MATERI ALS AND METHODS FOR TREATI NG AND MANAG NG ANG OGENESI S- MEDI ATED

DI SEASES Rel ated Application Data  [0001] This non-provisional patent
application clains the benefit under 35 U . S.C. Section 119(e) of

provi si onal patent application U S. S.N 60/857,458, fil-ed on Novenber 7,
2006; provisional patent application U.S.S. N 60/875,626, filed on
Decenber 19, 2006; provisional patent application U S.S. N 60/923, 836,
filed on April 17, 2007; and provisional patent application U S. S N

60/ 967,029, filed on .10 August 30, 2007; the entire content of each of
t he foregoing incorporated by reference herein. Background of the

| nvention [0002] Angi ogenesis, the process of grow ng new bl ood vessels

frompre- existing vasculature, is involved in the natural healing
processes resulting frorNMABERBALFANRNMETINN RQR TRBABIN &Nt | ons, i ncl udi ng

the resection of sol \gQpWMUPLEHG SREEGEENEAIMERATREDISE AN | zat i on,

di stinct from pathol ogi cal angi ogenesis, i1s involved in the energence and

perpetuation of a variety of acuk 2 Kt]a{ignrgaga di sease states, including
macul ar degeneration, r-heunmatoi d*%’#’%gﬁrs——pso, riasis, psoriatic arthritis
and other arthritic conditions and system c inflammtory di seases, as
descri bed 29 bel B0#1] Thif progmqvisise! nakaidpnlicaion daimpthe braefityaden?S neovascul ar

form of age-r ed}.ekeskcﬁmwb@yofg@g@mm BdunPippliaRinneEas Nnemsagss filed i zat i on and
ot her neovascul dise ~of the eye s c%ia | tiyve diabetic
reti nopat hy, r‘gﬁ"ﬁﬁ‘b@f ﬁ?l&%f PRy AR Ri’%laf“i?ﬂ‘c 083'@??['@‘:60{?2%%0%3%Vndr one,
cicatricial pebgenigol20060mneddnakyatentgpaikdtion BiSS. 60/H236R34, fddoneal
Aﬁrﬂ 17, 2007; and provisional patent appliéatiop 1U.S.8.N. 60/967,029, filed on
10 August 30, 2007; the entire content of each of the foregoing incorporated by

reference herein,

Background of the Invention

. [0002] A’ngiog‘eﬁesis, the prnbess of gmwing new blood vessels from pre-
exiéting vasculature, is involved in the natural healing processes resulting from
15  wounds and surgical mterventioné, including the resection of solid turnorous cancer.
Abnormai heovascularization., distinc_f from pathological angiogenesis, is involved in
 the emergence and perpetuation of a variety of acute and chronic disease states,
including macular &egenération, rheumatoid arthritis, psoriasis, psoriatic arthritis
_ and other arthritic conditions and systemic inflammatory diseases, as described

20 below.

[0003] For example, the exudative or neovasculer form of age-related macular
degeneration, corneal neovascularization and othf:_r neovascular diseases of the eye
such as ﬁroliferative diabetic retinopathy, retinopathy- of prematurity, Steven's-
Johnson syndrome, cicatricial pemphigoid, corneal allograft rejection and corneal

25  injury from infection or trauma are characterized by the abnormal growth of
neovessels, inappropriately regulated and leaky bload vessels, in respoﬁse toa
hypoxic enviromment and ﬁmegulated inflammation. Left untreated, these diseases
are major causes of blindness in persons of all ages. In age-related méculay

degeneration, for example, abnormal neovascularization produces sub-retinal




25 injury frominfection or trauma are characterized by the abnormal
growt h of neovessels, .inappropriately regul ated and | eaky bl ood vessel s,
in response to a hypoxic environnment and unregul ated inflanmmation. Left
‘untreated, these diseases are major causes of blindness in persons of al
ages. In age-related macul ar degeneration, for exanple, abnornmal
neovascul ari zati on produces sub-retinal henorrhage, accunulation of fluid
beneat h the photoreceptors within the fovea, and neural cell death in the
outer retina. If left untreated, the abnormal neovascul ar process usually

results :n _Subhshv&ﬁkge%aﬁnuiagsmgmme@Mmbbﬁ;cﬁuﬂaam wi&r@fOQflﬂovaSyaamiSa! )
neovascul ari zation i s consjdered.to an i nportant ear step 5 in the

- pat hogenesi s aﬁﬁ“%&?“ﬁ@’tﬂb%]?cc?ﬂmb@"}ahgﬁ%“ma&g’gh -’Pqni“?lé“."‘.’vﬁ\éﬂ?fr nal

neovascul ari zapiotdss issallly fiselgidubloeal s fet@wtivh aittindnesf | nf | ammat ory pannus,

and without it |eukocyte ingress could not occur. Furthernore, formation

of new bl ood vesygbhy PSR ReofasSitPRlidin @%oﬂausrédtsnézﬁliﬁ?&mgwg%ﬁpto the
augnented inflammtory cell mass, and_so confrj but eg o the perpetuation of

synovitis. 2o[ BotopRtbpEasitapbreeeyrton ol peumatoid artprs; Abnosaal| y considered a
chronic, infl apsseiseistizalsh &iiffeaHN & thh &od derentiohflaneRit s epanini@ind NMUNe system to
attack the joints. It is a.disabljng and inful .inflanmmatary condition,
whi ch can |ead“’l‘%°“_§iﬁ%§‘i°%?ﬁ‘i gt podmogecRi ‘ug)‘ﬁ%e?‘:‘ffe gan “8“%5?%83% j oi nt
destructi on. Rwsseiratmiitsa supplyof auirsnts gndpxpars todir apgmahinté aflemmadey eall af f-ecti ng
extra-articul aﬁna{siaﬁcﬁs‘d‘i&nii &9%6%%@3&%@1 Bad¥eifcl uding the 15skin, . bl ood

vessel s, heart, Tungs, and nuscl'e out " 60% of rheumatoid arthritis

patients are unable tq work.ten years after the onset. of 't he di sease.
P006] " Neovliscur MoBstn hedmesit it GRS ponp deSrRE e sk bt
psoriasi s and psdininadel disogietthit bdubes the Alpmoe Rglemtie #gck the jbine. Wascul ar

nmor phol ogy of t.he.nail-faol.d | AS| t] WA _ il disease
have been obse%‘h\s/ag’%rfgag%paduﬂ lll&gglhéﬁa'%%%@%gg%ﬁ@ﬁ@%% ?%égb%%g%gor’g&gf synovi al
menbr ane bl oodmoldkty dheso pain gpd grintdestractign.t Fhcipated jribiig s e yystgmie. Psoriatic
arthritis, or gkhl! GRALMIERIRL-hAGS tisshed toubbRBhOod) AELAIETRL Ory arthritis.
Al t hough psoriasis and psoriatic arthritis arej r}ter-rel at ed di sorders,
psoriatic aft h¥km plgod essgls.drah [URgs and gweRIasi GPPEOPTR! Freumaibhe @ e ol ogi cal ,
clinical and ggmeli &e fa6t orvask teh fean bfi@ eeSnabltk dbea?d0 of peopl e suffering
fromthe chronic skin condition o

[0006] Neovascularization appears to be a first-order event in both psoriasis

C

and psoriatic arthritis. Abnormalities in the vascular morphology of the nail-folds of.
psoridsis patients without nail disease have been observed, as well as'an increase in
20 the number of éynovial membrane blood vessels in psoriatic arthritis joint tissue.
Psoriatic arthritis, or arthropathic psoriasis, is  type of inflammatory arthritis.
Although psoriasis and psoriatic arthritis are inter-related disorders, psoriatic
arthritis is a distinct condition with its own epidemiological, clinical and genetic
features. It affects about 5-7% of people suffering from the chronic skin condition
25 . psoriasis. As well as causing joint inflammation, psoriatié arthritis can cause
_ tendonitis and dactilytis. In addition, more than 80% of patients'with psoriatic
arthritis will have psoriatic nail lesions characterized by pitting of the nails, or more
extremely, loss of the nail itself. Psoriatic arthritis can develop at any age.
However, on average it tends to appear about 10 years after the first signs of

30 psoriasis. For the majority of patients, this is between the ages of 30 and 50, but it




25psoriasis. As well as causing joint inflammtion, psoriatic arthritis
can cause tendonitis and dactilytis. In addition, nore than 80% of

patients with psoriatic arthritis will have psoriatic nail |esions
characterized by pitting of the nails, or nore extrenely, |oss of the nail
itself. Psoriatic arthritis can devel op at any age. However, on average it
tends to appear about 10 years after the first signs of 30 psoriasis. For
the majority of patients, this is between the ages of 30 and 50, but it
can al so affect children. Current treatnent of psoriatic arthritis is
similar to thagyako iReiBiel Custed Redrhdnber phRE AinAisSt bl lGR0sr |
angi ogenesi s-rel ated_di sease i s cancer. (gancer is the second | eadi ng cause
of death in thEuRadthdlisst es and accounts for over one-fifth of 5 all '
nortality. Although a variety of nethods are known to treat cancer, ,
i ncl udi ng sur gi c P07 e Letgnifzant efigioporichistrelateddisense iacrdcaraCineggrisde, abl ati on and
chenot herapy tQ.dh |1«s'adiﬁ£&9ﬁo@ﬁk§th9ﬁ!hk Bniteh 8RB addGEH I ERFSeQne- RANGEr OUS cel |'s
and | ocal danage or disease at the resected or treated site remai n ngjor

chal | enges Pn #HeoriligaffRayeh prarsty abaihdstrs kippa to tegigicemincipdiagact i on
represents thesugibk&sionehalie @indof, 4nfl ediatidrOatddtibiz d cRin@eEsy kit hat has not

.shown signs of netastasis 1to ot her I_ogaﬁi-glrpssa chSca'iQfmabOd%' Unfortunately,
as many as 4098BFTERHEE OB AP RIS R PP E ST R PR e t i on wi | |

devel op a recuthe emrced oftrebthdsit rewigegjor challp:@e(s fre Geatmendf canceat ment s f or

angi ogenesi s- ;%h%ttse @uﬁ%ﬁglg%fgﬁtﬂﬂ R Ipfé&:qts %e}ﬁegi%g ShaB s troat Iocali?e.d disease

neovascul ari zat 1 on-rel-ated condrtions I seases are limted. Treatnent
options 15 Qarthathpstriat shgwn signs af mptastagip i otiiselogignsin hg/bogy. Yaferuageldi ti on. One

obj ective of tf3¢:.0¥ KBNlor bAAVE PhtieRD rdafed Wih BEQM Se:chiBiiPdsegpd mMaterials for
the treatnment of sites of abnormal neovascul arizati on and pat hol ogi cal

angi ogenesi s WPEHERAT HHFSt | ocal Iy directing healing of the affected or
treated site. Summary of the Invention 20[0009] The present invention _
expl oi ts the di sI8RBEr Futrdvatreatimentsiipiangioeaisisie-relniedepidiffonppddisiagss g cells and a
bi oconpati bl e Maﬁﬂ&riz%@fk]ﬂd@ﬂﬁdﬂﬁ;% dn@8i3dake¥ afe ArnBled. Treatment aptions
' 15 = vary with age, health, and the severity of the condition. One objective of the present.
invention is o provide methods and materials for the treatment of sites of abnormal
nedvascularizaﬁon and pafhelogical angiogenesis with the goal of locally directing

healing of the affected or treated site.

Summary of the Invention -

20 - [00609] The present ihvantion exi:ioits the discovery that an implantable
material comprising cells and a biocompatible matrix, when provided locally to a
site of abnormal neovascularization or a site of pathological angiogenesis, can
prevent, reduce or inhfbit abnormal or pathological blood vessel formation,
inflammation, extracellular matrix degradation and/or MMP expression and/or

25 activafion at the site to treat the affected or treated tissue or stroma and/or to prevent
the growth or regrowth of pathological vasculahﬁ'e or other tissue at the affected or

-freated éité- As disclosed herein, ar implantable material comprising cells,
preferably endothelial cells, cells having an endothelial-like phenotype, epithelial
cells, cells having an epithelial-like phéndtype, non-endothelial cells or analogs

30  thereof ¢an be used to prevent, heal, treat and manage sites of abnormal




site of abnornal neoyascul arization or a site of pathol ogical

angi ogenesi s, can prevent, reduce or inhibit abnormal or pathol ogical

bl ood vessel formation, inflammtion, extracellular matrix degradation
and/ or M AP expression and/or 25activation at the site to treat the
affected or treated tissue or stroma and/or to prevent the growh or
regrowt h of pathol ogi cal vascul atne or other tissue at the affected or
treated site. As disclosed herein, an inplantable material conprising
cells, preferably endothelial cells, cells having an endothelial-1like
phenot ype, epi tQedshddriza®h oS pattoficdes) aih0EAAE: Ritn MR8 idtmdddkga Phenot ype,
non- endot helial cells or _anal ogs 30 thereof can be used to prevent, heal,
treat and manafafaeof ggvigin %ﬁ%‘? treajd sPEUE L FRIF FP9YROTEF H5at hol ogi cal
-angi ogenesi s Woeitid REnRRL R ih Gk tkBméi sfddisecedsuafos hitibee Bive Or Wi thin an
affected or tr atefd zt h’él[cttu%e.- ‘Th{ s .di scovery permts the clinician to .
intervene in tATPPEITHEMEOF G ¥e%&ed tissue for which there have
heretof ore been |imted treatnment options. 5[0010]: One aspect of the
present invénti o018 Ongairreal Be PeertATERg: 52 Sribed Yfregiiag #BkEShi cal

angi ogenesi s i ﬁat}fblbgicﬁl%gﬁgiﬁé%s'iﬁﬁiﬂt@@@alfih@d’e@ﬁér:oﬂd@ﬁné@ﬂh@ﬂg_ﬁﬁﬂpri sing
contacting with an.i ant abl e, mat er.i.a surface at or adj.acent to or in
the vicinity ownﬁﬁ“"ﬁg&ga‘b?‘n W&Pfgaﬁ’é‘ﬁﬂaé??rgwg?’é?’ﬁwgté?‘Ef“i’ %T”lé’ﬁlfyabl e material
conprises a bi afzonpadfbtieganesis; wherdmsiddeplingbla mdtefial corpeiseswher ei n sai d

i npl ant abl e mag.erial..is Jn ] mgg LYE, L sit& of
pat hol ogi cal a%‘g‘ir"%’g!é“r?gﬁ?aﬁ %ﬁgég I 1N ,{,‘f‘ﬁﬁ"gﬁ% Eﬁ{p@?%&glfﬁa%ésﬁ ing to

addi ti onal l8nbeehupeeieaive torreaishesito phratholpgical apgipgenssisigsad igdididuply| e pl anar
material or a flowable conposition. The cells can be endothelial cells,
endot hel i.al -1 i kejooel]| Sicefing foaliditdnalecebbddimenshd Biebmpdtibk mseixdsad | s or

non- endot hel i a | 1s. 15[0012]. Accordin Lvanl Qus. e i.pents, the

i npl antabl e ma %‘FCD? g‘%’ﬁ?{érsa ﬂé")’("%‘:b(ie Compeetipy Th C%HF f%?% gngrgg%%g ion at the

e planar ma i [tI.

A raceffular nma
site of pat hol e embothalinlibmehe spithcliabelly, enifbdlialtiks cdllh er regprdethslisbn and/ or
activation of MyPs at the site of pathol ogical angi ogenesis. ' ;

13 [0012] Accordiﬁg to various embo‘diments, the imblantable material regulates
 extracellular matrix degradation at the site of pathological angiogenesis, or regulates
the eﬁpres_sion and/or activation of MMPs at the site of pathological angiogenesis.
According to one embodiment, the site of pathblogical angiogencsis is a site of

tfumor resection.

20 [0013] Inanother aspect, the invention is a composition suitable for the
freatment or management of a site of abhormal neovascularization, the composition
comprising a biocompatible matrix and cells, wherein said composition is in an

amount effective to treat or manage the sife of abnormal neovascularization.

[ﬂd.14j According to additional embodiments, the biocompatible matrix is a
25  flexible planar material or a flowable composiﬁon. ‘The flowable composition can
further comprise an attachment peptide and the cells are engrafted on or to the
attachment peptide. The célls can be endothelial cells, endothelial-like cells,

epithelial cells, epithelial-like cells or non-endothelial cells.




According to one enbodi nent, the site of pathol ogical angiogenesis is a
site of tunor resection. 20[0013] In another aspect, the invention is a
conposition suitable for the tredtnent or managenent of a site of abnornal
neovascul ari zati on, the conposition conprising a bioconpatible matri x and
cells, wherein said conposition is in an anmount effective to treat or
manage the site of abnornmal neovascul ari zation. [0014] According to
addi ti onal enbodi nments, the bioconpatible matrix is a 25 flexible planar
material or a flowable conposition. The fl owabl e conposition can further

conprise an atta ntAmF%aﬁmemm@g |ﬂ§c&ﬁﬁysxﬁ&%g’lﬁ&e@d on or to the
attachnent pepti The cel can he eﬁk‘g &1? a1 cells, endu%t helial-1ike
cells, epithel F’%i‘la”"@élf*’l‘%am’éﬁﬁ?ﬁ*’é’lc’? afthesiiqa PRRqeI 6‘?"31?%}\65’53’&(8% Efial cells.
[0015] Accor di Bprdsonsad/bidsvadaDafdiviEt e sit hEpatholngios kgiogenesiegul at es
extracel lular matrix degradation at the site of pathol ogi cal angi ogenesis

or regul ates expj@sgi %o&&dis%erct@%x éem;%nﬁbhsl\él\ﬁé&’@daﬁuéah%aaket& of
n

pathologlcal angi ogenesi s ot her a ect of e present invention
i s a method3of aﬁnﬁ@ﬁiﬁ‘eﬁ‘&s‘aﬂ%‘ﬁwnﬁa@?%ﬂﬂw th%??&é%ed‘iiﬁ RPTFBh in an

i ndi vidual in &ﬁlﬁdﬂﬂghﬂtb@@ftﬂpﬁnﬂﬁhﬁﬁfeﬂﬂds@ﬁéﬁ)ﬂﬁbr&ﬁ]ﬂ@nﬁﬁ)&tﬁ&xkWﬁglt},WI th an
i npl ant abl e nat r| aI surface at, or Matcent to.or rthq vicinity of an

area of abnor nfi?® '(’:‘iﬂnﬁlﬁe%véfaﬂ(%ﬂm’%ereéelmnsa‘gélf'%anmblelugn{ bl e materi al
conprises a bi ammmmhbiobmpmwle mxtnaﬂmi cdblaht‘sﬁndndwlieeﬁmdaénmmmbél n said

i npl antabl e maferial 2l P! cf’? gﬁ%t%oﬁortn%&%mamﬁmwe of

abnor mal neovascuﬁ'arl zati1on in VI 017] According to
addi ti onal &nbesdindivideal. t he bi ocoinpatible matrix is a flexible planar
material or a flowable conposition. The cells can be endothelial cells,
endot hel i‘al -1 ke[ﬂ]l Acc@Ping hetidiadnalcaibbdmensphd bieompdtibleinegixésl | s or

non- endot hel | ah Cb?e, planar material or a flowable composition. The celis can be endothelial
cells, endothelial-like cells, epithelial cells, epithelial-like cells or non-endothelial

cells,

15~ [06018] Aécording to various embodiments, the implantable material regulates
extracellular matrix degradation at the site of abnormal neovasculatization or

regulates expression of MMPs at the site of abnormal neovascularization.

[0619] According to various embodiments, the site of abnormal
neovascularization is a site of macular degeneration, a site of theumatoid arthritis, a
20  site of psoriasis, a site of psoriatic arthritis, or a site of another systemic

inflammatory disease.

- [0020] In another aspect, the invention is a composition suitable for the
{reatment or management of a site of abnormal neovascularization, the composition
comprising a biocompatible matrix and cells, wherein said composition is in an

25  amount effective to treat or manage the site of abnormal neovascularization.

[0021] According to additional embodiments, the biocompatible matrix is a
flexible planér material or a flowable composition. The flowable composition can

further comprise an attachment peptide and the cells are engrafted on or to the




15[ 001E1 According to various enbodi nents, the inplantable material

regul ates extracel lular matrix degradation at the site of abnornal
neovascul ari zati on or regul ates expression of MWs at the site of abnornal
neovascul ari zation. [0019] According to various enbodinments, the site
of abnorpmal neovascul.arization is a site of macul ar degeneratlon a site
of rheumatoid arthritis, a 20site of psoriasis, a site of psoriatic
arthritis, or a site of another systemc inflamatory disease. [0020] In
anot her aspect, the invention is a conposition suitable for the treatnent

or management Q&acﬁnei{affeﬁtﬁgf T&%&%ﬁ%eeﬂ@o@}éﬁa%k%ﬁdoaﬁﬁa;.%cewe conposi tion

conprising a bioco e matri x and cell wherein said conposition is
in an 25 anounepité¢liabetlls, ﬂ@PWWéﬁFoﬁﬂmﬁﬂﬁﬁﬁ@“Fﬁ% site of abnormal
neovascul ari zation. - [ 0021] According to additional enbodi nents, the

bi oconpati bl e rraqmmq i Axcardifyg 18 xardvheendodimants, e tesrositiongegulitet | owabl e
conposition. Th wabl e ¢ an attachnent

- peptide and thee%rczz1 gméarhg e ﬂﬁég’g%ﬁ%g%bngﬂa}rﬁwmgﬁ%g rfr.gnt peptide. The
.celI's can bé errduetbresixpregsion andfos activatige PV wt the pileef gpymal  epithel i al cells,
epi thelial -1i kgeseRkhSiz@onnNON-endot hel i al cells. [0022] According to
various enbodi nents, the conp05|t|on Tegul ates extracel lular matrix
degradation at the -site of ab 1 ﬂ&@yaﬁﬁﬂﬂa ation or 5 reqgul ates
expressi on and/or activation at the sfte of abnorwa

neovascul ari zadon. -
[0023] F1gures 1A and IB are representatwe cell growth curves according to

&

an illustrative embodlment of the invention.

10 {0024] Figure 2A dépicts photographs of in vitro angiogenesis by HUVEC in
Matrige] matrix with and without treatment with the implantable material of the

present invention.

- [6025] F1gure2B 15 a graphical representation of the levels of angiogenesis ar
“vascular tube density of HUVEC iri Matrigel matrix following administration of
15  conditioned media or the implantable material. '

[0026] Figure 3 is a graphical representation of the expression of MMP-2 in
stained tissue sections of snbjeréts treated with the implantable material and subjects

administered the control material at 3 days and at 1 month,

[0027] Figure 4 is a graphical representation of the expression of MMP-§ in
20  stained tissue sections of subjects treated with the implantable material and subjects

administered the control material at 3 days and at 1 month.

Deitailed Description of the Invention

[0028] As cxplained’herein, the invention is based on the discovery that a cefl-
based therapy can be used to treat, heal, ameliorate, manage and/or reduce the |

25 effects of pathological angiogenesis in conditions including sites of tumor resection.
The cell-based therapy can also be used to treat, heal, ameliorate, manage and/or

réduce the effects of abnormal neovascularization in conditions including macular




Brief Description of the Draw ngs [[0023] Figures I A and 1B are
representative cell gromh curves according to an illustrative enbodi nent
of the invention. 10[0024] Figure 2A depicts photographs of in vitro

angi ogenesis by HUVEC in Mattigel matrix with and without treatnment with
the inplantable material of the present invention. 100251 Figure 2B is a
graphi cal representation of the |evels of angiogenesis or vascul ar tube
density of HINEC iii Matrigel matrix follow ng adm nistration of 15

condi tioned nedi a or the i npl ant abl-e materi aI [0026] Figure 3 is a

gr aphi cal repr sentatian of th% xpre o F’% Il p_st ned tissue
sections of su Efgg%e mfrez‘irf1 (c’fd e gomswan rtlaﬂﬁ 1o nélrol&gﬁ %ﬁﬁ subj ects

“admi ni stered t hd spstamic wflammatery contitions a&hfcﬁ&gcda?ndardtoniummm tissues 100271
Figure 4 is a graphical representation of the expression of MW-9 in
20st ai ned tissue sections of subjects treated with the i rrpl ant abl e

mat eri al and sub@g% adm&ﬁll St etEled t he. control terial 3 days and at 1
month. Detail ed r ISP PHE™ RSP PSRy F1ocRE © ﬂ‘%”ﬁed her ei n,
the inventi 6n gewingsedbicn velsels aliasiof gy driistasaasoeduks-duthgpsedhotrinér apy can be

oo 0 R 1l procBIEhL B R, IRAAI BN EEAUGE byt cct s of

pat hol ogi cal enesis In condition sites o t unor
resection. ThePreesd of fumisg abrioenah pd/op apyvapPd Tsssle atagieioftigury prdisease. heal ,

amel i orate, rram&%n%@d&@{m @ﬁyﬁ&atem isEchRab1$ acfini AbHOFH¥R or at the
neovascul ari zation. jn condition F i ncl udi ng nacul ar _
time of disease onset surgical procedure or mte ention, or as a disruptive

10 intervention to prevent and/or treat pathulog_ical angiogenesis.

[0030] Asused herein, the term abnormal ﬁebvascularization means the result
of pathological or abnormal emergence and growth of blood vessels as occurs at the
onset of certain acute and.chronic diseases and disorders. This is distinet from
pathological angiog‘en'esis._‘ The present invention is useful to impair or prevent

15  permanent establishment of abnbnnal ingrowth of blood vessels. It is contemplated
that the cbmpgsitidn of the present invention resu]té in a localized environment
ﬁrhich does not support an abnormal density of blood vessels. For example, even

“though blood vessels may grow into a particular site, the present invention limits or
regulates those which ultimately residé permanently at a particular site. -

20 Accordmgly, the implantable material is preferrably administered followmg
emergence or onset of the disease or dlsorder surglcal procedure or intervention to
trea_t abnormal neovascularization. However, the present invention can be used
effectively as ﬁ disruptive intervention and/or to prevent & condition from

worsening.

25 f0031] The teachings presented below provide sufficient guidance to make and
use the materials and methods of the present invention, and further provide sufficient
guidance to idénﬁfy suitable criteria and subjects for testing, measuring, and

monitoring the performance of the materials and methods of the present invention.




degeneration, rheumatoid arthritis, psoriasis and psoriatic.arthritis and
other arthritic and system c inflanmmtory conditions at the affected site
and on surrounding tissues and stroma. [0029] As used herein, the term
angi ogenesi s neans the process of formng or 5 grow ng new bl ood vessel s
at a site of injury or disease as occurs during the normal healing
process. As used herein, the term pathol ogi cal angi ogenesis neans the
process of form ng abnormal and/or unwanted vessels at a site of injury or

di sease. Accordingly, the inplantable material is preferrably adm nistered - :

prior to or at ttﬂg tii e of di sease onset, surgical procedure or
-intervention, or ve 10 intervention to prevent and/or treat
pat hol ogi cal angi ogenesi S. [ 0030] As used herein, the term abnornal
neovascul ari zat i #if#>Hedvsorrntnepasularizagen airhiok oghlsabl doeasetnfior el - ener gence

and growt h of hkoad, ﬂé@%&h&? o8 o &Hia?cd%cﬁl&%@e@ﬁk?ﬁiton HrorgehlAl n acute and
chronic di seasg,stgand dis a?i{f %‘l}y f| s disti nct fr'om pat hol ogi cal

angi ogenesi s. N RoRRhY- PR FETePAshY of Bremalivy)| “lﬂd‘mi“‘r?'f‘}grlﬂi‘cs"(ﬁseﬁl“event 15
per manent est ait majon@ndes ﬂfbhﬁhﬁﬂlhﬂiﬁfantb ﬁgmqwthlg oDfreridng@ing, wRisisgdgs. 1t S
cont enpl at ed tmrgg?f {K!rgtnm hyian%t era?'n(ta%eb ﬁ%ﬁ%{‘ og]ér esults in a

| ocal i zed environ oes oL nsity of bl ood
vessel s.  For eMﬁ}?ﬁéOﬂ)eﬂmwﬁmnblemﬁaﬂv@@@@% agyeypagy Bedifft® a parti cul ar

'site, the pr esas&segsr\mb%Afdamn&ﬁec%r&&aﬁlt@&%o{.@%ﬁmﬁq@ﬁtch ultimtely
reside permanently at particul ar sit 20 Accordingly, the inplantable

‘material is prEfFabe %"“ﬁ’ﬂ’fﬁ W%@FW?SBFIFW #7g nappeqrgalely esdpteonset of t he
di sease or 10i So Rk, aSlUkidk 68 kbidfr¢ RGWsRIshntibitees e Mde®ngtidndibgat abnor nal

neovascul ari zat t he .present inv op can be used effectlvely
as a ‘disrupti v@ﬂ? Riﬂséqs?/’\éﬁ’ﬁ%ﬁ Qe Or e RSPRYE ?”iée%ﬁ?f’ai’weéh f r om wor seni ng.
25[ 0031] The teachi ngs presented bel ow provide sufficient guidance to nmake
and use the nat el3 s lemradagieg ¢16 ue” rm pfage-frlated aneulirdegemrdtion, and furt her

provi de suffi Cdbﬁ@{naigiéé\gﬁElGEroH&e b@aamfaém&magaamcﬁnﬁmeh 6 i fagky SUDJ ect's for
testing, neasu 61 and tor the performance of the materials and
d ?nggg; vea

net hods of th é"‘ﬁ"’cptqr% QFHl Pellgel indheientitifpo B3 Abnor mat
neovascul ans zmmmcmmemmm pxocfessdjsfaaﬁamﬁmﬁés it i foRdseschrnc| udi ng -

neovascul ar f%m ﬁ%n Eilg z;etur%tirﬁ'aq'nts%mg no}ggtgno %Enlaﬁmty tﬁ {1 Lel‘ ative
hd ma ’

di abetic retinopa retrno uri nt r eat ed,
t hese di seas egvasczﬂature is poorly developed and abnormal leaky neovessels grow into the '

avascular region of the refina. In severe and untreated cases, abnormal neovessels
grow into the vitreous leading to retinal detachment and blindness. In diabetes, both
20 direct effects of excessive glucose and indirect effects, possibly iﬁvo!vihg ischemia
and hypoxia, on retinal tissue are believed to be resbonsible for the induction of
z:zbnormal neovasculariza‘;ion. Therefore, for each of these ocular pathologies, 2
“ logical treatment strategy is the regulation of pathological angiogenesis and the
formation of abnormal neovessels using the implantable material of thé present

25  invention.

