distal
recei ved intra-operative heparin and adm ni stered

Giouy oaglpin tratt histhg @\6kng Bh@@idtlow §2Ae] TheRaldfe witdremoved,
test subjects received inplantable material conprising

ﬁ%@&és?a ngdpthe Eﬂa{é‘{on&‘&kzé ﬁa@é‘ast £ o6 Ebfss?dcle attl Q@c{té/d wﬁh ¥fher

such inplants were applied to each test subject. Two

ig@ nglg %nm@érgail ?’;@Bﬁ?gg ?(;E}l% gdo%ﬁé?lﬂll ?éllstoq Qohti® im qant% Sites

I'S Clrcunstance, one e

the i teria s pa

MRS FERPG PGHER: 0ot e S Do e 5??61 oghirolled,
was at the poi nt where the vessel and graft neet. Both
Hpwshrapgle thergsaft apnfisped aad Sierea Madesar diy @s ppsseblxeBfiicng

the inplant centered over the suture |ine. The ends
oeple@pthe dvaundiwalclosed o laparsined theanimadlevasalloivad pd @cever
An addi tional single inplant was placed | ongitudinally
gbangkiiediengt h of the proxi mal venous segnent
starting at the anastonobsis, of each test

[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.
Additional bolus doses (100U/kg) were administered, as necessary to maintain

ACTs >200 seconds.

[0250] Graft Patency. AV graft patency was confirmed by access flow
measurements using color-flow Doppler ultrasound and Transonic flow probe
(Transonic Systems, Inc., Ithaca, NY) immediately after surgery, 3-7 days post

surgery ‘and once per week thereafter. 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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subject. The inplant did not conpletely wap around
the circunference of the vein. [0243] The anastonotic

w@riesomes e wr apped with inplantable materi al , P€DUS2006/021755

exanple, as illustrated in the FIGS. 4A and 4B.

Addi tionally, the proximl venous segnent (distal to
the venous-arterial anastonpbsis) was treated by
aptraoicngud dreft iwap tiesnt prbduganeatisdy tainulavsiDwithidi20edaliye Bihttesntly
the length of vein starting at the anastonotic site,

nb&Qllc RXEIBhEo S cdrblid 8férioRsh hihsfonfasis? Go dddddhlplak@fhent,

test” subjects received control inplants wthout cells,

. , h
SRR ALAUILS B8 S0BRAIPY 5o et RLAGE g
el it L RC s S SRt SRt e ot Plgeho et ek

ei ther type of inplant. These 6 test subjects were
ofidegnimaal se S &b waaui-grabiamaramasis and tieg/enqufeoutihey fract
cell | oad based on body wei ght was approximately 2.5
conldbe yeuhkizede Undgr cantinngusefiypecdceply,tifats ¢dis of iodinhtell sanirast
is approximately at |east 6-10 tines the estimated
(R&ldgrdfiadtuiiiRtrehpgtit) Whs Bfectéde dhi Rin dpgivarapbly ivis ¢@dordddud 9°
as described bel ow. [0245] Surgical Procedure. A 15-cm

afid 904 31dsAD Yl MO Bla N &K A IpRehSy AR H%?ee'm%’en%ﬁg of iR

 eft common carotid artery isolated foll owed by the
i ght I J I LR ej .
oo A e s B B o B SRR el by o
of f, the vein re ligated with 3-0 silk sutures. %Fﬁ
PRIZG COupagiPRy WARPOFP Cf AMPRH VR LSPIFAR YT e e on 2
circunferentjial arteriotony perforned. An oblique
sealeiof &S slependinigaencs the Hegrome viengsisiwbssipechintthe angiogagp. The
and a 6-mminternal dianeter PTFE graft using a
gradinrg stherfe Omptaykd mas asifalloss: Ord8s bleadhinied20%eenosis, 2 =
arterial clanp

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
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 animal test subjects (5 cell engrafted implant
subjects; 5 control implant subjects; 3 subjects without implants) were euthanized

one month following surgery.
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was renoved and the graft flushed wi th heparin-saline
sol ution. Fl ow wasdocunented through the artery into

wo b@7goeriit . The graft was then tunnel ed beneat PCT/H82006/021755

st ernocl ei domast oi d muscl es and brought into the
proximty of the right external jugular vein. [0246] A
7-mm di aneter circunferential venotony was perforned

doosst |y AMintikg &?&%E}n %lleﬁgé%gééltﬁé ml\éngtog%i)p}??)ﬁmlﬁatbo& qf, (51316

arter| ovenous graft en co : p th
"%El‘it n betvve e PT raft .an e
{lgteriﬁ(ﬂtl er n%r l%if gtﬂgaall %ngtﬂmﬁ Ero?‘ﬂ’ﬁﬁ "%60‘83 sifes, and
roI suture e |l.ength of graft was between 15- 25
p i E ot e tading AR gy Tept e BAe Beformasioncl deass
vvere rermved and rowthro@gh the graft was confirned.
obiertss tlissue Homgnajer erggngd inclwding brairh durf2§AEdaeyaslivendshs and
was doubly tied off with 3-0 silk sutures. [0247]
Fploenywerg colbemddedridasavad fok B tanas)@idafBanidddart BIFEonth
arteriovenous graft was positioned to prevent kinking.

ko WihE Buidete VT&V&g%bsw&E & be 1By RE LA 1?81%95%% ﬁndlngs arose

cannul ated with a 23-gauge butterfly

et Pl By el TRt AT PO HRTRN Rl b

cCcC .syrin The s tem then flushed with

it eBopto e fiior Ham i s b wadng e Negenysual

t the neck of the study ani mal so that the
3@:381% apsgfhat Jaaapisbiier sxemipadon eftbe sajutckgawin mgcof the
coul d be visualized. Under continuous fl uoroscopy,
poimds ewoledbinte thaishalyed cont r ast (Renograffin, full
strength) was injected. The cine angi ography was
recorded and stored for conparison to the
192543 acr iAll AY gmfjiaogtanvtid §R48hd AfrtindBembedsi Bluaing 5-cm

t he angi ography, the anastonotic sites were

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
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
were made through the venous outflow tract (therefore covering 1.5-cm of outflow
vein). Three sections were made through the graft-artery anastomosis at 1-mm

intervals. These sections were mounted on gelatin-coated (or equivalent) glass

slides and stained with hematoxylin and eosin or Verhoeff’s elastin stain.
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wrapped in a wet 4"x4" gauze sponge. Pressure was
mai nt ai ned on the anastonotic sites for a period of

wapproxiaat ely 5 m nutes, before renoving the PEBS2006/021755

spongesand i nspecting the anastonotic sites. If
henost asi s had not yet been achieved, as was evi denced
by oozing of blood, the site was again w apped for
[6253] her Périvasoulaesnd ddndl iiwiahm stidrwdsbendt@nfihacedh atutely
the discretion of the surgeon if the henorrhage from

(3 By SitiRtPRRd SRYRIEHy AEeniAeIBRERS &cﬁé‘ﬂxfﬁﬁﬁﬁ‘atmn is marked

achi eved, "'the neck wound was filled with steril

bg Ar&?ocg{é T;}Z Iﬁéﬁ‘ﬂ? n%l?ﬁo %ﬁl‘lesclﬁgﬁlff_%ﬁmngﬁonﬁ@%agkeﬁt

nous OWt act ng a 6-nm Transoni c

ofis e o0d naheatfy Nﬁﬁﬁoﬁ&gm}o@? %ﬁ%sa?ﬁ%si‘%gﬁ ih the

ei ther inplantable material conprising aortj

fellqrdns spicalic Baress: aRi-CoMSripidantipl lepkacytes; sk CRarte idsafify T
treated with either type of inplant until all bl eeding
chidd Ob&n te oleniifyl B eel]s dnddMACIR B tyidentily ryerfclytesondciapireges.
and the area nmade as dry as possible. Wen conpl ete,

the wound was closed in |ayers and the ani mal was
[é236pwed The stabed\stiles withbeasxasiiteising. sc @2 48] thélprratcnce ofias
adm ni stered prior to surgery as a 100 U kg bol us

smdbBGhiiRme Rl and eRPhdHa0¢dMs 260 B iRGIRMTos B Uitb &Rt A Bktween
mai ntai ned until the end of surgery. Additional bolus

sah
ff"e"ﬁ%?%‘ SR iRy Wﬁffﬁ%@% erdf SREREP Alsckflons of
r.af t nc | s flo .
el s g B8 et R o B e Ralie et tedgner
Tr ansaoni c flow probe (Transonic Systens, Inc., Ithaca,
DPREAOD; Ghlsngdia Wﬁféh@ &m@u theeuer partonpiyhe pedia r%rrf&@ ry
and once per week thereafter. Gafts were nonitored
advansigihyanidghe hdveodtif Fawach of the vein graft anastomosis, the grafi-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
adventitia, will be measured in microns. Each section will be evaluated for the
presence and/or extent of each of the following criteria. Indicia of inflammation will
be evaluated, including but not limited to, the presence and extent of neutrophils,
lymphocytes, macrophages, eosinophils, giant cells and plasma cells. Graft sections
will be evaluated for the presence of fibroblasts, neovascularization, calcification,
hemorrhage, congestion, fibrin, graft fibrosis and graft infiltration. Tissue sections
additionally will be evaluated for indicia of degeneration, including but not limited
to the degeneration, elastin loss and/or the absence of the tissue portion, smooth

muscle myofiber vacuolation and/or calcification of the tissue. Tissue sections also

will be evaluated for endothelial cell proliferation, subintimal cell proliferation,
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[ 0251] Pat hol ogy Procedures. Animal test subjects were
anest heti zed usi ng sodi um pentobarbital (65ng/kg, V).

wab@7BTFE graft s were exposed and di gital photpgr/aptvge/021755

of the PTFE graft and the venous anastonosis

performed. The PTFEarteri ovenous graft was then

per cut aneously cannul ated with a 23-gauge butterfly
mekding husot linitedto neovadeelaciastivn shdakd preyer@é af tmooth muscle

. anastonosis. To confirm placenent, bl ood was aspirated

infbAbdrhEbBYELR AWiblosss. Hick %fﬁbéfdléagﬁreg\ﬁ'(a:&aefs?éhéﬁcﬁmam%ll be

then flushed with 10 cc's of sali ne.

’ e 2 neck .o he .
e R R R RO R DR et ve
venous.out f.l ow. t ract coul vi sual i zed., Under
LSRR 68 doln PfigblsCit p Pole et QBratieh 4 R viemacn changes; 1 =
contrast (Renograffn full strength) was injected. The
@i‘m’é‘aﬁig‘_f@gﬁh%ﬁynmat%e"’é’éﬂd%@"&te)o and 90 angles to
the PTFE graft. Gaft patency and degree of stenosis
of the venous outflow tract was determ ned by blinded
10289 of HAditinndseginps af gitoipvaneusi grafp anaseon atangitas fromnthe 1-
wi th post-pl acenent angi ograns. Angi ograns were graded
wnnth aniadleesdbulfjeds delyewill Fgmupaed bheladegids afd stained
stenosi s observed in the angi ogram The gradi ng schene

araphcayesleMasn) 38t hetpghem@iichnalydo ' Thedts
(stenosi s? 2 2 40%@1;,4henog}cs,na é( %%}Q@?gﬁggﬁgmeﬁglﬁ%a&%
' = Sy anticipated. .

HERC Pind P Rl MV ILER AT b et R e

the pr.esent. i nvention uld exhibit a decreased
e by PBEE Boes MGisopeans udeirorotinssn Svaan nestipan The
of th? angi ggr ans. [0252] Hi stology. Half of the
SMRF intiesyl hipasplasieavill He defermined ifaifqael sectiph.afine method of
subj ects; 5 control inplant subjects; 3 subjects
wanhfying infiplabhyeyplasa & wuidiswalizieg R idtipa afal Byohe rgal vessel
surgery. The remaining ani mal test subjects (5 cell
wealparal {@etirayph@ft/ (intima + media, mm?)], or by determining the residual

lumen [(lumen, mm?) / (lumen + intima, mm?)].

[0258] Results for AV Graft Animal 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 is
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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subjects; 5 control inplant subjects; 3 subjects
W t hout inplants) were euthanized one nonth foll ow ng

wa@nogeoy4f 0253] A limted necropsy, defined asP€m®s2006/021755

macr oscopi ¢ exam nation of the administration site,
including all anastonotic and proxi mal venous sites,
and surroundi ng tissue including draining | ynph nodes
VRreghdtRIIREe d8fiadd ast@slifefiibh @ﬁa/ar ngraﬁéaﬁoff JnRdBRiuSEle
organs, including brain, |ungs, dneys, liver, heart

eélgj(ﬁiéh&ﬁﬂeh WebIfs 1 gJ éﬁ‘&fﬂﬁﬂ tl?élqn%ﬁ¥>?ﬁ EQSStﬂét ﬁrglgg Blood

ects eut ani zed at one nont W ng sur

R BES ATo8eh SR AP RSB Bt gRERy q e o e

external surface of the bhody or from.the m_croscopic
BB R AiSHCbReTa i PomBTRble Misans T s SnLRY YilAD glimigal
ti ssue. No unusual findings arose that warranted
puippsesr Fex exrinnle.i thedesired hoodd]ov rate igaheuti 1 0a19p mok/mihe
animal s enrolled into the study. [0254] Al AV graft
areaabislpabowt 3009 mhhiapandatiod ippgfetabBsabest 3503400aingin.
5-cm segnents each of the anastonbsed vein and artery,
were trinmmed, fixed in 10%formalin (or equival ent)

&%9]3 nbe@k@ﬁﬂldnﬁllﬁsmtﬂﬁﬁhi&&édl Aldfor AAotBslkH] ¢all ffigrhtion into
i ng approximately 3mmthick sections cut wwth a

G RitRfl the ﬁ)tsﬂfem: brid f.sxérﬁfl% e tBis Eﬁald(ag fan Hcﬁbl\é%!f?rﬁé rat1on Itis

sectl ons re prepa om at east ree re

b Bliba A e ARARAAR Riaial A —

sect|ons de transversely through the vein graft
SRS g ool ol isin A Srpthes heRIPTORIEEHI R, Eigel 5

venous outflow tract (therefore covering 1.5-cm of
sugtionof/edth jnto Ther kyédase dhiasrfevewsiceometdesectiomubtough éhe PTFE
graft-artery anastonosis at 1-mmintervals. These

geft manbe vietamedanditathed forgBNIGtactin ambiviltibd evaluated to identify
equi val ent) gl ass

SMC and Factor VIII (von Willebrands Factor) and/or PECAM-1 to identify
endothelial cells. The endothelial cells will be quantitated using

microscopy/morphometry and custom software.

[0260] 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 unimpeded blood
flow at rates suitable for effective dialysis, i.e., effective dialysis requires a blood
flow that is marginally greater than the pump rate of the dialysis machine, or at least
a blood flow rate adequate to prevent recirculation during dialysis. Lumen diameter
and percent 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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slides and stained wth hematoxylin and eosin or
Verhoeff s elastin stain.[0255] Perivascul ar and

wo con7ed744 nf | ammation will be determ ned bot h BCTIUS1096/021755

(3 day subjects) and chronically ( 1 nonth subjects).
Acute inflammation is marked by granul ocytes,
primarily neutrophils, while chronic inflammuation is

OREiRE R¥rrBRECHBE R A bsl- Mﬂga?%fs %afrelﬁ@@wm@ba Ylow rates
sections may also be stained with the follow ng

3R benfpTRBER bRl R oo , 'diﬁiﬂ"? 3

cells and MAC387 to identify nonocytes/ macr ophages

] The stain slide il | be exam ne

he B‘ﬁg ggﬁf@ggg]fe rg%rézfl ﬁ)‘fmmfspﬁsgnﬁl&v?rglogﬁaguceﬁﬁe pregence
endot helial cells and for indications of egr at
Bed desaee efriienestsel ihe trefed ANAYAROHTLONBAISS 1S t q}ﬁf&nfrﬁlelmplams
artificial graft material. Al sections of the
Pexskmit se@osnss@n@mlnadcbwmgmmm for ghch tesitsubjeal treatdein the
i ntima/ pseudointima, the inner portion of the nedia
gRdy id fresentedebtlow heTablé ¢r Omarveiage, thé irplentabldingateréd reduced
the adventitia, and the adventitia for each of the

g@h&l@ﬁfaflﬁle@% Bt Sfrorh B8%Ah *bhr AT BhMs ANASLPRP Hote
and the venous outflow tract will be eval uated and

?ecc%fv%%alr%‘ﬂfn‘fg’ boEpRlinf BN (Ple 108 4GS HE)C HIBHLIENRbe
S e gy E’P%Sgé AR gt Bgthe st pefion

the following criteria. Indicia of inflamation w]|]
peeventisd gudelayed nestavdng thabieduesstbleqdrflave helow, a fagpesuitable for
presence and extent of neutrophils, |ynphocytes,

ety sixp Haegehy, premsting e fusctiogakiytof er |A/Y guaft apdstgmesis.
cells. Gaft sections will be evaluated for the
presence of fibroblasts, neovascul ari zati on,
calcification, henorrhage, congestion, fibrin, graft
fibrosis and graft infiltration. Tissue sections
additionally will be evaluated for indicia of
degeneration, including but not limted
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nmethods disclosed herein supported blood flow rates
oiblp 81 Rebeil @ BSIH implafd F i SonfphliBie hatlx diodky Si s
1 QMYe WRLrid $h a flexible planar form comprising cells

Example 3: Human AV Graft Clinical Study

[0262]

This example provides experimental protocols for testing and using the

invention to promote formation of a functional 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

arterial and venous anastomoses. Implantable material is then disposed in the

perivascular space adjacent to each surgically created AV graft anastomosis; the

details of one exemplary procedure are set forth below. As described earlier, the
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subj ects individually displayed a reduced inci dence of
dehi scence defined as separation of the anastonotic
vein or artery fromthe PTFE graft, and an inproved

i nteqr t| f

PP Aot & O IO haRE G oDy the giled
or endothelial.cells into or within the |unen of the

ﬁFQfé‘flﬂ%‘trluéaB?‘?tH’ﬁéna@l%od fl ow out of the A/V graft at

the venous outflow site was corrparabl e to that into

the graft_ site. her | e neans .
Wﬁant iSpeeifical] Wheasftuc?y S‘?Srh tﬁq},sB jegls un&ggomg AV graft
exanple, the desired blood flow rate is about 150-500
wirvgetyn, Covenidorsb AV aitafistreRa0opSoaiuns willhe pestormed according to
preferably about 350-400 ni/mn. [0259] Additionally,
SHRAA opEscilve teeihiques dlterim@tuaiblehpetiale the plegemtinention

into or within the prosthetic bridge wll be neasured
%ﬁll%@ abpﬁ’écpﬂoath@fw ﬁ%@sttcbrﬁases bid bsrdiRas eqmdsatiBell bdla after
e i nplant ab erial of the present invention will

IREBERSPRARChpRERT Tl BRI B BLIPS BMished, | o1

of both into the bri dge. Three five-m croneter

A S S o g o

|dent|f SMC and Factor VIl (yon W] I ebr nds Fact r
dp@lasfab %ﬁeem@rlpl apthe daref suredsd dvedPitiaee 8h ro 1?1 ¢
endothelial cells will be quantitated using

rppliabooaylt test pibgrest Oge pertion of inptaistebleweaterial [lfowmped(etound
another indicia of a functioning A/V graft is adequate

| 46t AnBicanaicesite. Tie end than passéd tfiler fireamestdmiotiv eepiniamh until
perm tted mai ntenance of adequate |umen diameter by

reOHGINE oF ﬁr%svﬁlap $ KMRSHSnEREErs ARIRB] R Biafilthédd. Both ends are
uni npeded bl ood
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
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

anastomosis, of each test subject. The implantable material does not need to

completely wrap around the circumference of the vein.

[0265] The anastomotic sites will be treated with preferred implants, for
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-
arterial anastomosis) is treated by placing a preferred implant longitudinally along

the length of vein starting at the anastomotic site. It is expected that the total cell
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flow at rates suitable for effective dialysis, i.e.
effective dialysis requires a blood flow that is

worenogionethd y greater than the punp rate of the PCHUSENE021755

machi ne, or at least a blood flow rate adequate to
prevent recirculation during dialysis. Lunmen dianeter
and percent stenosis were nonitored using angi ography

WadtBagePor BchW&@HWﬂHf@fpbrc%‘rﬁ&t%@nP@ Q30'adells Ber ey of

arteriovenous graft creation and’just prior to

|§ ng of the lunmen post-surgery
i g%gl??g atde %{%%\Mgd flow rates using standard
Doppl er ult rasound protocols. [0261] The inplantable

i al resent nvention,reduced,th senc
megr Shniga S R BV PN PR ST PR RE  F and
ed to the control inplants Per cent stenosis
dao aceeﬁfﬂewgw@rrsﬁﬁvs upigg calorilopedppRlghlgasound will be
treated in the study is Presented below in Table 1. On

asgitgd et dayhetd @ﬁtﬂbérﬁh abasslinalewel, fllowedat 8 avesksronprthy

ni nety-five percent, from46%in control animals to
dths o 6 nosths pestausgeng Tasphrdbipdcss thatngxhitdi aigabselutestflow of
([46 - 2.5] / 46 x 100). The results will be confirned
hds§ HRMOBI0GA yin, dhReRershafR B% réduetsh [Pl Gw tadbat tHeBevious

present invention prevented or del ayed narrow ng that

FRaNGE ‘3‘6{%’% §ﬁ€&e“ﬁ*§”‘taﬁ%b?un & it *&%?4“?65%’9%@5? o
SRR Wl et ERp el grl%%%h Y Sl ieh a

prOV|des experlnental protocols for testing and using
wRgoplagte il de nepmisied Ao stenodie fastqns @ greater thandipAeiprmaged by
graft in human clinical test subjects. Using standard
gngiggephy.pr ocedures, an AV graft anastonosis is

created at the desired anatom c | ocation and an ePTFE
prosthetic bridge is placed between the arterial and
Je26T)s arfastrastaagographp biithcapdfe agatetirasahe arseriahemd venous

di sposed in the

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.