- [0634] The hnpian.tabic material of the present invention can be administered
to an eye and/or surroundi.ﬁg tissues and stroma to treat, ameliorate, manage and/or
reduce the clinical sequélae associated with aée—reiated macular degenerati dh,

_ pfoliferative diabetic retinopathy, retinopathy of prematurity, comeal

30 neovascularization including Steven’s-Johnson syndrome, cicatricial pemphigoid,




$ are major causes of blindness in infants (retinopathy of prematurity),
wor ki ng age adults (proliferative diabetic retinopathy) and the elderly
(age-rel ated nmacul ar degeneration). Neovascul ari zations, especially those
that acconpany the different diseases of the eye; are often induced in
response to a hypoxic environnment. However, the abnormal neovessels in

t hese di seases are inappropriately regulated 10 and | eaky, and therefore
abnornmal neovessels contribute to the underlying pathol ogy of the disease
rather than correcting or conpensating for the di sease process. [ 0033]
| n exudative or " %{ form of age-rel-ated macul ar degenerati on, abnornal
neovessel s pro&ﬁ@%F ﬁﬁyfgﬁF and, eqRsRl MUY GO ECHARIF X AGRf | ui d beneat h
t he phot or ecepinbibB owedunt the bbi@miiad vedsscuddnichiinea takitecel | death in the outer
retina. If left 15 untreated, the abnorhmal neovascul ar. process usually
cul mnates in subkQygald Saafisformation. In premature infants suffering
retinopathy of prematurity, the retinal vasculature is poorly devel oped

and abnornmal |ea eqyessel.s grow into. the avascul ar region of the
retina. In sever gﬂd uﬁpﬁga 3Um8%§8§?mﬁﬁﬁ‘WWh “ﬁ%B@@@?EﬁEgb?bMIinto t he
vitreous | e&di mfanmaterperosivd sydefitc Batyrvhangssdn thé symtivesse mirkeddiy abet es, bot h 20
direct ef fect SuplmARRERIY SN (HRAERY MIALAGh 5] 8GR, POSSI DY

d hyp (1 nal t eli

i nvol ving ischema an oxl a, on ret I ssue are eved to be _
responsi bl e f oSy RFReEasisnviseh ragskiesrapatmusd inflarsoeipaviszalwritionne. Theref ore, -
for each of thesey aalkdersPal BOd0 it cailhRIvGRlaly kLR:NERALy Strategy is the
regul ati on of %:tholo ic%%ﬁfngio%anegis and the forpmation of abnormal
‘neavessel s usi Wﬂ*?ﬂ?ﬁ NEBYRECURHTET Biccsrzppe ipdEgiel 25 | nvention
- [0034] The 10 npdozupbraei of pavatiedeiadpnefit it heunprobteridtis] witheRideRBofam be
adm ni stered t . LOr . Sur ENg.tlssues-and su to treat,
anel i orate, nﬁﬁgggﬁgﬁﬁ?gggé%%ﬁﬁéméﬁéﬁg”?%?%Lﬁaggﬁue gnﬁggggciated wth
age-rel at ed negditrial of thegessent avensian cap be hdnfinisiand tyesid icfibamiatid ethiitizopat hy,
retinopat hy Ofm%@ﬁg&dﬁmnéﬁssu&%@%lng%Qregl%m&!nﬁﬁdgggrgci’/o(?%d{lc@ﬁ{eum ng
Steven's-Johnﬁgg_%yndrone, cicatricial penmphigoid,:” corneal allograft
rej ection and CBFH&PelRstncipted MEhibpymainid arbrts apd bt oraedasrchbesama! i nhi bit or
reduce t helabnesurilatieawaschesasi zati on at the site. Rheumatoid Arthritis

Psoriasis and Psoriatic Arthritis

[0036] Psoriatic arthritis, or arthropathic psoriasis, is a type of inflammatory -
arthritis. Although psoriasis and psoriatic arthl;i_t_is aré inter-related disorders
characterized by neovascularization, pso_riatic‘arthritis is a distinct condition with its

20 own epidemiciogical, cli‘nic_al and genetic features. It affects about 5-7% of people
sqfferihg from the chfonic skin condition psoriasié. As well as causing joint
' -inﬂammatiori, psdriatic arthritis can c;ause tendonitis and dactilytis. Iri addition,
more than 80% of patients with psoriatic arthritis will have psbriatic nail lesions
characterised by pitting of the nails, or more extremely, loss of the nail itself.
25" Abnormalities in the vascular morphology of the nail-folds of psoriasis patients
without nail disease have been observed, as well as an increase in the number of

synovial membrane blood vessels in psoriatic arthritis jc:int tissue.




[ 0035] Rheumatoid arthritis is a chronic system c di sease characterized by
an 5 inflanmatory erosive synovitis. Early changes in the synovium are

mar ked by abnornmal neovascul arization, inflamuatory cell infiltration, and
associ at ed synovi ocyte hyperpl asia, which produce a pannus of inflanmatory
vascul ar tissue. This pannus covers and erodes articular cartil age,
eventually leading to joint destruction. Abnornmal neovascul arization is
recogni zed as a fundanental 10 conponent of pannus devel opnent in
rheumatoid arthritis, with evidenceof both focal endothelial proliferation

and apoptosis i Ny hdjﬂ ﬁ?’k{g?}e{ 1%.3&1:1&@%&1’3?%@@%&% 1§ver%t ggnl ac'ladniuﬁlFtetr'r?cF Spr esent

i nvention can be St to a sit rheumat ol ancYor
surrounding ti é%%l%*é“%mef‘aélﬁéfr?ﬁmtaéc%ffhé’a‘taﬂdfawewmqimf@suemﬁawaamd/or reduce

the clinical seeiShdforas %648 LRl Wdldd HeREMEIPQlefe Audcicithg and inhibit or

reduce abnor rral 15neoyascul arj zatiqn at the site. Psoriasis and Psoriatic
Arthritis - % %F?tﬁfﬁ%"’éﬁdﬁ?}}'?lﬁ%’“’dw abypog) pREEhiEzeAti asis, is a
type of inf ISamﬂatsmery arthritis. Al though psoriasis and psoriatic arthritis
are inter-related disorders characterized by neovascul ari zati on, psoriatic

arthritis is a dis§§tgng@fnﬂﬁﬁgggﬁ{bg,mlﬁ@ng h its 20 own epideni ol ogi cal,
~clinical and genetic Teatures: ects about 5-7% of people suffering
fromthe chronic n .condi SOr as, causjng j oint ‘ ,
i nfl ammation, - (S‘rﬁ’lggt iRa ‘gq{ F‘?“E‘%&?%&ﬁ’é’é”ﬁ%ﬁﬂ‘ﬂﬁ?“f‘?@ aghfisdactilylis. In
addi tion, nor esstShan: lﬁ@%mlbrmautsmmumvnqunsﬁm:m:ﬁude, farekdafple i S Wi I | have
psoriatic nail gJ.£si.Q0s nals or nore
extrenely, | osssj}sof ct eoér;lgt?‘lﬁé?&te%{eap ﬁ%&ﬁgﬁé r&% (%I'époqlﬁnyoﬁ & vascul ar

nor phol ogy 18f feqaatpmyositis, §jogen éﬁynér@w,unasqdwpeatwm@ dgetshod syswaicl  di sease

have been- obsetasaflided Sin\Wekd syﬁém@»ﬁ:ﬂhﬂilﬁ:&&ﬁ%ﬁeake@ | 1§oR&yRHEE e Gho Ry NOVi al

menbr ane bl ood ves els In‘ﬂ—ﬁﬁ latic arthrit oint. tissue, [ 0037] The
i npl ant abl e el PSSB?Sﬂ’f' g?é%‘éﬂ’i‘m"f’ EFAST D‘E‘B‘H neruasgderzpioat ered to a
site of psori abimgl inthepsdinakiory disﬁiskﬂﬁxﬂhcﬁpeﬁj&ﬁiﬁtésrtheswt&iveﬂﬁﬁi dig tissues and

stroma t O leukocytes into ihe tlssues, which further progresses the mﬂammatory disease.

15 [0035] . Pathological angiogenesis and the outcomé of diseases characterized by
abnormal neovascularization, including systemic inﬂamrﬁatory or autoimmune
conditions, are dependent on the balance or imbalaljjce between neovascular
‘mediators and inhibitors. In rheumatoid arthritis, for example, there is an excess of
neqvasculﬁr stimulators over neovascular inhibitors. In order to reset this balance,

20 abnommal neovascularization needs to be suppressed, for example, by administedng
- ‘the implantable material of the' present invention. The implantable material of the
" present invention ca.& be administered to a site of abnormal neovascularization
and/or surrounding tissues and stroma to treat, ameliorate, manage and/or reduce the
clinical sequelae associated with the pathological angiogenesis, systemié |
25  inflammatory or autoimmune disease and inhibit or reduce the abnﬁrmal

neovascularization at or near the site.

10




treat, aneliorate, nmanage and/or reduce the clinical sequel ae associ ated
W th psorl asis and psoriatic arthritis and inhibit or reduce abnornal
neovascul ari zation at 5the site. Systemc Inflammatory Conditions [0038]
In addition to rheunmatoid arthritis, psoriasis and psoriatic arthritis,
system c inflammtory or autoi mmune conditions also include, for exanple,
system c sclerosis (sclerodenna), system c |upus erythematosus,

pol ymyositis/ 10 dernmatomyositis, Sjogren's syndrome, m xed connective

ti ssue di sease and system' c. vasculitides. In these system c inflamrmatory
di seases, Ieukocy[t es. rate into the diseased tissues through the
vascul ature. Inc %5Hor mal  neovascul ari zation found in these
inflammat ory di seases further perpetuates the extravasation of |eukocytes
into the tissues;/08ffll chopopresasaen ipheyraicsragoelida pokd leneprfieror petieitsease.

15[ 0039] Pat hobéﬁln&ﬂéoxﬁﬁé%&gﬁﬂﬁﬁim%rﬁaﬂﬂslo&%o@hﬁc&ﬂiﬂngﬁmﬂb seases
characteri zed b% abnor mal neovasc Iar zati.on, incl udi nq systemc :

i nflammtory ofPRFH ALY "EEHEP f4° F‘lg‘: orgped 1nan opeR MEldsurgipal PREFIHS| ance or

i nhal ance bét weein a nédomalyconasive smihab;tr@eeﬁueafmdemamﬁb kildpas@pic blﬂgxﬁalneurrat oi d
arthritis, 1 Or oRsamml Secoldif)SalihioffleBiffint, Ao RONARGHLALST | MUl At or's over

neovascul ar tors to reset thi abnor nal
neovascul ari- za!ﬁic’(%e digign thempp deas prdishtebigiécy thefapy Orém?éilmpy toyilldeni ni st eri ng

the inpl ant abl em¥pseas. imk peﬁos&sfteﬂegeeeﬂmvehteu,eﬂg tRBmpill®inheAP| ant abl e
materi al of the %resent I nvention. can be adm nistered to a site of

abnor mal neovaBEHRATTE BEIPd A &f stey PRl Rdeealyed hrareydY heigateet oma t o
treat, anelloor aﬁr&nomagﬁmaﬁﬁbﬁlﬁér okl Ate@dihfIE redclioh sthéd inchiAebie hragotassoci at ed
with the pat ho enes tory or

aut oi r nmune di 1sng'(:giesdce;m sdtﬁ %Sufgl%ls tese S%uéaeénhﬁrét%%ﬁbaﬂ?’gmé%\‘}ascul ari zation
at or near: theat@!wdaemofﬁerm Resection [ 0040] Tunor resection is the.
surgi cal renoval of a solid tunor froma patient. Depending on the size of

the tunor and. it mohgcaﬁ ih® ease G RIcalinddertibig fdﬂaﬁihg)bk%lsﬁﬁrm%diﬂ% Nfes, tumor
res ect O ne an lb ssueg ?onner{y surrodndmg the mggp crga%e%lpgckgt%; glse%t?bln slte. (I)I(l: i%g yersee _

- 15 of radiation, ablation or chemotherapy, the tumor cells may remain transiently at the

resection site, However, radiation, ablation and chemotherapy, in addition to killin g
* the localized tumor cells, also damage the surrounding tissues and sfroma.
Accordingly, the resection site is prone to a variety of ciinical sequelae, including,
but not [imited te, inflammation, extracelh__l_lar matrix degradation; pathological
20 angiogenesis and, in certain tumor types, regroﬁh of tumor cells at the resection

" margin and/or metastasis of the tumor cells.

[0042] Further, the tumor and therefore the resection site, is often highly -
vasculanzed Trauma io the resectmn site can result in pathological angiogenests,
extracellolar matrix degradation, and other clinical sequelae associated with

25 disruption of a resection site. The implartable material of the present invention can
be administered to a resection' site and/or surrounding fissues and stroma to treat,
ameliorate, manage and/or reduce the clinical sequelae associated with trauma to the
tumor reeecﬁon site and inhibit or reduce pathological angiogenesis at the site.
Patholopical angiogenesis at the resected site is necessary for regrowth and/or

30 metastasis of the tumor cells. Therefore, inhibition of pathological angiogenesis will

inhibit and/or limit tumor re-growth or metastasis.
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5o0r ina mnimlly-invasive surgical procedure, for exanple, a

| apr oscopi ¢ surgical procedure. According to additional enbodinents, tunor
treatment procedures include radiation therapy, heat or |ight ablation
therapy or chenotherapy to kill the tunmor cells. For purposes of the
present invention, it is contenplated that a resection site includes any
and all sites subject to localized therapy for the treatnment 10 or renoval
of a tunmor or tunor cell. Accordingly, resection sites include but are not
limted to sites subject to surgical resection, radiation therapy,

abl ation therapy o] era gse of . surgi cal
resection, foll O\Xnmg{ eédm S'oR erm“ﬁ%e“vm}"#' ntt‘fm %dg‘@é FBPRRFEY sur roundi ng
the tunor cr eatreposipo ket m@pnﬂvﬁseﬁlbr@nm&hm metaptadidvd tgmse Théstofia r adi at i on,
abl ation or ch & RRYety S281sT HARE: JTBYods iently at the
resection site. WE\?EI’ ra ?IaillHon e {atgﬁ ony%mgﬂﬁh ﬁo%[%éggapy, in addition
to Killing thecpithely ?%WEHWHS@@W@%man%ﬂeseﬁamba@mewlrmm ng tissues

and stroma. 5ACGRpHbRES, YasciltRndoaRRA Ll fhdSinb&h § mﬁsclarcém% olhé)w@] Hariety of
i nf annatlon

clinical sequelae, .ncludin but | i mt

extracel | ul ar F@’?Fquﬁlard%"é’ﬂ ?i‘gteﬁ‘t@ﬁe"“g%ﬁ“?ﬁﬂﬂﬁsg P %t"é}ﬁ'ﬁlp@é@ﬁ%gﬁ s and, in
certain tunor tupes]ls mdlyr et mteabtidnuwith eack ethérsthadelid difﬁhd’s&&%eiclpﬁkﬂ afmar gi n
and/ or metasta Furth e tunor, and

t herefore t he @eégg?h%&%?%%pﬁ&fegﬂgkﬁhd“rﬁ%g%]ﬂmn Seure g?"liﬂie "Trauma to the
resection si tec%lanmésﬂmﬁﬂﬁw%@’rﬂfﬂ@gﬁwaﬂ ln@m@geh?@émmlsteeﬁtoraacel | ul ar

mat ri x degriadahiPstoRR shak Bgfousdid mséa@sl to §&f) Hﬁélf'a%teaé%ﬁgé ﬁhﬁﬂe&% h 25
dlsruptlon of a resectlon site. F nmp ant abl e naterla of the present

i nvention can P&CuE Figuelie peeriag “&thd'”“ op pRstpr &g theorbpherotRueitisundi ng
ti ssues and stammato treat, aneliorate, manage and/or reduce the clinical
"sequel ae associated with trauma to the tunor resection site and inhibit or

reduce pathol ogi gl a@%Q&%P&%ﬂcsimﬁﬂmﬁbﬂ%a&hﬁ%fthg)?ttegéﬂé bl §NOI OgENesi s at

the resected site i S necessary for regrow mstastaS|s of the

tumor cell's. THUACET iyasite ohsHrgisplor 8w1°é‘ffreﬁaeqwle@°gaﬂmt digrgjshingaridgids wi | |

IA ggl bi t ar?ﬁoradﬂerﬂfﬂamﬁhﬁﬁﬂrasdbﬁatafﬁmma iRtErveRabm 94 a&la%dmﬁsmng[ 0043]
itionally, e. tunor envi.ronment., jncl udi the stroma, is an

i nport ant fact%)eﬁ] yi“ﬁ"’i:’BW‘P?ﬁ Wﬂm’tuf’l‘bas’?oélatﬁ‘?mtﬁ @ﬂﬁpﬂg’éf* |ZBHEERES of t unors.

The stroma conpndises Fartheandrgthe implacablelnsaerininib tdicagMpukabisios t s,

O oot oo 2o Santl el el B B3 bR deleadiE bR worh SIMAR G e pel udi ng

monocyt es, macrophages, neutro detlar

endot hel i al ceﬂﬂﬂstethi(ﬁeﬁmﬁu%scl e cells aI ong with the extracellular
matrix and extracellular nol ecules Often, due to their proximty to tunor
cells and/ an t[lomsl mtnem&nlopmemséshMmmmewaryfbﬁtﬁe:ﬁ@hﬁ&cﬂ)&em he stoma
acquire an

from the surrounding tissues into the injury site following injury by degrading
- ~ extracellular matrix pfoteins. Activated myoﬂbfobl%ists possess inatrix degrading
activities, which are regulated by the net balance between MMPs and their
. endogenous inhibitors, tissue inhibitors of fnatrix metal]oproteihases (T[M]’é).

25  TIMPs are able to bind both to activated MMPs and to their inactivated precursors,
pro—MMPs. See, Nagase, H., et al. “Matrix Metalloproteinases” J Biol Chem
274(31):21491.21494 (1999). The upregulation of MMPS and downregulation of
TIMPs coincide with negative tissue remodéling following tissue injury. For
example, adventitial expression of MMPs increases after vascular injury in AV graft

30  models and facilitates the migration of fibroblasts to the neointima. See, Whatling,
C. et al., “Matrix Management: Assigning Different Roles for MMP-2 and MMP-9
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abnor mal phenotype or altered function during or follow ng contact with
tunor cells. The inplantable material of the present invention can be

adm ni stered to a 10 tunor stoma and/or surroeunding tissues to treat,

anel i orate, nanage and/or reduce the clinical sequel ae associated with

di sruption and/or an abnormal phenotype of the stroma. [0044] Pl acenent of
the i nplantable material of the present invention at or adjacent to a site
of surgical or clinical treatnent is effective at dimnishing mld and 15
acute inflammation associated with the interventions as well as

di m ni shi ng, deI or |,,|tin i.af | tion _associated wth the

pat hol ogi cal ‘?%ﬂ’é"‘gg‘ %‘f ¥ : 24! 2%‘5 &ttt abl e nateri al
al so. reduces I\/mxs 2R pr ds Sidairix Mtdlioprotﬁﬁh&ds‘ﬁﬁV&s@ﬁrRﬁdedﬁl&@&hd ular matrix
degradati on an c&d g of. affe at ed
‘structures. %@%&%@J@g& atg%%r%ﬁ(ﬁ%;ugly Em HS %‘fl)zgfgbdz ecessary for
the nigrati on of [Q!)éﬂl Th F@hﬂtahb H@E?rlﬁl@ﬁfhﬁl’rpﬁgmm"mgmbm@umﬂeed njury site

fol | owi ng -i Bj Ukdyan Ritectl oF ddicl SiteC3totn Gl ok SkrBlnaiMBlidshe 1 PRA:EIM®s Acti vated
nyoflbroblastsérpd%’sess trix degr adi ctivities, which are regul ated by
the net bal anc&“PEIAEET RABE! ll”']%r%‘i “%E)@éﬁﬁhg‘hibﬁ?ﬁ;%? tissue

i nhi bitors of maibitkbofEt Hbdd)ﬁﬁs@ltgmvmaaﬂfsr fedrbP8t)the abcidilvieutedie. abl e to bi nd

both to activa and hel ct,i vated precursors, 0- MVPs. See,
 Nagase, H., f“%‘“‘%t rmnn?il/éb {ilveosscr Bte ﬁeéi‘s‘°§§ © SPPRSY Of nulEEn! t?ﬁva"a%{ﬂ

274(31): 21491 @mm(umggr)rcanﬂ'dnetempﬁbgm;mvrmh@?owwwwawdndtavtmsegul ation of

TIMPs coi n%deommm&ﬁﬁgms@cém &ﬁ%@m&ﬁ;%@ﬁ‘d | Bl BldQWAAAG L1 SSUE injury.
For exarrpl e, adventitial expression of MWs i|Increases after vascul ar

injury in AV gPaff Ffafwﬂﬁﬁa‘éqféte‘aﬁﬂlsf Admipisipaiipreaf the ell-¢pntgicing implanggblef | br obl ast s
~to the neointi. ﬁ&enaﬁﬁ&he pVVQ&ittdvElﬂwnﬁduc@iMﬁk’expresWaﬁﬂﬁaﬁ%@ﬁﬂe”ﬁnt Assi gni ng

Di fferent Roles % E‘?L gl\/P i asculg Renpdel i n Arteriesler.
Thrornb. Vase. angioﬁelnemﬁa =1 ]R8 ﬁﬂgmaﬁﬁfeseﬁﬂ’qpém tzaéﬂmlé‘?a“a‘ro "Matrix

Met al | opr ot ei nesed maeridfascul ar Renodel i ng and At hengenesis: The Good, the
Bad, and the Ugly" Ci.rc. Res. 90:251-262 (2002). 100461 The inplantable

“material ofisthe pyesePkhdlsHANNERErBMd s RBesRelth RipSdre:S&fh or hifordtlisaf f ect ed or
treated site, s%c%oma and/:.or %grroundl ngs tissyes to inhibit MWPs and/or to

restore the prBtEEYTEmapaiblaviaes vpREEsecivn ThsralanarlsioicEgeste 1) MPs, to
i nhi bit abnor @éseﬂjhﬁﬂdiaﬂ%%hd@hmﬂlmamﬂémbnsit&gmﬁﬁﬂdﬁd/aﬁsuinhﬁdﬁé fected or

treat ed SI te. tksg.lg% Bkéhkb%%ﬁﬁglﬁép#%{gg%éneg 1?81? IC\S/G% osnes%te %rﬂ'?ra 01'6] E'flces t he

supply of nutri S "avali scen unors ‘or cancer emcells and
prevents the ghowphy efnurigntpios naspeit suongricancargienyicelbami preesrtihngmgtht unor cel |'s

and/ or thezmt#&maﬁaem@sis%@;@@érﬁaaﬁdg%&m%a{d/op{heha&ﬁﬁéhtI on of cancer stem
cells. Adm ni sJi[fatl on of the (i;el | -cont ai ni ng i npl ant ab

erentiation and/or proliferation of caricer stem célls.

_ [0048] Confluent endothelial cells refeaée a variety of biological agents that in
‘combination modulate MMP expression, angiogenesis and neovascularization.
Endothelial cells seeded and allowed to proliferate in culture to confluernce within a

25  biocompatible matrix material can be implanted in a subject in need of treatment,
producing thé full gamut'of endothelial inhibitdry compounds. The implantable
material of the present invention containing confluent endothelial cells can target
lﬁuiﬁple biclogical responses to injury. In confrast, administration of a single
chemical agent can only respond to a single event. Endothelial cells within the

30  implantable méterial secrete heparan sulfate proteoglycan, TGF-, and TIMP-2 and
while virtually all TIMPs form tight 1:1 inhibitory complexes with MMPs, they are
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materi al of the present invention reduces MW expression and pathologlcal
angi ogenesis in affected and treated structures, conpared to

adm nistration of a control material. 15[0047] Pathol ogi cal angi ogenesi s
is necessary to support growth of tunor cells.inadvertently renmaining
followi ng tunor resection. The inplantable material of the present

i nvention can be admnistered to a resection site, stoma and/or
surrounding tissues to inhibit pathol ogical angi ogenesis at the resection
site to therefore inhibit the supply of nutrients to a nascent tunor or

cancer stem cebj, ﬁ{&gm L F ﬁﬁﬁ@&g‘oﬁ&wgﬁ' tQéMSQV% OT&fca&o'Tﬂ?Rz{l Seiis WrhiR Bt 28 is of any

remai ni ng tunor cell e maturation erentiation and/ or

proliferation WPI@&M?W“@%H@WWEI nitric xiiyAND). Csbet srudiesthaverdgmersictedal cel | s

rel ease a varl eayNO hlsdd0leigl KMP BOSIE Sndtiftaksel PVIQERENAL] &smodul ate MWP
expr-essi on, %EP%F‘F‘?SI s ‘and neovascul ari zatjon, Endothelial cells seeded

and al | owed to gt sgegthimsele pells) Fsee e M 1pprivie andipcraareA TR 5

bi oconpat i blse pmteridncorrelates wig inkiBifiordxe angiggtnasid. Eaddtielial cllsjea®l tf N need of
treatnment, pro |i-al h conmpounds.
The i npl ant abl g&iﬁ%;{lg; 'lgdéﬁmﬁ#hérﬁgﬁ%%g%dsf E]i@l%\g/h}agn% Pon Sélic‘)‘cag lar?tr"utﬁ’?\%%gonf | uent
endot hel i al ceP ey NQin eonsegicie dmﬁﬂmme}@rﬂéﬂmgn@m%ﬂ%fswmgwﬂlﬂ@ injury. In

contrast, adm Rhsik Ei@g&dd@ﬁbnozfngﬁ &k{@n@n&bﬁmﬂtm@%% su%&ﬁ'ueﬁrw éar’ €SPONnd to a
single event. Endot hel i al Fg within the 30 inplantable material secrete

heparan sul f at & P%@a%aa%teo olggical angiopgrRAs & ABESEMAMNi | e virtual Iy all

Tl 1V1Ps forim t h@hdscularationhi bi tory conpl exes with MWs, they are also
known to inhibit angi ogenesis thensel ves. The endot helial cells within the
i npl antabl e Mt T ighed} $QeFHELG SeMblsld o b marhifL gt udi es have
denonstrat ed thalt[ l\% al so géegraeg gs tﬁerﬁgcog?jflnlgét\@es ano aFntgr eases TI MP
secretion in ekfged punbplegicdgngiogenesisgpbromalpexsseulaigatos, anpeeondidesed MVP

- activity and lﬂﬁfo@ﬁ&&&nﬁb%&esl%msmp@nﬁmﬂﬁhad;@snma%‘ﬁg i nhi bi tion of
. angi ogenesi s. el iver endot hel i-al

ﬁﬂdothel |N§@rcells arr@ab e to :
derived conpouRd@ meineMNMT RPrHEpRFYeT Stafon ad expgelldar mafig_ 2 and NO, in
concert to Idecd@aSaoMbmmhmmmmdﬁmary atotivahtioDthe peseht acel | ul ar mat ri x
degr adati on, L.ar t dto. bsequent |y
treat, heal a?llﬁ 8?‘9' gll‘%s %ﬁg?c}?) E,Qt}é;?e Slf%ag%x%n{i Zrﬂﬁl gcug%leaﬁ“fs%wgl?éy s or abnor nal
10neovascul ar i"fi@tﬂieéfrpmdlgmf aqded pgeinr di ngl y, a cel | - based t herapy for
cl.inically managing a site affected by pathol ogi cal angi ogenesi s, abnor mal
neovascul ari zat i (g050] and uﬂ:d(h&’rﬁdj the teim "aithéhiton”, tyappileBIIMP@ctivey TRV € or reduce

- the condition, h%cg r]cge Haf% ! ﬂ}g ressi on and/ or
1L ”i'g by
activation andl Ho%r ace "} P X degr 3&{‘”“60 een devel oped. An
exerrpl ary eétrbouiyrs). Dius, mul;gﬁmmnpasscs physiological changes whxch affecta
decrease in MMP activity. The inhibition may arise directly or indirectly, and may

be mediated by any mechanism and at any physiological level, including for

example at the level of gene expre‘:ssioh (incfuding for example ttanscﬁ ption,

translation and/or poét-tramlaﬁonal modification}, at the level of expression of geﬁes
25 encoding regulatory elements which act directly or indirectly on the levels of MMP

activity, or at the level of en7yme act1v1ty {for example by allpsteric mechamsms

competitive inhibition, active-site inactivation, perfurbation of feedback inhibitory

' pathways, etc.). Thus, MMP inhibition may imply suppressed expression or under-

expression of the gene(s) encoding one or more MMP(s) at the iranscriptional level,

30  and/or decreased expression af the trarislational level. The terms “inhibited” and

“inhibit” in relation to MMP activity are to be interpreted accordingly.
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i nvention conprises a bioconpatible matrix and cells suitable for use with
the treat nent paradi gns descri bed herein. [ 0050] As used herein, the
term"inhibition", as applied to MW activity, is intended to define a
change in the | evel .of biological activity of the MW 20 enzyne(s). Thus,
modul ati on enconpasses physi ol ogi cal changes which affect a decrease in
MW activity. The-inhibition may arise directly or indirectly, and may be
nmedi ated by any nechani sm and at any physi ol ogical |evel, including for
exanpl e at the |l evel of gene expression (i ncluding for exanple
transcription, | af i on..and/ or. pos nsl at.i.on cation), at the
| evel of expresm@ﬁﬁ }‘ dhe g'?atﬁgnodne {39 asufedmrealm egrf%);l#tss whi ch act
directly or i nd‘mﬂeactxﬂiyc@wnd!fen}héi\vml@m!fer(w:tlasml't:lyodeb'rg) diseasdhe | evel of

enzyme activit & fohabX iR obtfeaa,tem?t]eﬁae@mmgemamma SApRaEI tive
inhibition, active-site 1 nactivation erturbation of eedback i nhibitory

pat hways, etc. )’WWGSSMS?%SBFeﬁsl"?i’Hmﬁ‘b?y‘h?’i‘quS?’ EegimsPe e B8sedk pr essi on or
under - expr essi icRhe MIEPs@E TR(ES)plo@ B 6i01dEiEY rol) hOliolbgiELroMYRl &) byate t he
transcripti onah@lﬂev 30 gn&i/ or d creﬂB‘?ed erreSS| op_at..th transl ational
level . The ter MR oriAMp ey e dijegtgr S 2Bt oy SRS By AR SHE B activity are
to be i nt er pr ethechasifsotiatiofi gl yymptoms oﬁ[d)@&t,]stamswrwédorh(en@mﬁ,wldghe‘ term

"medi ated", as %@Q Ly relation to MWs or TIMPs in the context of any
physi ol ogi cal Br Cess (e g ti ssue r enodel i ng) di sease, state condi ti on,
therapy or treat rrent IS e Lo operate 'imtati vele{ Qat t he
various processed?05H slﬁ‘alé‘et be?ft%fta & the e FYCBIRD COPRBPSAST SR8 YH r eat nent s
are those iw 50Wm1ﬁb/oihﬁnMﬂSm&paﬁEleM&&xpEmﬁadﬂnemWexw attachkde. The
- biological rol ea@elz Ian%or CM:}QP qrmﬂnMs%Xbap gBI!E @%stagé?lé ndi rect and

may be necessalyy an Forsurer & en e faniTestatlon of the synpt ons
of a disease, state ﬂ@rprecpe‘nﬁmriw@mui@m tht@S@élFﬁe@l syomepelsghessi-on) . [ 0052]

| npl ant abl e ”%&&h% o&ianwsnﬁwﬁé%tudpmmttnaéhap&mgméeaeapel I's engrafted 10
on, in and/or wt bi oconpati bl e nmatri x. rafted peans securedly

attached via cé‘rﬂlﬂ“‘t“b C'E"@Ptn" S ReftPtRient el pgpylagos W‘%ﬁ' APEFEELREREPSuch t hat the

cel I's w t hsfsangl if du@erétbc@ @i e;ﬁﬁodtnttets w;ﬁﬂa'ﬁﬂlﬂﬁayenmelp sueaben@msm@h scl osed
herein. As explain d el se

t nt of .
i mpl ant abl e maF&r? ?ryg'ﬁt"r% “’ sana neaa?dﬂ(%%n uen?atElL gcur E&d‘tlma '
post - conf | uent amethbrcpttsptdsltlahatumeqlu@mllmgatanmﬂ@blemﬂfewlpmmgﬁb@hm15 It is

under st ood that g %E%thmtéf ot 1D @id2 0k &riBegR1 @l i1 kely shed cells

during preparatory mani pul at1 ons and/ or that certal n cells are not as
securedly attach s .are . isre U|re i.s that

i mpl ant abl e mat eﬁ%ﬁﬁ c,lg’ﬁﬂ’?ﬂ %%é[fa‘egalf’fttgt pr?‘?ﬁlgtmv?rﬁ‘gnt”“n t’el%’naciu%r

phenot ypi cald c piicipels af tat chgindeinged epresentf D058 |aprféeeh forrpdresringtbé € mat eri al  of
the present 1 Nyghd bobi mftavr@td@pﬁm anldBR riafifl of A6 bi8@ SnvBhioh S S e

engi neering and rep rese nove roach ssing
above- descri bedf"'aﬂellmﬁh@ahevwé@(?susBW@%F“&HWW@*%WP@W B‘F the present

l nvﬁntl OR i E Uﬂﬂaﬂ%relatts)lle foRappty tla@:e\éff&&lieiteqﬁhttp& ceingds e ;traﬁtct@m :c ][1 andéI or
“within the bioconpatible matrix, are ected site
mul tiple cell- a#ae%%t%a&%%@#%@%&ﬁ‘%%%ﬁ“@%%& ‘&i ‘%‘fﬁ’éb nder-
physi ol ogi cal Blwmlmrbaa-&n @ detOdhitabldoraigeswithi thedaiplantable material are

E:ndothehal endothelial-like, eptthehal epithelial-like, non-endothelial cells or

functional analogs of any of the foregoing cell types. Local delivery of multiple
compounds by these cells and physiologically-dynamic dosing provide more
effeetive tegulation of the processes respottsible for ntaintaining and healing

30 affected sitas, diminishing vascular supply to the siies and hence regrowth of
pathological cells, pathological angiogenesis or reappearance of pathological indicia.
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25el sewhere herein, the cells suitable for use with the inplantable
material are endothelial, endothelial-like, epithelial, epithelial-like,
non- endot helial cells or functional anal ogs of any of the foregoing cel
types. Local delivery of multiple conmpounds by these cells and

physi ol ogi cal | y-dynam ¢ dosi ng provide nore effective regulation of the
processes responsi ble for maintaining and healing 30 affected sites,

di mi ni shing vascul ar supply to the sites and hence regrowth of

pat hol ogi cal cells, pathel ogical angi ogenesis or reappearance of

pat hol ogi cal | AL flcussid BEckdfBH AR S IREE LA colldaNFnBL SREDF 1 NVenti on,.
when contacted wth an affected site, stroma or surrounding tissues,
serves to reestihFosi ohwyresing §syes, sprvat to fegstablishdomeppiasisn Tt isetherat eri al  of
the present i NygRkiBR rfatRalldF B bR nARveRIMIAIAVRI bn WhishheiWIlcES Supportive
physi ol ogy and i.s, conduci ve t ronoting and maintaining 5 optimal |evels
of bl ood vesse™BEhEPRive Physf’g’égﬂ]d IFERdUslYE B guEetingrand JantFpigk ant i nvent i on,"
cont acti ng rfeamptinhl leedtd dfplood vessetldengwt |y i nteracting with an interior or
exterior surface as defned el sewhere herein.. In the case of certain

preferred enbodi fHBkS, Foi s_o@tw?es‘ea%in@mam@ﬁwﬁﬁg R&ks digdiylof ed for
ef fectiveness. I n other enbadi nents, actual physical contact is preferred.
%@‘ﬁ. i

Al 10 that isAEeR{Y Risgreting Wittas interier ergeroy s fefiistseisreihercideposi t i on of
-~ an inpl ant abl e nthé €kd dkerin,preddica nBidiniears At tudl Bhykibe contadd ihd Yeq@kd an af f ect ed
or treated site o tro in an.amount effective to.treat  t affected
site or stroma> ?ﬁecgfeﬁﬁgglf Og%rrem )?%D%'qué?‘%@jnpg%?%leﬁﬂf%‘% B é%ngd'c’gﬁ rel ease a

wi de vari et} othatigemtind toipedctiserthequentit nytrtionis deppsition lof dviitplantabled ti gate '
pat hol 0gi cal aRQla8 &R AP BOL Al BRANASGHLAld: &Rl ORma iyl adver se
physi.ol ogi cal events aSsociated w t?yacut e conplications tollow ng

surgi cal or ot Aepunt eisefivaioriteaighe afisettisite gfisEeme angi ogenesi s and abnor mal .
neovascul ari zation. As exenplified herein, a conposition and nmethod of use
t hat recapi t ul at ¢®353]0Fobdxanply, shditielyl célil eandaaka gvidsvalaebiabentsthaenhance

affected or tr tructur i i On. i cal reatment. i ncl udes
placing the i n%l%gﬁga%‘%%&gdﬂ“ nbgttoz%]?%atlcBéﬂt{]%%%ﬁ%%ggﬁggia{ﬁ%)gﬁ%i on at, adjacent
~to or in thHé vhevatuapizgiontahdadytregtdelogival vrremedats] vidh actor exanpl e, within
the eye, W thi gyacbdsBioWi shifichlor otfidy ﬁ&éﬂﬁen?&f%&tﬁ&t%i&lfmégééﬁ;ﬂﬁ h@tic lesion,
or in the interior space of the resectjon site created during the - ‘
resection proc@8Bere! jepvasylarizadion. g Freppiifedlisrgnacompprilien giserdiof 89 or

ot her wi se cont ae tHathvgeapitrladsmeeiabshysitiogy Rai@ble Binfefy! tdhem@altdedaf t he

i npl antabl e mageri.al can r ovi.de gr h regul atory.conmpounds to the
site, -for exanp a@?"&‘#‘f?&%’i’ﬁ%ﬁ‘yﬂ%@g{’ %rgg\é%rrﬂaef]t"é%%?s Havcﬁngﬁjfﬁnrﬁ?ﬂéﬁgi te. It is
contenpl at €4 t meterjal efifesrpresert tarerdign att adzrentidjovig Envicity o thetdffectdet | s of t he
-inpl antabl e maggch 3e, B Q4HIE, WHGARE dyB UAHE aF HARLY o 2T diphl & 2" egul atory

conpounds which can penetrate surroundi ng tissue and reach the site.
- psoriatic lesion, or in the interior space of the Tesection site created during the

resection procedure in contact with the stroma. When deposited or otherwise
contacting an affected or treated site, the cells of the implantable material can

25  provide growth régulatory compounds to the site, for example to the underlying
stromal cells within the site. Tt is contemplated that, when situated at an adjacent
site, the cells of the implantable material provide a continuous sﬁpply of multiple

regulatory compounds which can penetrate surrounding tissue and reach the site.