[0268] 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
blood flow within the range of 35-500 mL/min and preferably at least 350 ml/min.),
a reduced incidence of dehiscence defined as separation of the anastomotic vein or
artery from the PTFE graft, a reduced incidence of serous perigraft collections and

pseudoaneurysm, and/or an improved integration of the prosthetic bridge defined as
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perivascul ar space adjacent to each surgically created
AV graft anastonosis; the details of one exenplary

wee@coume are set forth below As described ereT/U82006/021755

t hepl acenent and configuration of inplantable materia
can be varied by the skilled practitioner in a routine
manner. [0263] Specifically, the study includes human

g@ﬁfelsaﬁgh 8Rd/Sr ﬁh@@ﬂi&%%oﬁ% gradlt célércg%hﬁethehal cells into or
nventional AV graft surgery procedures w |

RREE Ehrgqamtéﬁ GOnAI NG &S ARORH.ARERALL: oeftﬁeeg L5 e

e pr esen nventi

apll raft anastonoses Syt roun
Vgnef@sw Sualoubhr et GRbpr @ﬁ@@%? e E‘Lfompafgﬁe means
onpl eted and flom1through the graft is established,.
[S@lmmqtlanm winailaz| Tpiglingal puppesst Sonexampledhs desitgdblagd flow rate
nore portions of the inplantable naterial on the day
af alsamt 60900 il préfemblysaboht 308k 300omE/minl, ind@osppkicedly
to each test subject. One portion of inplantable
meberIsal4dosmmaigped around each anastonotic site. One
end is then passed under the anastonotic segnment until
the mddle of the wap is at the point where the

ve26h!  andudifiddally"Bedoth BRlshle ead §n<ﬂ5ﬁeﬂd'8ﬁ{%h‘é)lf &Hﬁﬁ‘%ratmn into
around the suturé line keeping the inplant centered

%wthtl ﬁlespltl st]Seetlcl e W-EP Be r \ﬁea.%s% 1ot QeSS Eas an
St wiiRBe SR4SEE By RHELER G5

erita Si ng e por on of
Iantable nate Lal w| | l.ac e .pro

\}g 16130t é@ﬁ%ﬂ?n i§ gxpected g}a?g'@ fggtag)rea terlgf f)g[ e present

| ongi tudi nally along _the | ength of the vein startin
anventien avhes eerbas descriffeddigeain Wl progigi smpothpascle proliferation

i mpl antabl e materi al does not need to conpletely wap

amd(on dnddtbelil cellpfodiferattm, of wethes megmtiorf G2GBh infh ¢he bridge.

anastonotic sites will be treated with preferred

i nplants, for exanple, as illustrated in FIGS. 4A, 4B

go276JC, OY etamoihket indidiadRofunttidridg AY. 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
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 at least a
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 thereafter at least 3
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 or delay narrowing that

impedes blood flow below a rate suitable for dialysis as described herein.

110



Additionally, in certain patients, the proxinml venous
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along the length of vein starting at the anastonotic
site. It is expected that the total cellload based on
body weight will be approximately 2.0 xI 04 cells per

gplz&ﬁ ap ripgﬁi ORL &F x\ﬁmﬁ%@@gg{e ng ehdsnpe %ﬁ@@@@azateﬁal of

he
ni-cal OW- ups erforned at ays,

eks and at .1 and mont h Al f :
%%Bﬁ?%‘i@“ﬁ%?”ﬂép‘@gﬁgr@ F?‘%‘\X/g E&%pl*é%g?&&"? difisoence. )
be required at day 5 to establish a baseline |evel,
foll owed at 2 weeks, 1 t.h, 3 nonths. and 6 nt hs
H3THT0r gbi § Eroraethe GBI AR KR AT GRTH! P A BLGU e
flow of Iess than 350 nL/mn, or greater than, K 25%
risckemeniehdifferdncesvntat dagst one qf tleese aipsemperioped Hkfia oby
greater than 50% area stenosis (as neasured by Doppler
ufuhctimalityds cotrplrddeo cefitesls ed f or angi ogr aphy. Renedi al
clinical intervention such as angioplasty will be
permtted for stenotic |lesions of greater than 50%
det ke nePehyhanghaarssdy. [ 0267] Contrast angi ography
of the graft, as well as the arterial and venous
anastonotic sites, wll be perforned at baseline and

afp233M0Nt Pfis ckMABIR pibAIRI&behthtaliR0©8bI6 b thef208 using a
each region and peak systolic velocity will be

ré?r? elfrreggmgtl)gg’lse%]t Pfﬁfgjﬁés@g‘[ iﬁ@(gtgfoh% %R{Snll,l : RRhafin & fo%nctional

iC expect tha ects treate
with the inplantahl.e eria f ,the.present | nt.
RSB B A6 oReitr | Vg peadra B Rk BRkh B
formation of a clinically functional AV, graft.
Sgiebianpgempsis is eated fihe el BHPBIG Iaeptipndind anyePRFEl
di spl ay, for exanple, an inproved blood flow, up to at
| prsthetdc bfidee is placed betweer the adagidmeses. (mplgntahle 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

varied.

[0274] Specifically, the study includes test subjects undergoing peripheral graft
surgery. Conventional peripheral graft surgery procedures will be performed
according to standard operative techniques. Implantable material will be applied to
the peripheral graft anastomoses and surrounds as described below after the graft

surgery is completed and flow through the graft is established.
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vein or artery fromthe PTFE graft, a reduced
i nci dence of serous perigraft collections and
pseudoaneurysm and/or an inproved integration of the

ph eti ' [ asprol i feratd on, .and/ qr .
OZTE o Topt LRSI AR O iy R et gt
intg or wthin the | n of fhe prosthetic prjdge.

SO ot Biertr TS Recish smpBn ne L e Asakeani ast
site wil|l be conparable to that into the graft site.
CSHYSFtaSIne sHelnHRplantys tasnped propind ieagh anastbmotie siterj ©a¢ end of the
pur poses. For exanple, the desired blood flowrate is
aboplantbbB-15@eriatlis then pagseé hindextthe/ammbiontotid 6grh@A until the middle
niL/mn, and nore preferably about 350-400 nlL/mnin.

[ 26]wiAgddd ititharpdihywheoied Vessal 66d Era€@héet 2MHE @Ads are then
endothelial cell mgration into or wwthin the

P R&%ﬂ%ﬁta'k&mlarthéjgﬁufé’iliﬂe.k@@pi{fg Y ijanPXed.téHe? g¥ashivbire line.
d ratron. Tt Is

ultrasound as an indicia of Inte

e knpl ant abl e terial.of the present .

e b R Gach TR By B Rl i A B L single
snoot h cl roliferation and/ or endothelial cel

o PO R LT hesRaledionBF PRl Ghais GAmGR aighnpeiintieral Bt
bridge. [0270] Yet another indicia of a functioning AV
gremettudigaliyialgna the leugth of theawin starting at the anaspevoss) of bath test

the inplants of the present invention will permt

mailje@n dhe émplhnadbey nat weell uoresm plie@iewerp drb@idedy circumference of
permtting uni npeded bl ood flow at rates suitable for
etdeeld.ve dialysis, i.e., effective dialysis requires

a blood flowthat is marginally greater that the punp
rate of the dialysis machine, or at |least a blood rate

agRept € fRe BRAYRRtd Gk KAl b@‘i}\jr%ﬂ)eg Wiehqglﬁ%ﬂl%é hﬁteria}, for

Lunen” di aneter will be nonitored using angiography o

t Q}?an%lg,ee{sliﬂﬁ{s?ﬂi)e%lsln%ég.t4&,%}5? gﬁ) ,I or ag'illubs r%teeldlirrl] I%IG. 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.

[0277] 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 and 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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correlated with blood flow rates using standard
Doppl er ultrasound protocols. It is expected that the
present i nvention V\,hen used as described herein wll

vent oW ng &8 bl o fl ow
d? a5 e b POghonl R EREESTRBIR gy Siton such a

hereln 0271]b In the case of AV grafts, it is mcted
th%&lomlhs;ym% g peamitted feristanptie leétont Rbeistes iah SO dsietmined by
will prevent or reduce the incidence of dehiscence.
[ e@giograpley.a group, the treated subjects are expected
to show at |east increnental differences in at |east
one of these aforenentioned indicia of functionality
af0278par €dntrast angibpabby &Xtheggtatt, 4s wePas thphmnstbmGriakites, will
Study [0273] This exanpl e provides experinental

p b@?é&ff&h&:df runte@sdidhste AR btsdal@ilRe PR b8 REioBIHRE P stolic
he present invention to pronote fornation of "a

f al graft in test subjects. Using
své\lﬁgla}pgﬂshér)g} cﬁ?&{)r ocedures, a peripheral graft
anastorr03|s is created at the desired anatomc

| I ace

d (/RS Gealf S, e By P88 e
osed in th erlvasc | ar spac adJ acent to eac )

s attgtfé%ﬁrta;ed:wa léﬁaneétmﬁﬁ% m&rerfgfaf the FreasHiapaition ag Hembed

details of one exenplary procedure are set forth

bebwir willdlisilgcenehardnerarindiein of frmagipaebarelinicalhdfunctional

configuration of inplantable material can be varied.
[ Perfglerpeaft.f Pagihesal gtafis tiebtadyn acvotdadeswith slic materiels taad
under goi ng peri pheral graft surgery. Conventi onal

P &ekiyIs el dBE RhdremUNlIENuYp it BB dbSsuidiéntRE rdaeir 6f Mathtain

clinically-acceptable blood circulation. Also, the treated subjects individually will
display, for example, a reduced incidence of dehiscence defined as separation of the
anastomotic vein from the PTFE graft, and/or an improved integration of 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 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

300-500 mL/min, and more preferably about 350-400 mL/min.

[0280] 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

expected that the implantable material of the present invention will promote smooth
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I npl antable material will be applied to the peripheral
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after the graft surgery is conpleted and fl ow through
the graft is established. I | [[0275] Test subjects
w Il receive one or rmre preferred i npl ant abl e

rraterlal nthe e toth such
W&S&lﬁrgo iPProDEndifYgrbug e bro TS oG o efigation of
uch .inplant is wapped around each anastonotic site.

Oh?@théﬁ@ the brigge. i npl antabl e material is then passed

under the anastonotic segnent until the nmiddle of the

wap is at the point where the vessel and graft neet.

THE8dhds Arebandiker indicippéd fanctionihgtpesplaralgraftliy atequate lumen

keeping the inplant centered over the suture line. The

edthmetaan I0y expepedahatithoiohsantt of e pussent iheertidheviillalertin
pl ace. An additional single inplant will be placed on

t BRIREMRLEBE adqRaY M&Qﬁ@l‘ﬁ%te@fhe? ? p@ﬁﬁitmgeﬁlﬂhltpgaaf Blood flow
| ongi tudinally "along the Iength of ‘the vein starting

atét Jaté@ S P Eg)ﬁlaﬁltan? %ﬂll tcﬁ’gﬁlat? & Ql%efemﬂ‘?%
?ﬂﬁ ed'to éﬁh rou ?h

oes no

circ rence of th v

moggo Msmgé'm&rogmpﬁ Oﬁﬁrerre ﬁﬁrf a0 R OAEROs i at gt 3 months
exanp as illustrated in FIGS. 4A, 4B and 4C, or as
i pp%ﬁf@%ﬁ@atmh Npepwing of e lmen apstysurgere Witk bs Ferglated with
vessel segnent (distal to the anastonosis) is treated
bplopH dlomnigteshwsingrspind aiddbd el erad teasoand protagiotsudi isakpgeted that the
along the length of vessel starting at the anastonotic

sithglanthble hatid] of éid preatinbeste will frednt vedahy nddwinB ehat
approxr mately 2.0 xI &4 cells per kg to approximately

6 iifipeded Bthoagldvsbdl&w akrgte SLQQJJ }orgeflghé%gll cufcﬁ alt19¥1v' ablB&scribed
W | P 1, 3 and

be perforned at days, s and

herein.

[0282] In the case of peripheral bypass grafts, it is expected that treatment with
the implantable material of the present invention will result in blood flow rates
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
mlL/min. Additionally, it is expected that treatment will promote proliferation and
migration of smooth muscle cells and/or endothelial cells into the prosthetic or

native graft.
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6 nonths. Blood flow nmeasurenments using color-flow
Doppl er ultrasound will be required at day 5 to

w@sgioaohi’sh a baseline |level, foll owed at 2 weekR&T/U$2006/021755

10

nonth, 3 nonths and 6 nonths post-surgery. Test
subjects that exhibit an absolute flow of |ess than
350 nmL/mn, or greater than 25% reduction in flow from

t evi gus neasur enent .. .or _greater. .t han 0% ar.ea.
BB B R BT Br PR pt SO R B mplantable
referred for angiography. Renedial clinjcal, .

i maéqr\ﬁiﬁf the presgatingention gyl prevept ongedycehe insideneq fflehispence.
stenotic | esions of greater than 50% determ ned by

angi ography. [0278] Contrast angi ography of the graft,
ad028dl | adistagoumabe weaied wibisctsese extectedpe sy pldeasd.
Lunmen dianeter will be calculated for each region and

p éakersgrailaliffereneds an bt lgastiohd oftheseadstemedtiofadd@ditia of
Expected Results for Peripheral Gaft Subjects . It is
exarabedity Batompbetd SontroRat ed with the inplantable

materi al of the present invention as described above

will display one or nore indicia of formation of a
charkisgal | : i [ .4k Parg

ot SREL%, A Bl O By PE CRRG i IR e DK Rl

nﬁ% ha%ﬁ%ﬁli)%ﬁhg § equ{ Qr%s%n%a%ﬂe&e*c%e%gggg ﬁmerbelo?. olqmefplrgsvé/nt
surfrcien o restoré”or maintain

clinically-acceptabl e blood, ciycul ation. Al so, the

¢ PuRpdinealite HeLetpRdp b &a%alqleﬁe%ﬁuﬁtrﬁ}vgainéw Fegirictive, the scope
exanpl e, a reduced incidence of dehiscence defined as
s epthednyamtion beingdndieaied byrriappansicd clampsratias iRy the foregoing
graft, and/or an inproved integration of the

pdestipadn,and mildgengts hiddcoase withinithemainiog aahchhge of

m gration of snooth nuscle cells or endothelial cells

| BEGivaEndY dfthe clalies drd MRAefofe kAT @Hc@itrbcdarthéleR.

Bl ood flow out of the peripheral graft at the outflow
site wll be conparable to that into the graft site.
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As used herein, conparable nmeans substantially simlar
for clinical purposes. For exanple, the desired bl ood
wo b@woorse i s about 150-500 nl/m n, preferabl yPebus1006/021755

300-500 mL./mn, and nore preferably about 350-400
mL/mn. [0280] Additionally, snooth nuscle cell and/or
endot helial cell mgration into or within the
prosthetic bridge will be neasured as an indicia of
integration. It is expected that the inplantable
material of the present invention will pronote

snoot hnmuscl e proliferation anmer endot helial cel
proliferation, as well as mgration of both into the
bridge. [0281] Yet another indicia of a functioning
per Whhds elhingiddd:t i s adequate | unen dianeter. It is
expected that the inplants of the present invention
will permt maintenance of adequate |umen dianeter

t hel.eby Ametiiod formgating agasada atdessotkutticin atpatient, el method
sufficient to maintain peripheral circulation. Lunen
i anet ercomptisindthe sepiof raihgus iadigeeanoy io greafidinityodf thdreascular
peri pheral graft at baseline and at |east 3 nonths
post - gr attescstRtuiroin. sailpatiatamizn pddntdbleemateriad Bomprising cells and
post-surgery will be correlated with blood flow rates
usi ng stadicladmpatlidematix, Whértia SRUbGhAata0lcafBdrsl islelffettsre to
expected that the inplantable material of the present

I nvent i oMbtk funRfieERtof@4id g hctyte.nar rowi ng that inpedes
bl ood flow below a rate suitable for periphera
circulation as described herein. [0282] In the case of
per2.pherik niipdss c@imal twhereird the Sasepertas sttfttire is an
treatment with the inplantable material of the present
10 nvent i QiteMbehousaBitivd fidtila,bh @AEidve @S lGRIRE6r PRINGHS dathRtr.
clinically-acceptable circul ation, or approximting
normal rates. Flow into and out of the graft will be
conpar abithe meflipdcabh e wieshisths iesioasiousfdaft comprises a

prosthetic bridge.
4, The method of claim 2 wherein the catheter is an indwelling dual lumen
catheter.
15 5. The method of claim 1 wherein the vascular access structure is for dialysis.
6. The method of claim 2 wherein treating the arteriovenous fistula promotes

repetitive cannulation.

7. The method of claim 1 wherein treating the vascular access structure
promotes normal or near-normal blood flow through and downstream of the

20 structure.
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simlar for clinical purposes. For exanple, the
desired blood flowrate is about 150- 500 ni/ m n,

wee@eoeid y about 300-500 ni/min, and nore prePEr/akiog6/021755

10

15

about 350-400 ni/min. Additionally, it is expected
that treatnment will pronote proliferation and
m grati on of snmoot h nmuscl e cells and/ or endot heli al

CRe oadBedietnig i WheRlubGH e o B e revent

that t he |nplantable material of the present invention
wil | pregisrlatnn demgdemodialysifei dence of dehi scence.
[0284] As a group, the treated subjects are expected
to show at |east increnental differences in at |east
ofe of Thhawshaf efredatmnt whersth treating the escularasecessstb¢tuge
as conpared to controls [0285] The invention may be
enbodi eebmateohdraral spegir-hmommdloess] dambtent departi ng
fromthe spirit or essential characteristics thereof.
The present enbodi nents are therefore to be considered
I Hbust mak imeghc ¢k oin T *btkeinCikdavifg tHeh@sa R ceks stri@ure reduces
invention being indicated by the appended cl ai ns

r at her ﬂtomcﬁéﬁlﬁtﬂﬁl cftﬁ’fn%%hx’&%aﬁ%?sc“ ption, and all

changes which cone w thin the ‘meani ng and range of
eqw val ency of the clains are therefore intended to be

rac ﬂom%oed cﬁlﬁl ﬁhmﬂ'{ trei,a?lng ltl%' 4k o]vg'noug’ nafA*IJe fistula

nmet hod trea |ng a vascul ar "access structu

patlent t he d conpris t he ste of lLocating

at , adjpmﬁﬁsgle fif3) mayyra ?%?‘ﬁf%ﬁméf)l’te P pemefififisaccess
structure in said patient an inplantable materi al
conprising cells and a bioconpatible matrix, wherein

t Hé: i niihameakadeofriaiay 3 wherein féf: f@@lﬁnt@bletr@atﬁm%ﬁﬁd@es delay in

functl onality of said structure.
maturation of the arteriovenous native fistula.

13.  The method of claim 2 wherein treating the arteriovenous graft promotes
clinical stability sufficient to restore normal or near normal peripheral

circulation.

14.  The method of claim 2 wherein treating the indwelling dual lumen catheter

promotes clinical stability sufficient to permit hemodialysis.

15.  The method of claim 2 wherein the implantable material reduces the

occurrence of revision in the patient.

16.  An implantable material comprising cells and a biocompatible matrix

suitable for use with the method of claim 1.
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2. The nethod of claim1l wherein the vascul ar access
structure is an arteriovenous native fistula, an

wa@edogndoyenous graft, or a venous catheter. 3.PdNEs2006/021755
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nmet hod of claim 2 wherein the arteriovenous graft
conprises a prosthetic bridge. 4. The nethod of claim
2 wherein the catheter is an indwelling dual |unen

cat,het Q f |m1V\,here|nthevsu.r
3 toes Thp ieledPRTERRR ofeiafy 3o Teflit R A Al ipielocts
claim?2 erein treating.t arterlovenousflstula

pr onot @gmq@d@{vmgiwnéaﬁh%w AE HHENOEYPCThe et hod of
claim1 wherein treating the vascul ar access structure
pronotes normal or near-normal bl ood flow through and
dé&nst laaimplantable materiatof clairg 16 hereta theokioestmpstiblamatrix is a
wherein blood flowis at a rate sufficient to prevent

re- cir €lekibla panatumateripl loe abldivablesiompodtiomhe net hod of
claim1 wherein treating the vascul ar access structure
pronotes normal or near-normal vessel dianmeter. 10.