[06056] Treatment with a prefeﬁed embodiment of the present invention can
30 encourage nornal or riear normal healing and normal physiology. On the contrary,

in the absence of treatment with a preferred embodiment of the present invention,

16




[0056] Treatment with a preferred enbodi ment. of the present invention can
30 encourage normal or near normal healing and normal physiology. On the
contrary, in the absence of treatnment with a preferred enbodi nrent of the
_present invention, normal physiological -healing is inpaired, e.g., an
increase in expression and activation of MWs can result in adverse
clinical consequences, such as inflammation, pathol ogical angi ogenesis,
abnormal neovascul ari zm on, tunor regrowth and/or nestastasis. '
Accordingly, as contenplated herein, treatment with 5 the inplantable
material of t'hﬁorﬂéi%f‘sibﬁqg!cal\&ﬁmngﬁ%yﬁhkd, e LR iRY&RsdiRSpheadn 0@ Of native
tissue at the treated site [00571 Accord t o one enbodi nent, the

i npl ant abl e naF@FFQTQﬁgM%bﬁWWEHtTﬁﬁﬁﬁeﬂﬂfagﬁﬁﬂuﬁﬁFb??%? surface or wthin
the interior vinfiaeekn@hthalbgieymeglgenssitDiinsinaanepianntien, ead i ng of the
macul a at the abfeel oo Shd L NRaUl A, AeaenerallaRoand H0.3urg! cal
interventions {6 treat nacut ar: egengpé i'on can |srUpF, fie"Cel I s and

ti ssues at andths implatabldimatgritllvEthapresadtanvamion whildmppee thpkbalineadlimévea cel | ul ar
response, i”C|HQ&ﬂ9me§ leg@f limted to, inflammation, abnornal
neovascal ari zati1 on and/ or other clinical sequelae resulting from macul ar

degener ati on and gical .interventions taq tr macul.ar eneration.

Adni ni stration _oioig'he ACRBHERP A & bf‘r#:i?’?li’iﬂi?llm{’lﬁrﬁ?%ﬁ}eémé‘?"taié_s Wgéja. Hacul ar
degenerati on, shscenexteior sufhecouniliime intesepireats of freeyt jorreppoft adhe t r eat nent

can reduce the_jnci e Ll Gal I e healing of the
treated site. m%%gﬁg Eﬂgg%r .ﬂg*?%agﬁggﬁgiﬁgﬁgggﬁﬁgﬁﬁﬁgﬁﬁg i npl antabl e
mat eri al - i dCapprgiebineryentses Pieat ppger ¢eawictajorsen gl terelisertlisfusi nt or to an
adj acent ext er j;@ha siHbiin@he e nabulEmil B Bfe 2hPinSddPP1bIaBRorRE, G¥REIB, Neal i1 ng of
the affected lh%ﬁnﬁnt’ t endon or ca&%gbs Zqﬁﬁétach nt to bone at the

af fected sit e. PRAGHREFLPIR PR e RIPT Y 24 g7 BT PR vent i ons to
treat an art hrietiete Sdsiltigt Ahemeaiar ddidenatin ahdw@rptel ihtsrvaiidnsttd saues surroundi ng
the arthritic gite and .nduce, 8okl Ul Al il S3RA0R.:] RGhiidi gg. but not
limted to, in??anna@lon, abnormal neovascul arr zati-on, ex?racellular
mat ri x degriadaniaghar degehemtiony sthoma orfuirerinding tisyeecptidst e plgkatietingy cdv om art hriti s

- or surgical 250t 8f YRk Br clifT bt s dnffradl ndbliy of R laMacR € material to
the arthritic site, stroma or surrounding tissue at the time of the - -

L ;:lalt E ngf ¢ ta R e ' S ﬂlgg&ﬁ et&récéeqr:iz'gngcth 91(1:"0%1%1@ em%];dilchlerlﬂ,%eclfaﬂlplanstgb(aeunea!atéai’%l 2 Qp%lic%n courage .
to the interior cavity of an arthritic joint or to an adjacent exterior surface of the joint '

' to support and promote healing of the affected ligament, tendon or capsule

20 attachment to bone at the affected site. Rheumatoid and psoriatic arthritis and/or
interventions o treat an arthritic sti-ucmre can disrupt the cells and tissues
swtounding the arthritic site and _induﬁe a cellular response, including, but not
limited to, inflamimation, 2bnormal neovascu'larizati_on, extracellular métrix
degradation and/or other clinical sequelae resulting from arthritis or surgical

25  intervention. Administration of the implantable material to the arthritic site, stroma
or surrounding tissue é.t the time of the treatment can reduce the incidence of clinical

sequelaé and encourage healing of the treated site.

- [0059] According to a further embodiment, the implantable material is applied
to the skin surface at or adjacent to a site of a psoriatic lesion to promote healing of
30 the affected skin at the affected site. According to the embodiment, a bandage or

other barrier is preferrably applied over the implantable material to maintain the
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[00591 Accor di ng to a further embodi ment , the i:rrpl antable material is
applied to the skin surface at or adjacent to a site of a psoriatic |esion
to pronote healing of 30 the affected skin at the affected site. According

- to the enbodi nent, a bandage or other barrier is preferrably applied over

the inplantable material to maintain the effectiveness of the material

during the course of treatnent. Psoriasis can disrupt the epidernal cells

and skin tissue layers at and adjacent to the psoriatic |esion and can

induce a cellular response, including, but not Ii rri ted to, inflammtion, - .

abnormal neovascul ari zation, ext rac?l | ul ar, matri ry}) CzWétl on and/or ot her
&

clini cal sequeFf&é“V"*BeS%&fﬁ‘ierﬁwéet“ﬁ]é’t‘lf‘ OUSHY TFHRTY FBPial to the

- psori asi s | esi pBesdesal cdls ﬁmmmnmmusuwrmmlllamgcemlts&uasoaatmﬁdaen tndme of the
treatnment can reduce the incidenc [ MG LA8 AR BEcour age
heal i ng of thecﬁ“r’}éﬁﬁ?&eﬁc?eg" §rSPOISEs T@B@Eﬁ glkh&hﬁ"gédé? {0 another embodi nent,
t he i npl ant abl aeomcmlzaiun,lestr@piblﬂalr welrix éegmﬁiata’f*fﬂ@@t ether ghiniga} segielsel site

fol | ow ng exci §y0; maoﬁtug%ambréaaamome@eonmmls@@saoqweavl ty and to
pronote healing o he ti1ssue, surroundi ng th& glgectl onﬁ% te and at the
FOrES

resection mar gFWO“@mg&FSE“aﬁﬂ?eﬁ{n@P@@ﬁF‘Faﬂ?‘Fé‘ focidence phetinial n di srupt t he
cel I's and ti ssugseidYhd @tonetighBealifpeof thededisesect i on site and i nduce a
cellular-.response, including, but not limted to, inflammation, .

pat hol ogi cal  angjgggn 3%&1111 ;ataaa&%mha{mm iohnEiRORALSE & apiand/ or ot her
clinical sequel a sultin rom surgical resection. 15Adm pistration of

t he i npl ant abl & araffested allh’ﬁlﬂi?d ﬁlﬁéﬂffﬂé’%@i“i‘%ﬂﬁ o€ 4 fmor R FUPBRTHIGFSSESR r oundi ng-

~ tissue at tjge Edvﬂ}aarﬁfmﬂr&ﬁotéﬁe%ﬁx(‘gtdf%tlsshéﬂﬁ&dln%%yrefs&ﬁanwdilgatl’t&’seCtI on or at
sone later tinme foll ow névesectlon can reduce fte‘gl EI de ce ,of clinical

sequel ae and efestinderEsin 3‘?‘?@’“8?"‘”39‘?8“?&???&%%‘8“& 8’8F &ording to one
enbodi nment , thassudmlrﬂanﬁcaigltnamﬁbzeésb@bnﬁalan@ncbm@hﬂﬁran@beor restore
degener at I P OLLShLAR Ik B oAk S S ol
recruit and/or mptm d@s@atwatamr@gﬁwmcﬁ ﬁ@il@%jé?‘f‘é@i%ﬁ%r suggglypSeion.

neovascul arjl Zaklh%lsﬁ&uoﬁ bemafdpBat Qi mitAde ol rgsbua&s)ﬁ& wBeost rol [ ed cel |
gr owt h. Accordl ngly, tunor S|tes and, there section sites, are

hi ghl y vascul apirewingliseeadhe GRecfbe FEHiYgs m’e\“@'&%‘éé‘f‘@?’f“ﬁéﬁ“? WP 25
necessarily r eﬁdﬂ{etla&erlnﬂlelfdmwng r@&tibindan e ge ifctlertchaf olisisd sdqediasmed supporti ng
t he excised tunor. % %.g ar, Jrr%%&n&aml ncl udes, but is not limted to,

i nflammtion, EKPEMSEEIEE OIHEREEF S S nd/ or fibrosis of the di srupt ed
vascul.ar structures. Adminj stration of the, i ntable material at the
resection site cHP6HctACRydIEtofas sphofimentoth ‘E'ﬁ‘@[‘l@f‘ PR ESCH ar structures
can reduce 2bheadd?lﬁkc@teﬁ%t&f1cd/@ﬁﬁmtaﬁaﬂ&rhﬁgﬂﬂiﬁnmmﬁsm Mdewidrcal  sequel ae

- and EniDTL palne O e QSRS

ic arthritis, psoriasis, and tumors recruit and/or

~ promote pathological anglogenesm or abnormal neavascularlzatlon at the affected
~ site to support uncontrolled cell growth. Accordmg!y, tumor sites and, therefore,

resection sites, aré highly vascularized tissues. Resection of a vascularized tumor

25  necessarily results in trauma and/or damage to the vasculature supporting the
exciséd tumor. Vascular trauma includes, but is not limited to, inflammation,
thrombosis, stenosis and/or fibrosis of the disrupted vascular structures. .
Administration of the implantable material at the resection site contacting or
adjacent to the disrupted vascular structures can reduce the incidence of vascular

30 trauma associated clinical sequelae and inhibit pathological angiogenesis.
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[ 0062] According to a further enbodi nent of the invention, the inplantable
material is applied to a resection site prior to renoval of a tunor to
i sol ate. normal surrounding tissues fromtunor tissue and/or to prevent the
- spread of disease to surrounding tissues and stronma or adjacent organs by
i nadvertent contam nation by 5 dislodged tunor cells during surgical
exci sion. According to one enbodinent, the inplantable material is
adm nistered prior to excision of the tunor, for exanple, to prepare the
surgical site for the resection procedure and/or to shield the surrounding
tissues from posg.b&gemm ﬁ%'ﬁmgleﬁmﬂgam n%'ﬁtio% diliafigect | on
procedure. Accor to ano enbodi nent antable material can
be adnln|stere@ﬂﬁ@hﬁamhﬁwpﬁgmﬁﬁ@éﬁ$P@W“UFmPﬁBﬁPGﬁﬁ¥m‘W@#‘@?&lee to
reduce the mvﬁgﬁﬁ&n@&ssﬁgs%o%& i MERHL/0E® IpteSent hOsPrdalN6f didest i ty Of the
resected tunor and to red qu &§8$SIbI|It of netastasvi q% t he tunor
Hors ftP

cell's. [0063] BERBHins fyiesan R Y R tant gentamy t he
i mpl ant abl es anlgdsdgai turhér calpydurifiglsutairabextigio. ecyordiig t eseobetintunior si tes,

i ncl uding, but, npt %e materéaqls agthls?erehgrl'x quxddm}(t}%l(mﬁqq&rex & brai n,

breast, cervix hagus rynx, liver,
| ung, mout h, an@meég squaui(srteﬁnsthe msqymm@ﬂcm@taeﬁﬁdhsmﬂﬂ % upEding r thyroid.

[0064] For purg ?ﬁon%?s&bﬁ nﬂﬁo%%&mslddgéﬁﬁ&tau%mer&see@n betddgyed that

treat nment vvlth t ant abl e mat er1 al gr esent nventl on provi des
a beneficial htwegEs &@W?G@H@W%WP'@@W*H F%Vﬁﬂ?ﬂﬁ?’e nd
conplicati aps BRWRMTedetiof ¥6he Mintr, |mt=,:kaammb eflyte dachovaiidndfdiiogzt

- angi ogenesi s condl tl} &Iﬁma %%8‘?’%%@’385% nt, Ventd't&r%ucethepos%*’f‘

i nfl anmat i on, TR accessory*vel ng;%kare reduced
when the irrpl_am«ttaiahleoﬁﬂmtemmadella S pI aced adj acent to or in the vicinity of
‘the affected-or treated structure whether at the tinme of the intervention

or at a later stpgg] AdRE6OD viitas iR liaktadTine uﬁﬁﬁtﬁblt@dxmpﬁmimbe pr esent

i nvention can be%ow ed to theftre ted struct h: g tr%ntgta nunber of

di stinct stageBerfndaPE QAvARTC FEtC t‘ﬁ‘forfft&sr’lmﬁ 16$ i"ded™§U ng or after

an.initial 1sungmﬁrabftherﬁlﬁﬁv:ebmedmﬁ brelzg séraR, chloglesoppegregrdibladdery, as wel | as

to maintain t t ed Slt t S '

contenpl ated t rieyt ey th’ {‘%Sﬁ% nlﬁ!tlr[e}% ?’E}IAEXS %gé Stglgﬁ ntgsfld%)sr?fy at the

time of initiahyr@0treat rrent but al so at subsequent tinme points (e.g., for

mai ntaining a treated site '
[0064] For purposes of the present invention, it is believed that treatment with

the implantable material of the present invention provides a beneficial homeostatic
20 envimmﬁént such that symptoms and complications common in sysfcmic
inﬂammatﬁry and pathological angiogenesis conditions and related interventions, for
gxample, inﬂammaﬁon, clotiing and/or the growth of accessory veins, are fe_duced 7
when the irﬁplantable material is placed adjacent to or in the vicinity of _t_hé affected

or treated structure whether at the time of the intervention or at a later stage.

25 [0065] " The implantable material of the present invention can be provided to
the treated siructure at-any of a number of distinct stages. The implantable material
can be provided during or after an initial surgical intervention to hasten healing
generally, as well as to maintain the treated site in 2 clinically stable state. It is
conteraplated that the implantable material can be used not only at the time of initial

30  treatment, but also at subsequent time points (e.g., for maintaining a treated site
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foll owi ng the surgical procedure). Subsequent adm ni strations can be
acconplished surgically or non-invasively. [00661 The materials and

met hods of the present invention can be used in connection with any of the
above-descri bed conditions, or nunmerous other treatnment 5 or managenent
interventions. In addition, the materials and nethods of the present

i nvention can be used in connection with any intervention requiring
surgery to inprove surgical success and pronote healing. The materials and
met hods of the present invention can be used in conjunction with these. or
ot her surgerie cre _

101 npl ant abl e %ﬁ%wm'%meg%ﬁagﬁ%ﬁgkbner E%ﬂ%ﬁ%égg?%§ﬁ2&ﬁ+%%?§ntabIe

mat eri al of- thempmdbenmmﬂNVEhﬁﬁon conprises cells engrafted on, -in and/or
wi thin a bioconpatible matrix. Engrafted means securedly attached via cel
to cell and/or cqbdﬁst OTH®dafetidls indin@thadstof the gregutdivettivatantbhesedl | s wi t hst and
the rigors of the rat o ni pul As 15

expl ai ned el sefHBFA @%%mwngéﬁggwgggﬁ§§g8§%%g%§ﬁ%ﬁa%ﬁuh$t @ﬁ?able

mat eri al corpr msm&maemetanteuymmsuérﬂddm%ﬂ# materinls 2p¢ mpsbgls Oﬁfbﬂﬁqsﬁ‘ént cel |

popul ation havipg. @, BJn%E%eﬁﬁtdcoﬂﬂﬁerW%y ltttwenﬁonuaﬂ%gtt@@ey #hat embodi nent s

of i nplantable materi al ly shed cell's durin ara mani pul ati ons
and/ or t hat C e FHRIPY? 5&’@1"1‘@“‘%&?5&3’}4@["”&? hedling By Wt""gﬁl{)aé?gﬁ‘ %gg%er e ot her

cells. t hatprekeht ﬁx@éﬂﬂéﬁdﬂﬁibd Sied iA 3dnjunqoh adth Ak or dimt argerds I@Rcresnpri se cel | s
t hat neet the énctlonal 4ﬂ% otyplcal criteria set forth herein.
[0068] The i npPaFfuBrs *HHFIRTLI 58 t he present invention was devel oped on

the principals of tissue engineering and represents :a novel approach to
addr essi ng the aﬂmnb@déﬁﬂ&ﬁ%éd clinical needs. The inplantable material of

t he present invention is unique in that the viable cells engrafted on, in
and/ or Wi t hin t hqods7pcoapat ¢dakigerbnyrainplintablmetcgidlobtht presuptyfior o t he

resected site nultiple cell e gMﬁ eProportions
under. phyS|oIo§?@%19f§% a&% goﬁ?ﬂé é@%@ &EM§38&$' erﬁ herein, the
cel | s ‘sui t abl.e ofears sepsrediyiatshadivia qelh’j?lﬂdhtﬂé’m@limaet’ﬁ‘%?Ffa‘i“ﬁ’e“lsﬂﬁéhaEndot heli al ,
endot hel 1al -11 'ﬁ%mel?sﬂh&]ﬁﬁid'tﬁén goRHhORblablor) bkiuinaORet kRl ak cell's or

functi onal . anal o any o t e ore90|n cel | @ Loc delivery of
nul tiple 305coﬁﬁgﬂﬁﬁ§hﬁﬁwﬁﬁﬁ§@‘EéPV?WFﬁmﬁ’ HF%%F EWPVm'yftanlc dosi ng

provi de nore comprises a near-confluent, confluent or post-confiuent cell population having a

prefert'ed phenotype. It is understood that embodiments of implantable material
likely shed cells during preparatory manipulations and/or that certain cells are not as
securedly attached as are other cells. All that is required is that implantable material

20  comprise cells that meet the functional or phenotypical criteria set forth herein.

[0068] The implantable material of the ﬁresent invention was developed on the
principa]e of tissue engi_ﬁeering and represents a novel approach fo addressing the
above-described clinical needs. The implantable material of the present invention is
unique in that the viable cells engrafted on, in and/or within the biocompatible

25  matrix are able to supply to the resected site muliiple cell-based products in
physiological proportions under physiological feed-back control. As described
elsewhere herein, the cells suitable for use with the implantable material include
endothelial, endothelial-like, epithelial, epithelial-like, non-endothelial cells or
functional analogs of any of the foregoing cell types. Local delivery of multiple

30 compounds by these cells in a physiologically-dynamic dosing provide more
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ef fective regul ation of the processes responsible for reducing the

synpt ons associated with system c inflamatory conditions, pathol ogical
angi ogenesi s and mai ntai ning functional resected structures and

di m ni shing the clinical sequel ae associated with resection. 5100691 It is
contenpl ated herein that a surface can be an exterior surface of an eye, a
joint, the skin, or a resected structure, an interior surface of an eye, a
joint, the skin or a resented structure, at a resection nmargin or within a
ti ssue surroundi ng such structure. For purposes of this invention, surface

I'S any conponeRfrcate ifulafoH R MockBesspdnliBle #F feBGiRhe@ymp@At ed structure.
10[ 00701 The inplantable material of the prestgg%%%pventl on,ag%\hen deposi ted
r _

or otherw se c@ocaidedtharsteioiRfiagpaiy eqdigonsie YEPENG roundi ng

ti ssue serves LRinkegekidshefaPOsitatd ad difiidhing te clidtel sqphant abl e

material of the pre en‘é i nvention can provide an environnment which mmcs
supportive phyé‘?sgﬁl%%x)“ fd°"™ conduci ve to treat or manage a site of
treatment. 1510071] For purposes of the present invention, contacting
means directd y Of946Hd ;T & equiapmplaind dipraia that P WARCE FRR AR 2eSEeEPT B D A nt er i or
surface of an gfd £pingeheSkin Weh HiRtcd SndRifel HaflerRl SEWRRT & €A GIM.thd N t he case
of certain preferred enbodi nents actt uzranl 1_lh %i aL iggganshgcu%diksu&ot required
for effectivenddLor yHeaiBP BRBbHH RTS8y TaM™ phYSi Cal "contact is '
preferred. Al] stdeaie. iFsr gugesss pitls irventivm stfaces iy gomposgiesitor idjeshtei on is 20

exterior orrintog 1L QF tgcg(ggr%%%&S%c f an inplantable material at, adjacent to
orin the vicinity of an affected site in an anount effective to treat the

site. [0072] Endothelial cel|s can release.a wide variety of agents that
i n conbi natifon ca¥7PInnibeippizeb 'E‘E?ite@‘glt%ﬁ‘%a’i?ﬁté‘é"mﬁw’swhfi’i‘ %"Qi’sgé% event s

associ at ed Wi t Bthaekst onoeld &k aniflecteiurptidteialid @ ssrodudingttiesue feores iexanpl e, a
system c inflammtary 25condit.i on,. pathal.0gi cal i oge I.s _condition,
abnor mal neovaéec‘?mbgf‘l{}?g'f"i’s Is'c{'ohr?g’is’tq]egnﬁ?g%q?b? ga(r%r%lﬁ'] oﬁg:rgglg%l? Qmﬁ&h \s exenplified
herei n, a conposiptdviia amendirprtehovhicfmipre suphertivepbysigfricy efddt oadugive mal :

physi ol ogy amto%%@d?%a% Usefheadital r€at and manage such conditions.
Typically, treatnent 1n fLdes placing the inplantable material of the

present 1 nvgnti oy ah, Ad]acent. b9 O] R RS, Shkil blesfhinkljeaf fected site,
indirectly interacting with an exterior or interior surface of an affected structure as
defined elsewhere herein. In the case of certain preferred embodiments, actual
physical contact is not required for effectiveness. In other embodiments, actual
physical contact is preférred, All that is required to practice the present inventionis -
| 20" exterior or interior depdsiﬁon of an implantable material at, adjacent to or in the _

vicinity of an affected site in an amount effective to treat the site.

[0672] Endothelial cells can release a wide ‘\?an'ety of agents that in

combination can inhibit or mitigate adverse physiological events associated with
‘acute and chronic complications due tb, for example, a systemic inflammatory

25  condition, pathological angiogenesis condition, abnormal neovascularization
condition, or tumor resection. As exemplified herein, a composition and method of
use that recapitulates normal physid]ogy and dosing is useful to treat and manage
such conditions. Typically, treatment includes placing the implantable material of
the present invention at, adjacent to or in the vicinity of the affected site, for

30 example, in the space previously occupied by the resected turmor or in direct contact
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30 exanple, in the space previously occupied by the resected tunor or in
direct contact wth the stroma. Wien deposited at the affected site or
ot herwi se contacting an affected site, the cells of the inplantable
materi al can provide regul atory conpounds to the affected site. It is
contenpl ated that, while contacting the affected site, the inplantable
material of the present invention conprising a bioconpatible matrix or 5
particle with engrafted cells provides a continuous supply of nultiple
regul atory conmpounds fromthe cells. [0073] Cell Source: As described

- herein, the inghkapkalle. %eaepaéne@inhtea@ec@&aéamtherw@dahmﬂg&prmrI ses cells.
Cells can be all ogenei ¢, xenogegnel c .or aut ol Ogou% rg%lra{ certain enbodl ment s,

a source of | i ik5Ed it theoells f hedmplartablrappierialsag Hov! OBHPEPYEHor .
certain other &ftbecuife&amits 1t & cOrfdiiplAsd @at, ezeillelcﬁntmﬂgmeafﬁemdme,dhefrom a cadaver

or froma cell. n _one current di nent, cells
are endot hel i af aélﬁbf ma{gﬁgla)ﬂﬁ% FERIFET cc%l n?%%?ﬂ"%fo Ptanlg HSQ;Q such

endot hel i al 5celpiriclawith atfitdrelds praviskes aﬁastmdwﬁuppfwséra@hpimesﬂmm y but not

limted to arterial &ESSUR ceiftS exerrpllfl ed bel ow, one type 15o0f vascul ar
endot hel i al F{f pgw ta '?e fcgr use is an aortic endothelial cell.  Another

type of vascular endot helial cell suitahl for ilical cord vein
endot hel i al cel | 007 ﬂnoc—ﬁéﬁ%‘:%eﬁsdf"\?‘bbédg ﬁ?a?’%ﬁllfgf’ﬁ? he) cell suitable
for use is cor pﬂ@ﬂ:ﬁgﬁm&hﬂicﬁrcymmehometblalcamlelallgene}éexenagdemr type of vascul ar
endothel | 8l CelioSihl 0L Sl QpbiffenlsS: SANRIRNSHELRL RGBT 2! cell s et

ot her types ofa ul ar use with t he
present i nvént mmbw mpudeceg@hnﬁﬁaﬁ?ﬂdamﬂér%ﬁﬂwﬂi&ﬁ’élcw derived Bomand il ac
artery endot hel Lalvet & dosr a cell 5dn®075] I n another currently preferred
enbodi ment, suitable endothelial cells can be obtained from non-vascul ar

ti Ssue. Non- vaSCHlgdh b aRGRl BEn St fifled LML A0AL QL GRL structure,

tissue or or gan ssue can rrve rom any tissue
type subj ect t partiquizely nleftttred dﬂdandnmas,@mhandoaﬁb@@@ﬂl#@fapbt@mdl#emnse@aru ncl ude °

structures of fLhg F@f&&h %Mﬁtoamueatb%rapﬁmus&aeeaplmﬁ)a@a, ohd¥gpegeni tour i nary
system ‘t he gastro ntes i nal Sy steqr)rt] u nonary s stem t he respl ratory

sy stem and fh eohrasrpley edethlialopld PuphleoPr wshis a’b?oglcﬁn%?ﬁ‘ahaé fﬁ”n APosy d.

type of vasciilar endothelial cel! suitable for use is umbilical cord vein endothehal
cells. And, another type of vascular endothehal cell snitable foruse is coronary
artery endothelial cells. Yet another type of vascular endothelial cell suitable for use
‘is saphenous vein endothelial cells. Yet other types of vascular endothelial cells '7
20 suitable for use with the present invention include pulmonary artery endothelial cells

and iliac artery endothelial cells. -

[0075] In another currently preferred embodiment, suitable endothelial cells
can be obtained from non-vascular tissue. Non-vascular tissue can be derived from
any anatomical structure, tiési;e or organ. Non-vascular tissue ¢an be derived from

25 any tissue type subject to freatment, Non-vascular anatomical structures include
structures of the renal system, the-reproductive system, the genitourinary system, the
. gastrointestinal system, the pulmdpﬁy systen, the respiratory system and the

ventricular system of the brain and spinal cord.




100761 In yet another enbodi nent, endothelial cells can be derived from
endot helial progenitor cells or stemcells. In still another -enbodi nent,
endot helial cells can be derived fromprogenitor cells or stemcells
generally. In other preferred enbodi nents, cells can be non-endothelial
cells that are allogeneic, xenogeneic or 5 autol ogous and can be derived
fromvascul ar or non-vascul ar tissue or organ. Cells can be selected on
the basis of their tissue source and/or their inmmunogenicity. Exenplary
non-endot helial cells include epithelial cells, snooth nuscle cells,
fibroblasts, OIste ire] :jlﬁyet%ﬂﬂﬁﬁr?glbddﬁ\ﬂentpérﬂgﬁﬁmtcafs c@rﬁ‘tbdd&mve&&brdl orryoleyt es,
secretory and c ce e nt nt| Lenpl ates any
of the foregoi ﬁ@‘l%ﬁfagﬁoﬁeﬁﬁ?réd&é’ﬁgﬂﬁ)&e%%ﬂﬁ eéﬁm F“élgg% engi neer ed.
[0077] In a furtlbesn tedibded fram progdnitar celis onuenecely gregrallf Izcmhelrsreﬁms co-cul tured
to prepare the can be

i ntroduced int o%%?%%o%@%%gtﬁ % %ﬁ!n%d‘ﬂf %ﬁeﬁggweﬁgc’%ﬁ%‘% an QJ(::JEI tured until
confl uent. The attplpgpps wndicsn '{eyﬂp%"eéé‘ﬁfnl"mﬂlﬁt‘?@‘)nf@ﬁ“l@%‘a%P@Tg%e'éql]ét ory cells,

smoot h nuscl e ¢g de%elzc&h@ﬂﬂfe@ﬁstc@&eu dxhd s@ﬁr@?ﬂh@&tﬁm‘ imhemee®di. S, endot hel i a|
progenitor cells, a conbinati.on P | 1s_an f| br obl ast s,
any other desi Eaemalazy ronepdathegpl ogf sé‘?ﬁﬁ‘go‘ﬁ’ﬁ g r‘feqcﬁ’fsmc?B S € types
_suitable to cr eiaioeiasasnstaﬂvan@&nmtaa:@mmumcvm da@liognydeytely abdradry eﬂl | gr owt h.
et o 1 oo sitfipd sl Pifie PR%ol FRAGRSDE BRI HERE Sy cPuBRAGNM Gt YPE 12
bi oconpat i bloe lmtgpnekcaéndtemdlmwmomﬁmﬁo both the first cell type and
second cell type have reached confluence. The second cell type nmay
i ncl ude, for exarmi-;ﬂ Iﬁﬂﬂﬁﬂiﬁ&ﬁb@dlm&@'t\k@m@{orﬂaﬁs sitchigrardesiked «cel | type or
conmbi nati on of cell ﬁ/rgsa L nten‘gl qcénr}%; e dflée&%ot]%nd second
cel | types canPEEasHE W@B’&p%s{’g'b s B PP P 1t is also
cont enpl at ed t bhistonpetitle d@hmablymmmlbdcnimhdﬁm@dmﬁheral Trerirst tpll typat | 0 Of
Smooth MuSCl e ¢glihd,ol G SOERMSLIAy &L Lo 2Rl A0AE) dFRaBRYeN!
over-proliferation o nmuscl’e cé s or anot her ce type prone to
excessi ve piSol ifibrsblests, gem Getuh:éméqmei'ﬂP@E@Wf@él&tﬁcé’mé‘aﬁl%éf%ﬂ@ﬂ“@& For

exanpl.e, foll owRgnRRfblaMEREF o dbier doil fyBt orG@bhbikaiBef dbdied @ul t ure can be
coated with an attachment factor, swtab!je fg’ h1il qfndﬂﬁe'# type prior

-~ - to introducti oﬁpﬁfsmﬂmét%%%“rﬁ?e@épf‘mf‘?b%‘ s I8 Oé 955? He 1 factors

i ncl ude coal i ngaetﬁk’seGeumjptahﬁs&e&&ddhoxﬁme@alaaicnmﬂ celbtyperts sepsee oatdpatihsrent  of

endot hel i al ceI I ccor Q%Q ]ngqg;t, n be added

to the culture rrsgdmﬁ“e EﬁJ oﬁre oﬁ{ebﬁm%econ Q’lﬁg tfggﬁ?o reduce the

proliferati¥n b@ththhérsfweﬂgtpe@edSIEOOD‘}'%Q&)HQE‘FE?&W pomftpence: e Weosired fir st

cell type to S%ﬁlocm el rlcluﬁy @&eﬁﬂ;ﬂcoend&ﬁéfhal%lﬁrmﬁlﬁmﬂﬁf&cﬁfed@@!d{ﬂahlt| al growth
of smooth nuscle CellS, heparin; can o control snooth

r
nuscl e cel | gr 6%‘%“5?‘6‘ of eeli ‘EX’Fé Elsé%ﬁ’f%qn%ﬁ%?ﬁh&gﬁtf gFFd‘H‘Ldﬁ%q YREE“BelIs to

snoot h nuscl e geink&incea:RP#RE, ok B aimleafiant cllisenbadicmplated that celd- cul ture is
created by fi rﬁem%yeed

e rgodaﬁed to alter the ratio of smooth muscie cells to endothelial cells.

25  [0078] To prevent over-proliferation of smooth muscle cells dr 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
seclo;:xd céll type. Exemplary attachment factors include coating the culture with

30 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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bi oconpati bl e inplantable material with smooth nuscle cells to create
structures, for exanple, but not limted to, -structures that mmc the
size and/ or shape of the treatnment site. Once the smooth nuscle cells have
reached confluence, endothelial cells are seeded on top of the cultured
snooth nuscle cells on the inplantable 10 material to create a sinmulated
structure. [0080] Al that is required of the cells of the present
conposition is that they exhibit one or nore preferred phenotypes or
functional properties. As described earlier herein, the present invention

is based on the discover hat..a.Ce ' neAGilYye bl QR Ld | abl e
phenot ype mhenmgs 6¢1 4 8%“%P$ﬁﬁ§mﬁiébﬁEggﬁﬂﬁ%€?ﬁx,(deéﬁﬁgbe& 15 el sewhere
herei n) can f afistdell peto second exllaypa s ofor serepwiigan ilsave okel | physi ol ogy

and/ or cel | or ofi SSHRIDQNEGSEAR b 12 sERRkaES cbtrbitmblie nluscpatirent  of
affected structures generally. _0081% Far urpos%ﬁggf t he present

y
i nvention, one&&ytp ghisyeat gresder g gl &9F IoTR WGt ype typical of
~cells of the present invention is an ability to inhibit 20 or otherw se
interfere wisth sifised]h mupefegecetiodipens) aich-eglaneiiomeatd &7 61t widipgat i on as
measured by the 1o Viid; Y 585 il Rt BElRWelis Hbdad Subgber red to
herein as the ?ﬁ%ﬁﬁ%?%?@p%ﬁ§%0t§pe. [ 0082]. Cﬁe gfherreadégg identifiable
‘phenot ype exhi BF exaaplsbubest jimitesk o sHetyip eUpmicbRfs S1Y 7 §HPF & ehat they are
anti -t hrombot i geaBienfdite, Oflehelstrobth BinklelcelRhe @dactizd enfladchbe sidotheland
aggregation. Anti-thronbotic _activity can be determne ing an in vitro
hepar an sulfat€m5§§§§£%BHF5Vf °PW“@¥??”BF§,% %?”%%8?%6%@?0n assay,
descr.i bed hel owateridi @Q83k aAmtldwdrstrectaadi | y | dentifiabl e phenotype exhibited
by cells of the present conposition . is theability to restore the

proteol ytic ba:\ﬂ%@bﬁa] thiRndhRe dk Mol caAR Gthe frkbent aithpdsitivn & hadeyr ease ‘
expr essi on of Ps relative to the exprgﬁghon of Tl MPs, onbthe ability to
i ncrease expr e@SERIGT mpraypEleTed PheRolRs PN LRIRETEY | AeEFE  \Mvps.

Prot eol yti c bakang Reras tte\rdsynt Grxtntioris tatdinithenicoveryitinga eti havingei tr o TI M?

.-aSS ay and/or apea_éi{j} ir)tli-.iﬂ:t:i{agle pk‘ eno%:]saes \%yengs%gc?aqeldw a 9@%&9’& mairix (described
- 15 elsewhere herein) can facilitate, restore and/or otherwise modulate cell physiology -
and/or cell or tissue homeostasis associated with the treatinent of affected structures -

genei'élly.

[0081] For purposes of the present invention, one such preferred?'readily -
jdentifiable phenotype typical of cells of the present invention is an ability to inhibit
20  or otherwise interfere with smooth muscle cell proliferation and/or migration as

" measured by the ir vitro assays described below This is referred to herein as the

inhibitory phenotype.

[6082] One other readily identifiable phenotype exhibited by cells of the
j:)resent composition is that they arc anti-thrombotic or are able to inhibit platelet
25  adhesion and aggregation. Anti-thrombotic activity can be determined using an /n

vitro heparan sulfate assay and/or an in vilro platelet aggrepation assay, described

below.
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[0084] A further readily identifiable phenotype exhibited by cells of the
present conposition is the ability to inhibit tube formation. Tube
formation activity can be determ ned using an in vitro Matrigel assay
descri bed bel ow. 10[0085] In a typical operative enbodi mrent of the present
invention, cells need not exhibit nore than one of the foregoing
phenotypes. In certain enbodinents, cells can exhibit nore than one of the
f oregoi ng phenot ypes. [ 0086] While the foregoi ng phenotypes each
typify a functional endothelial cell, such as but not limted to a
vascul ar’ endot helggb, dﬂ hm@aanmﬁﬁ;ﬁgm gxéﬁdq@L exsaﬁaktéd b}%elﬁ)&hﬂlpff:rtes’exﬂg such a
phenotype(s) is conS| ered endot hel i al - for purposes of the present
i nvention and FWH@“@%PF&Bﬂ@myEwﬂﬂg%m%FFﬁdﬂﬁéﬂﬁP%§@ﬁ@“?ﬂ@€%t|on Cel I s that
are endot hel i abathdck ehcabifitydd Sdrehse bAtidsich dfmdnerr@aummmfemeshbmal anal ogs of -

endot hel i al ce or. functional mmcs | s.. Thus, by way
of exanpl e only Mef e UPE%B’F%“?S’PW&%@%W{%W gre,P Sion gt

ar's “and nethods
di scl osed hér eMMBl §mtao}yndhmcmmwmmtsmpdlpmgemwﬂ@rmﬂ%bdw t hat give

rise to endoth I-l| | s, . t are non- endothelial cells in
k% Vb ﬁiv cﬁ&k ihedt th10R! :

origin yet per orn1 uncti ona e an endothelial cell using the
paraneters set forth here |l s ori e engi neered or
ot herwi se. modi f i &3¢y %E‘VE fé“ﬁg@ f‘ﬁoagﬂeywnﬂ egé’i-glfeflwg% T ¥y *usi ng t he _
paranmeters set preﬁhitdamb(ﬁftﬁh 3. the[aﬁﬂl&ﬁﬂx infp{p mhafohga;mrc éilubssfomfaucﬁdvetmi:p esent

i nvention exhiblb % mor e of 25 3@&m§m§F§£§d phenot ypes when

. enmned ysiiy vrtro atri el
pr esent I n conﬁn near c,gonm % con uent popul ations and

associated with a E§eferred bloconapatlble matri x .such as_those descri bed
el sewher e HBrei n[00RY ip ¢ ypise cpgstsive enhodisntpf the Aresegnvsrirytalispesdki 1 | in the
art, confluent not@ﬂﬁlﬁtﬁ&é‘ihlm@iabfﬁéfoﬁ@&hgﬂﬁﬁbﬁﬂpkbemiceﬂﬂ@uﬁi@ﬁhﬁﬁtﬁ of cells are

|dent|f|able readil y iety t echni.qu t he nost conmon and
wi del y- 30acceﬁﬁéﬁmﬁ?m&ﬁ q?%mﬁPFgﬁFr%$m$%gn§Blc exani nation. Cthers
i nclude evaluation of cell nunber per surface area using standard cel

counting techni qi986ls Jkilete feyegoingphenpivptseeh Wiy aivpdrmtsrophdieler or coul ter
counter. [ QD8RR AW dot BRiAH kd/a vabdlar SidsROSRE], @hort daotiMigsSeNt | nventi on,

gp d (r)r;[ Pne L ! fa ld-ﬁ L![ F@Wé}enlg%t?cg:qg e!nlélt%e(s? %tconas{dgrerrl] gndotLehal-htke gor purposgsl olf ﬁle Whl ¢ h em l at €

present invention and thus suitable for use with the present invention. Cells that are
endothelial-like are also referred to herein as finctional analogs of endothelial cells;
or ftmdtional mimics of endothelial cells. Thus, by way of example only, cells
suitablé for use with the materials and methods disclosed herein also include stem

- 20 cells or progenitor cells that give rise to endothelial-like cells; cells that are non- 7
endothelial cells in origin yet perform functionally like an endothelial cell using the |
'izarmﬁéters set forth herein; cells of any origin which are engineered or otherwise

madified to have endothelial-like ﬁznctionalify nging the parameters set forth herein,

[0087] Typically, cells of the present invention exhibit one or more of the
25  aforementioned phenotypes when present in confluent, near confluent or post-
confluent populations and associated with a preferred biocorpatible matrix such as
~ those described elsewhere herein, As will be-apprcciatcd by one of ordinary skill in
the zirt, confluent, near confluent or post-confiuent ﬁopulations of cells are
identifiable readily by a variety of techniques, the most common and widely-

30 accepted of which is direct microscopic examination. Others include evaluation of
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5 phenotypically confluent, near confluent or post-confluent endothelial

cells as neasured by the pararreters set forth herein. [ 0089] Thus,
usi ng the detail ed description and gui dance set forth bel ow, the
practitioner of ordinary skill in the art will appreciate how to nake,

use, test and identify operative enbodi ments of the inplantable materi al
di scl osed herein. That 10 is, the teachings provided herein disclose all
that is necessary to make and use the present invention's inplantable ,
materials. And further, the teachings provided herein discl ose all that is
necessary to i r - cont ai ni ng
conposi tions. %gﬂ&)ot %/r(?eg&l%%e %ﬁmﬁﬁggﬁﬁgl éroglg ?gea;'ﬁiag e‘%ﬁ% ?/‘gﬁ

cel | - cont ai ni n@m%ﬁpeé@mcﬁmetwoecc@fwre@mieve to treat, nanage, m)dul ate

and/ or aneliorate 15 an affected site in accordance with the nethods:

di scl osed her ei n.jooks) Mddlt1obﬂly, fefuEpRes af tRChrddyht inbatis eddoteliapglact i ti oner,

equi val ent enbo |t|on can be Jdentified using
only routine exgléﬂ"%%‘f"gﬁ ‘?‘l.{%fnpte;tf)ﬁmswg {lrgmut%eorfnmc ﬁngﬂé'aj%r Od\)I ded herein.
[0090] hi ceﬁrt@hanotpplaﬂemnadenemghnﬂem@',IJOQn@ﬂtldn*edndqhﬂh@l@hllsas used in the 20
i-nmpl ant abl e mat.gr slal@h bPthe JdbFa ggﬁl}ﬁegﬁenti on are isolated fromthe aorta

of human cadaver donors.” Each |'s is derived froma single donor
or frommltiple ors, test si.vel endo ial cell purity,

bi ol ogi cal funct i ‘g‘ﬁﬁ ﬁ‘@s - Bt ?1%3 $£ﬁ38?°8¥?g§"’ ?‘ﬁﬁ&?&”“ﬁhﬂ% Human

pat hogens and @tahnmnadfmahnarmlﬂiustkag&mulisappﬁhﬂemtbmala:r sedesyapr eser ved- and
banked using wgl, {mfiﬁgb%mvet i@@&lh%?&frﬁe %lLrﬁatbfe a?eﬁm%f&%é%&h&é?n' aCul ture for

subsequent. fornu I‘on 1 n bioconpati b l'antabl e materials. [0091] Cell
Prepar at i ont? Ads, e sechitersorided h@t@mﬁﬁmsealb@fllsgle@emrmfemaﬂﬁta@d yede from a

variety of ti S%Hﬁeniiuﬂ%n%m 162 hXRRE. AMIYuRRY, iRkdacHMehevaQd enbodi ment s,
hunman aortic endot hel i al FI s used in antable material are - :

i sol ated from OfER quséalb@atéﬁz?&fiﬂw& ’%%%Le%%“%PWV%WHFlﬁ%m s, porcine
aorti c endot hekéldontiging Songiositiors. OAeHoan, aff faN rRetimbds tpodaiviet air t a by a

simlar_procedyy g, bset bl S0l Al M IRRL AL Lo aHRLASL AR | 5. Each 1ot
of cells can b&dE A EEPFIroma Si ng p e donors;

‘tested exteldsi wetffectbdaite elradmdﬁe@lvalhwdthmmmerlb%rﬁm phyr witlpe bi ol ogi cal

appreciated by the skilled practltloner, equivalent embodiments of the present

- composxtiou can be identified using only routine expenmentation together with the

teachings prowded herein.

[0099] i certsin pfeferfed embodiments, endothelial cells used in the
20  implantable material of the present invention are isolated from the sorta of human
‘ cédé\?er donors. Each lot of cells is derived from a single donot or from multiple
&onors, tested extensively for endothelial cell pﬁrity, biological function, the
| presencé of bacteria, fungi, known human pathogens and other adventitious agents.
The cells are cryopreserved and banked using well-known techniques for later
25- expansion in culture for subsequent formulation in biccompatible implantable

materials.

[0091] Cell Preparation: As stated above, suitable cells can be obtained froma
variety of tissue types and cell types. In certain preferred embodiments, human
+ aortic endothelial cells used in the implantable material are isolated from the aorta of '

30  cadaver donors. In other embodiments, porcine aortic endothelial cells are isolated
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function, the presence of nycoplasma, bacteria, fungi, yeast, known human
5 pat hogens and ot her adventitious agents. The cells are further expanded,
characterized and cryopreserved to forma working cell bank at. the third
to sixth passage using well-known techniques for later expansion in
culture and for subsequent fornmulation in bioconpatible inplantable
material. [00921 The human or porcine aortic endothelial cells are
prepared in T-75 10 flasks pre-treated by the addition of approximtely 15
m of endothelial cell growh nedia per flask. Hunman aortic endot hel i al

Soi ter ] and) " St 8% adfy bR M QoS b bpar BRE S v 2
‘Lonza) suppl enﬁmoéﬁhwqﬂlﬁ Echviopofglsghreigderived frovh i eibgledonerar flo2% PBS.  Por ci ne
cells are pr ep%ﬁ@ﬂé ﬁn@%@dmab%%@ﬂmmm é%l#’ﬁﬁn&ﬁbﬁﬂgcéo g/ mi

gentamicin. The flasks are placed in an i|ncubator naintainéd

appr oxi mat el y 3¥etiofnie 5@5&%2 f pyegRlggma; hacteresn Bing] Hipsh Ke]ygpany n| mum of 30
m nutes. One orpatwg@ns\mabﬁeraavehﬁtaumhkss Tadf@nmm&deﬁpmu the -160C to -140C"
freezer and th d. at Xi.Im 37C. awed cells is:
seeded into t %H%ctfgzﬁd%g&ffgomefer&eg efﬁréxf worgf‘gcéeué?ngm ma (r '§'g x 103 cells
per cn2, pr ef epassgy psikgwelld@omotehargues iy Zater ianmltlandtdrﬁw nore than 7.0 X

1103; and t he fIs@aggﬁgmﬁ%@éﬁ&;}gngcgﬁpﬁggtmﬁ,}aql{agie[n%ﬁmned to the.-incubator.
After aboutS-24 hours, the spent nedia i's renoved and repl aced with fresh

medi a. The nedi a ed eve two. to t ee days er te until the
cel s reach appré@ﬁla{lgl 3“%%1016 eca(?ﬁ‘f;lei‘iighhéa? l%?%?%‘*g ﬁz{ no less than
-a% and no nidr e fadkapre- h@ﬁ%by\tﬂvetddmckmfapmbcmteamml nixnéathedid] céllgr@Bh nt ended f or
clini cal app"ﬁ@&ag& R Ao Rt rl {LACarl il Pl el Gholl® POST - thaw

culture of human aortic manufacture o

i npl ant abl e naMediz G2, Lovaa. Brsek Svitzetlandle KOMAconsiror Fadotiishial €elliot hel i al cel |

growt h nmedi a i gadai¥guid W?%ﬂﬁ iéﬁeem@mfa{mrzsmﬁe%e{s Wil s i's rinsed
with 10 m of HEPE %(bg%f ered s The HEPES |s.30 renoved, and

Ilne HEPE
2 m of trypsifPyAR 5 E%c“ﬁéfgéﬁpfaﬁigedc%%yz}wq‘i@dg’m? "%ERS of the T- 75
fl ask. mcelsdehﬁdorpgm ghiBesnicie CThe fleslls arSplided ﬁlfaninl&t}ﬁ@&hlﬁaiﬂﬁh&draal i zi ng soI uti-on

(INS) , apprommately 37°C and 5% CO, / 95% air, 50% hum:dﬂy fora minimum of 30

minutes, One or two vials of the cells aré removed from the —160°C to —140°C
freezer and thawed at approximately 37°C., Each vial of thawed cells is seeded into
two T-75 flasks at a density of approximately 3 x 107 cells per cm?, preferably, but
20 - no less than 1.0 x 10° and no more than 7.0 x 10°; and the flasks containing the cells
are retumed- to the incubator. After about'8-24 howrs, the spent media is removed
and replaced with fresh media. The media is changed every two to three days,
~ thereaffer, until the celis reach approximately 85-100% confluence preferably, but
10 less than 60% and no more than 100%. When the implantable material is
25 intended for clinical application, only antibiotic-free media is used in the post-thaw
' culture of human aortic endothelial cells and manufacture of the imiplantable

- material of the present invention.

[0693] The endothelial cell growth media is then removed, and the monolayer
of cells is rinsed with 10 m] of HEPES buffered saline (HEPES). The HEPES is
30 removed, and 2 ml of irypsin is added to detach theé ceils from the surface of the T-
75 flask. Onmce .detzla.chmcnt has oceurred, 3 ml of trypsin neutralizing solution (TNS)
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is added to stop the enzymatic reaction. An additional 5 nml of HEPES is
added, and the cells are enunerated using a henocytoneter. The cel
suspension is centrifuged and adjusted to a density of, in the case of
human cells, approximately 2.0- 1.75 x 106 cells/m wusing EOM 2 w t hout
antibiotics, or in the case of porcine cells, 5 approximately 2.0 - 1.50 X
106 cells/m wusing EBM 2 suppl emented with 5% FBS and 50 g/ m gentam cin.

[ 0094] Bi oconpatible Matrix: According to the present invention, the

i npl antabl e material conprises a bioconpatible matrix. The matrix is

perm ssive for %ﬁheld t&!t%v%&n%ﬁ%o?k% 64 r}smddlham gt &m&%ﬁemg& ”at rix. The

matrix is flexible 10 ma ematrlx can be a so a

senmi -solid or ﬁheava&meénwew@z)www Fsreelhupnsededs féﬁmﬁlgf'é present
‘invention, fIO\e@dDAdﬁxs:S@mq&isﬂg mn@eﬁmso@u@mwhﬂpmmmﬁmtml eto

adm ni stration ]?fg?lan |0 {’MC“ n_or, i:ectltgl é/%e del éeyery devi ce such
-as, but not i toemplysmgEdMeagyiflout antiiniips, ordn (B case gl porging Ot her delivery
‘devi ces whi ¢h eppmb)myateey(:wussamlor’eqlle/muusngBM%supplbmr@dmhé%ﬁBSo 15

contenpl ated h oMs.retrices are preferred. The matrix also can be
in the formof%‘ﬂoqg g{’n {dnar form The matrix al so can be in the form

of a gel, a foam a. suyspension, .a artlé: a mcrocarrltg
mi crocapsul e, or ] twm ACCK "f)grtgfhéi”fe%"ﬂt’ﬂe&@\ﬁ ® corrp05| tionis
shape-r et ai ni ngnpla‘htabldm{a&ﬂmcwnp'fseiaﬂﬁd‘caﬂ:aﬁﬁémhﬂ\ixHﬂﬁn&trna{}iemulvate form The

bi oconpati bl e n arti / arriers and
the particles gaccﬁdogrm m ﬁdgg%crrfnz%égnmwgmﬁﬁ QQ %enrmiq%xemge ?tl n, coll agen,

fibronectini0. fmbirqonfpnﬂahlm ﬁlennmxcambvaatsplahhm’sohpepﬂwmlep@n@ exerrpl ary .
at t achment pept;i itich, %o:%ﬁ:’o&eggftﬂé pré%ﬁ%&ﬁ@n ALY daﬁ{)&ltééﬂn%s gspartate

(ROD). - [0095 Re ratri when 1 anted -on an-exterior or interior
surface of an aqﬂfmétl@du@ﬁﬂhﬁ(?tﬁmd@ml%wnr‘@ﬁ*H’é“J%PFm’t‘?Téﬂl?Cﬁm‘ﬁ?ﬁat| on site for

at } eaSL | abogt d?rv&?d?iﬁ:&éﬁjt;chaz'SbﬂrnSﬂc]%iﬁMoya@?ﬂ#ﬁs;?ihgel @aa&:heger.l?md?yls rr?rSB 00
pr ef erabl y "aboyt; at | eas nmost pre about at |eas -
_days before itg‘ﬂ‘i‘"(’:féfi?i’ﬂ’&w %I’O@'Q’g]y f%“ém‘bﬂ?f"é’fc‘g ‘ﬁ'ﬂ? A% Gel f oan(r)
(Pfizer, |nc,, ciiewpMad h¢remmommaahs@rebadﬁdreigﬁieatam a&pmgein(ther ei nafter

" Gel f oam matr | er Johnson &
Johneoam Bﬁ‘})ﬁ gfmkgibﬂ§&;3ngff&1&s grhggﬂ%gggaraé% Sin B ?‘?’“ oPALH, Lhouke'P

suspension, a particle, a microcarrier, a microcapsule, or a fibrous structure A

preferred flowable composition is shape-retaining. A cutrently preferred matrix has
a particulate form, The biocompatible matrix can comprise particles and/or
20  microcamiers and the particles and/or microcairﬁers can further comprise gelatin,
collagen, fibronectin, fibrin, laminin or an attachment peptide. One exemplary
- attachment peptide is a peptide of sequence arginine-glycine-aspartate (RGD).

[0095] The matrix, when implanted on an exterior or interior surface of an .
affected structure, can reside at the i:ﬁplantation site for at least about 7-90 days, . _
25  preferably ebout at least 7-14 days, more preferably about at least 14-28 days, most
preferably about at least 28-90 days before it bioerodes.

[0096] One preferred matrix is Gelfoam® (Pfizer, Inc., New York, NY), an
absorbable gelatin sponge (hereinafter “Gelfoam matrix”). Another preferred matrix

is Surgifoam@J {Johnson & Johnson, New Brunswick, NJ), also an absorbable gelatin
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sponge. Cel foam and Surgi foam matrices are porous and fl exi bl e surgical
sponges prepared froma specially treated, purified porcine dermal gelatin
sol ution.. 10097] According to another enbodi nent, the bioconpatible matrix
material can be a nodified matrix nmaterial. Mdifications to the matrix
material can be 5 selected to optimze and/or to control function of the
cells, including the cells' phenotype (e.g., the inhibitory phenotype) as
descri bed above, when the cells are associated with the matrix. According
to one enbodi ment, nodifications to the matrix material include coating

the matrix wt Bpoﬂget @enmmnafsa@;f&%ﬂcemﬁ%u%d@%m glﬁg;caﬁ %asgesenhance the
ability of the cells to decrease extracellular matrix egradation, to

decr ease pat hoPSEAEdomeATBr oY ediisPuifig! RIEEF 840 g&B'i’fb“PWﬁ“im

neovascul ari zati-on, to increase TlIM production, to decrease
inflammation, to Eﬂﬂﬂ’dr easading freanather smbddanent, e bighsr@mtiivh matrix niategirleas e
prostacyclin pE&%HQHo&Be%,ﬁaﬂé Rhseried Mﬂﬁﬁ%?tﬁ%ﬂ% BGathd il ¢ OXi de (NO)

production. 100981 According to anot nbodi ment, the nmatrix is a matrix

other than 5 Séqc‘leéﬁ’rﬂm?\@élP‘%CV‘EF%Gﬂt@k@ﬁiﬁ‘%?%}h"r?ﬁ‘!srm%“%tb"r‘i%ﬁ s include, for
exanpl e, fibri eﬂ%fpe(@-éQh@ﬁ‘ﬁ:ﬁitor?ﬂleycﬁfp)ﬂ@ﬂ@crﬁ)@djwdﬁg ShidriftQnallsrem Crocarriers,
col I agen coat ed dext ra m cro % % e% ) GA and I | .EMA copol yners
(with polymer Pt "t H{fl”i‘?@“"f‘ FRrdinenth 6%, ?“g%‘&ﬁ“’é BEPYARYS . According to
- one enbodi ment mataxswahélatchﬂe eaating the mant-ewithatachhon faemampddaasxoPLA/ PGA- is

treated W|th [ mat eri al and,
t herefore, %{dﬁs% %gﬁg ﬁﬁ’gﬁt}%ﬂ%{; ?%%lﬁ F%{a%%luﬁlfn%%@éral al . According
to a preferlﬁedd@rPEMH,rfemcrea!seh@;beloa@éﬁ“@ioéqﬂeﬁ*s adecrdagsadnogpd nodified to

i ncl ude attachﬂa%oatsc&aa&&%sto%emm&ed@.@dattbd&&asc@maﬁ%a&eg and described
above. Exerrpl ary attachnment factors incl ude, el atin,

col | agen, fi br BF&ESE heparap pubfateprogugtion, wf?‘mqs@ﬁ?{?pra‘?uf 8| adhesi on

| i gands (i ncl ugitege TOF-B2mdaxapdie (ROQYoduttichi zi ng st andard_ aqueous

ear bodi i m-de chem stry. Additional cell adhesion |igands include peptides

- having cel | - adhegjgy rA%E&QﬂHdaﬂ&he? ARG ﬁéthehﬁlﬁ:LHQ'rrﬁgle%rtﬁbgt limted to:
RCGDY,. REDVY, GRGDY and Enbodi nment's of

| npl ant abl" &5 vafefors| édﬁn@akﬁxam@m@awwnﬂi lﬂislrdaﬁf’fawr@ﬂ% bipgEler i al of the

present inventj t@@&y@ﬁe@sﬁﬂxﬂﬁh@ﬂoﬁhtﬂﬁﬁﬂﬁﬁnefswomgaﬁc@tcﬁﬁﬁﬁam e conposi tion.
Yhen in a flex}nmro u!:r?r}]’%A/II(g{ dph% chﬁjoym %‘?}[ tn-}érrg{wssr]apes and

ranging from 1-100% for each_ copolymer). According to one embodiment, a

synthetic matrix material, for example, PLA/PGA, is treated with NaOH to increase

20 the hydrophilicity of the material and, therefore, the ability of the cells to attach to
the material. According to a preferred Aembﬁdims-nt, these additional matrices are
modified to include attachment factors or adhesion peptides, as recited and described
above. Exemplary attachment factots include, for example, gelatin, collagen,
fibronectin, fibrin gel, and covalently attached cell adhesion ligands (including for

25  example RGD) utilizing standard aqueous carbodiimide chemistry. Additional cell

' adhesion ligands inchude peptides having ceil adhesion recognition sequences,
including but not limited to: RGDY, REDVY, GRGDF, GPDSGR, GRGDY and
REDV.

{0099] Embodiments of Implantable Materials: As stated earlier, implantable
30  material of the present invention can be a flexible planar form or 2 flowable

composition. When in a flexible planar form, it can assume a variety of shapes and
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sizes, preferably a shape and size which conforns to a contoured interior
~or exterior surface of an affected structure or resected structure when
situated at or adjacent to or in the vicinity of an affected or resected
site. Exanples of preferred configurations suitable for use in this manner
are disclosed in co-owned 5 international patent application

PCT/ U805/ 43967 fil ed on Decenber 6, 2005 (al so known as Attorney Docket
No. ELV-002PC), the entire contents of which are herein incorporated by
ref erence. [ 0200] Fl owabl e Conposition: I'n certain enbodi nents

cont errpl at ed h?irzgl efe, mg éh%lﬁgglm}ﬁch%@acg{imﬂéﬁq tafo‘?%mendrnvent' on is
a fl owabl e corrposi ron 10 nprising a partic.u IE)rocorrpatlble mat ri x
whi ch can be i murfaheoffonifreiod staiciyrs|or regeciedampig Watisietrdpon adiggeidr ticl e, a

i orocarrier, 3 ELAGAPSHGRC ARGEOLS. BARGR: orprrabher f1 owabl e
material. The current inhvention cont enpl at es an%glrl owabl e conposition that

can be admini st@gerant fitehl Pryse g menngrsre dApseq B 9o¥B ce. For exanple, a
del i very dewi C&térﬁhﬁ&naﬁp’ﬁ&nf‘@ﬁlﬁo@%@dfhﬁ%/ﬂl%? filed on(Mbecaibeed, BBGRE or resected
15structure, a pe uta i is suitable
for this pur po Pade egsmce r}%’o%%ge {E&sf 60?@ @%’%&ﬁg%ﬁéﬂé@%@?ﬁ% %ﬁeiﬁ s

preferably a slmpeernted ireferegeeconposi tion. This, an inplantable materi al
conprising cells in, on or within a flowabl e-type particulate matrix as
cont enpl at ed her %1m1caﬂbvaelefoaﬁlmkhaﬁem cbi@ilin mm.mmshomypzataujheemabl e delivery

device ranging_in |nt ter from abho u e to about 26
gauge and capaﬂ’leém%‘fnt I“ia\Fé'f‘ Oﬁg;egﬁﬁeﬂ{m‘éeﬁtmma%wﬁ 2‘ gorrpom tion
conpri si ng Ipar tomutisiag epanixtiteibivcomcmtibla mpirin ghigr @ éwaltﬁey‘orabﬁmgel Emlilion .
cells In About shu! LoBROMS 2 amleomckoqx;ﬁa' FpGOLROR! ﬁlac%gomﬁs%%}] Accor di ng

to a currently prefe di rent e’ conposition conprises a
bi ocor npat i bl eowlrerﬂ@mb&mtemlt hscusgr Fvaniiorerepparomy BeWablec| es, Gel f oan(r)

powder, or pul \ﬁﬁﬂoﬁ% thefe bdnQR Blckihiste 24 | Wﬁ@iﬂ 1&]%0}1—1}(&@!11\)@ devicd\N¥br ( her ei nafter
"CGel foam particles”"), duct derived dermal gelatin.
According to afGfRE? déﬁ’f?%‘io eMish At cpRevigHF th “Effl t°§a‘h”g§?t?%<°r i‘e§e°§gr gi foaml' 4

~ (Johnson & i3ohgsstise, d\iaweﬁﬁmswmj&nompe qelivety debiess is saobipfor hisd of absor babl e
‘gel ati n powder, Accordin n culate matrix is
Cyt odex-3 (Ar ngmgcﬁ’ %ﬁn dgglg?ve?l%%gowa Dq'gilc'{i%gt's’pré!\fE}%hprlffj‘g(i:l%ﬂocarr| ers,
conprised of detrdtingreenipasision.atien aeemﬂn@alemteaalﬁmm‘mg@ﬂmwﬁ i nked

dextran. Accor %tﬂgahawﬁlettw tplal%ﬁuxﬁamﬂk H?c'aﬁtemﬂlm hedé@arcﬁﬂ BeldbrabBiedBE Fi X is
Cul-ti Spher-G (Percell

tica, AB, torg FPéi] % a&ﬁrler
conpri sed of p&féﬁeﬂ‘é&‘@%‘fl‘%?ti”l’]e%&”ﬂ@ﬁvﬁﬁmf nedm e ‘Bé‘?ﬁ% the
parti cul at eonalg ggd 16 alRul TGk aRaAdXABabeRIl Gdlivering abdeiCOmd ofiffowableone enbodi nent ,
i cat any " SrtiSkhdetohh b o RERIE o ANBY HT BRRC! ences:

Pi scat away,

celis inabout 1 to about 3 m! of flowable composition.