The. met[hedmplanfbRi HadrivhgicRin 18vaREdiAthd flexivia plathimmaterial is
access structure reduces flow recirculation during

herodi @bﬁ[ﬁ%tﬁed ?o}im? R8ta8B4 Bodh fhsteh@ki) 2 wherein
treating the arterfovenous native fistula pronotes
clinical maturation sufficient to permt henodi al ysis.
1 Th her,gi

%?er %Pg?ﬁlg%ggg %t@tllﬁlo% Yﬁagi'?l}?a Iefr)%ﬁ SI#JTIBlﬁéﬂgla&) ffes a slot.
arteriovenous native f| stul a.

21.  The implantable material of claim 19 wherein the material is configured as in

Figure 1 or 2A.

22.  The implantable material of claim 18 wherein the flowable composition is a

shape-retaining composition.

23. A method for enhancing maturation of an arteriovenous fistula in a human,
the method comprising the step of locating at, adjacent or in the vicinity of
the fistula an implantable material comprising a biocompatible matrix and
cells wherein the implantable material is effective to enhance maturation of

the fistula.

24.  The method of claim 23 wherein enhancing maturation is characterized by an

ability to repetitively cannulate the fistula for dialysis.

25.  The method of claim 23 wherein enhancing maturation is characterized by an

ability to obtain sufficient blood flow during dialysis.
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13. The method of claim2 wherein treating the
arteriovenous graft pronotes clinical stability

wa@ado7ioei7zeént to restore normal or near normal peeT/pR@o&d21755
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circulation. 14. The nethod of claim2 wherein
treating the indwelling dual |[unen catheter pronotes
clinical stability sufficient to permt henodi al ysis.

15, The, net ho clajm?2 wherein t i,npl ant abl e

wdber | 10 Pistited i S B et PlondRan apsea rate of
patient. 16. An inplantable material conprising cells
and a BPOESARaIMINe matrix suitable for use with the

nmet hod of claim1.17. The inplantable material of
claim 16 wherein the cells are endothelial cells or

céll s HhvimethafetdotPevhatinlthkatqiveantugdistuld B.radibesphalic,
i npl antable material of claim 16 wherein the

bi oconpaichidpbephatit rdrbrachicbadiliexi bl e pl anar material or
a flowabl e conposition. 19. The inplantable materi al
of claim 18 wherein the flexible planar material is

copf i gunheehehiyd dfeplimtzakh@BinabpRehtidn 38 1RSI otapatiBle mi&i8rial to
i npl antabl e material of clai mli9 wherein the nmateri al

def i neﬁle?art%hﬁ{éenr?é% grs’ﬁﬁgaeis :pg&%%%# BPL S oTRY ok %tk%éﬁl?ﬂéi@ijiamon ofa

19 whereint I‘gured as 1n

or 2A. 22. TEe i npl antabl e material of claim 18

wher ei HSFIPSY ?6%£Ele conposition is a shape-retaining
conposition. 23. A nmethod for enhancing maturation of
an artjijovenous fi.,stula in a h

unman, the nethod . .
céfpri dhpgpethnd oiclaimA3 Whrginjapplication of ﬁﬁéa?ﬁona?aﬂb}? agrial to
vicinity of

the arteriovenous fistula is preceded by physical dilatation.
30. A method for preventing an arteriovenous fistula from failing to mature in a
human, the method comprising the step of locating a biocompatible matrix

comprising engrafted vascular endothelial cells at, adjacent or in the vicinity

of the fistula in the human thereby to prevent a fistula from failing to mature.

31.  The method of claim 30 wherein failing to mature is characterized by an

inability to repetitively cannulate the fistula for dialysis.

32.  The method of claim 30 wherein failing to mature is characterized by an

inability to obtain sufficient blood flow during dialysis.

33.  The method of claim 32 wherein the sufficient blood flow comprises a rate of

about 350 ml/min.

34.  The method of claim 30 wherein the arteriovenous fistula is radiocephalic,

brachiocephalic, or brachiobasilic.
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the fistula an inplantable material conprising a
bi oconpatible matri x and cells wherein the inplantable

woredoiodh4 i s effecti ve to enhance nmaturati on oPCT/H82006/021755
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fistula. 24. The nethod of claim23 wherein enhancing
maturation is characterized by an ability to
repetitively cannulate the fistula for dialysis. 25.

T method of claim er.ei n_enhanci maturat.jon is.,
RS ac B ryShodies Al VAES R o SHRRN F Db ftatsial ©
flow during dialysis.26. The nethod of claim25 =

wher ei fhestiferiorenons fistuliolg pracededcngsrioineident withadginistration of a
about 350 m/mn. 27. The method of claim23 wherein

t he ar therdpsvenegantfi stula i s radi ocephalic,

brachi ocephalic, or brachiobasilic. 28. The nethod of
claim 23 wherein application of the bioconpatible

méb.er i ahe hethdisofaldiarilovkereiuspplicitioh of ile Ho@nedeatlchyaterial to
or coincident with adm nistration of a therapeutic

agent . th2%rtefibPer¥ik Hohl Pk pidodild B3pHBRARAIARR! | cation
of the bioconpatible material to the arteriovenous

fistula is preceded by physical dilatation. 30. A
189100 Tho IndRMARNAG 1A0h AL RS AYEIOUSouls riuh Bad SAT:

failing to mature I n a hunan, me conpri si ng

engr af ERERRE S ok ATRIPRR ¢ 2T o acent or

in the vicinity of the fistula in the human thereby to

prevent a fistula fronfailing to mature.. 31. The
afhod THE et R whsiein A ?‘?F@lof’ﬁn%tfﬁf‘éa pap not be
characterized by an inability to repetitively

cannul samsuiaied 4tileastiB mandis adfensrpation.

39. The method of claim 31 wherein the arteriovenous fistula can not be

cannulated at least 4 months after creation.

40.  Animplantable material comprising cells and a biocompatible matrix

suitable for use with the method of claim 23.

41.  The implantable material of claim 40 wherein the cells are endothelial cells

or cells having an endothelial-like phenotype.

42.  The implantable material of claim 40 wherein the biocompatible matrix is a

flexible planar material or a flowable composition.

43.  The implantable material of claim 42 wherein the flexible planar material is

configured for implantation at an anastomosis.

44.  The implantable material of claim 43 wherein the material defines a slot.
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32. The nethod of claim 30 wherein failing to mature
is characterized by an inability to obtain sufficient

whb@sdofhow during dialysis. 33. The nethod of PCT/ab1008@21755
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wherein the sufficient blood flow conprises a rate of
about 350 mM/mn. 34. The nmethod of claim 30 wherein
the arteriovenous fistula is radiocephalic,

brachi gcephal i.c,. or brachiobasilic. 35, Th t.hod .of .
oF& m S6¢ Tdriuinie Stk A S HEHR ) WietE s o R Pebitred as in
material to the arteriovenous fistula is preceded by

or coi AeUEeher %t h administration of a therapeutic

agent. 36. The method of claim 30 wherein application

of the bioconpatible material to the arteriovenous _ |

f #&t ul Ahe implprieblyaeptenel phylgine 42 wheredn gejflrvablezcomppsition is a
nmet hod of claim 31 wherein the arteriovenous fistula

can nothdpe-retaimmg atngbsaionl east 2 nont hs after

creation. 38. The nethod of claim 31 wherein the
arteriovenous fistula can not be cannul ated at |east 3

mpnt hs Aahébd 6f @atrtaning 3%loothffowredtd oflarodrtet] oaenowd Jeraft, the
wherein the arteri ovenous fistula can not be

cannul ﬁfe%d%rﬂp?@ﬁl'gltﬂe FORbPSroRdiey ellnlclﬁﬁﬁ&ﬂdtéjdge nfh&riaf¥omprising

i npl antabl e material conprising cells  an

bi oco i bl.e trix. .sui fOn . W .
L e E St R
mhereig,the cells are endotheli.al cells or cells.. .
havi ng98ROSAGGARSTELIOr Fi eﬁgéﬁgﬁ?ﬁé‘?"e&@ﬁ %fﬁg at, adjacent or in
i mpl ant abl e material of claim40 wherein the .

bi oconfhetviginiy ghe progthietc hridge of a venous outflow region of said

arteriovenous graft in an amount effective to maintain blood flow rate of the

graft.

48.  The method of claim 47 wherein the blood flow rate at the venous outflow
region of said arteriovenous graft is substantially similar to the blood flow
rate upstream of said outflow region; or wherein the blood flow rate is

sufficient to permit dialysis.

49. A method of maintaining normal blood flow of a peripheral bypass graft
sufficient to maintain peripheral circulation, the method comprising the step
of providing an implantable material comprising cells and a biocompatible
matrix wherein said implantable material 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.
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flexi ble planar material or a flowable conposition.
43. The inplantable material of claim42 wherein the

wo b@giol7e4 pl anar material is configured for PCT/US2006/021755

15

20

i nplantation at an anastonosis. 44. The inplantable
material of claim43 wherein the naterial defines a
slot.45. The inplantable material of claim43 wherein

t B, MAtTRE hdthddSofePdihl %ﬁ&elﬂ%n A&y g}Ubﬁ rate @hd %ﬁoufh%w blood

The inplantable material of claim42 wherein

f | owabl.g. %r%gﬂgsftbﬁtia?lﬁ Iﬁﬂg shape-retai ning conposition

47. A et tarning a blood flow rate of an
arteriovenous graft, the nethod corrpr|S| ng the step of

vi di,n n | antabl e materi n IIs and
551 oc oaeP P pEBroR R G eR-Can 4T F Rpistist abr dge of an
material i s disposed on an exterior surface of said
art er i BUEHYSROYr Skt opg periphiesal bipass grath theaethod coinpyisiog the

a prosthetic bridge of a venous outflow region of said
art eri stepnbprovigling an inmplantatdermatdriad t fraptising cdlls amdiant ai n
bl ood flow rate of the graft. 48. The nethod of claim

47 whebieicompitiblbhmatk Whewin atdendardige ﬁﬁ&@mls%ﬁﬁohmn an
region of said arteriovenous graft is substantially

si m | agxtbQord uefald 8OQid MoK Bl dRis %szff WFQ o%rllp'ﬁ@fag b%pass graft at,

outflow region; or wherein the

i nt ot fient & B nq“é@ffyﬁpag’sﬂ G0 prida i Pl s ffgive o
graft sufficjent.to maint e pheral circul ation,
t he nePli%bOt%ﬁWF inipSTAUoTH el sat ‘8 - provi di ng an

i npl antabl e material conprising cells and a

bLoconpati bl e
,5? mllﬁle method of claim 51 wherein said implantable material promotes smooth
muscle cell proliferation or migration within or in the vicinity of an interior

lumen surface of said prosthetic bridge.

53.  The method of claim 51 wherein said implantable material promotes
endothelial cell proliferation or migration within or in the vicinity of an

interior lumen surface of said prosthetic bridge.

54. A method of preventing or reducing the incidence of dehiscence of an
arteriovenous fistula or arteriovenous graft, the method comprising the step
of providing an implantable material comprising cells and a biocompatible
matrix wherein said implantable 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

amount effective to prevent or reduce the incidence of dehiscence.
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matri x wherein said inplantable material is disposed
on an exterior surface of said bypass graft at,

wa@oadjoaoerts4 or in the vicinity of a prosthetic brPCTIY820061021755
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an amount effective to maintain blood flow rates of
the bypass graft sufficient to maintain peripheral
circulation.50. The nethod of claim49 wherein an
inflo r ow. bl :

<ibst anlt Qredr A et R E S PR biped oo an
tissue,integratjon of pr.ost hetic. bridge of an

art er i BUGHETRgH BEpy follgvas %%]h‘é“r%ﬁ a ByjRuHpvarpus fiffela
nmet hod conprising the step of providing an inplantable
material conprising cells and a bioconpatjble matrix
wher ei hhe giethodiasiclam A9 wherein dirg RIOVidéngatenpis peroBredds an
exterior surface of said arteriovenous graft or said
per i phataivelsiopakthegpaffollearing fdjvacedt naiveion safhenous vein
vicinity of a prosthetic bridge in an anmount effective

t o prop®iphetdl Sgpsysi nt egration of said bridge. 52. The
nmet hod of claim5 1 wherein said inplantable nateri al
pronotes snmooth nuscle cell proliferation or mgration

W hi N AQimiphritdbes MiafekiB domgRfsian i nterior |umen surface
of said prosthetic bridge. 53.” The nethod of claimb51
wher ei pysai d_i ntabl e material pronotes endotheli al
cell pp'glifg?lgasilf'rlgllcl)cﬁ1 or mgration within or in the
Vi ci ni of ?)n i nt e{éjgtlor L umen surface of said

f

prost h&?i ¢ BPIFGEPAEYC TR hod of preventing or
reduci ng the _incidence of dehiscence of an, L
ar t er i ovenoddiereis saiq Enplantable apatesiad fodispagediin the wipdnity of,
met hod conprising the step of providing an inplantable
mat er i adfljacamirpr caitanging @l fdrestlatid baidge;condnpat i bl e
wherein said prosthetic bridge is situated at or near a venous outflow
region of an arteriovenous graft or is situated at or near an outflow of a

peripheral bypass graft.

58. A method of maintaining a blood pressure of an arteriovenous graft sufficient
to permit dialysis, the method comprising the step of providing an
implantable material comprising cells and a biocompatible matrix wherein
said implantable material is disposed 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 amount effective to

maintain blood pressure sufficient to permit dialysis.

59.  The method of claim 58 wherein the blood pressure at the venous outflow
region of said arteriovenous graft is substantially similar to the blood

pressure upstream of said outflow region.
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matri x wherein said inplantable material is disposed
on an exterior surface of said fistula or

wa@edgnooyenous graft at, adjacent or in the vikRCHUB3000621755
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a prosthetic bridge of a venous outflow region of said
arteriovenous graft in an anount effective to prevent
or reduce the incidence of dehiscence.55. The net hod

b S B R AR LR

native arteriqvenous fistula. 56. The nmethod of ¢laim
49 wheP®UR CORESHIERT] drphgnuseysin; dogime hgferegratiumbilical vein;
interventional therapy followng failure of a native

or sapHemowd Nid; sPPEE; paipwrathahs; hagine nigentaric vein; and

i npl antabl e material conprising: (a) cells; and, (b) a
bi oconpgbprkavedicmoral wiresltigrafeai d i npl ant abl e

material Is disposed in the vicinity of, adjacent or
contacting a prosthetic bridge; and wherein said

PEOSt hghé eefHdddgR1dis 69 Whiéif dhproSthetiEBtidgd i¥ EPPES.
outfl ow region of an arteriovenous graft or is

situated at or near an outflow of a peripheral bypass

gpaft. A?ﬁm\yéﬁn‘ﬂﬁﬂé‘&gte?fal ea%ilﬂfﬁs |ded afd Q'bﬁﬁgmﬁbgﬁlﬁlé W0

an arteriovenous graft suftficient to permt Ial ysis,

| ol anP Ui BRRR PR e ER S BRyRin BT 83,2 "

bi oconpati ble matri x wherein said inplantable materi al

Is,di sposed on exteriar surface of sai .
LBber ; Q8 HaMEPRrRALRA aleRE Sacbrom A s recriptgligreels
a prosthetic bridge of a

or cells having an endothelial-like phenotype.

64.  The implantable material of claim 62 wherein the biocompatible matrix is a

flexible planar material or a flowable composition.

65.  The implantable material of claim 64 wherein the flexible planar material is

configured for implantation at, adjacent or in the vicinity of an anastomosis.

66.  The implantable material of claim 65 or 66 wherein the flexible planar
material is configured for implantation at, adjacent or in the vicinity of an

arteriovenous graft.

67.  The implantable material of claim 65 or 66 wherein the material defines a

slot.

68.  The implantable material of claim 65 or 66 wherein the material is

configured as in Figure 1 or 2A.
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venous outfl ow region of said arteriovenous graft in
an anount effective to maintain blood pressure

wagado7ioei7zeént to permt dialysis. 59. The net hodrof/usioaé/m1755
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58 wherein the bl ood pressure at the venous outfl ow
region of said arteriovenous graft is substantially
simlar to the bl ood pressure upstream of said outflow

' 5 IS?E'GF ém%_ Er?tgg & eréagfoé (th w mretni;' lrehe f? Jag)?e composition is a
consrstln enous vei n; bovrne heterograft

unbi | i &3aP ﬁ%@ﬂ“n%i RASIUOBTEE:  ePTFE; pol yur et hane;

bovi ne nesenterlc ve|n and cryopreserved fenoral vein

allograft. 1. met hod of claim 60 wherein the
pr8st hdhe embhan@bl@ maﬁﬂeréaiwﬁ Haing 26, 14 40 9p PAM¢herie the cells are

material conprising cells and a bi oconpatible matrix
sui t abkdedted frumetheavgtduptchasisteighodd aebnidheit ppgilatoom &Bells; a near
63. The inplantable material of claim®62 wherein the

cel I's as@lratddidltionlofeelld; 8 post coaflhént @a?mla@omr cells; and cells
endot hel i al -11 ke phenotype. 64. The i ant abl e

et er | Qi otk AIpRLARYNGH Bl ok B?tlﬁ'f?ﬁ%%%}ﬂé%l%ﬁ&%féeﬁs.

is a flexible plranar or a
conposrtlon 65. The inplantable material of claim64

?Ir Zln at% R&Jt ?{gldpa dc%ngje%ﬁ%h fm&i@n lhggl {ﬁ gr%e?ﬂl for

anastonnsrs | ant abl e, nat al of cl.ai m 65
or 66 mperlﬂgﬁﬁecpmr”@r%%ﬁwq%% [ogfis;jsaid transportmedia

configured for inplantation at acent or in the

vi ci ni CYMPPSIEEN eQUARISIRE AU pﬁVﬁGF@pfﬁmh@ to maintain cell

i npl antabl e material of claim®65 or 66 wherein the

mat er i alabdaf oneasinkibitory phenotype, wherein the cells remain viable for an

extended period of time when stored in said transport media composition at

temperatures below the cells’ standard cell culture temperature.

72.  The transport media composition of claim 71 wherein the amount of VEGF
sufficient to maintain cell viability or an inhibitory phenotype at a
temperature below the cells’ standard cell culture temperature is greater than

the amount of VEGF required at the cells’ standard cell culture temperature.

73.  The transport media composition of claim 71 wherein the implantable
material is stored in said transport media composition at a temperature below

about 37°C.

74.  The transport media composition of claim 71 wherein the implantable
material is stored in said transport media composition at ambient

temperature.
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slot. 68. The inplantable material of claim®65 or 66
wherein the material is configured as in Figure 1 or

WQ@20060017Fhe i npl antabl e nmaterial of claim64 WeT/E52006/021755
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the fl owabl e conposition is a shape-retaining
conposition. 70. The inplantable material of claim 16,
17, 40 or 57 wherein the cells are selected fromthe

oup .consi stin f: a canfluent. ulation.of. cells;
o ear T bhhegB oA B 8 Sbi 7t sb G W St east
popul ation of cells; and cells which have a phenotype
of anyebeRe8Wp. t he foregoi ng popul ation of cells. 7 1.
A transport media conposition for storing an
i npl antabl e material conprising a bioconpatible matrix
atfd e rBreatansport aietli, cogwiosition afi slpim 71 ivdwrein thsrassiat theriime of
conprising an anount of VEGF sufficient to nmaintain
cel | vit@hpd,iaty/ne-canflienticonflasny, qplpestedopfieentwher ei n t he
cells remain viable for an extended period of tine
when stored in said transport nedia conposition at
tenper phdiA%pHe idial ddenfositios of Slagh darshegdh khecaktdnde@period of
tenperature.” 72. The transport medi a conposition of
claimy, 1. %ﬁ?iﬁm&?e amount of VEGF sufficient to
mai ntain ce viabrlTity or an inhibitory phenotype at
a tenperature below the cells' standard cell culture
t erature is greater t t . -
B v Ebe s e @ P 1o YRyt Pitended period of
tenperature. 73, The transport mnedia conposition of
cl ai m trme isphopt? pegkse i npl antable material is stored
in said transport nedia conmposition at a tenperature

bel ow about 370C. . ) ) _
79.  The transport media composition of claim 71 wherein the extended period of

time is about 3 weeks.

80.  The transport media composition of claim 71 wherein the cells are

endothelial cells or endothelial-like cells.

81.  The transport media composition of claim 71 wherein the amount of VEGF

is about 4 ng/mL.

82. A cryopreservation media composition for cryopreserving an implantable
material comprising a biocompatible matrix and engrafted cells, said
cryopreservation media composition comprising a cryopreservative, a
polysaccharide and serum, wherein cell viability or an inhibitory phenotype
and matrix integrity are maintained for an extended period of time when

stored at at least about -4°C.
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74. The transport nedia conposition of claim7 1
wherein the inplantable material is stored in said
wo e@nspors nmedi a conposition at anbi ent tenperPCTUS2085021755
The transport nedia conposition of claim7 1 wherein
cell viability is at |east about 80% 76. The
transport media conposition of claim7 1 wherein the

cells,.at the tine of storage,.are ar-gonf |l ue

Bt 1 R crY e o SR L o P o e s pgunt of
conposition of claim7 1 wherein the extende eri od

of ti neerym imprideryppipsevationgmedip éompa%%ﬁceﬁ%oﬁﬁaamoum of
conmposition of claim7 1 wherein the extended period

of ti nerims faboutin@cwlimeing of #@.celthe transport nedi a
conposition of claim7 1 wherein the extended period

of tinme is about 3 weeks. 80. The transport nedia
c®POosThd a@fomeseelatiomniedia vdrepasition dfelaiml §2scoan@ising at least
endothelial cells or endothelial-like cells. 81. The

5 transpgidut "edisen@enposi tion of claim 71 wherein the
anount of VEGF is about 4 ng/niL. 82. A

cryopreservati on nmedia conposition for cryopreserving

ags | M%‘%@gﬁ%#ﬁtg@i ﬁ'gééc}i? g(’gmgés'fﬁd?lgoﬁlghl%@&?@rismgeat least

mat'ri x an al d cryopreservation

medi a ¢o J,L1on conprising a cryopreservative, a
ponsa%%ﬁggg/ée%WH serum wherein cell viability or an
i nhi bitory phenotype and matrix integrity are

i ntai ned for an extended peri.od of .t.i en. )
n?6. Tﬂe cryopreservat?on media corgposmon off clalmr%az Q?Avﬂerem the serum 1s

fetal bovine serum.