[0101] Accordlng to a currently preferred embod:ment the flowable
composition comprises a b1ocompatxble particulate matrix such as Gelfoam®

25  particles, Gelfoam® powder, or pulvenzcd Gelfoam® (Pfizer Inc., New York, NY)

' (hereinafter “Gelfoam particles”), a product derived from porcine dermal gelatin.
According to another embodiment, the particulate matrix is Surgifcam™ (Johnson &
Johnson, New.Brunswick, NJ) particles, comprised of absorbable gelatin powder.
According to another embodiment, the particulate matrix is Cytodex-3 (Amersham

30 Biosciences, Piscataway, NJ) microcarriers, comprised of denatured collagen

coupled to a matrix of cross-linked dextran. According to a further embodiment, the
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5 NJ) mcrocarrier, conprised of cross-linked cellulose which is
substituted with positively charged N, N, -di et hyl am noet hyl - gr oups. :
101021 According to alternative enbodi ments, the bioconpatible inplantable
particulate matrix is a nodified bioconpatible matrix. Modifications

i ncl ude those described above for an inplantable matrix material. 10[01031
Rel ated fl owabl e conpositions suitable for use to nmanage the devel opnent
and/ or progression of healing in affected sites in accordance with the
present invention are disclosed in co-owned international patent
application PCJ/L / ki g PibEL A8, 0o known as

At t or ney Dockepé@g%ﬁ%%gggg;&g&ﬁgeg%ﬁﬁre Qé%f%%?g’%&é&l? ich are herein

i ncor por at ed bypigrestriereprampriselHf prreng|elmine AaroRtnedn angthe] FHyPANEGRHEe Mat eri al

Prior to cell G%}ﬁ‘ﬁﬁia&%aﬂﬂ@a%&%%h&la@ A¥BdrdihgXo bife sinBodiélt, @leed by t he

addition of EGM2 without antibiotjcs at approxjmately 37C and 5% CO2/ 95%
air for 12 to DACTPROIAUSD t‘ﬁ’ﬁ‘?ﬂ?"dﬁ{:’ﬁ OB (ﬁ’ag@ﬂnﬁmsf“ém?%%'ffa?g%ved from

t hei r re- hydr aNnaiice@fienicomprisedufdropHakeldellubsé wideMs gibaiutadivésue cul ture

di shes. The bigc at.i bl trlX | at a preferred density of 20
appr oxi-mat el y 2?53{3’9?8‘&%@?8@?&*?‘?“?3&@?9?&8'6 x 105 cells 1cnB of matrix)
and placed in an incubator_ maintained a%, %ﬁpro J mat el '37C% d 5% CO2 /
95% ai r, 90% humiltifly Acserding ip afigsprtive gpodiney fhe Bpeompatte PP ent . The
seeded matriXx pstiddR@inahas e cholibédbidcniablenatix. cdntifaktives gci(dviesgr een, Los
Angel es, CA), eac i.tted w.th ap.containing a 0.2 tun filter with
EGW 2-and | ncug?ifrﬂ’a‘; %@"%‘%b%&%‘?ﬁ"&@g ‘5“1”‘7‘?,&%"%{5 25 5% CC2 /| 95%air.
Alternatively, three pieces of the seeded matri x can be_é)l aced into a 150
nL bottle. Whe mit0H iRelaedSleyelle wrarsjiopyiabls frpreddmeragshc « her eaf ter, unti |
the cells havedév@laﬁ}?&dmﬁ%agdogt%ﬁ@ofhmagﬁlaﬂtaedisﬁhswcopcraafce\maeﬂ enbodi nent
are preferably pass,%%e_ﬁ‘, t@cfﬁl,l s of d{.etwert.' or _nore passages can be used.
101051 Cel | G- B\RieAt &R CEHHfT UERCE RSP TP Pl ant abl e mat eri al
i s renmoved on BCTASKMMBE4OANSoBD@enher @ 2005 (d50 kBovoras AGpomaritbckePNor 13, the
. cells are Coungﬁgy%&ﬁe}e ;se%gnté %rof-Mhié’lpalré I!IEE‘EYH mﬁgﬂra?eg g ﬁwtegcepur Ve IS

constructed an In-order to assess t gr characteristics

and to determ ne whether confluence, . = .
' 15 - [0104] Preparation of Implantable Maternai: Prior to cell seeding, the

biocompatible matrix is re-hy(_irétéd by the addition of EGM-2 without antibiotics at
approximately 37°C and 5% CO5/ 95% air for 12 to 24 hours. The implantable

material is then removed from their re-hydration containers and placed in individual

 tissue culture dishes. The biocompatible mairix is seeded at a preferred density of

20 appmximatay 1.5-2.0 x 10° cells (1.25-1.66 x 10° cells /om® of matrix) and placed
in an incubator maih-t;'iined at approximately 37°C and 5% CO; / 95% air, 90%
humidity fof 34 hours to facilitaté cell attachment. The seeded matrix is then
placed into individual containers (Evergreen, Los Angeles, CA), each fitted witha
cap containing 2 0.2 pm filter with EGM-2 and incubated at approximately 37°C and

25 5% CO,/95% air. Alterriatively, three pieces of the seeded matrix can be placed
into a 150 mL bottle. The media is changed every two to three days, thereafier, until
the ceils have reached confluence. The cells in one preferred embodiment are

preferably passage 6, but cells of fewer or more passages can be used.
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5 near confluence or post-confluence has been achieved. Representative
grom h curves fromtwo preparations of inplantable material conprising

porcine aortic endothelial cell inplanted |ots are-presented in FIGS. |A
and 1B. In these exanples, the inplantable material is in a flexible
pl anar form Generally, one of ordinary skill will appreciate the indicia

of acceptable cell growh at early, md- and 10 |late tine points, such as
observation of an increase in cell nunber.at the early tinme points (when
referring to FIG | A between about days 2-6), followed by a near
confluent phase (s éeﬁfcﬁas\xmﬁgwmdﬂoﬁme% AQ%M%%MEHQ@MQ 6-8),

foll owed by a plateau 1n cel unbe once the cells eached

confl uence as |‘%THF%V§@@WTBV“'§14&@3&FJ4«)%WI)7 tBASeaht2 or &t fre g (when
“referring to Flc&&nteﬁéndaba%is&bﬁﬁﬂvﬁhlﬁﬂhn&hﬁ@t&vtﬂcurﬁeSscbﬁs)truamhnmmhtanance of the
cel |l nunber when cells ar oSt -C er.ring to FIG 1A
bet ween about &Y eri Sspp)e ﬁh%ﬁrraf)t%“ssg%sa% ﬁsyﬁmﬂw}mﬁm?nﬁ%ﬁe?l on, cell
popul ati ons Smhmwcca:ﬂeenpwraosﬁ}btalﬂm lfas)beea#chiGMSRep?@eﬂmm gowhe  pr eferred.
[0106] Cell coy, méq%&qw@ﬁ@aﬁ\ﬁsﬂ o?aﬁm«faqamﬁa@m@mﬁgmmm%aw@ al i quot  of

i npl ant abI e materi a a solution rrgA | agenase in a Cad 2
sol ution. 20 AF’E‘@F*’E%%BFFPIWWWEWEIF%H@ %flqsh H}ddgs{fétﬂesi’ npl ant abl e

-mat eri albI a ?2@% lélglﬂ&énaplg{tabuehﬁ'at&iallzb 1ns.tﬂsﬂae§mﬂfoh§ Gﬂnbﬁﬂ}eﬁi‘te\t}g tB 0. 4% .
‘trypan ue ce ue) .an ed by trypan

bl ue excl usi on°rd\ﬁa’3l§|‘i“'ﬂ ??Hmégfégféldﬁﬁd’f?"&’tp?i\é 685‘5" th?t B %e ¥4t ed using a
hemacyt omet i@r . i v foinG|suntes obsesration pS4nrinkedaeedn 2yl nphie ttitegadyitienenunber  of
viable cells versu§ k;[ert]ree emngtgeﬁmo% %Mnag‘m?%%%@iﬁ’ﬁ% Ibzrgerle shi pped and

25 i npl ant ed aPPer UrEat conf l'dence poses of the
present i nvent cenfluent phasel (whangeferisg WEG. dédbeé‘éeelﬂbémﬁ#!%éhé@iﬂmd kit | east about

4 x 105 cells/ 9!3&%%&@%& oﬁée%cais%aﬁlr@da@ee chiPhdRe s ;&ﬂ%m' ant abl e

material (1.0 x 4.0 x , preferab x 106
total cells pefela&V?lleiBf'a"fS‘Iy Wb%‘)' “Wf’g T80 %‘gr F’Q&&WF%‘ E t| on. For
both, cell 130 vb)ahd hiittynahc ofithe kediaminbabe thOG% 4v @hieroailest (et no | ess than

80% If the ceIIs ar.e onf | uent .b t he dia i s changed,
and incubation |8§m%,g(§°¥1:&ﬁ§fé’ © Sena%outd%ég? o%‘ﬁ urBDS%Sdfﬁkﬁprsesegfocess is

conti nued unt i invexiof, lcelmpdatioss winth amind plateanforf 3t feasi 22 kpusg areprsbrees eedi ng.  On
day 14, if the cells are not confluent, the lot is discarded. If the cells

are det ermi ned t qoilosy Qléﬂfz&xiﬁ&ﬁiea&ﬁx&@db}ﬂﬁhﬂ)ﬁﬁﬂigé’@cﬂdﬁlﬁmﬁ@ﬁ&if checks, a final
nmedi a change is rmed using

EGWH2 5 wit houfmFg réa%gfma?eﬂﬂ “alﬁas lutfoﬁ(()’u? ?gﬁ)f]}?%ocflo%enagema%r%erlgs i atély foll owi ng
t he medi a ciangésr mdasmhglﬂbemlmeeafthetdtgealbd\mplmai’te@mteklé phngyn wede caps for

. shi ppi ng. 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 totél cells are
enumerated using & hsmacytometer Growth curves are constructed by plotting the
number of viable cells versus the number of days in culture. Cells are shipped and

25  implanted after reaching confiuence.

[0107] 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 f;lauar 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 a flowable composiﬁon. For both, cell
30  viability is at least about 90% preferably but no less than 80%. If the cells are not

" confluent by day 12 or 13, the media is changed, and incubation is continued for an

32




[0108] Evaluation of Functionality and Phenotype: For purposes of the

i nvention described herein, the inplantable material is further tested for
“indicia of functionality and phenotype prior to inplantation. For exanple,
conditioned nedia 10 are collected during the culture period to ascertain
| evel s of heparan sulfate, transformng gromh factor-131 (TG~ D1), basic
fibroblast growh factor (b-FOP), tissue inhibitors of matrix

nmet al | oprotei nases (TIME)), and nitric oxide (NO which are produced by
the cultured endothelial cells. In certain preferred enbodi ments, the

i npl ant abl e matgdikdh dEﬂr'!th%rdéésQQ c&r%ueh'ﬂﬁﬂ 9&1&&&9&%§acﬂ£§eﬁ ok Befisher ei n when
total 15 cell nunber I's at ferab at | east about 4x 105

cel | s/ enB of i ApisaPH-EElRe- r%l’cdéyll‘hfftheﬁélkéﬁﬂf’%?@%ﬂ%‘ft ﬂ(ﬁ l%‘f discaded & j s at | east
about 80-90% m{e@élgmlahtynﬁ&ﬁ%bemﬁme@mf@aﬁalalmg@ﬁmb@aa&ckala@dm 90% heparan

sul fate in condi ned .nedi a i s_at t bout 0 23-1..0 ferably at
| east about O. g’eh’fi /‘H%&Wd W”ig‘i far‘i PEHRT 385?%%@\52 s at | east

about 200- 300 pitbayphwhd] delynd piteftanttitys. ammbmfomwthme@oo pi cog/ m / day;
b-FG- in condi tcﬁag%e i dQﬁdsQéﬂ[ Wa 200 i@ M . preferably no nore
RS e e

t han about 400 pi In conditlone is at |east about

5.0- 10.0 nenl Jd pr.ef er abl | east . about ng/ m./day; NO in
condi ti oned -nedi 3¥1|0§] m&@*@m%@@%@fqﬁref erably at
| east about 2. G}wgmib]haielsdrmacyhere%{hehﬂﬂa]ntabiepmemasﬁu&héaaes&dlfcemﬂicsaocﬁan be

et onshec efnliHh Bl hELIN BN RS, S 9@3&19&95&&.9&86 ABC

di gesti on spec £15°¢ cosam nogl ycan (GAGQ
| evel s are et enemlheteﬂ ctmnmtye WIWmoﬁWWWIGWfMRW@H fiB) dye bi nding

assay in whi chglpkpawn ?la(qgg,ggrmgg%ﬂagtg@oﬁﬁm_@ggyr ve gener at ed
ur|

usi ng known quantltles of I ed chondroitin sulfate diluted in

col l ection rredf'%f“e‘NHHF%%%H’&W%“&W%‘P%“@F“E%W) EedaiERoRsdND ¥H ni xed with
- chondroiti nasemABQdﬁeed@tg@@umﬁmwﬁmltcbm Wbé'tdﬂﬁfrﬁ&i'ﬁﬂmmb&hthénﬁl es prior to

e maxi mum v DEFBER SBEOR S4B S B BYEoR A TPLRAL he GAG

.. standard, génec@lldumbmsaulaatt&hﬁt%ﬁﬁfmﬁyaﬁmammemspdmcﬁpfof hepar an

- sul fate cal cul at'e

sul fate per day, i t hepar an
LR S AN S e S s

gl ycosani nogl ys¥ie e‘!@ﬁ@@ﬁﬁb&t# igpt fi‘bﬁ“‘c?g%d?ef’qr %ip gorditigned gredia is at
Chondr oi t i naseeABibodd ALY, yrefe&b@@mdstrdmﬁo byﬁucﬁldggﬂsadyngaraﬁ.slarml e of purified

0
L0030 o 0 ¢k 55 o PO T i Al P S el
appropri at ey B0 picog/sl/dyainF D Gi%ewsiitiohddemadiais Heiovdbcmhm@dxoeg/mi n sulfate is
di gest ed. preferably no more than about 400 picog/ml; TIMP-2 in conditioned media is at
least about 5.0 — 10.0 ng/mL/day, Preferably at least about 8.0 ng/mIL/day; NO in
conditioned media is at least about 0.5 — 3.0 pmol/L/day, preferably at least about

- 2.0 pmol/l/day.

25 [0109] Heparan sulfate levels can be quantified using a routine
' dimethylmethylene blue-chondroitinase ABC digestion spectrophotometric assay.
Total sulfated glycosaminoglycan (GAG) levels are determined using a
dirﬁethylmcthylehe blue (DMB) dye binding assay in which unknown samples are
compared to ﬁ standard curve generated using known quantities of purified
30  c¢hondroitin sulfate diluted in collection media. Additional sampies of conditioned

media are mixed with chondroitinase ABC to digest chondroitin and dermatan
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10 Heparan sulfate |evels may also be quantified using an ELI SA assay

enpl oyi ng nonocl onal anti bodies. 101101 TG-- 01, TI M°, and b-FGF | evel s can
be quantified using an ELI SA assay enpl oyi ng nonocl onal or polycl onal -

anti bodi es, preferably polyclonal. Control collection nedia can also be
gquantified using an EL1SA assay and the 15 sanples corrected appropriately
for TG--0,, TIMP, and b-FGF |l evels present in control nedia, [0111]
Nitric oxide (NO |evels can be quantified using a standard G ess
Reaction assay. The transient and volatile nature of nitric oxide makes it

unsui tabl e for . fpst %rﬂ%%ta!dﬁkﬂoﬂ"&tt&% co'l'(‘f?%ééﬁtr AllBQ3hable breakdown

products of nitric oxide, nitrate 0403) and nitrite (NO2), can be

det ect ed usi ngdEwREdS hsHEEHET Vivelenahogiance hbe PMBdyempebhvithiten assay
enéymitl cal :\Iy GQG\é@ﬁda&ldéﬁnEfaﬁi ﬂ'oﬁrﬂlslﬂﬂ 535|nheThdtoﬁdﬂﬁraﬁ6@c&ﬂh&ﬁQn@«ﬁfai’Ql tr gt e
reductase. Nitrite.is orimetrl azo dye
product, absor BYF#¥ I?/'f%“% g% fn@ﬁ?ginﬁtbfﬁgcef’%h %‘i’mﬁ%%ﬁ 8%"35(53%?%1 The | evel

of nitric 0% denzpnaiséigtstibmby thetosy sifaed ghsogmineglyrhmagicdpyatoonver t i ng all _
e it okdilshiia méfe UL ERAG AL OLA SONGAGAL Al NI 1T e Tn

t he unknown sarrp aring t t| n entration of
nitrite to a sﬁm&mﬂp@ﬁﬂ/@%’eﬂh@ml@ﬁu%qﬂéﬂwwﬁ riifiegs of nitrate

converted to Nidphhd ﬁlfate and[caarﬂazdmnTJaﬁa:@afoh&@mdi@aﬁﬁ Jaﬁgfemr@éo@re&e@d i nhi bitory
phenotype is asSessed usi ‘3 he quantitative heparan sul fe; TOF- B1,
S qu

TIMP, NO and/ ofPPiriiatgly i lesshan (90 the pgifigtehapsipita sulfate i diepst antitative

in Vvitro assayHepfan SR ideluag hiso Redntifidavibdan BLIBA istdyichipbjian of t hr onbosi s

-as foll ows. For UL POS %gocpf the present invention, inplantable materi al
is ready for ifplan 'imon when one or more of these alternative in vitro
assays confirmthat the_ inplantable naterial is exhi bltlng the preferred

i nhi bi tory pheno{“}b‘g Tfj’@f IMFeod ECT v s sembr Prdifiehesee 28BSt h nuscl e cel |

gr owt h i n Vi trgsayleRfloying monoclonal or polyclonal antibodies, preferably polyclonal,
Control collec‘non media can also be quantified using an ELISA assay and the
15 samples corrected appropnaiely for TGF-B; TIMP, and b—FGF levels present in
control media.

[e111} Nitric oxide (NO) levels can be quantified using a standard Griess
Reaction assay. The transient and volatile nature of nitric oxide makes it unsuitable
for most detection methods. However, two stable breakdown products of nitric
20  oxide, nitrate (NO5) and nitrite (NOs), can be detected using routine photometric
methods. The Griess Reaction assay enzymaticélly converts nitrate to nitrite in the
presence of nitrate reductase. Nitrite is detected colorimetricaily as a colored azo
dye product, absorbing visible light in the range of about 540 nm. The level of nitric
oxide present in the system is determined by converting all nitrate into nitrite,
25  determining the total concentration of nitrite in the unknown samples, and then
. comparing the resulting concentration of nitrite to a standard curve generated using

known quanfities of nitrate converted to nitrite.

A[OHZ] The earlier-described preferred inhibitory phenotype is assessed using
the quantitative heparan sulfate, TGF-B), TIMP, NO and/or b-FGF assays described
30  above, as well as quantitative in vitre assays of smooth muscle cell growth, and

inhibition of thrombosis as follows, For purposes of the present invention,
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5 magni tude of inhibition associated with cultured endothelial cells is
determ ned. Porcine or human aortic snmooth muscle cells are sparsely
seeded in 24 well tissue culture plates in snmooth nmuscle cell growth

medi um (SnGWt 2, Lonza). The cells are allowed to attach for 24 hours. The
media is then replaced with smooth nuscle cell basal nedia (ShBM

contai ning 0.2% FBS for 48-72 hours to growh arrest the 10 cells.

Condi tioned nedia is prepared from post-confluent endothelial cell
cultures, diluted 1:1 with 2X SMC growm h nedi a and added to the cul tures.
A positive Conimpihntable tateidlistbddy @R in@flanGficOIHEn SlSChére 6fthdse glemmtvh i s i ncl uded

in each assay. After three to four ells in each
sanple is enun&’ é{’f"é'asaﬁs”i"‘?fgméhaﬁ%‘ﬁT"Ep(!ﬂngé%ﬁlﬁttma?‘s Bﬂﬁgm rtl% p53(%co?or| metric assay-
after the addi inhiblorpheotgpge. The effect of 15 conditioned nediia on snooth
muscle cell proliferation is determ ned by conparing the nunber of snpoth

nuscle cells per gigd ’ﬂomﬂteml%nl%eén%mrﬁm@mgiotvmmw@& tgondi t i oned medi a
with that after {

hree to. four |t|o d nedia, and
to control Predinég“(t%‘{eéﬁ’&ﬁl?"&c‘bﬁs ﬁﬁ%f‘gm‘&?f‘ﬁm Iﬁl St“h LPPHJP%E addi tion of
growt h fact or sporcidde hmmbmudﬁoaﬂfmmmhndbﬁshmmas sedadat Hdvellitissee t he
condi ti oned 20, prdip 28TDLSR HALE £PIRARSHLE Gl AR, UAR g [ nhi bi ti on
ccor

associ ated w tﬁltf"ﬁ@ rve contro pre rred enbodi nent,
t he i npl ant abl &e atioved toattach§0r@6hw&dé“h@ﬁedmmhm ?@WW@ &6 t i oned nedi a

i nhi bi'ts about ce%%a@a%edYﬂ%BW@onﬂﬁﬂ%@Z‘% m#@lnh&rﬁ@'g@wihchnbﬁﬂ\b bit. [0114]
To evaluate inhibition of thionbosis in Vlt{r!fﬂ-‘g @ybﬁ heparan _
25sul f at e d8soesllat eadifpre medis iserppiel 2P RSFSHHEN S °thf‘:l $ed CF8}et er ni ned.
Heparan sul f at g ibatlrxema grﬁﬁﬁﬁeﬁﬁﬁﬁdd&@ t@thekuatimtd. -A fosiavebot i ¢

properties. Usin the routin l e ondr0|t|nase
~ABC di gestion '?&-géﬁ?fd%ﬁa%ﬁgﬁ © “é"ss"g%ﬂ’/eh w% %ﬁ%‘%ﬁmaeg%aag a;l/’ E assays are
described in deteaid foﬁbleysethendne)emmbnmadtmﬂﬂl@ﬁnmwmwgﬁﬂop%ﬂfe is
cal cul at ed. Thg,),1ph AR APl fortil Rl o762 ReicUSEd ool BT poses 30

en

described herern eparan sulfate in the conditioned nedia is at
| east about!50. agditiogd medieprymesihymisgle ¢el geofiferstion ji detprmingd By COPIHHEY day .

10115] Anot herthgﬁﬁm{rioffsﬁe&yah&&&tcenslpememhﬁameﬁm@; befdid edAaRibSofi NVOl ves
determning the rragnltueof te aqgr.egation in vitro
associ at ed wi t FPPfGRed matia Y"iﬂbwﬂtﬁpte‘ar etBEOUb%aigéaﬁos%fotﬁg‘g%%tr% e (Research
Bl ood Conponeninsdia, Biid 1g hdnetl, mddia)(stanGam diowibomdid witk didawitheut theegbticad f r om
post - confl uent end E{et )ngggﬁxF%mﬁ&%&H{bﬁénsttﬂmé@'@ﬁﬁma&na&b:gyotS of the

pl at el et conceftda aggregari ng_
20 media samples are compared to the magnifude of inhibition associated with the

 positive control. According to a preferred embodiment, the implantable material is
considered inhibitory if the conditioned media inhibits about 20% of what the
heparin control is able to inhibit.

[0114] To evaluate inhibition 6f thrombosis in vitro, the leﬁe_l_ of heparan
25  -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 digestion spectrophotometrié assay or
'an ELISA assay, both assays are described in detail above, the concentration of
_ hepﬁan sulfate is calculated, The implantable material can be used for the purposes
30 described herein when the heparan sulfate in the conditioned media is at least about

-0.23-1.0, preferably at least about 0.5 microg/mL/dzy.
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agent (agonist) is added to the platel-ets seeded into 96 well plates as
control. Platel et agonists comonly include arachi donate, ADP, coll agen
type |, epinephrine, thronbin (Sigma-Aldrich Co., St. Louis, M) or
ristocetin (available fromSigma- . Aldrich Co., St. Louis, M). An
additional well of platelets has no platel et agonist 10 or conditioned
nmedi a added, to assess for baseline spontaneous platelet aggregation. A
positive control for inhibition of platelet aggregation is also included
in each assay. Exenplary -positive controls include aspirin, heparin,
‘Indoret hacin ( Si gsf8s) ﬁirﬂa]laﬁbeﬂﬁqfaevﬁhatelhrawhamfmmboﬁmwemb (ReoPro(r),
Eli Lilly, Indlanapolls IN), tirofib grastat(r), Merck & Co., Inc.
Whi t ehouse St afFEmmng e eaenigide Pﬁ‘%‘fqnd’épli@ﬂ@wﬁgét@ﬁ“l'ﬂ TS24 | | enni um

Phar maceut i cal sith hidles ncﬁlarﬁtiﬁd 61gRitelcMdhcentddheRERFEH Bld:dﬂg:o@lb@&eﬂi et aggregation-

of all test coqpditio are the asure at e r andthe
absor bance reag 0114)8@) nd'f’ﬂ%eqﬁfngif Ipéefm?&%&‘%ﬂr%ﬁi ({Ot%aha &l e
aggr egat i on sby culmrek sr@iraitded toghitypcesadf the @lagiet gpneefimtep Maﬂ@dlﬂtgmaggg egat e, nore

light can pass %ﬂh\} 8%91@!: Fs@&da?&%ﬁ%ﬂﬁ&ets ;E%dﬂo%@efﬂatgﬁtgﬁqmlr eports results .

i n absor bance, ate at 20 whic ets aggr egat e.
Aggregati on i sPlatslsbagauisis commenlyinehide arelyideny QWC%SWHLGP’&% ftnut es after

the addlt tion OthrénEb%l (@@&BJA%;J ke, &f LRkt Mof or@@&sémt Ga@iilﬂﬂ'i ﬂi&ds;gmaont pl at gl fet
aggregation is determ ned orrpar ma oni s regation before -
the addition of“?délﬁ‘hﬁ‘? t§t &ﬁ’%’& ‘%W‘tg“ﬁl Weﬁﬁﬁa&?lft %‘3(‘3‘3?%%@“ pl at el et
concentr at €0t Ooﬁﬁﬁkﬂh&hd]ﬁ&ﬁhﬂﬁ&ﬂ“dﬂ;sas&lﬁﬂbﬁsamh hrentpesistplatelet gporgatiol.. Resul ts

- are expressed a3 o&?v%go 1%%0!10 y%ﬂ‘?%%ﬁﬁ%:?& %&em%ht ude of

i nhi bition asso e con es are conpared to
t he magnitude efay riimnmlatrx' mqmas@@miaméeﬁemmhl kepingadamethgedn @WReT o .

According to aspefes. rg@(ioglgmgj %ﬁ@bmpm@h@m@mmﬁa&w al is

consi dered regul at or ‘K condi t i_oned g_:‘sj S i,nhj hits é)rTbOSI S by at
| east about 20Yg8an( %Ef“t‘,‘@ht?’fﬁ’l‘:k&r@hé““pr“@ft s Pt repEieideahout  40% of
the controlis. Smﬁgmnmnenamfmmmewag,m datbusdge, amuu*hea&%mg the control.

[0116] To eval ul.ati eS| S in Vvitr: scul ar tube
f ormation Mat rF F‘g%““%&%foig tef)tfcmjc{]%) r| gnnme “req qatem rat"% eval uat e
t he tube for rratmeiﬁnoﬂmnsreaq/atéﬂs Mt?hcgbtelewahtmassreswavbm;{manow al. 1. Bio.

Chem 217 4521 R1RR08). AIBLEn ki by el bt coated i Lh |

250 |- Matri gel I on om t he Engel bret h- m Swar m t unor
(BD Phar M ngenjpecigen. Jihe glaiglet tedgtrapasi regylts grabsoptgpee. 3dution Al H’ﬁfaéf’sa* for the

plugs to fo)m Wﬂdﬁrﬁ&ci gl'dgﬁt@-' fgﬁhdﬁlmﬁeﬂeddsﬁa}uﬁa@ahgedaﬁﬂd%amLonza .

Bi oSci ences, W4 re see 0Q, 000 cells/ L.
in 0.5 nL EGM%’%/W‘ ?‘f[fﬁ&‘ %@87" glgeffattg’ocﬂ‘a‘g s e%Rdi a col | ect ed
from sanpl es ofplatelepiganjasin xedmrmmeﬂwcompadt@ mekimaliagypisbaggmbdtion iefrceri al in a

co-cul ture sys | led to the
Wit rigel it her arang ppdingf beaf LGN g ABpAREARRTS e
incubation ti n’é‘sﬁoaﬁﬂﬂgmm(dtmta@fOZPePWtWEEDDB?I Repultsstrregyressed 6 9117] * The
density of z@ndpér&%%@dfﬂﬁ%ehﬁeuIqrﬁesmigafuinedfnyﬂhsxmnasswaed\mhrmageI was
gquantified by manua intriplicate of ower f|¥ ds (40x).

countin
Sanpl es of 15 taREitipIeg @5HR AP gﬁsé“’ﬁ%ﬁ‘ffafeﬁ?t "trﬁ‘@ﬂ‘fmd"c YBERHYNi ng appl i ed
to the Matrigebjth mp@niﬂseﬁtﬁs Ah&bedmgegapnefeeed)am’obdménr ﬂﬁmyplhmbw

anti - angi ogeni glitgrgag% &Sns{ag‘rteg regaato at%h%co?dlgc?éd r11:1tlzd}/aei\nhg!:»(?trs;I hro?clbos(tsf b? exanpl e,

t hr ombospondi n- I n-or
" least about 20% of the conirol, more preferably by at least about 40% of the control,

30  and most preferably by at least about 60% of the control.
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N donor) per cubPt

[0118] Figure 2A depicts photographs of HUVEC tube formation in Matri gel
wth and without treatnment with the inplantable naterial of the present
invention. 20 Figure 2B is a graphical representation of the tube
formation density follow ng adm nistration of conditioned nmedia or the
inmplantable material. Wth reference to Figures 2A and 2B, according to
this method, the inplantable material resulted in a reduction in the
‘density of tube formation in the Matrigel conpared to the control.
According to this enbodi nent, the Matrigel-HUVECs were allowed to incubate

25 with conditi O?ﬂg?ﬂ”%icvﬁg%%%%}llatﬁa?ofiaﬁﬂ?dg@&%@{?zh)grof'@xé sdufth bOr 72 hours. At

16 and 72 hours fol l"'owi ng stration o condi tioned nedi a,
si gni fi cant t uBemstiop Matrigelplyeasay sidaviherip ¢4 alt Ties veadte evalveelbnibs | gel sanpl e.