10  87. ' The cryopreservation media composition of claim 82 wherein the
polysaccharide in said cryopreservation media composition exceeds the

amount of polysaccharide for routine culturing of the cells.

88.  The cryopreservation media composition of claim 82 comprising at least

about 2-8% polysaccharide.

15 89.  The cryopreservation media composition of claim 82 comprising at least

about 4.5% polysaccharide.

90.  The cryopreservation media composition of claim 82 wherein the

polysaccharide is dextran.

91.  The cryopreservation media composition of claim 82 further comprising

20 about 10% DMSO.
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stored at at |east about -4C 83. The cryopreservation
nmedi a conposition of claim82 wherein the anount of

w@eroanovi7m sai d cryopreservati on medi a conposi t POTUS2006/021755
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exceeds the ampunt of serum for routine culturing of
the cells. 84. The cryopreservation nmedia conposition
of claim82 conprising at |east about 20% serum 85.
o KOS SRRt SR B e Tor BFag  tat
cryopreservation nmedia conposition of claim82 wherein

t he seleashabeutf-20°41. bovi ne serum 87. The

cryopreservation media conposition of claim82 wherein

t he pol ysaccharide in said cryopreservation nedia
c2hposThd anopeseeatontrheliacoupdsitoh (folaimaPchbereidestdrage is at at
routine culturing of the cells. 88. The
Ccryoprraghyaditi-eoraredi a conposition of claim 82

conprising at | east about 2-8% pol ysaccharide. 89. The
cryopreservation nedia conposition of claim 82

CONPT | $hdGyBpreb&AitiondRAHA cOmPIGRA HTAEH Y WhGeinWbradd @ at at

cryopreservation media conposition of claim82 wherein

t he pofexa%gt}_a_rihét%j s dextran. 9 1. The

cryopr gservati on nedi a conposition of claim82 further
conprising about 10% DVSO. 92. The cryopreservation

FESSIS? iﬁ% og]lgrtfl oot t?ofn Iﬁfl:cﬁzla E%nﬁgos\%]oenrc?fl crllairsflt & \%ﬁeere{nssaiadt ex%etnded

period of time is about 1 month.

96.  The cryopreservation media composition of claim 82 wherein said extended

period of time is about 6 months.

97.  The cryopreservation media composition of claim 82 wherein said extended

period of time is about 1 year.

98.  The cryopreservation media composition of claim 82 wherein cell viability is
at least about 80%.
99. A cryopreserved implantable material comprising a biocompatible matrix

engrafted with cells and a volume of cryopreservation media composition
sufficient to maintain cell viability or an inhibitory phenotype and matrix
integrity while cryopreserved, wherein said cryopreservation media

composition comprises a cryopreservative, a polysaccharide and serum.
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93. The cryopreservation nedia conposition of claim82
wherein storage is at at |east about -800C. 94. The
w@eyapoEser vat i on nedi a conposi tion of cl ai m 82Cs2086/021755
storage is at at |east about -1400C. 95. The
cryopreservation nmedia conposition of claim82 wherein
sai d extended period of tine is about 1 nonth. 96. The
opreseryatjon nedia.conmpositign.qf claim82.wherei.
(5P oA Rt op T8 20 F P PHED e il coRmhis At HraliBe
The cryopreservation nedia conpositiqn_of .claim 82
wher ei 2k andengriigd aellsdpr gyepended peripd oh gt 4 tempgrature
98. The cryopreservati on nmedi a conposition of claim82
wher ei beloelthe eellabitinidayd ¢l altutestamperabuetsaBiogthod comprising
cryopreserved i nplantable material conprising a
bi oconpaticph ef:matri x engrafted with cells and a vol une
of cryopreservation nedia conposition sufficient to

mai Nt apfhin6 ke m&;ﬁmtéll?l& YnaRiaPih d ©4HsPt BleviddoanRkiea and

matri x |ntggr|ty whi | e cryopreserved, wherein said

cryopr gser rgsa%%i %’Igarﬂgl% %if SO 'fﬁéigxél t§ t'hﬁlec%ll%a&ilitx\ or an

Cryopres a pol ysacchari and serum'1l

met hod, fqr. storing an i.npl antable material conprising
a bioc @%Pléenﬁg‘tpﬁ%%nggato%&r afted cells for an

extended period of tinme at a tenperature bel ow the

cel | s' wherghthe gelésatemain yighle er mainiin an intabiteyyphenatyprofgr an
conprising the steps of: bathing the inplantable

mat er i ettendedgpetindns pme twhee dicgecciorspiolgiansport media composition at a

temperature below the cells’ standard cell culture temperature.

101. The method of claim 100 wherein the amount of VEGF sufficient to
maintain cell viability or an inhibitory phenotype at a temperature below the
cells’ standard cell culture temperature is greater than the amount of VEGF

required at the cells’ standard cell culture temperature.

102. The method of claim 100 wherein the ratio of volume of transport media

composition to volume of implantable material is about 50:1.

103. The method of claim 100 wherein the volume of transport media

composition is about 50 mL.

104.  The method of claim 100 wherein the transport media composition pH is

20 about 7.4.

105. The method of claim 100 wherein the implantable material is stored in said

transport media composition at a temperature below about 37°C.
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conprising an anmount of VEGF sufficient to maintain
cell viability or an inhibitory phenotype during

wat@ragess wherein the cells renmain viable or nBCTUS2006/021755

10

an inhibitory phenotype for an extended period of tine
when stored in said transport nedia conposition at a
tenperature below the cells' standard cell culture

t erature.. 1 The t.hod of clai 00 wherein the .
it ThF G e BN Rn s bR el B Fork g aia
or an inhibitory phenotype at a tenperature bel ow the

cel I ' SREeEia EPRDRSi I SMbisHS EFREHEIG s gr eat er

than the anount of VEGF required at the cells'

standard cel|l culture tenperature, 102. The nethod of
cl87-m 1be matleaderfitlaimel A0avheseipicel yiabiiy st atdeaghahswt 80%.
nmedi a conposition to volune of inplantable material is
about 50:1. 103. The net hod of claim 100 wherein the

v dP8me The meatlovsefolaimni whereinplusdells,on thestimb ofistoB@e ndre near-
104. The nethod of claim 100 wherein the transport

medi a comfhest, tconfludit] drpostbemflugnt4. 105. The net hod of
cl ai m 100 wherein the inplantable material is stored
in said transport nedia conposition at a tenperature

bebow giheuietRdCofldim UvevimRéindt SherfledipBidPOr ETLIHAUL 1

the inplantable material is stored in Said transport
medi a g&gposition at anbi ent tenperature. 107. The

met hod of claim 100 wherein cell viability is at |east
about 80% 108. The nethod of claim 100 wherein the

EEM)ISU ; ,rrgeglﬂeod;)cibfnc?qiglgln }vglrée%%rel theextendod Eagr%] l) t?rrr]l% is about 2

weeks.

111.  The method of claim 100 wherein the extended period of time is about 3

weeks.

112.  The method of claim 100 wherein the cells are endothelial cells or

endothelial-like cells.

113.  The method of claim 100 wherein the amount of VEGF is about 4 ng/mL.
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109. The nethod of claim 100 wherein the extended
period of tinme is about 1 week. 110. The net hod of

we@b@rov@d wherein the extended period of tinePCEUSIO&21755
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2 weeks. 111. The nethod of claim 100 wherein the
extended period of tine is about 3 weeks. 112. The
met hod of claim 100 wherein the cells are endotheli al

crbt, Sy i iy T o
v L By G M e A e

engrafted cells _for an extended period of tinme at a

t enper RpeEAEEARPUL 40, saihingthad comarisinahe SIm@Lt he

steps of: bathing the inplantable material in a

cr yopr bathingghé tmplaetdbla neasenird s ¢ cryepreserpatian megdia composition
cryopreservative, a polysaccharide and serum wherein

t he cekbmpridngi Rryopedb®ative, ARblikadchaide iddyeRink,0r y
phenotype and the matrix remains intact for an

ext end@gheREH 1HRGE re‘(ijﬂa'f@viﬁ'ﬁﬁrbr Sa@uteid ainrinl'?iﬁitﬁr_g henot'y%e and the

cryopreservati on nedlia conposition at a te ratu

about - D, [ rvat. on thaod of claim
T s 0 AP RLER A 1 RNl l
cryopreservati on nmedi.a conpqsition exceeds the unt
of * sor GROPESSTY BRI HEJA SPRRPTIHER B2 ERBCRBITE 800U 18 C-The
cryopreservation nmethod of claim 114 wherein the

cr opregervati on nedia conpasition conprises at |east
abbut Zbosepigssrvation method of claim 114 wherein the amount of serum in

said cryopreservation media composition exceeds the amount of serum for

routine culturing of the cells.

116.  The cryopreservation method of claim 114 wherein the cryopreservation

media composition comprises at least about 20% serum.

117.  The cryopreservation method of claim 114 wherein the cryopreservation

media composition comprises at least about 50% serum.

118.  The cryopreservation method of claim 114 wherein the serum is fetal bovine

serum.

119.  The cryopreservation method of claim 114 wherein the polysaccharide in
said cryopreservation media composition exceeds the amount of

polysaccharide for routine culturing of the cells.