Inbt hfe i pl ant aph@icABduSiEy cﬁ"Ma%@g@Hl LBns. mgaﬂei@ e@zll.g_EBiof'@{EQ, ng;bgmlensi t)kl)l of
tube formation js_signi antly reduced. Accord] ~.Lhe inplantable
material is abf‘%ﬁ% @0%% t’twegﬁéi‘eﬁég i“‘?“’icﬂg‘fdh"gth%gé X‘ih@*’é‘?g'ﬂ?ﬁ‘ relative to
the control .5 '+ ECM prpdrdttn fitdhethe Frgalthyth{ffoim-bwphamtaiBloAharMingenpktanar f or m of
i npl ant abl-e ma,&s ' bd L4 dilhal RLodUEL ssant@alners, each
preferably con%ﬁ{%?lr?é‘!fbgmgwf %p%qd%r%rﬁﬂé?frz e%ngfgn %?lérl _ge]1 [ ngl ant abl e
material -with preificl e spdethlielsiistHt ¥EY, L5078 BioSpicyss, Bpselpfwizeriaadl y at | east
~ about | 4 xh105 @@%Lﬁﬁée@qﬁm&@i@ﬁ 1|@t§,oulo%a§ﬁ1,a@g.m%@d _]gmblnediﬁ?dmi&a(foa 5
exanpl e, human_aortic_endqothelial c s, deriv rom a single cadaver
ge@ﬁﬁs?-n%%'@m?ﬁ#ﬂeahf@m@ %S@Pﬁﬁlf’f forplania BRFTL el y 45-60
m , preferall yhabhaikntabe niterialamnsatduilre gtters aoantifpiaedie tardgitiogserexanpl e,
endot hel i al grow.h .nedi \ ont ai,ni ng_no_phenol r. d no
ot b ot os) " SRl G MR e SRS PRS- O PR AR 12 - e
medi um i s al soinEBMiod tioenitd7 0 (o2, AG, Phendhoursyd, but 10 suppl emented with 5%
PBS and 50 ug/ mlL gentam cin. [0120] In other preferred enbodi nents,
the flg)wabl e colrmnﬁ]tim?de(ntsi?,rofeaagmmaﬁceu@b@&ﬁﬁﬂe@muﬁﬁmrm&i@am&pcomati b: e
matrix) is supplied in final product. containers, | udi n or exanpl e,
seal ed tissue E‘Wﬁ?b’_‘é‘ﬁrﬂlﬁg@ﬁg’%mﬁ%‘f%% "\'/\Wc‘twﬁffﬁl‘#s?@?‘) gﬁ‘ﬁ@“d’% pre- | oaded
syringes, dachthpbiefoerpatibleymadntsiont cally (aipothing &fpli6lo tig Metrigdlbwirt owabl e _
conposition co 1.Sd.Ng.. & B D ARQML; 108, Lat.al . endot hel i al
cells in about@ﬁ%’%ﬁ%@%%%@f éﬂlﬁ% ‘gbohiﬁES rﬁjdr&%ggcr owtu% rre?%fum per
aliquot. [ Onmiiye Spieg! (bl paepleftbrpmsseendiag cadggitineriagsiatithe | npl ant abl e
material of the present invention conprising a confluent, near-confluent
or post - conf | uenfo1s)p Tigate ndepibts piekdgmplcafHYEEfaiba foabaied indatrigelom '

tenperature | Noh & %’1%0611t ?f&gmé/nlt M e implantable matérial of the present invertion.

20  Figure 2B is a graphical represéntaiion'of'the tube formation density following
adminisfration .of conditioned media or the ﬁnﬁlantablé material. With reference to
Figures 2A and 2B, according to this method, the implantable material resulted in a
reduction in the density of tubé formation in the Matrigel cémpared to the control.
According to this embodiment, the Matrigel-HUVECs were allowed to incubate

25  with conditio'n'ed médium from the implantable material for 72 hours. At 16 and 72
hours following administration of the conditioned media, significant tube formation
remains within the untreated Matripel sam;ﬂe. In the implantable material samples,
on the other hand, the density of tube formation is significantly reduced.
Accordinély, the implantable material is able to inhibit angiogenesis in the Matrigel

30 relative to the conirol.
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20 condition for at |east two weeks. Preferably, such inplantable materi al
is maintained in about 45-60 m, nore preferably about 50 ml per

i npl antabl e material, of transport media with or- without additional PBS or
VEGF. Transport media conprises EGW 2 nedi a wi t hout phenol red. PBS can be
added to the volune of transport media up to about 10% PBS, or a total
concentration of about 25 12% PBS. However, because PBS nust be renpved
fromthe inplantable naterial prior to inplantation, it is preferred to
limt the anbunt of PBS used in the transport nedia to reduce the | ength
~of rinse require [ ' i : .0-the vol une
of transport mned ﬂ]alt!?{] p%{?}gﬂ geag%}r%%:@ﬁ%a?%%oggﬁe pgaggg%r%%? mgj %Eé%%?‘ rgrti‘zltla(P * [0122]
‘Cryopr eser vat i emplist in gl raprupitspeaingsy, exch prpferabieontainisie a b k41510 el éri al of 30
the present inygNtieAi ufihtdb® XAV B PRIVBH afdxinihdly YR 16136/ Oor transport to
the inplantation site wit I.4n ni Shi [ [

hout digm ni shin ts clinical potency or
integrity uponPelBply atfast abpuldx lﬁ%ﬁ%ﬁ%ti%%ﬁpém ]eﬁ‘a]tgzgf}‘i al is
cryopreserved éfample Mombd acetic\eadditelial cdla Heapeeom)a sintla lcgieveNdower) beit | , Rochest er,
NY) in a solution of. about .5 t or - sal ution (Bi.olife
Sol utions, Oswego,™ °8%1€R%aaﬁaﬁifﬁa%\£?§&%‘i"%%§@ mg 5eu%rfbg‘ta§8)<§ltDextral] and
about 20- 75% FBBnlaendttbeliahgrensth medinm ((for e@pryrda prapthclialovah prdgeEGMr a col d
" i so- propanol t sithQNSf £ hEMitiQicdN whBierdre 866 8nabiRiiad hours, and
subsequent | y -\t/'\%éﬁ%?g@%g%pt 0 I'?{]q?d_ niutlr g%en -,1_500& to -n165csi. [0123]
Cryopr eser ved &ilf gewes hrerevimpdipn ifdbaBpY-2rertaninede phsngl thew sl owl y t hawed
at room t enper abpibrented with SAUHBS kB 50 31 @6niandicdd. | owed by an additional _
approximately 15 minutes in a roomtenperature water bath. The nmaterial is

t hen 10 washed agﬂﬁ]n%@&dﬁﬁg’% %@a&%h&hﬁ%&g&?ﬁm%ﬁo@m . lactated ringers

or EBM The thre ) cg ures are conducted for about 5 m nutes at
room t enper at upEmplH@ameae foam bocomppiihie Ay i tpakrd it Trebmedudto det er mi ne the
bi Oaiji vity OLcoﬁxﬁﬁe&h@e‘!ﬁd@!@z &Exhﬁlk,,seaielekiéswuu{itlge ctohﬁin&mwaiﬁéad?mi nsg .
procedures, the cryopreserved ymaterial-is allaoqwed to t r about 48 15
hours in aboutfﬁ’:lfteﬁ’)"%\‘gr e‘@%‘@g%’t‘l%essﬁ&?hﬂqf%%’}y %?‘m%arbcq,’i‘tﬁégé%fif helial cells,
the recoveny ShdvibicasmgosititaBidPrisnprpbu frent’elabuat i by 169 tHB&athetkl 50 ngi m
"gentamcin at 37C in 5% - for..hy taeldaR ld.Sar the recovery
solution is Ed\_%im\iﬁg% 4éooér%)cn\nli\}’E’rﬁ’[‘g{ﬁﬂf’lpant| Oi%{g’t cs.llﬂlfaﬂﬁ%grdqp%st-thaw )

condi tioning can be carried qut for at |east .another 24 rs prior to use
- and/ or packagi ngl%igi  Sheli-lifeof nplaniable Matcrial: %F@lﬁgﬂ%?ﬁ%}c}g ely prior to

i npl ant ati on, ﬁr@henttﬂva;mﬁpedzﬁprﬁihgawﬂﬁeém—mﬂdmrmdémﬂnehs decanted and the
i npl antabl e mater.ial is.rinsed in.about 250- . il.e,saline (USP).
The medium in PREZHY 't_l‘felifﬁag ﬁ@F’n{é%ﬁb%foﬁgg%%g%%%ﬁ%sn%%% a JS&EELFBS to maintain
cel | viabi 20t yeodditiongr at feagn typowdeks: Freferablyi wwelcigplantpbiemyifriahecessary. The FBS

has been test ed,gxt &S bl 45.dod, IS pERRLRGE 50t Rk k8. fungl and ot her
viral 25 agents according to Title 5 CFR, Aninmal and Ani mal Products. A

rinsing proced@iterial. of Empogyrsdiais or ey additens] EBY YRR g¥PISRRAI ch decr eases

the amount of HZBS domphef BGHErmLHRe@Bhyollal. PBS waobaddedd g per i npl ant,

b qt pref er abl yvo?u?ner;r)? trraens;got]tanrz]edljé-u}za chabggt ri G‘k gEé,%p e; fotal concentration of about

25  12% FBS. HbWever, because FBS must be removed from the implantable material
prior to implantation, it is preferred to limit the amount of FBS used in the transport
wnedia to reduce the length of rinse required prior to implantation. VEGF can be

added to the volume of transport media up fo a concentration of about 3-4 ng/mlL.

[0122] Cryopreservation of Implantable Material: The implaniable material of
- 30 the present invention can be cryopreserved for storage and/or transport to the

implantation site without diminishing its clinical potency or integrity npon eventual
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[0126] The total cell-1oad per human patient will be preferably
approximately 1.6-2.6 x 104 cells per kg body weight, but no | ess than
about 2 x 103 and no nore than about 2 x 106 cells per kg body wei ght
[0127] Administration of Inplantable Material: The inplantable material of
5 the present invention when in a flowabl e conposition conprises a
particul ate bioconpatible matrix and cells, preferably endothelial cells,
nmore preferably vascul ar endothelial cells, which are about 90% vi abl e at
a preferred density of about 0.8 x 104 cells/ng,.nnre preferred of about

1.5 x 104 cell Op.o41] %5, &é%&gléﬁgergf Brﬁegg%%%ﬁmgﬁ ?ﬁ{ ng, and which

can produce conditi gne la contali n| n ate at 1| east about

0.23-1.0, pref BYaigoney, Naloe|Nums fnt'4 Rocheste, XY )ik erobypmeiebay > miGpos®1 at at | east

and b FeF bel ot aba 208 BICRE B g abre e ot an about 400
w u u

pi cog/ m ;- TI MPaRY & & BRFRE PO AL BUngp TogaR il J OB 10. 0

ngélt nl fdayt sggﬁrlﬁcﬁ& &?Icyldaiotﬂrq;aﬁdl vafethath, t&nﬁerﬁ%&dﬂu/ x!}aglé;freﬁ@bf}nrm hb?ﬁlfll ti ;)neg t

nedia is a east a . ) erably at |east abou

2.0 umol / L/ day™ oﬁluéeq“ef’lﬁggfms %tO%’él ldﬁ e%enhesgaflf bgg Phhi bi tory phenot ype.

[0128] For purposes of the present invention generall é adm ni stration of

the inplantabl e PA#Y; Cayoprecryrdrbmel! hoimpieiahls paga §° Boxit® in the

vicinity of, aﬁhh\aﬁaﬂbmh&nq;esaﬁ&eﬁmaﬁﬁﬁﬁinads ﬂlbxeedb?heaﬁmo&z of deposition of

thelrrplantable mat er i, an interior_or i or rface of an

f Tect o ot r ucUBPRTBENdS By hBeR S REUR bt PredilBRe

cont enpl at el heusbédrupodt  Giakes inatouti2]foI5e nbreliva chied dugowpEBMhEe as fol | ows.
[0129] In a paptl & l@@a] nposition is
first adm nister eg}geg{og%atu%ng%gﬁdﬁgedg%gﬁ%glmth eat‘?)%ﬁ‘L rﬁ@g near the-
af f ect ed struc@@#@“ﬁﬁtﬁﬂmm@epom ted on an interior surface of an
affected.joint, resection or 25 other cavity, exterior surface.of an

af fected str uct U [0224] d T éettinyind the Weuotivitg bf thd thdwed hietesalfalivevingthealimwi Nt er sti ti al

Sr e aal acent L8Rl RLh, Nl O ALLEHH ABleatd BREGDGL L, US| 10 2
sui tabl e needl &, "cathet er ercut aneous delivery device.
Al ternativeby, httutsen amomwamt@f@mﬂiuﬂoenqugoreteq qngashedigl cplds; it aneous!l y usi ng

a needl e, cat hﬁ&cﬁEry%lutﬁE@Bﬁ@'sﬁﬁJ@uﬁnt@tﬂbﬁh‘G@JBﬁ%&B@ﬁgﬁhﬂgeﬁﬂﬂkﬁ&Ct' on with

an identifying ste
Y gS?"C mpS% CO,; for human endothelial cells, the recovery solution is EGM-2 with

or without antibiotics. Further post-thaw conditioning can be carried out for at least

. another 24 hours prior to use and/or packaging for storage or transport.

20 - [0125] Imnieﬂiately prior to implantation, the transport or cryopreservation
medium is dacas;ted and the implantable material is rinsed in about 250-500 mi
sterile saline (USP). 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

25  agents according to Title 9 CFR: Animal and Animal Products. A rinsing procedure

is employed just prior to implantation, which decreases the amount cf FBS
~ transferred preferably to between 0-60 ng per implant, but preferably no more than

1-2pg per implant.
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30 facilitate delivery to a desired site. The identifying step can occur
prior to or coincident with percutaneous delivery. The identifying step
can be acconplished wusing physical exam nation, ultrasound, and/or CT
scan, to nanme but a few. The identifying step is optionally perfornmed and
not required to practice the nethods of the present invention. [0130] The
- flowabl e conposi.tion can also be adm nistered intralumnally, 5 through a
tubul ar structure adjacent to or connected to an affected structure. For
exanpl e, the conposition can be delivered by any device able to be

inserted within g,byb @ratammsatdé&qmmam illibD SLRRES appPiiithi

intralum nal deliver ulLcilew ce Is h a traversing or penetrating
devi ce whi ch t R&v*s sceﬁfPP%éﬁE‘IdW&le’égt ‘I“h’é"lFﬁﬁFﬁa%%PP“tzxv%ﬁlﬁn Bt ™he tubul ar -

structure to regghbolid¥e 10L&k p&@ kg Bedy%igl! | or surface of an affected 10
structure. The flowabl e conposition is then deposited on a surface of the

affected struct ot fﬁadxrmlv}geesn&rm@%%g%@aﬂmﬁa@uﬁame micQiiH]  The
traversing or enetiat el n can permt, for
exanple, a i n@ie@remttmenmn wheh inadfoyatle comppyition sdmrrises ¢ perdaiafey er v poi nt's

arranged in a @ﬁ%ﬂﬁﬁbl&ﬁﬁﬁ%ﬁlca150;9&£rhtgyrxﬁ&mm chiR, AGEABRRLbsh del ivery of
fl owabl e conposition to a surf ?q/mpflected structure W t hout
&

di srupting t he"%sF‘ilgen‘;Rthﬁ‘w&F%'Fa"’{bfhdfe aB%’F ot HEETEAR B Tar r anged, for

exanpl e, in a shouglex 00'kelstng, intrepRfvereidfinbont LI x UF eslymgrmat friferedr ar r ay
arrangenent to a.few 1 rred

enbodi nent of- f’ﬂ%n?tr%\}"éht Qieus”mg’taflrd Wﬂ'%ncg? %m@‘lﬁ%%&g{é@?%%%fagmﬁﬁgégt ed via the
interior suitf abepawh swfasarlemst abpe Oéﬁtiﬁerfﬁfpfp‘é)'(##ﬁaﬁt alppt Gff micgp/mi220 the site
of treatment. &&F%Og%t 19451 ayo&abo-m%gmay LT Y @reambuamo penetrating

devi ce at or near of the treatment coul d disru r lead to

further danagePlﬁ‘Pg/‘PVﬂi‘Y:&f“FE‘@?@Bﬁlg‘t’PII?BttZQPE“’OgAEIGBq'Rﬁ?f tymo ‘Pic fth subjects,
care shoul d be ahzken k@g/mnsmp-zﬁﬂban@maimaﬁmmreﬁb%moeﬁ tat108@ | ocation a

di stance fromt tur stane term ned by
the clinician 5%%%%8‘3%?% Yr?é{e%% tf%oéfégi/‘%ﬂw%ﬁ%ngglomdnﬁ 25 F25[0133] .
- Preferabl y,15f | naabboat mmo$mbmdayrlsefdm@ﬂdmdmow Gumadl/hides pidr  or  ext er| or

- surface of an gfsﬁaefhegﬂﬁﬂt_ééé&iblééﬁ:%ub?dhr}lt]l%ﬁm%{e the site to be treated,

adj acent to or Sit The conposition can be
“deposited in a variety of Iocatrons relative to,an affﬁ% srte for

exanpl e, at the 41281 “FoppHrERSES o e PEIUPYERHY EesRlY STMGT Bsite or
adj acent to thenSintble pAGaddacinaeia b lealjpedb e sitcdaithevitioli adipdcent3@eran adj acent

site is wt hl nataal?l%é[cteg st em (c)si% o?ﬁgp9$tiohlaﬁﬂléfﬂpﬁﬁtglﬁgm§£_r¥aﬁs-aﬂ iteR 0L her

20 exterior surface of an affected structure or at an adjacent or surrounding tissue. As

contemplated herein, localized deposition can be accomplished as follows.

[8129] Ina particularly preferred embodiment, the flowable composition is
first administered percutaneously, entering the patient’s body near the affected
structure and then deposited on an interior surface of an affected joinr, resection or

éS other cavity, exterior surface of an affected siructure, directly in contact with the
stroma or an intcrstitial site adjacent to or surrounding the affected or treated site
nsing a suitable needle, catheter or other suitable percutaneous delivery device.
AItematiﬁely, the flowable composition is delivered percutaneously using a needle,
catheter or other suitable delivery device in Vconj unction with an identifying step to

30  facilitate delivery to a desired site. The identifying step can occur prior to ot
coincident with percutaneous delivery. The identiﬁriﬁg step pan be accomplished _
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preferred enbodinent, a site is within about 2 cmto 4 cm in yet another
preferred enbodinent, a site is within about 4 cmto 6 cm |n another
preferred enbodinent, a site is within about 6 cmto 10 cm Alternatively,
an adjacent site is any other clinician-determ ned adjacent |ocation where
the deposited conposition is capable 5 of exhibiting a desired effect on
an affected site in the proximty of the site to be treated. [0134] In
anot her enbodi nent, the fl owabl e conposition is delivered directly to a
surgical | y-exposed interior or ext eri or surface at, adjacent to or in the
vicinity of an _affecte c [ i §,9Ui ded and
directed by di Fec p% 150 x%né’fléha%"i otﬁasouf]d aéfmr?rg‘%ﬁ% ?gbflﬁa fg\ﬁl@’ case, delivery
can be aided bidewSyinpsitaiérrptionslly prirfopmed ianflnet ©qurrdig roetisp hamedledser | bed above.
Again, the idegfifydNGestmP i s optional. [0135] According ta another
enbodi ment of the 1nvention, the flexible planar form of the inplantable
‘material is deli d.logal l ur gi exterior or interior
surface or cavi tyﬁé@ Ilg%ﬁ%wab}gm?%osmmagﬂtc%ee a%lg}sm 2 alfm mgl[yaffect ed site
In 15 one céseﬁuc&lghi@aéﬁsmnqnd@e@imformm@cﬁemlaaﬁ‘featbﬂ@rﬂnfmequral is applied.

to the interiog a%leath&&}ﬁb&a&mc&nHega@eﬁmwanf;%fcemtb@e aRgeC@NiACt a surface
of the site ancf( lanted in an anount effective to treat the site.

[0136] Accor di H‘Q“lﬁfd“@ﬂ‘l%e SRBBUPTARFR SuchpropiElEinabsiyesndavicy iseamareini ng sur gi cal
turrior resectwmmatdva@ngmﬁéwa@fgdsmeaum@ua&mms&newa;Hemzadll on therapy to

irradiate the 20 t nd/ or renma cancer . cel the vicinity
of the resecti Wl%fu b“%’&?f%]f’tﬂfeﬁ‘bm?br&gﬂ’gﬂ%?’r%ﬁ%‘% no?m%{e%ﬁdg or

optional |y 1bol stawtrg Thiflogiabla bontpwsiton is eedbisitd on b hefapatf iheaffecied admi ni st er ed
chenot herapy t remai ning cancer cells at or in the
vicinity of th%ufegé)f:{ﬂg%&g{rst%%o %ﬂ Qs'rs ng to either of t hese enbodi nents,
follow ng conpletion of the radiati on theraEQé and/ 25chenot her apy, the

i npl ant'abl e mat ef413] iT4e ERYEPBIFE PRRIIRIGHRG fEVIEeE [?F‘P'ﬁtﬁ AT ) PREcording to

t hi s et hod, tﬁeexaﬂiplleamngblpemﬂm‘&ielm@loraﬁurulﬁeﬁfdhlarctyr;ﬁmts arcaigelihor at e, manage
and/ or reduce he effe ts o I y and/ or
chenot her apy. ogr11 Fesection Joa&g,%ﬁ]%% hgg&%é@%‘”ﬁ%‘g b %Slhtg’éﬁ%s Exanpl es.
1. Vascul ansj njuniege off an ﬁeﬂgﬂ structure mthout disrupting the site. Aplura]xty of dehvery

points can be arranged, for example, in a single circle, in concentric cu'cles ora

linear array arrangement fo name but a few.

[0132] According to a preferred embodiment of the invention, the penetrating
device is inserted via the interior surface of a structure either proximal or distal to
20 the site of treatment. In some clinical subjects, insértion of the penetrating device at
or near the site of the treatment could disrupt or lea& to farther darriage of the
“affected structure. Accordingly, in such subjects, care should be taken to inéen'tha
penétrating device at a location a distance from the affected structure, preferably a

distance determined by the clinician governed by the specific circumstances at hand.

| 25 [0133] Preferably, flowable composition is deposited on an interior or exterior
surface of an affectcd structure, either at the site to be treated, or adjacent to or in the
vicinity of the site. The composition can be deposited in a variety of locations
relative to an affected site, for example, at the site, contacting the stroma,
surrounding the site or adjacenf to the site. According to a preferred embodiment,

30  an adjacéent site is within about 0 cm to 2 cm of the affected site. In another
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[0137] This study exenplifies use of the present invention's materials and
met hods to nodul at e pat hol ogi cal angi ogenesi s and abnor nal ' ‘ '
neovascul ari zation. 5 The experinental nodel chosen for such
exenplification is neovascul arization follow ng vascular injury and traum
i nduced by surgical intervention. Furthernore, this exanple provides
experinmental protocols for testing and using a preferred enbodi nent of the
present invention to reduce or nodul ate indicia of abnornal
neovascul ari zation includi ng neovascul ari zation, vascular density, and
expression 10 Ieéelfgﬁf".lvlvgs followng an intervention to a vascular
tubul ar st ruct BPETFGPORREHHA K 5P ARG oR T o A ARTSHAFE ™ n ani mal
test subj ects. embofiid8:33 siteds withivstbowt d em ¢b by di angthenyrederred emepgimentn AV gr af t
‘was creat ed beh%?&iﬁﬂ&b&?ﬁ%ﬁ'tghﬂn{ Ni¥rnaHY ey lah Gajdosd WAt anyohs | npl ant abl e
material was then disposed in the perivascul ar "space adjacent to each
surgi cal I'y cr eglinisipnaivrenpingd adiagenidecatios shee the frpositerd @EPeFitiod s§fPable exenpl ary
procedure ase gEknibighd IueBR)IQHect AndB&RA kiReMheablingY of tehRe phacenent and
configuration of inplantable material can be varied. In this study, the
i npl ant abl e mat®fal was in a flexible pl anar form [0139] Specifically,
the study included 20 porcine test subjects undergoing AV graft surgery.
Conventional AV {3t Iswothergmbpdimensdiriloyablinompsision isdpiparedditeydi ng 20 to
standard oper a4 i QGRS Seridr TPRALAREE: ABLREhED oA the dRiRIy #d t O the AV
graft anastonoses_and surrounds as, descri begmggltrow %f hier the graft surgery
was conpl et ed HHEredPAHE oGRS PHfeGEarT B SFAPLHES [ 0140] For each
test subj eat usEetgoh oighedAWeJARS i tifd bagpdeliveroRebesiided by édidciiett e of Nt er nal
di anet er PTFE gr.aft..was, pl aced. hetweep_ th b . carotid artery and
25 right exter %‘alﬁmjggﬁ’ﬁlmﬁg asv‘%fcﬁb‘%fa B%Vﬁ'eﬁ%mé%?'e iggngjtfyé%t%gg%%p Fé%‘%li que end-to-side
anastonosi s was created at. each end of the_graft using a running 6-0 - '
prol ene suture. MIP5]t depordipmiogpater srbodiment g WY‘*&U%@FgT"FW“}‘?@paH n and
adgj ni stered qﬁhgyft&silﬁjpl’ahtﬂigf ﬁilatle@;_\l\isldgiv?tﬂlg@ﬂy;o a surgicdlQ A cci-'EEEEridBl;] It_heI tesltI .
subj ects received i nt abl e materi conprising aortic .endothelial cells
~ on the day of %’d?ta'ﬁ’wa‘ﬁ%éavé%%ﬁadﬁﬁgﬂﬁgﬁli%%\?\é’?cg%%p f%%legsol%églch t est
~ subj ect.” TV6 i orplantasiessese prucagtieduglmebiedhadd s applict krethe injerianfest onot i-c

sites. In thi e g&a&'ﬁ%ﬁ@%&fm&%aﬁ%@ta&,H&et,ftﬁé&m Rid Gmfnee P! @nt abl e
mat eri al was passé : o

an amount effective 1o freat the site.

[0136] Accordiﬁg to one embodiment, alone or optionally following surgical
fumrior resection, the resection site is administered radiation therapy to irradiate the
20 tumor andor rema.ining cancer cells at or in the vicinity of the resection site,
According fo another embocﬁment, alone or optionally fel]ow'ﬁig surgical tumor
resection, the patient is édministered éhcmotherapy to kill the tumor and/or
remaining cancer cells at or in the vicinity of the resection site. According to either
~ of these embodiments, following completion of the radiation therapy and/or -
25  chemotherapy, the implantable material is delivered to the resection cavity.
-A‘ccordiug' to this method, the implantable material is used to treat, ameliorate,
manage and/or reduce the effects of tumor resection, radiation therapy and/or

chemotherapy or the resection cavity and/or siwrounding tissues.
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5 under the anastonotic segnent until the mddle of the inplant was at the
poi nt where the vessel and graft neet. The second pi ece of inplantable
material was then wapped in a direction opposite that of the first piece,
pl aced on top of the anastonotic segnent and the ends tucked under the-
anastonosis. Both ends were then wapped around the suture |ine keeping
the i nplant centered over the suture 10 line. The ends overl apped
mninmally to secure the material in place. An additional single inplant
was placed longitudinally along the Iength of the proxi mal venous segnent
starting at the anastonosis, of each ggs Eeéubject. The inplant did not
conpletely wap around the C|rcunfere ce of the vein. 101421 Ten test

subj ects received cantr.ol | ants without cells, wapped 15 around the
‘anast onoti c siéegﬂ%§§ﬂ§gﬁéﬁgg%n t he proxi mal venous segnent of the graft
on the day of surgery. The total cell |oad based on body wei ght was
approxi mat el y 2. 30705 hisetidy exsmplifiey use of hoprasgt inSeptigh’smhterisgoddur e.

Bil ateral 8-cmpggk ,ﬂsaupakéyaﬁmre@&s@a.@%e@yﬁa athi@aSl8RGl81AeH nast oi d
muscl e on each side of the ‘neck cg these incisions, the left 20 comon

carotid artéryTWp?r%ma‘twelf%P%fﬁéa‘ gremplificairp s peqygseustizaion) ygul ar vei n.
Appr oxi mat el y 4liBwispvaagieiiirg atfraes ndeathyatrgied hitenkhitton! Paddoreom

- surroundi ng tigsues nda e.n were i gated with 3-0
REPAEIEY ot IR e S e S T A
Hudson, NH) wasmbadinret o theipresant Bvdnbont tardog st rthdafetb lrlde:tawémomaé two -
S e b LB HOMBE L #BRicR b8 HORM AL A=y T venol oy

was made. The vein was I1rri eparini zed saline solution and an

~obl i que end®t olegﬂﬂéﬂ\ﬁﬁ%‘isfﬁm@lme“ﬁﬁﬁéﬁﬁé‘t%@ﬁﬂ%rﬁ@l% Prgraft using a
runni ng 6-0 pr el.BRR, igttdétRn oM VAMERK 30RIG! Bt tuble@gt h was 18.6 0.9 cm
Once fashioned, the venous clanmp was renoved, the graft flushed with

heparin-sal i ne sl Qi 0K s e{g?cg\@;;&muggb@mfg@%sambmcqy vas 30

t hen cl anped and he artery was flushed

~ with heparini zéldcaaldlaﬁaysmthuugﬁaraﬁé lapiahls maiwicbwas thep digpoged imnast onosi s

was made bet \A@,egae&v&%uﬁr %)fc’é)idjﬁﬂa& taéaat &ngmmaﬁa QvRtAlhdmdsl; wee. Vascul ar
cl anps were renoved

| ow't hr oug raft onfirmed by the -
physi cal pallspaf"f‘%‘ﬁO%qﬂef”f?ﬂpfafyﬂr?f’e‘?‘ﬁ"e“@ 5‘% E@’ ﬁi\é\lg?s&‘? deggerdieen” vascul ar
anast onosi s wagla&ﬁlait|aﬁcrmdﬁ@mﬁomﬁflmplmeammmnl@m lervadddin thiomedy, 62 O prol ene
suture was pl aged e AhdVEl ik ed fasPkaR 2t the

[0139] Specifically, the siudy included 20 porcine test subjects undergoing AV

o graft surgery. Conventional AV graft surgery procedures were performed accbrding
20 to standard operative techniques. Implantable material was applied to the AV graft

anastomoses and surrounds as descﬁhe_d below after the graft surgery was completed

" arid flow through the graft was established.

[0140] For each test subject undergoing AV graft surgery, one six-millimeter
internal diamefer PTFE graft was placed between the left common carotid artery and
25  right external jugular vein of the test subject. An oblique end-to-side anastomosis
was created at each end of the graft using a running 6-0 prolene suture. All test

subjects received intra-operative heparin and administered daily aspirin following

surgery. .
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5 point of anastonotic bl eeding. [ 0144] Fol | owm ng conpl etion of the
anast onoses, the PTFE arteriovenous graft was positioned to prevent

ki nki ng. The PTFE arteriovenous graft was percutaneously cannulated with a
23-gauge butterfly needle just distal to the carotid artery-graft
anastonosis. To confirm placenent, blood was aspirated into the 10 system
with a 10 cc syringe. The systemwas then flushed with 10 cc's of saline.
A Carm fluoroscope was then placed over the neck of the study aninmal so
that the venous-graft anastormsi s and the venous outflow tract could be

vi sual i zed. Unde s _fluor pated contrast
(Renograf fin, Fqlglgt ren tes\;\/?auﬁjeft%e%ect%%ﬂpﬁg%%nggTﬁﬁﬁpnsggonpl etion of

t he angi ograph?ldﬂﬂlﬁei mmndmamfss!lg@résl’lweﬁp@lwlexﬁbweﬁmhai tueach ¥etx 4" gauze
sponge. Pr eSSU%W?Mﬁ&%%%%&%m&%& fnaftbh&R sh@rma period of
approxi mately 5 mnutes, before renoving the gauze sponges and inspecting

t he anastom)tl@‘Sé’F‘E“é’étaﬂcF’fOnﬁé?ﬁﬁfhﬁgf%?"ﬁ’aﬂf‘ﬁ@fm Rt W%@Fﬁ@ved as was
evi denced by om&ma@istomoaedygmazhemmhe&;msftagﬂpmnmppﬁdpomr another 5 20

m nutes. Additi na sut aced. at t of, t he surgeon
if the henorrh¥ ?‘Eﬁﬁ"f"‘l‘i‘gg t‘%*e‘mgié" LRI °%w“‘8g‘“sbq"' B 1"*‘p'“"“mf1ad been

achi eved, the negpedwodektiva spfositelti@tiofitietiist gitrernldced @abp ¢feheand fl ow probe
anal ysis perfo i 6-mMm .
ysis p &g&r%%%o% #ﬂ@m%fﬁq@émma@ma&% ghgw{nhglecﬁomamr@

Transoni c fl ow I ne was -renove necessary, and the -
anast onpses nadien wepned sround thesaielipekesnies theiwale deniired Ve thafERe 251 npl ant abl e

- material coppriml Mg e@@sr&vbr@apﬁémﬂﬁlhﬁﬂlﬂtakecﬁi@{hb faaterial ﬁmﬁcé Ohn ddeggbmant s. Sites
were not treated with eltherd E‘Hd of r‘?F]F %%tﬁgléﬂh?fjt al L . bl eedi ng had been
control | ed, f| 3 HPEYSHS PR 5‘?’/‘ gy diong YOI X de as dry as

possi ble. V\hensegxﬁﬂipitzeﬁ@attﬂaenammmik viaschedsiosigett. | Thelraplar didasid t he ani mal was

all owed to recove[%: &g@gg‘gmggﬂ%ﬁé&fmntoolfﬁg]mh—bpar| n was adm ni stered prior

to surgery as af s in ection us a 35 U/kg/hr cont i nuous

|nfu5|on and nmaintained until the end of .sur e . |t|on | bol us doses
(100 U kg) were Hafal niley tesiauhiecgecriund sawig) it °|"ﬁ‘§ h 200 seconds.
[0147] G afis Pﬂb@nwanae:&ngma&t&s dndpledad yn mmommreﬂomgrhw ofdlees® flow.
nmeasur enment s usi or-f _ fl ow probe
(Transoni ¢ Syste dayf’ CET ¢t £ %tglglpc% déjasedoﬁ at gi%fgﬂ%sz?p%?ﬁrr&% y, 3-7 days

post surgery ahﬁxlﬂﬁwésmkgweek thereafter. Grafts were nonitor ed cl osely
for blood flow [0148] Pathol ogy Procedures. Animal test subjects were
anest heti zed usi [®343] Surgical Procedure. Bilateral 8-cm neck incisions were made over the

sternocleidomastoid muscle on each side of the neck. Using these incisions, the left
20 | common carotid artery was isolated followed by thé right external jugular vein.

“ ~ Approximately 4-8 cm segments of vein and artery were freed from surrounding
tissues and all tributaries off the vein were ligated with 3-0 silk sutures. A 6-mm
internal diameter PTFE graft (Atrium Medical Corp., Hudson, NH) was tunneled in
a subcutaneous tract between the two incisions. The isolated jugular vein was

25 clamﬁed and a 10-mm venotomy waé made. The vein was irrigated with
heparinized saline solution and an oblique end-to-side anaétomosis was made
between the vein graft using a running 6-0 prolene suture. The average graft length
was 18.6+ 0.9 cm. Once fashioned, the venous clamp was removed, the graft
fiushied with heparin-saline solution and re-clamped. The left carotid artery was

30 then clamped and an 8-mm arteriotomy performed. The artery was flushed with

heparinized saline solution and an oblique end-to-side anastomosis was made
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10 sodi um pentobarbital (65my/kg" 1V). Gaft patency was determ ned prior
to necropsy by cine angi ography as descri bed above. After conpletion of

t he angi ography, the grafts/anastonpbses were perfused with PBS fol |l owed by
forrnalin. [0149] H stology. Half of the aninmal test subjects (5 cel
engrafted inplant subjects; 5 control inplant subjects) were euthanized 3
days follow ng surgery.. The 15 remi ning ani mal test subjects (5 cel
engrafted inplant subjects 5 control inplant subjects) were euthanized

one nonth foll ow ng surgery. [0150] A limted necropsy, defined as the
macr oscopi ¢ ex m nat ion of .the jgnysite including all
anastonotic an per ﬁeﬁ%ﬁwﬁ "““smg%e & éLlrseurroun }am tissue incl uding

draining | ynphremwsnmqb@mwhmeﬁwcarhﬂrm'tdéastthemyssdwle@psofﬁlﬂssue from
maj or * or gans, agaﬁamgg Osefeakmma&mﬁmém%edmaﬁltmand spl een,
ve

wer e col | ect ed an r all test subjects euthanized at one nonth

fol | owi ng sur gescgsionthaddgiogd A rde stye Wes Bigsss iy sdptergmie) BSonmtie ual fi ndi ngs
arose from BRCHRR GO Blstitlgl ON of the external surface of the body or
fromthe mcroscopi c exam nation of adm nistration sites and surroundi ng

tissue. No unusuglig lﬁSFt)ﬂ(Qgg{tﬁﬁlpﬁﬁ(ﬁ%? hggﬂgm LS A0pae T,,HE] Jhshs exam nation of

the maj or organs I n an enr led into e study [0151] Al
AV graft anast5%’@"?5(?0&‘11@6%*0%3‘5&#“’:“6@%REFE*}“S%QYE‘@“S8f¥f€:‘f’4§d| ng 5-cm -

segments each ghoutRQuaPashofRsSaith M8ldh Bﬁ’cteﬁfytn&rdhégusm&ﬂtcltﬁdm fixed in
10% formalin (or equjvalent) and enbedded |Q)g‘g‘€%/col met hacryl ate (or

“equi val ent) . USFREPLBBTUNGSat SIIappReRe P SEEpEREe MG th a ‘G profile
st ai nl ess st eeéysthﬁlwﬁtﬁa(jmfc s@ﬂigevalhaagitém waaieh floshel wier1e cps epainedaf rom at

| east three region t he vei r t he or gartery

anast onosi s, % ﬁ‘éor °ﬁ53§“§ﬂ’3’fl c{ovfr ac[fecql?' Fétgdy%#8ﬁ¥mre nmade
transversel y tvenowseghafitahestomosinang tizfvencanasfiawtzcticould & wawalgek tUndns 5 were made
through the V%&ah&ﬁm&lﬂu&lﬂ%}ﬁ@% cc(std?%%@cr&n&agt\fmog&gﬂ,fﬁ:mg% out f | ow

vein). Three secil-ons were-made through the graft-artery anastonosis at
1- mm i nt er val sVasie4@- secti ons were nmounted on gel atin-coated (or

equi val ent) gl ass slides and stained with hematoxylin and eosin or

Ver hoef f' s 18 ast [0A43t aifiar cofpltGelof Ba eteicgeaphy, thn avsstemati sicg aered f or the

presence and/ O\Ezragﬁgh ﬁﬂitwé? E” 47 pauze sponge. Pressure was maintained on the anastomotlc

sites for a period of approximately 5 minutes, before removing the gRUZE SPONRES
and inspecting the anastomotic sites. Ifhemostasié had not yet been achieved, as
was evidenced by oozing of blood, the site was again wrapped for another 5

20  minutes. Additional sutures were placed at the discretion of the surgeon if the
ﬁemorrhag’c from the site was severe. Once heﬁnostasis had been achieved, the neck
wound was filled with sterile saline and flow probe analysis performed at the distal
venous outflow tract using a 6-mm Transonic flow probe. The saline was removed,
if necessary, and the anastomoses made as dry as possible and treated with either

25  implantabie rﬁaterial comprising aortic endothelial cells or control implants. Sites
were not treated with either type‘ of implant until all bleeding had béen controiled,
flow through ihe graﬂ-conﬁﬁnéd and the area made as dry as possible.  When
complete, the wound was closed in layers and the animal was allowed to recover

from anesthesia.
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10 neovascul ari zation. Scores were assigned for each variable on a scale
of O through 4 (0 = no significant changes; 1 = nmnimal; 2 = nmld; 3 =
noderate; and 4 = severe). Representative grading criteria for -
neovascul ari zation findings are presented belowin Table 1. TABLE 1
Gading Criteria for Neovascul arization Findings 01 2 3 4
Neovascul ari zation (per 20x HPF) 0 Focal <5 vessels

' [0146] Heparin was administered prior to surgery as a 100 Urkg bolus injection
plus a 35 U/kg/hr continuous infusion and maintained until the &énd of surgery.

Additional bolus doses (100U/kg) were administered, as necessary to maintain -

ACTs = 200 seconds.

"5 [0147] Graft Patency. AV graft patency was confirmed by access flow
measurements using color-flow Doppler ulirasound and Transonic flow probe
(Transanic_Systems, Inc., Tthaca, NY) immediately after surgery, 3-7 days p'ost

surgery and once per week thereafter. Grafts were monitored closely for blood flow.

[0148] Pathology Procedures. Animal' test subjects were anesthetized using
10 sodium pentobarbital (65mg/kg, IV). Graft patency was determined prior to
necropsy by cine angiography as described above, After completion of the
angiography, the graﬁs/anastomos’es were perfused with PBS followed by formalin.

[0149] Histology- . Half of the animal test subjects (5 cell e_ngréfted implaﬁt _
© subjects; 5 control implant subjects) were euthanize'c{S days foll_owing surgery. The =
15 remaining animal test subjects (5 cell engraited implant subjects; 5 control implant

subjects) were euthanized orie month following surgery.

[0150] A limited necropsy, defined as the macroscopic examination of the
~ administration site, including all anastomotic and proximal venous sites, and
surrounding tissue including draining lymph nodes was performed on all test
20l subjects. Tiésﬁe from major organs, iﬁciuding brain, lungs, kidneys, liver, beart and
spleen, were collected and saved for all test subjects euLha_‘nized at one month
following surgery. The organs were to be znalyzed only if unusual findings arose
from macroscopic examination of the external surface of the body or from the
microscopic examination of administration sites and surrounding tissue. No unusual
25  findings arose that warranted further examination of the major orgahs in any of the

animals cm-o'lled imto the study.

[0151] AL AV graft anastornotic sites and surrounding tissues, including 5-cm
segments each of the anastomosed vein and artery, were frimmed, fixed in 10%

formalin (or equivalent) and embedded in glycolmethacrylate (or equivalent). Using
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6- 15 vessels 16-25 vessels >25 vessels and/or D ffuse 15 HPF = High
Powered Field [01531 To exanine the effects of the perivascular inplants
on matrix netall oproteinase (MW) expression, venous tissue sections were
subj ected to i nmunohi stochenttical analysis. Five mcroneter paraffin
sections were cut and 20 antigen retrieval perfornmed by heating the
sections for 20 mnutes in high pH Target Retrieval Solution (Dako USA,
Carpinteria, CA). The slides were covered with Peroxidase Bl ock (Del co
USA) for 5 minutes to quench endogenous per oxi dase activity. Primary
murine anti-human NMVP- ut.i jonal, Inc.-
Tenecul a, CA) - \ﬂ%{goxgn ‘Thfgé‘%ﬁ Fhl&s%gonsm %acé’fc’%rwos%%%tssensgirng ire 25 and
Primary rabbit e@tstalentmlsmmslwktlpﬁbp&a(ﬁqrﬂﬁdhadrtHrﬂstngmnﬁ: tl@vsm@n | nt ernati onal ,

| nc. Tenecul a, al%))méﬁ@ssthgg(ghlaﬁ%;ug&m@ogm%ﬂmg%Olﬁto . eiperature. Al

slides were counterstain emat ox gma Chem cal Co.).
Porcine |iver mgonsws@@aaa%t@sw@ythw@%Yﬂ%afwa?f&%asfévww%r rabbit 1gG
were used as n%ﬁtmlau th&¥enodks Bt QY RdcY(11BREE] JIRHFing 5-cth 6BGIIE :

non-.overl appin L]gs wer e anal yzed ction. For antitative
assessnent of fr BSRANS W g “?{&“@gﬁﬁﬁa@ﬁw grgft%‘ﬁ?sggul"m :
mtervals. These sections were mounted on gelatin-coated {or equivalent) glass

slides and stained with hematoxylin and eosin or VerhoefPs elastin stain.

[0152] Each section was evaluated for the présence and/or extent of
10 . neovascularization. Scores were assigned for each variable on a scale of 0 through 4
" {0 = no significant changes; 1 = minimal; 2 = mild; 3= moderate; and 4 = severe).

Representative Vgradihg criteria fof neovascularization findings are presented below

in Tabie 1.
TABLE 1
Grading Criteria for Neavascularization Findings
. ] I 2 3 4

Neovascularization 1t Focal £5 | 6-15 vessels 16-25 >123
(per 20x HPF) vessels vessels vessels
: and/or
Diffuse

15  HPF = High Powered Field

[0153] © To examine the effects‘of the perivascular implants on matrix
metalloproteinase (MMP) expression, venous tissue sections were subjected to
immunohistochemical analysis. Five micrometer paraffin sections were cut and

20  antigen retrieval performed by heating the sections for 20 minutes in high -pH Target
Retrieval Solution (Dako USA, Carpinteria, CA). The slides were covered with -
Pc-roxidase.Biock (Dako USA) Afor 5 minutes to quench éndogenous peroxidase
activity. Primary murine anti-human MMP-2 (1:250 dilution, Chemicon 4
International, Inc. Témecula, CA) was applied for 45 minutes at room temperature

25  and Primary rabbit anti-human MMP-2 (1:250 dilution, Chemicon International, Inc.
Temecula, CA) was applied for 60 minutes at room temperature. All slides were

. counterstained with Mayer’s hematoxylin (Sigma Chemical Co.). Porcine liver was
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areas were inmaged using an O ynpus BX60 m croscope. Digital images (200x 5
magni fi cati on) were captured and anal yzed using |Inmage-Pro Plus 6.0

sof tware (Media Cybernetics, Silver Spring, MD). Each area of interest
(e.g. intima, nedia and adventitia) was highlighted and positive staining
was quantified by col or segnmentation. The results were expressed as
percentage of positive stained area (positive area in ntn2 over total area
in m2). 10[0154] Results for Animal Subjects. Placement of the

inpl antable material of the present invention at a site at or adjacent to
b ar or MOl LD A AR UR UL Bl @ WGl el M 1 SD
neovascul ari zaf’S i'on I'ch ows a srupti of sue, for exanple,
follow ng a succgtroﬂaFGrlemrmmelmﬁl,@Heasﬁzwl Avedenpiag fielés wie weze ARl ant abl e

material of th?eciﬂ{ne?&@Earﬂh&\ﬁ%‘atske%eﬁ’ttofﬁosﬁbél@MP—Etanﬂﬁg,ﬁrﬂid&ﬁ@@élec*ee@ a surgically
15 treated tubul ar or ‘non-tubul ar tissue structﬁre decr eases abnor mal

neovascul ari za®FasvereimgrdusnesR Qs BXePniapseepet istd Imegs €908 nore, the
i mpl ant abl esnah@gn&akuoh}aﬁ&@a@n&émand@mweesmgamagamd:/mﬁssamofwaai on of the

tubul ar or non r t|s tr n

neovascul ari za@f&“gif"i‘% E’SBSS eégp éirargﬁ()f{sng%gs{?te “?lg m%%am nts.
Adventi ti al nemdadenﬁtm}wasanghdlghtw@nabmmmngz’@m%yﬂfteﬁéy ¢amgrowt h into 20
tissue of newly, 9@%%@%&%%%&?&@3&9%% Ak Skivilil R 11s greatest

extent has an 0 attern cons gr anul ation tissue (vessels
per pendi cul ar {Pesﬂﬁ‘{eblre@glnaﬁ@ﬁm'éiﬂmé?mméor gani zation of injured tissue or
new growh into materials that would not ordinarily contain vessels. Both
acute and albr oni (1580 Ras#s Ffor Al §iblkctyeRacehsot of de ddplameblegiaesaliof eat ed wi t h

t he I rrpl ant abl g;r;rrragcgtrnlwennon ?Qﬁg?{m é&gﬂtEO% tﬁlgﬁln&?tuglquu@U§t er ed t he

“control materi ave of 1 severity point in both cases,
Table 2). TA&@G@EM@V?t@mme@Q@G@@W% vhjichdpliays G PHBimaF i zat i on- -

Adventi ti al Veﬁ]lg Hueotoh SSmplie@UAREEY ffgicAiaktbradticd. PRmirEdRYSoh of the
implantable material of the present invention at a site at or adjacent to a surgically

15  treated tubular or non-tubular tissue strocture decreases abnormal neovascularization

in the. treated tissue structures. Furthermore, the implantable matérial reduces MMP

expression and/or activation of the tubular or pon-tubular tissue siructures.

| [6155] Evidence bf ncovascularization was observed in both groups at both
. -time poinis. Adventitial neovascularization is characterized by the ingrthh into
20 tissue of newly fofming small vessels {capillaries) which at its greatest extent has an
| orderly pattern consiste‘nt with granulation tissue (vessels perpendicular to
ﬁbroblasis) gither reorgamzatmn of injured tissue or new growth into materials that
would not ordinarily contain vessels. Both acute and chronic neovascularization
was decreased in veins treated with the implantable mate;lal when compared to
25  veins administered the control material (an average difference of | severity point in

both cases, Table 2).

48




Control Inplantable Material 3(Acute) 1.2 0.2 0.6 +'0.081" 28 (Chronic)
3.0 0.3 2.1 0.2 *.13 < 0.05 conpared to controls Average severity =
(severity-of group/incidence) O = none, 1=mnimal; 2=mld; 3=nopderate;
4=severe 101561 The inplantable material of the present invention also
reduced expression of matrix netalloproteinases in aninmals treated with
the inplantable 5 material of the present invention. | mmunohistochem cal
anal ysis of MW-2 and MW-9 positive cells in the total vessel, intinmg,
medi a and adventitia 3-days and 1- nonth after surgery reveal ed. reduced
expression off MWPss in veins treateggﬁhkg the inplantable materi al
conpared to veins admnistered the | material.

Summary of Average Severity of Neovasculanzatmn Adventitial Venous Sites

, Neovascularization _
Time (Days) Control _ Implantable Material
3 (Acute) 1.2£0.2 0.6 +0.08"
28 (Chronic) 3.0+03 2.1£0.2¢

¥P < (.05 compared to controls
Average severity = (severity of groupfmcldence)

| = none, I=minimal; 2=mild; 3=moderate; 4=severe

[0156] Thé implantable material of the present invention also reduced
expression of matrix metalloproteinases in animals treated with the ilnplaﬁtahle
5 material of the present invention. Immunohistochemical analysis of MMP-2 and
MMP-9 positive cells in the total vssel, intima, media and adventitia 3-days and 1-
month after surgerf févealed reduced expression of MMPs in veins treated with the

implantable material compared to veins administered the control material.

[0157] In the conirol group, s1gmﬁcant MMP-2 posmve cells were observed in

10 the adventitia, media and intima at day 3. MMP-2 positive cells were observed in

‘ tissue sections of animals admm:stered the control material at a level of 11.2 + 1.0%
in the advcntma 4.4 + 0.6% in the media; and 2.1 + 0.2% in the intima.” In animals
receiving the control material, positive staining for MMP-2 was prcdomlnantly
Jocated in the adventitia. At 1-month, the amount of staining in animals

15  administered thé control material decreased in the adventitia (5.7 £ 0.9%) but
remained increased in the media (4.9. + 1.0%) and the intima (2.6 + 0.8%).

[0158] In the group treated with the implantable material, decreased expression
of M-2 was observed in the adventitia, media and intima of vessels at day 3.
MMP-2 positive cells were observed in tissue sections of animals treated with the
20  implantable material at a rate of 6.9 + 1.2% (P<0.05) in the adventitia; 2.3+ 0.4%
(P<0.05)-in the media; and 0.8 + 0.2% (P<0.05) in the intima. MMP-2 expression
remained relatively unchanged from 3 days to oﬁe month in animals treated with the

implantable material.
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[0157] In the control group, significant MVWP-2 positive cells were
observed in 10 the adventitia, nedia and intima at day 3. MW-2 positive
cells were observed in tissue sections of aninals adm nistered the control
material- at a level of 11.2 1.0%in the adventitia; 4.4 0.6%in the
media; and 2.1 0.2%in the intima. In animals receiving the control
material, positive staining for MW-2 was predom nantly located in the
adventitia. At 1-nonth, the anount of staining in aninmals 15adm nistered
the control materi al decreased in the adventltla (5 7 0.9% but renained
i ncreased in the 4. and 8% 101581 In
the group treat egﬂ%ﬂi ﬁgglﬁe”‘f?rﬁrﬁlg‘h fﬂr%w\t% |aIeXpr?f5 l?% M2 8 pr essi on of
MVP- 2 was obsestaied tissie tehinaofsebitdts teaipd withdhedimplamiablaniteral fl swsssel s at day
3. MWP-2 posit | & r i mal s
treated with t%%%%&%dt ﬁ%ﬁ%{gnﬁgﬁﬁgﬁgﬁ%&ﬂﬁ?@aﬁgﬁg %%%e%lagl%(ko 05)
in the advent i xpessiopo -Yigveinsieatyd yith the ipplentaileinateriah ppgpgredto 0 204

(Th<0.05) i B t{ghshdhihisBres MYCordoERPERES bviRnt! eemaﬁaammammw unchanged
from3 days to one nopth i.n, ani rrgls treated, wt eﬁ%ﬂﬂ tg | ant abl e materi al .
Feiele g,

[0159] Figure ¥ seryedsin tho {ptimg. mecip, and adyqpiitia PExeiny ression of MWP-2
in stained ti saplmsEehiieis adf dagidaf edtneonthr eat ed Wit h t he i npl ant abl e
mat eri al and subjects adm nistered the control material at 3 days and at |

month. A signifigagg ﬂﬁ@-ﬁeﬁmh&eag@erse&eﬁs@@cb%u%m&smb&e' ns treated with
the inplantable matérial conpared t veins adm ni stered the control _

‘material is evieditreceiing thecorp! W"i@ﬁb‘?@%éﬁ%ﬁ“%‘é‘ Té\’\a/ed in the
intima, nedba aneiabdwpitd foiMMVBT2 exgbkicn, ls@akethovd. tah dij B theleplant abl e

material at 3 days, and at P- ressi.on was | ess
i ntense at botﬁ‘?"{?drféa“ﬁ‘?ﬁlﬂfhf %Pn%gfhclnﬁkea#glém%ceﬁﬁnﬁaﬁ%“faheem]controI
mat eri al and asmimpebdto carrel. VAtrigndnfededcipbbyiME eaprasSiomwesebpeated dipar ed t o

MVe- 2 eXpreSS'ﬁ@? hﬁ&}ééﬁﬁ%fa@gy mm%amm%&ow@%oaﬁdﬂgeg staining in
the adventiti velns treate H&NE’ ntabl e material conpared to

control. At | %ﬁgﬁphmbféﬁre@g@wq\ﬂffﬂwp&swé% n° ReginghdsersEdonsn t he
intirna ands adM@ﬁtﬁécislneataffw&mﬁe ﬁﬂpﬁ%ﬁdmgérﬁu@dem@a@ﬁinf&t@m& fae control
(P<0.05). Fi gureoﬁ é{&% &%@hfbfﬁ ezgk;esent ation of the expression of
MVWP-9 in stai n®@d" f P& hgo subjects treated with the

i mpl antabl e material and subjects adninistered the control material at 3
days and at 1 m)[ﬂﬁﬁ} Wishing not to be bound by theory, it is believed that the implantable

material of the present invention restores the proteolytic balance, or the balance
between MMPs and TIMPs, in structures treated with the implantable material,

20  Tissue structures constitutively secrete MMPs and TiVIPs in a very tightly
controlled ratio. However, injury or disease of atxssue structure can induce a
deviation in thc-: MIMP:TIMP ratio in the structure sufficient to initiate a cascade of
events resulting in abnormal neovascularization. The implantable material decreases
éxpressi_on of MMPs or increases expression of TIMPs to restore the balance

25 _.between MMPs and TIMPs sufficient to reduce abnotmal neovascularization or

restore normmal neovascularization to the treated structure.
2. Resection of colon tumors in nude mice.

[0162] These studies exemplify use of the present invention’s materials and
methods to modulate pathological angiogenesis, abnormal necvascularization,

30 extracellnlar matrix degradation and expression levels of MMPs and TIMPs
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- [0161] Wshing not to be bound by theory, it is believed that the

i npl antable material of the present invention restores the proteolytic

bal ance, or the bal ance between MWs and TIMPs, in structures treated with
the inplantable material. 20 Tissue structures constitutively secrete MVPs
and TIMPs in a very tightly controlled ratio. However, injury or disease
of a tissue structure can induce a deviation in the MMW: TTMP ratio in the
structure sufficient to initiate a cascade of events resulting in abnornal
neovascul ari zation. The inplantable material decreases expression of MWs
or increases expLesshan: Geth Mot Gl Ll E 3L RDEE ARBRRWOCN MWPs
and TIMPs sufficrent to re&hce brior mal” NeovasCUl ar I zati on of restore

nor mal neovasc Wity ephingninths detaided deserintiariabeye; previdereaperiment@eomiasels on of col on

tunors in nudegiieGfic alddBgh prERE&EenbbilfllR of (R RRRk inb ¥k rQbcelohe present .
invention's materi an .and met hods tqQ nodul at e pat hol ogi cal

angi ogenesi s, 2Pt adicinefsReelipen patx feemppation patigiee FPEAPEE: mat ri x
degr adat i on5anshnexfal R6Gk@RrikAeing eireshidRsveR BEMTIPMas TN folmingg t unor

resection sur 9grYs gl%rt{a%s i Qo 'd%i‘u?m”ﬁ.'melﬁnim‘a’i@&“ec{ ead in conjunction with
the teachings I'n s (Nt R i ption above, provide experinental
protocols for testing and using a preferred enbodi nent of the present.

i nvention to redf{d8]oAcirEding tg s sppRle colongruces e s PR e RIFdPIe ABRVEY X

degradati on, péithobiéraade MEBHIn0 GRINRE toSprovbintd R ghiAg 0¥ aIquITas | zat i on and
expression |levels of MVPs and TI followi ng an i.ntervention to resect a
solid tumor in™ER=aN is‘ﬁﬁlfﬁ]é’ ﬁﬁfcé?gta”!\ftie mfeﬁri‘%‘ﬁv“g&"é%?ﬁh?'-ﬁlﬁse\f{‘o Yhi s exanpl e,

col on canced cgbips ofaniee willjbe etamthinedtinilaly ocavept tat ti trédvecnbgrolp wfl nude mice and
al l owed to- grow.k LA i ghi - . . S, .are surgically
resected and t ‘"éé“}rg.téig%%%r?ﬁl 8%?%9&2%%&8?%%_ _t%agtféhggegécttl%(@dﬁ ér(raoups of mce
wi || be mai nt aPsesica clasure Reguctienand/or amefigration hkrathplegicakengiosenedup wil | recei ve

~an effective Wﬁulﬁ&aﬁ&%;gmh@d;&@&ks@onn@a&@sﬂmg&dida_ﬁiaro@sect ion cavity
prior to surgical closure. Reduction and/or anel|or at‘gg&dgz ypat hol ogi cal
e

angi ogenesi s, Bqmuatian Wi by mopigred oyerdimg by FRTISERY: UULERIA vel s of MwPs
and i ndi ci as of satriffcing MaRii¢eQid Wialinidgeheranditibndaeity mivescobitalip 13 | apar oscopy,

ul trasound, MR _or 15sacri.fi.ci.n ice.a exam ning the resection
Cavi by o oscipris s mef Bélel Wi bl Sl Bl BEnA D XA Bihob B, | O

i mpl ant abl e medieniy sddudsipn ervéor pnelipation fingtbaiegicalrngipgenesis, abnormal

neovascularization, extraceliular matrix degradation, expression levels of MMPs

and/or indicia of inflammation compared to the conirol mice,

20 -3, Resection of lung fumors in Lewis lung carcinoma mice.

[0164] According to this example, Lewis lung carcinoma cells are injected into
a cavity on the back of mice according to the mouse model described by O'Reilly et
al. in Cell 88:277-285 (1997). The carcinoma cells are allowed to grow into primary
tumors weighing 0.5-1.0 g. The primary tumors are surgically resected and the
25  resection cavity surgicaﬂy closed. Two groups of mice will be maintained similarly,
except that the treatment group will receive an effective amount of the implantable

material to the resection cavity prior to surgical closure.

[0165] Reduction and/or amelioration of pathological angiogenesis, abnormal
neovascularization, extraceliular matrix degradation, expression levels of MMPs and

30 indicia of inflammation will be monitored over time by laparoscopy, ultrasound,
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di spl ay reduction and/or anelioration of pathol ogical angi ogenesis,

abnor mal neovascul ari zati on, extracellular matrix degradation, expression

| evel s of MWPs-and/or indicia of inflammtion conpared to the controt

m ce. 203. Resection of lung tunors in Lewis |lung carcinoma mce.

[0164] According to this exanple, Lewis lung carcinoma cells are injected
into a cavity on the back of mce according to the nouse nodel described
by OReilly et al. in Cell 88:277-285 (1997). The carcinoma cells are
allowed to grow into primary tunors weighing 0.5-1.0 g. The primary tunors
are surgically cted_and. the 25 resect surqgi cal | y cl osed. Two
groups of ni ce]\%?P‘?bYB%mﬁHP%?’&FW&8ﬂd§i‘?ﬁ‘?‘%ﬁ¢1§/ﬁ“g§?§§ 1 fnﬁmgcoP £ r eat ment
group Wil l. recBirher, ahibitibd eiregroveh afvansertcelisfat thiwate pirht mwtiabireayat erial to the
resection cavi %UXI {Dﬁl bgﬁ%n%fl(! epéh m%!a&éﬂrtc?melmgmllﬁagﬂl%rempm' on and/ or
anelioration o ogl cal angl ogenesi s, abnornal neovascul ari zati on,
extracel | ul ar Wa@wlkpadwp&dl&tﬂﬁwnd By sacifising thepics angdexamg tend 30 i ndi ci a

of inflammaki op.apidd cafl APRRS chﬁﬁl:oﬁvaﬁ& I isWRpekrd tha Rave @8A@RYH thel t r asound,
MET or by sacrificing the m ce and,exam ?"ﬁldi?%t he .resection cavity

m croscopi cal | S?‘Palﬂﬁ]’lfﬁ*é‘?“amﬁtl'ifﬁ'ﬁe’i‘tb‘ﬁewn W RSO @er cells at the
site of the resgibRGnYf bildidkidal HNBIbgeaAdRE, abfidundl ntdvaxulefapancer cel |

netastasis to the .noni tor.e apar oscopy,

ul trasound, MR “B?Ch%lffq'ég%‘r‘{eﬁa AL PR ES T ecvgisgf; e@r‘#ﬁlﬂlﬁ the 5 resection

cavity and Iungﬂm&tios,acgmvuabfmccﬂctellaasﬂlempﬂemn@efﬂwIﬂaﬂorme@éaswéat ed with the

| mpl ant abl gymagerd.al, . tottnnﬁefle{: girl, VR g BP0 Wik SRy T eduction

and/ or arrel | oration o ogl ca angl ogenesi s, abnormal

neovascul ari za@qntmred@%hercae@imefﬂ mat ri x degr adat ion, expression |evels of

MWPs, indicia of inflammation, regrowmh of cancer cells at the resection

cavity and/ or neuaﬂhastiosoﬁmmsinmmmancer cells to the resection margin,

to the lung or to surrounding tissue conpared to the control mnice. 4.