120.  The cryopreservation method of claim 114 wherein the cryopreservation

media composition comprises at least about 2-8% polysaccharide.
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117. The cryopreservation nmethod of claim 114 wherein
the cryopreservation nedia conposition conprises at

wo e@soehout 50% serum 118. The cryopr eser vat PONUS2006/021755

10

15

met hod of claim 114 wherein the serumis fetal bovine
serum 119. The cryopreservation nmethod of claim 114
wherei n the pol ysaccharide in said cryopreservation

ia-gonposition. .exce . : '
Bt 7 o REstie R PR ab T Sign By SRR R
cryopreservation,nmethod. of claim1 erein
cr yopregds WP%“%%H“&“@SW@%W f???ﬂ%‘%gé%??lé’ &° a‘%}%le'e ast
about 2-8% pol ysacchari de. 121. The cryopreservati on
met hod of claim 114 wherejn the cryopreservation nedi a
deaposThe areriesepTation nethod eldgimad yticieisdhe oyl
pol ysacchari de. 122. The cryopreservati on nethod of
cl ai mdek#ramher ei n t he pol ysaccharide is dextran. 123.
The cryopreservation nethod of claim 114 wherein the
cryopreservation nedia conposition further conprises
atput TReridfEeeridibn nidthotofudgimekler whdreioriheretyhpgsavation
claim 114 wherein the ratio of volunme of

CT yOPr 88k 808t flirthet SiMRRISel hidut 10%/OMSR of
i npl antable material is about 5:1. 125. The

cryopreservation nethod of claim 114 wherein the

\éfﬂrﬁj @Ig%qﬁﬁx%é’éﬁﬁﬁfn‘éﬂétm&‘ of@&ihA1 COWR&SInt the PatioSofadRitie of

_ e cryopreservation method of claim114
wher el erglt)rggeargzﬁidnsmg&ia %})mlljoes"f‘t%n t%Q/%HImé giolglplantable material is

about 5:1.

125. The cryopreservation method of claim 114 wherein the volume of

cryopreservation media composition is about 5 mL.

126. The cryopreservation method of claim 114 wherein storage is at at least

about -80°C.

127. The cryopreservation method of claim 114 wherein storage is at at least

about -140°C.

128. The cryopreservation method of claim 114 wherein storage is at at least

about -160°C.

129. The cryopreservation method of claim 114 wherein said extended period of

time is about 1 month.

132



10

15

127. The cryopreservation nmethod of claim 114 wherein
storage is at at |east about -140C. 128. The

w@eaoporser vat i on met hod of cl ai m 114 wher ei n BCDUSZYPE6/021755

is at at |east about -1600C. 129. The cryopreservation
met hod of claim 114 wherein said extended period of
time is about 1 nonth.130. The cryopreservation method
480.cl dhecibpreseeptonmtiod ofxlaanded wefdi®shi@bxiehdd desiod of
about 6 nonths. 131. The cryopreservation nethod of
cl ai miiEddis Whsli® Moss d extended period of tine is
about 1 year. 132. The cryopreservation nethod of
claim 114 wherein cell viability is at |east about
0 r
rqu?'e i Jl'gi? creéﬁppé%&%ﬁ%ﬁ) glegmlroa%? ciag-? 1@;‘? g&hgpen?gglg gxtgnded period of
engrafted C sai d net hod conprising the steps of:
pr epaltm?glsﬁg%ﬁkyeﬁb cel | bank; providing a hydrated
bi oconpati ble matrix material; seeding the hydrated
Loconpatible matrix material w.th cells fromthe
3%? i ﬁge egfqprqggwﬂtlolbmgaoﬁg)f chim d 4 whegein agll V1ab111ty is at least
bi oconpati ble matrix material in an incubator to
faci | ebeutd0el | attachnent; placing the cell seeded
bi oconpatible matrix material in an incubator until
the cells are near-confluent, confluent, or
P33t - domethod of prepadng an implantable material comprising a biocompatible

matrix and engrafted cells, said method comprising the steps of:

preparing a working cell bank;

providing a hydrated biocompatible matrix material;

seeding the hydrated biocompatible matrix material with cells from the
working cell bank;

placing the cell seeded biocompatible matrix material in an incubator to
facilitate cell attachment;

placing the cell seeded biocompatible matrix material in an incubator until
the cells are near-confluent, confluent, or post-confluent; and

assessing cell count, cell viability and/or cell functionality of the cell seeded

biocompatible matrix material.
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assessing cell count, cell viability and/or cell
functionality of the cell seeded bioconpatible matrix

woredozodh4 134. The net hod of cl ai m 133 furt herPCT/US2006/021755
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conprising the steps of: placing the cell seeded
bi oconpatible matrix material in a vial suitable for
cryopreservation; and introducing to the

nw.-cqg& LB of % @lfn' 148 i g@%@g%@%ﬁ% cell

seeded b oconpati of ume of
g: 58& g%é’lrnég I 8621 Segg?fgl’ 91| ngtrlg%érléqﬁ dlﬁg vial suitable for

sufficient to reser(\{e ceI | viability or an inhibitory
phenot FIYOPKEREFVARE @R i ntegrity while the material is
cryopreserved. 135. The nmethod of claim 134 further
conpr i itiegueing t& thepsanéanilvesic congluehic ovpest-contiteat nélhgpeded
the cell seeded bioconpatible matrix material and

cr yopr bmeompititde nrmedi marealposltune df ciyopreké0eZoM@edia
contai ner; introduci ng an agent which controls the

freezi B@np@sﬁt@oﬂ ontpidg e@&%}%se@%ﬁ@' ﬁﬁ&lgsa‘ékﬁé}ida%na R&um

freezing container containing said agen reezer
at at I cont a

fr om ¢ hangenf 8 duserfcc IR A9 b DR Eh ORI B
freezin nt ai.n in a freezer at | east about
-8o0C. ! %Sy@geﬁﬁﬂﬁﬁnﬁlﬂsﬂy@ﬁﬁﬁ?fﬁfurther conpri si ng
the steps of renmoving the freezing container fromthe

a -800C freezer; and placing the vial in
%gr ié? mgt Oét0f|0£a§§t13ét§%hew%9@81m3vhestmqfet hod of

cI aim 136 further conprising the steps of:
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;

placing the freezing container containing said agent in a freezer at at least
about -4°C;

removing the freezing container from the at least about -4°C freezer; and

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

136.  The method of claim 135 further comprising the steps of:
removing the freezing container from the at least about -80°C freezer; and

placing the vial in a freezer at at least about -160°C.
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renoving the vial fromthe freezer; placing the vial
in anbient tenperature air for about 15 m nutes

wo edozomgds by placing the vial in an anbi ent teP@QEUS1006/621755
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wat er bath for about 15 m nutes; renoving the
i mpl antabl e material fromthe vial; rinsing the
inplantable material in a rinse nmedia conposition for

§Rgut ”lﬁe%{i%cﬁéfclﬁﬁfjlﬁ AFh Bk ddiRisidihaseabbe materi al

in cel culture nmedia for about 48 hours. 138. The

?Eﬁgsidrﬁlﬁgifiﬁlg ie{%i%ﬁ@or%‘fﬁettﬁcgerzgtconp” sing the steps of:

rom reezer; placing the vial

in anbient tenperature air for about 15 pjnhute

foll O\Hé"%fnﬂg/&ﬁ Vil ilfh@mglﬁ&t GRPrafye &t lf%ﬁ?i‘f’&ﬁ S ?‘é’ﬁ’f&“esrfg{lﬂwgd by
wat er bath for about 15 m nutes; renoving the )

i npl aradihethawiad in an anbight EH@CIAUEE Wakgy &a‘i%i faspbpyt 4 ginutes;
i npl antable material in a rinse solution composition

for ahembvidg thd imytlasabld 3@teribhfomsthbgthl;of cl ai m 133
further conprising the steps of: placing the cell

seeded;fi SRaplaktaBleRdtédial iR tasd @bdiaRompysitbn for about 5
suitabl e for storage; and introducing to the

near - gg{glﬁll(egeﬂ{d, confluent, or post-confluent cell
seede I'oconpatible matrix material a vol une of

‘Scoim mtrix mter a f
veer dutreReeERURE e EEFRcURLE AR RERRGK R hows

i nhi bitory phenotype while the material is stored in
1;3 further

i}(&)\gi&gr IC %gtilh}qé%g ?lélg]g 1 %ér ?u?’thglect:gggris%g t%le %j[eg]s )
removing the vial from the freezer;
placing the vial in ambient temperature air for about 15 minutes followed by
placing the vial in an 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.

139. The method of claim 133 further comprising the steps of:
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 composition
comprising an amount of VEGF sufficient to maintain cell viability or an

inhibitory phenotype while the material is stored in said composition.
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preparing the cell seeded bi oconpatible matrix
material for cryopreservation according to the nethod

wo@tooclai7ad 134 or for storage according to the PEr/NSmOEH21755

10
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clai m 139; preparing the vial for transport;
transporting the vial to a clinical site for
admnistration to a patient. 141 . The nethod of claim

1 furg her .c ri.si .0f . .pl acing the vial
bl o b et Wl dda i3 RBEe i el £

material into into an ipner box; placing the inner box .
"t o akepHuts e 8o ashoed Diicambene BsRbymikeria Tor SRGRSeation
docunentation. 142. The nethod of claim 140 wherein

t he cetdcobrgiedhp mstndmiiclaime 3dwe fonstoragerqeardingto the method
clinical trial material and wherein the patient is a

parti cofpdain 130;a clinical trial. 143. The nethod of

claim 133 wherein the inplantable material is prepared

on a CERPRisd Rk vidt Fb€rantddt; A robotic systemto
performthe nethod of any one or nore of clainms 133-

141. 14 3 WL y
rator oo RO Al TR i MR A,
said method conprising the step of: contacting said

bi pco tihl.e t{d X Wit [ | S r.eagent s
a:lwﬁfp(n)‘ﬁg? {nll%g]ﬁ)g %gﬁ!atugk}?me)_tf?]ﬁ%?é:? rg%ﬁgl\ll}gg%eél 5051 d cells
and gr BRPES B e e Teesl bR Ridiseagble sl teral int
post conf | uent

into an inner box;

placing the inner box into an insulated outer box; and,

providing product documentation.

142.  The method of claim 140 wherein the cell seeded biocompatible matrix
material is clinical trial material and wherein the patient is a participant in a

clinical trial.

143. The method of claim 133 wherein the implantable material is prepared on a

commercial scale.

144. A robotic system to perform the method of any one or more of claims 133-

141.
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popul ati on and further wherein said matrix is
popul ated with cell typing-independent,

woerroepat i bility tested, non-matched cells. RABUSA06/021755

10

nmet hod of treatnment, said nmethod conprising the step
of : providing an inplantable material manufactured
according to the nethod of claim 145. 147. An

7B S oo e SEMRES B BBREL By B8 oot

met hOdbfc))fcorcr:llpgtlib% %’n%?rix, said method comprising the step of:

contacting said biocompatible matrix with said cells using reagents and
conditions suitable therefor, wherein said cells are in an amount sufficient to
populate said matrix and grow to a confluent, near-confluent or post-
confluent population and further wherein said matrix is populated with cell

typing-independent, non-compatibility tested, non-matched cells.

146. A method of treatment, said method comprising the step of:
providing an implantable material manufactured according to the method of

claim 145.

147.  An implantable material comprising cells and a biocompatible matrix

manufactured according to the method of claim 145.
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