Resection of turrmss]i mubluﬁrpmms{hmaﬁ@]bedﬁlum@ﬁbsdaahma@mm tio@atvilllave been

di agnosed with a_sol ﬁg g@t‘;ﬂatt%mtreat ment or

managenent of ?t'é’éeé!é?iiegﬁn‘gﬁa{eé?m?‘ﬁthﬁnﬁ%mfﬁ ’Fseitg’nls%g PR, “Patients will

be exam ned5t Orehedunt Pitgeniauslbtbdedammadmmenﬁm sgliiddupe. Gfvo patpsehits wil | be

- mai ntained sinil.arl exc Pe‘g,ﬁ ctive amount of
t he i npl ant abl %a’uent %llﬁlbg. 't%pahi ﬁg&rl% ect %mﬁlt Iréégvgi‘{ca)v?aﬁ%j!%exc| sion of the

solid tunpr. Taecunimsteirplivitablereatatipl teyfhe chnontsevnaéﬁ OEg e%isiop Pf thdj acent to

non-cancer cel Lg %}ﬁ!éthemﬁh{mb&txﬁa%ﬁ@ﬁbééaﬁlca@zs;es@ac@fﬁmq@yb&&r Reduct i on
and/ or anelior atl on of 20 pat hol ogi cal

S
neovascul ar i zatdlo#nd/optheir %EE’QIEIEUP%’FS"H%E‘P?VW g%“ﬁg ﬂd%ﬁmeg%?"égtl on levels of
MWPs and i ngdi Cpaamnfgwalraﬁé@gmisj dbi%rmﬂnbovhkeulmzﬂi&zmde]m%mam me by
ul trasound, MA scan

SIC n t procedures :
dependi ng on t é“%fr‘ﬁ eﬁ?résf”%}é ?Isi aV| mgim?%tgenﬁmll &tvﬁbe{g%atlent

momtored over tune by ultrasound, MRI, CT scau physical exam, and other

relevant procedures depending on the type of resection cavity present in the patient.
Ttis expected that patients treated with the implantable material will display
75  reduction and/or amelioration of pathological angiogenesis, abnormal
neovascularizaton, extracellular matrix degradation, expression levels of MMPs
and/or indicia of inflammation at the resection cavity and at surrounding tissues

compared to rt.hc control patients.
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It is expected that patients treated with the inplantable material wl|

di splay 25 reduction and/or anelioration of pathol ogi cal angi ogenesis,
abnormal neovascul ari zaton, extracellular matri x degradati on, expression
| evel s of MWPs and/or indicia of inflamration at the resection cavity and
at surrounding tissues conpared to the control patients. 5. Chenotherapy
and/or radiation therapy in humans. [0167] Human patients that have been
di agnosed with a tunorous growh will be studied to denobnstrate treatnent
or managenent of the tunor site foll ow ng chenotherapy and/or radiation

t herapy at the tganhmg &atod}mrﬁmm e@g tumor .S Patients will be

exam ned to idenfi for treatnment- with

chenot herapy and/or ‘radi ation therapy. Two groups of patients will be

mai nt ai ned si i | $FY, Human paticap batdpvs bpenfiagnossd vig p panoxpys @PPBAE ve anount of

the inpl antabl g sitte@td ddinoksRatk Beatrhénb iR gkt OST tieivhrtor kied hRI
adm ni stration of ﬁgem)t eraﬂﬂ&/ and/ or radi ati.on ther@%ng 10 [ 0168]

Reduct i on and/ SFmSRERRYSPLeT BHESR %?%PBB‘?“&’%SI‘EQHWB'@ abnor nal
neovascul ar i5z aPitionts withbe exeeretel] i 1a¢nt1mtmmmmdggwﬁdmtablem tr@@trp&‘nee'ﬂi on | evel s of
-MWPs and indic f | i y

ul t rasound, I\/Rl.'t%m?:éfer?@ all&m%ﬁsu?gg}y ‘Jé}} gm}% ° 'h%‘i’s ‘%{g%é?glht{ﬁ%d?ocedur es
dependi ng on tﬁ@ﬂ%fyp@"@fUllerEéEﬂPWWCCE’FW%?*E'S@W“WQﬁﬂleﬁm?lmlcent It is
expected that pathfntif dei8@uf@r 3 FillodiBaduiraith dbdRmdBerippbiliral Wi | |
di splay reducti n and/ or anelioration of pathol ogical angi ogenesis,
abnor mal  neovaZggfentherny. on, extracellular matri x degradati on, expressi on
| evel s of MWPs and/or indicia of inflammtion at the treatnment site and at
surroundi nd0t i ss{fd68]c Bapratienantior antelioration of mytholpzieal engiogeneds, abfpmat nent  of

macul ar degeneﬁ&%&ﬂhﬁ&oﬁneﬁ@a@m Q6L bezRB5R, Ui@sibPedeiMpsanpl e, mice
wi th i'schem a-1nduced retinal_neovascularization will be studied to

denonstrate t r @deieHrlgmatiamydfapite oy dme by ultrasound, MRI, CT scan,

physical exam, and other relevant procedures depending on the type of treatment site

present in the patient. It is expected that patients treated with the implantable
15 - material will display reduction and/or amelioration of pathological angiogene;sis,
‘ abﬁormal'neovascularization, eih';léellulaf matrix degradation, ekpression‘ levels of
MMPs and/or indicia of inflammation -at the treatment site and at surrounding tissues

compared to the control patients.

6. Treatment of macular degeneration in mice.

20 [0169] According to this example, mice with ischemia-induced retinal
neavascularization wﬂ] be studied to demonstrate freatment or management of the
eye to reduce the symptoms of and/or delay the onset of macular degeneration
according to the model described by Hangai et al. in Am. J. Pathology 161:1429- 7
1437 (2002). Two groups' of mice will be maintained similarly, exeept one group

25  will receive an effective amount of the implantable material to the treated eye or

surrounding tissues.

[6170] ' Reduction and/or amelioration of abnormal or pathological
neovascularization, expression levels of MMPs and indicia of inflammation will be

monitored over time by laparoscopy, ultrasound, MRI or by sacrificing the mice and
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eye to reduce the synptons of and/or delay the onset of nacul ar
degeneration according to the nodel described by Hangai et al. in Am J.
Pat hol ogy 161:1429- 1437 (2002). Two groups of mce will be maintained
simlarly, except one group 25 will receive an effective anount of the

i npl antable material to the treated eye or surroundi ng tissues. [0170]
Reducti on and/or anelioration of abnormal or pathol ogi cal

neovascul ari zati on, expression |evels of MWs and indicia of inflanmmtion
will be nonitored over tine by Iaparoscopy, ul trasound, MM or by
sacrificing the mce and exam n| g.the e M Crosco caIIy It is

expect ed t hat fACEIRE SR BigRgstamice] Hl“ffﬁ??%? ‘%‘cerﬁff‘t&‘f Y f the present

i nvention w || impisipbRynategislwe the preseairicknion afbdisplay attictinn af/oabnor mal  or

pat hol ogi cal n . NI nd indicia of
i nfl ammati on at% %ﬁﬁﬁ%ﬂ% ﬁ%&l?{%@ﬁé& {;:ag&%{mg daL’l fals g}ép%m“llweﬁ mce. 7.
Rheumat oi d art Wslasdlinﬁ\wlﬁpﬁléﬂm{!@ﬂma]ﬁhﬁx Kﬂifﬂﬁ’gﬁ GP@PW@lt@fhemmil e, mice with
rheumatoi d arthgdetis will be studied to denobnstrate treatnment or
managenent of the arthritic joint to reduce the synptons of and/or del ay
t he onset of rhegr’r%g r..f.is.according to the nodel 10 described by
Li et al. in PNA -

ic

2006) . Two groups of mce wll be
- mai ntai ned siml arlé except one group will receive an effective anmount of
the inpl ant abl e AH{8r jAgeordige foriias sxampie.aicsvaihseumptoid aptyrigtwdlibhg ti ssues.

[0172] Rleduct i ﬂﬂdiﬁﬁdﬂ@ionﬁfﬁ&!tieﬁlfnlaxitloﬂﬂanﬁéemaﬂﬁl’dﬁﬂhi@lhnwjo'gﬁb Mﬁ@];gjeca:c |

neovascul ari zati on, expression |ev nd indicia of inflammation
will be 15 nonPPERm§o ﬁ&gr& ?ﬁlﬁgh F%FS;S‘&P‘B?%@P%WW%{%‘&% TR or by :
sacri fi ci ngot hdeseribedbyelrict BXaANAS hep: iT7HS- u76ﬂ7rﬂ2006ﬂi dwogoupictalct will 1t s
expected that mg I L ar At he present
invention wll ggdﬁgmfﬂﬁgas l}%\ie%%ﬂttogﬁg '%% grﬁg@%‘% a}g?én gi]ﬂ(l)r mal or

pat hol ogi cal nmees@élemaﬁen@éﬁ%wateés@m @fsswd%eﬁ?&e% of MMPs and indicia of

inflammation at the affected tissue conpared to the control 20 mice. 8.
Rheumat oi d arthri@iry iRedivtiorednd/or amelioration of abnormal or pathological

neovascularization, expression levels of MMPs and indicia of inflammation will be
15 monitored over time by laparoscopy, uitrasound, MRI or by sacrificing the mice and
examining the joint microscopically. It is expected that mice treated with the
implantable material of the present invention will display reduction and/or
amelioration of abnormal or pathological neovascularization, expression levels of
MMPs and indicia of inflammation at the affected tissue compared to the conirol

' _20 mice.

8. Rheumatoid atthritis in humans.

[6173] Human patients that have been diagnosed with rheumatoid arthritis will
be studied to demonstrate treatment or management of the affected joint to reduce
the symptoms of and/or delay the onset of theumatoid arthritis. Patients will be

25  examined to identify a joint suitable for treatment. Two groups of patients will be
maintained similarly, except one group will ;cceive an effective amount of the

implantable material to the treated joint or surrounding tissues.

54




[0173] -Human patients that have been di agnosed with rheumatoid arthritis
wi Il be studied to denonstrate treatnent or nmanagenent of the affected
joint to reduce the synptons of and/or delay the onset of rheunatoid
arthritis. Patients will be 25 examned to identify a joint suitable for
treatment. Two groups of patients will be maintained simlarly, except one
group will receive an effective anount of the inplantable naterial to the
treated joint or surrounding tissues. [0174] Reduction and/ or
anelioration of extracellular matrix degradation, abnornal :
neovascul ar | zat! gy CXRECRS] ol aflhioR or MEeBn AR hal AL ElaRicd 111! ammati on
w Il be nonitored over 11 ne by ]iaparosco y, ultrasound, MR or by
sacrificing thenmimemeavastulsrizatipmiexrgestireleyesioRMMEp anddedidatindi ng ti ssues 5

M cr 0SCOPI Cal | Yiorlibrho® wAXRS RS ed RV inTE65 Bphrbs@ Ahrabbunld, Mitie: byTpl ant abl e
material of the present invention wll display reduction and/or

amel i oration o&acﬁw%mlcwémgéﬁﬁa&%ﬂ@ﬁw HEB ul ar matri x
degradati ons expiR&picAR. [8yVabsicathtdostand witnt tipknable matidoftat i on at the

affected joint and/or surrounding tissues conpare e control mce.
109. Psori ati cPEFEHFERICE wﬂlﬁ&i?ﬁ?agé%ucm f“fﬁof%‘]] 8’%@%}% ﬁlgantgn%agve been di agnosed
Wi th psori ati Cneavdstuldritdtion,wikirdcellwiar sttriel deschdeton,dupression legelseof MMPaerent or 7
managenent of fn{ﬁﬁmbﬁhﬁ%&mﬁl&e{ ﬁ%%ﬁ‘ecttéaﬁoiﬁm& MhuRiindRdbQmgelay the onset
of psoriatic arthritrs. Two groups of mce wll be maintained simlarly,
except “one grolpcapirbmigcecei ve an ef fective amount of the inplantable
15material to the treated joint or surrounding tissues. [0176]

Reducti on aod/ or 9.apeibarashiitisin afceabnor mal neovascul ari zation, : _
extracel lular matri x degradation, expression |evels of MWs and indicia of

inflanmation willohg NRQ hQRRA b0 aphdsaBuilihsdraRARASGORY be silaled @SOUNd, MRL
or by sacrificing the mce and exam oi nt and surroynding tissues

ning. the |
20 m croscopi c‘éﬂfqops.m‘lel‘mﬁ‘@e‘ﬁ?Uéﬂaﬁfﬂ’eftﬁéfhgfﬁ“ﬁE’rder“‘éea{’E’eesdmﬁﬁo?‘ﬁo "FeE”i npl ant abl e
mat eri al of t h@lPruecaat ofipsdtaid drttisM Tiwo getiupyadf ayee welbheobaimainednd/ or
anel i oration of  abpormal neovascul ati zat,d acel; matrix  ~
degr adat i on, eﬂ‘B&aég’s?XBeﬁt PEFETE W@Prewgn Eaéﬁega’lerﬁ%&g{ a ofz&%ﬁb}iei nmation at the
af f ect'ed’ | dbnt matexth prheswwatedjond rsgraundingrssiesonpared to the control mice.
2510. Psoriasis in mce. [0177] Mce that have been di agnosed with
psoriasis will bgysdjudi@gibtndenbnshaiinef itheahieosekrnamagenent of the
skin to ‘redUCee%q%}l&%ﬁfa}:%ﬁg%%ﬂﬁgﬂg&%ﬁi?n:ﬂr@f%éO%It)fgfl’ggédq;ldi&gdpsorI asis. Two

groups of mce

inflammation will be monitored over time by laparoscopy, ultrasound, MRI or by
sacrificing thé mice and exaininiug the joint and surrounding tissues
20 miéfoscopi'cally. Tt is expected that mice treated with the implantable material of the
present invention will ;ijsplay reduction and/or amelioration of abnormal
. neovascularization, extracellular matrix degradation, expression levels of MMPs and
indicia of inflammation at the affected joint and/or surrounding tissues compared to

the control mice.
25 10. Psoriasis in mice.

[0177] Mice that have been diagnosed with psoriasis will be studied to
demonstraté treatment or management of the skin to reduce the symptoms of and/or

delay the onset of psoriasis. Two groups of mice will be maintained similarly,
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except one group will receive an effective anount of the inplantable .
"material to the treated psoriatic | esion or surrounding tissues. 101781
Reducti on and/or anelioration of extracellular matrix degradati on,

abnormal neovascul ari zati on, expression levels of MWs and indicia of 5
inflammation will be nonitored over tine by |aparoscopy, ultrasound, MR

or by sacrificing the mce and examning the skin mcroscopically. Tt is
expected that nmice treated with the inplantable material of the present
invention will display reduction and/or anelioration of abnornal

neovascul ari zapl .o, &X é o358kl diedh RV o e SRR hidbie iiephIGSSE ON | evel s of
MWPs and i ndicia 019 Fametion at the psoriasis 10 |esion conpared to

t he control mE@thPiona‘}!irisﬁl‘lﬁ'd’éﬁ%F@mBﬂ“% ex-vivo rat aortic ring nodel.
[0179] According to this exanple, the ex-vivo rat aortic ring nodel of
angi ogenesi s wi | [01B% Redetieantior detiwrpn pbebaceliniar abfrik degpdgiont he i npl ant abl e
material 1o repibalraAnal AGEARE rﬁg&ﬂemsram@sm%md&l descri bed by
Kruger et al. 1In 1°0C Bi o esearch Comm 268:183-191 (2000)
Thor aci ¢ aoft asfigyupstion é"fbb@d?@é‘éfeq‘ 9"6frﬁn?§’|b§ kparpseony Siitraspvat ML 6 Wal e

Spr ague- Dawl eySJcﬁﬁc%gaﬁhdeMdEkaﬁﬁrﬁ@dhm&an&mmmlyr afmak@&tediﬂae aortas will
be sectioned into 1 rinsed. an j'iced on Matri gel

ro
coated wel | s. TI‘F&“'F"*éetd "ﬁ@rﬂﬁ P‘F‘?‘%} rg”éeé'f# gﬁgbﬁcf‘ﬁm‘ﬁ" iR hed sinilarly,
except one gr oupudﬁbﬂind/roeﬁﬁmmnmfafnﬁmtnevmcammn ofragelhdarimapixant abl e 20

material, one Gl OdRiol dredBh Rlsif C?Ls&a,b,ysf[ Mo Bk oned medi a,
and one group Wi 5’ e? Reduction and/ or

anel i orati df ofemsmolﬂa@eﬁomhea@pﬂiwhmwﬁx degr adati on, abnor nal ,
neovascul ari zati on, expression |evels of MwPs and i ndicia of inflanmation
will be nonitor edl.@h,glbg&xéﬁmnbkyexe.mniﬂabrﬁgg'ﬁg@daorti c ring sections

2bm croscopically. It Is expected that rat aortic rings treated with the

i mpl antabl e mat e dﬁé ;}Iccctgﬁkﬁgmﬁ&%pne me%samv@ﬁtmcmgmm & reduction
and/ or aneli or at on'o nof mal neovascul ari.zation, ~extracellular matri x _

degradat i on, exsEFsHYillbe Fagie o fengpspadhe iyt wiplngtle PRFTal At i on
co rrpar ed to t hﬁ:glﬂﬁ@ Erl’gib'genesw according to the model described by Kruger et al. in. Biochem. ‘

15 Biophy. Research Comm. 268:183-191 (2000). Thoracic aortas will be excised from

-
e

eight to ten week old male Sprague-Dawiey rats and the fibroadipose tissue
removed. The aortas will be sectioned into 1 mm long cross sections, rinsed and
placed on Matrigel coated wells, The rat aortic ring sections will be maintained
similarly, except one group will receive an effective amount of the implantable

20 material, one group will receive an effective amount of conditioned media, and one

group will receive control media.

[0180] Reduction and/or amelioration of extracellular matrix degradation,
abnormal neovascularization, expression levels of MMPs and indicia of
inflamrnation will be monitored over time by examining the aortic rmg sections

25 mmroscoplcaily. Tt is expected that rat aortic rings treated with the 1mplantable
material of the present invention will display reduction and/or amelioration of
abnormal neovascularization, extracellular matrix degradation, expression levels of

~ MMPs and indicia of inflammation compared to the control.
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12. Matrigel plug assay of angiogenesis in mce. [0181] According to
this exanple, the nouse Matrigel plug assay for angi ogenesis wll be
studied to denonstrate ability of the inplantable material to regul ate
angi ogenesi s according to the nodel described by Chander et al. in British
5 J. Cancer 96:1368-1376 (2007). Two groups of mce will be naintained
simlarly, except one group will receive an effective anount of the

i npl antable material to the Matrigel plug. [0182] Reduction and/or
anelioration of abnormal or pathol ogi cal angi ogenesis, expression |evels
of MWPs and. '|nd|C|a of infla .tlon W .l be 10 nonitored over time by

| apar os copy, ul t7-Mayigskplumasgay ghang fett-ng the Matrigel plug and

exam ning the sections nlcroscoplcally It is expected that Matrigel plugs
treated with thel0f]l avcatihetoniss epngk, tlwfmquwﬁgigegté\maswfpentu on will

di spl ay reduct] Igé’dégé o b@@i’&&é@cE ﬁéﬁoﬁ&aﬁfabiﬁg%Pﬂa@ﬂlpmﬁfablpﬁht%h @gi cal

ang| ogeneS| S, ession | evel indi ¢ia of inflanmation at the

affected t|ssu@@@@ﬁﬁwﬁﬁﬁmﬁﬁﬂ@%@mﬁﬁﬁFﬁ%FdeﬁWE%bYQ§m¢Tﬂﬁhéﬁ¥$§bcket assay - -

of corneal Beoyagpddl 13821379 (R007). TW6 Broups of QitSl bé\ﬁﬁﬁfaﬁbd’@nillaﬁy,t hi s exanpl e,
t he nouse corneal pocket

for,.corneal v.asc io w il be
studi ed to den{’fﬁg{tf’%&%""%‘i’aﬁ’fei’ ve SR eHRVe 2s ﬂﬁg jjrgia b?e"?ei ?@mregul ate
neovascul ari zaMabigelgigor ding to the nDdeI described by Cao, R et al. 20
Cancer Cell 6: 333-345 (2004). Briefly, a pellet of Suerafate

(Signma- Al drich, ﬁIBZ]L%H&norl\@)ilo?d%th&yﬂfngﬂabﬂ]ﬁﬂlhw Battididioal] (Si gma- Al dri ch,

Sl anted | L RIS R e e R
m ce. The pel | Qbm’iM‘dd lovdd @mp 6 lapdretepgl, ultraBeukd, MRTor Hyregmactibpshcdemnghl | i nbal
vessel A {er L PLAUIAL Sl A Do oR IS Gl | b
except one gr qu:ﬁtemvhth ﬂm%ﬁw@iea#ﬂteerﬁ}ﬂ?é the ipreeenbips TR Vol disniy f?dh‘i’ﬁllmant abl e
material subcufane Qtﬂéiﬁ%txﬁf ofablobdd erﬂalzh%@@é] !adémgenesns E@e84dh 1eb@is binduce

neovascul ari zat1 on e cornea and i ithelia of both gyes w il be
renoved by appWﬁﬁ@"‘h‘ﬂ@@%8?@%@%85?@?4%5“%@%“@WBE@‘ The eyes wil |
be exami nedsbymgeslit-lanp biomnicroscope for neasurenent of |inbal vessel
| ength fromthe | eading edge of the pellet (pellet distance), the |ongest.

bl ood vessel 5 bl‘ %hlegﬁoéﬁ%‘f%agogc'&ﬁ@lL&@asl:ﬂl% ¥nq}ﬁ@er ds the pellet (vessel
“length), and hom/ cunt erence of the eye the vessels have

gr own.

[0183] .According to this example, the mouse comeal pocket assay for corneal
neovascularization will be studied to demonstrate ability of the implantable material
1o regulate neovascularization according to the modsl described by Cad,'R. et al.

20 Cancer Cell 6: 333-345 (2004). Briefly, a pellet of Sucrafate (Sigma-Aldrich, St.
Loﬁis, MO) and hydron [poly(2-HEMA)] (Sigma-Aldrich, St. Louis, MO}
containing human recombinant bFGF and VEGF will be implanted into each corneal
pocket created surgically in 6- to 7-week-old mice. The pellet will be positioned
1.0-1.4 mm from the corneal Jimbal vessel. After implantation, antibiotic

25  ophthalmic ointment will be applied to each eye. Two groups of mice will be
maintained similarly, except one group will receive an effective amount of the

implantable material subcutaneously or intraperitoneally.
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[ 0185] Reduction and/or aneli oration of abnormal neovascul arization will
be nonitored over time by exam ning the sections mcroscopically. It is
expected that mce treated with the inplantable material of the present
invention will display 10 reducti on and/or anelioration of abnornal
neovasndari zation at the affected tissue conpared to the control mce.
[0186] The invention nay be enbodied in other specific fornms w thout
departing fromthe spirit or essential characteristics thereof. The
present enbodi nents are therefore to be considered illustrative and not
restrictive, the scope 15 of the jnVention bei di ca by the appended
clai ns rather thdH8fy W@“F‘b‘?eé\fj‘&“ﬁ@zaﬂ%@? i"‘ﬁ"(eilﬂﬁq“”&gl&p'&e‘t %H‘&%ges whi ch
conme Wit hin theydRari:gnedhy prigitg Hlotaggubtivicgaatiel Yo thé limwe, THeajws are
.thereforelnten d t s _clainmed is:

d ai s . ﬂ&eﬁﬁﬁmﬁeﬁwgb‘g?@qm?msr?sﬁ °5 [n ?rﬁrl'Tn%éngfﬂ Y$%9i ogenesi s in
an i ndi vi dual |langthéedtftemmeg)éd,ge Dm@mﬁﬁﬁh}d&t @Jém)athq ln@e%tlhbﬂtt‘te@pl of :
contacting w 'ﬂm&;ﬁmgﬁ@l«ﬁ&‘ﬁ&g h@x.ﬁrﬁ&s%wa?dsth@paw(t@&ﬁe@ém%d Afi@cent to or 5

in the V|C|n|ty pat hol ogi cal ~angi ogenesi’'s, wherein said
i mpl ant abl e magEmddhe cﬁé‘ﬁfﬁqﬂ%cégf%ewg‘éﬁ??ﬁé&hﬁ‘ﬁlg@%t rix and cells and
further wherein said inplantable material is in an anount effective to

treat the site offt1gsyt Febegjbcaki/onamsiioetin ebibsoring neeypagulinivaiionivallibel . 2.
The net hod of I %ﬁ“ SR akddhl il iXexb& ted thhd exi bl e
10pl anar mat er?;!o?:'to?&dov %&ah&%ﬁm&% cl ai mdlf’mgiwerél enxlpt Flet b| oconpati bl e

matrix is a fl ovestresedvitsadmpipripple materialpf thy grsepdpvgefipn el €528 m | wherein the

cell's are epdotdgdibnd/ofEibAgd @htrbintiBreoRPhififlidrad: the awcfem@ds,;eal -like or
non- endot hel i al. cells. 155. The method of cl ai m 1 wherein the inplantable

material regul g[cgnggxredto the control mice.

[0186] The invention may be enibo;ﬁed in other specific forms without
departing from the spirit or essential characteristics thereof. The present
embodiments are therefore to be considered illustrative and not restrictive, the scope

15  of the invention being indicated by the appended plailns rather than by the foregoing
description, and all changes which come within the meaning and range of

equivalency of the claims are therefore intended to be embraced thercin,

'[0187] What is claimed is:
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extracel lular matrix degradation at the site of pathol ogical angi ogenesis.
6. The nmethod of claim1 wherein the inplantable material regul ates ’
expression of MWPs at the site of pathol ogi cal angi ogenesi s. 7.
The method of claim| wherein the inplantable material regulates indicia
of- 20 inflammuation at the site of pathol ogi cal angi ogenesi s. 8. The
met hod of claim| wherein the site of p@khlwo ogi cal angi ogenesis is a site
of tunor resection or radiation therapy. 9. A conposition suitable for
the treatment o n nt. of. a site 0 . _pathol ogi cal .angi ogenesis,

t he conpositi onE'cg?r‘p‘r%?tgﬁg%%eaﬁlp%%glﬁ%(gftﬂa{;‘P@ SICa PRIOESIRYS TERdAIdudine oi n

sai d conposi tieedithefeof, heae®o® tothpriideabd dtsieoff 0 treat or nmanage the site of
pat hol ogi cal ‘angi ogenesi s. 10.- The conposition of claim9 wherein the
bi oconpatible matrix is a f) exi,m., | anar. materj al . ~11. The
conposition of clai m 9 HHRFEEA “E‘PBB@%&WWF‘ Trekers & of adigeept B wRbI e
conposi ti on. ip#.vickhiey SRRV bhiBNoPEal Gh@bBndsls, WS gaidt-&g,ﬁ&,{agtefabl e
conmposi tion further conprises an attachnent peptide and1 ‘he cells are
engrafted on meatertabcomprisgs & hitspmpatibropatiiygend cells 2@l futther wdemposiid i on of cl ai m

9 wh i h . |.i.al Lia)-1ik | thelial,
ot ther 1 al 1 RERBlc 3 ERRE0h AR Bl Y Rk Pl ol S BBEREL 0t Gl i m o
wherein the (}aﬁgﬁpgﬁi_etikhﬂsafcemdlv@ﬁs extracellular. . ~. ' '

2. The method of claim 1 wherein fhé biocox_npatible matrix is a flexible

160 planar material. -

3. The fnethod of claim 1 wherein the biocompatible matrix is a flowable

composition.

4. The method bf claim 1 wﬁerein the cells_ar’e endothelial, endot_hélial-like,

épitheliai, epithelial-like or non-endothelial cells. '

15 5. The method of claim 1 whe_rein the implantable material regulates -

extracellular matrix degradation at the site of pathological angiogenesis.

6. The rm'ethold' of claim 1 wherein the iﬁpiantable'material regulates

~ expression of MMPs at the site of pathological angiogenesis.

7. The method of claim 1 wherein the implantable material regulates indicia of

20 inﬂamma’;ioﬁ at the site of pathOIogical angiogenesis.

8. The method of claim 1 wherein the site of pathological angiogenesis is a

site of tumor resection or radiation therapy.

9. A composition suitable for the treatment or management of a site of
pathological angiogenesis, the composition comprising a biocompatible matrix and
25 - cells, wherein said composition is in an amount effective to treat or manage the site

of pathological angiogenesis.
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matri x degradation at the site of pathol ogi cal angi ogenesis.. - 15. The
conposition of claim9 wherein the conposition regul ates expression of

MWPs at the site of pathol ogi cal angi ogenesis. 16. A method of
treating a site of abnormal neovascul ari zation in an individual 15in need
t hereof, the nethod conprising the step. of: contacting wth an

i mpl ant abl e mat é.i dhe eonsporsitiee! alainp P vddjeacibabiotenpatiblemathe isvd Bdxitild y of a
site of abnorq&%rrtgowascularization, wherein said inplantable materi al
conprises a b 660 Smibl e matrix and cells and further wherein said
inpl antable material is in an anmount effective to treat the site of

abnor mal 20neov &k cThasdnzisition of tla@b dvhereth #é Bioadmpatible datrix Theflowblod of
claim 16 wherein the cells are endothelial, endothelial-like, epithelial,
epi t hel i al - | iREPBHUYbn- endot helial cells. - 18. The method of claim 16
wherein the site of abnormal neovascul arization is a site of a neovascul ar

di sease ofs the gyeTheldRIoRRioh LOMRINEl FhR thOMsiabld Behpatitiok iR Ul ar
degeneration, corneal neovascul arization, proliferative diabetic

retinopat hy, SPEPTiFspaekashmenicatids andithscellspewagraed oherde thegytadmont,

cicatricial %n%@ml goid and corneal allograft rejection. - 19. The nethod
of claim 16 rein the site of abnormal neovascul arization is a site of
.rheumatoi-d arthritis or synovial neovascul ari zati on. 20. . The net hod of

cl ai m 16 wher ei I3. t Hee ®ntpesitibn afivlainn® wherevbhscalis arei mdothdiul icad@thdiat-e  of
psoriasis or psoriatic arthritis, 21.. Th thod of cl.aim 16 wherein
‘the site of aI 'Ff(?ﬂ@?lhaﬁ%@?@%&ﬁl@rqr?ﬁ?ieg#ﬂilellagceg?te of a systemc

i nfl ammat ory di sease. 22. A conposition suitable for the treatnent or
nmanagenerd of aldsi Tie winpabirion oBdlained whseisl the dongiokition rddnRites @RRASIIAON
conprising a bioc tible matrix apd cells, wherein said conposition is
in an anount n@F"f’%‘%‘g&aét“fnoattﬂﬂee%tﬁ ‘%Pat Agigd apgiagenesis. :
| -15. The composition of daifn 9 wherein the composition regulates expression

of MMPS at the site of pafhélogical angiog_eneéis. 5

16. A method of treatiﬁg a site of ébn_ormzil’ neovascularization in an individual

15 inneed thereof, the method comprising the s_tep of:

7 contacting with an implantable matérial a surface at or ‘adjacent to or
in the vicinity of a site of abnorinal neovasculérization, wherein said impIantaEle
- material compnses a bibcompatible matrix and cells and further wherein said
implantable material is in an amount effective to treat the site of abnormal

20 neovascularization in said individual.

17. The method of claim 16 Wher_éin"the cells are endothelial, endothelial-like,

epithelial, epithelial-like or non-endothelial cells.

| 18. The method of claim 16 wherein the site of abnormal neovascularization is
a site of a neovascular disease of the eye selected from the group consisting of
25 macular degeneration, comneal neovascularization, proliferative diabetic retinopathy,
- retinopathy of prematurity, Ste_ven’s-Johﬁson syndrome, cicatricial pemr:)higoid and

corneal allograft rejection. .
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~10site of abnormal neovascul ari zati on. 23. The conposition of claim 22
wherein the bioconpatible matrix is a flexible planar material . 24.

The conposition of claim22 wherein the bioconpatible matrix is a flowable
conposi tion. 1525. The conposition of claim24 wherein the flowable

- conposition further conprises an attachment peptide and the cells are )
engrafted on or Po TheenathiddadTehmemtl 6 peépteindke site of WnorThienecaRrROGtAii@nsof cl aim

22 wherein th ot helial, ndothllal-llke epi thelial,
epi thelial-li él?eoortJr %lﬁlagoﬁ‘gﬁg}ﬁgp Oéﬁyn%‘la REOVaSHAIZalP: conposition of claim
22 wherein the conposition regulates extracellular matrix degradation at

the site of abn@bméthe rediodss dlaih il 8 k@ the site 88abnbRBIGRIPVLSIIA ARl ¢l aim
22 wherein the cor}gosnlon regul at es expression of MWs at the site of

abnor mal neoVASE AFGTAHE PHRseriatic arthritis.
5 21. The method of claim 16 wherein the site of abnormal neovascularization i 18

a site of a systemic inflammatory disease.

22. " A composition suitable for the treatment or management of a site of
abnormal neovascmanzatlon ‘the composmon comprising a blocompanble matrix
and cells, wherein said comp051t10n is in an amount effective to treat or manage the

10 'sne of abnormal neovasculanzatlon '

23. The composmon of clalm 22 wherem the b1ocompat1b}e matrix is a flexible

planar material.

24, The composmon of clalm 22 whercm the b1ocompat1ble rnatnx isa

flowable composition.

15 25. The composition of claim 24 wherein the flowable composition further .
comprises an attachment peptide and the cells are engraﬁed on or to the attachment

pepfide..

26. The composition ‘of claim 22 wherein the cells are endothelial, endothelial-

like, epithelial, epithelial-like or non-endothelial cells.

20 27. The composition of claim 22 wherein the composition regulateé

extracellular matrix degradation at the site of abnormial neovascularization.

28. The composition of claim 22 wherein the CompOSIthI] regulates expression

of MMPs at the site of abnormal neovascularlzatlon
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