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VASCULAR EXTRACELLULAR MATRIX HYDROGEL
VASCULAR EXTRACELLULAR MATRIX HYDROGEL

STATEMENT REGARDING FEDERAL FUNDING
[0601) This inverS LA TEMENT (REGARDING FEDERAL {FUNDING ¢ 11127214 and

ATANIAL ¥

[0001], This invention was made with, government support under Grant,Nos. HL 127214 and

S G VYRR U)‘ L L EIOIAE M mens MR visi !H.U.EJ.U.{ BEAD AL WELEE 3 ER 1513t

HL 109132 awarded by the National Institutes of Health. The government has certain rights in

IO IRVERTONT.
the invention.

CROSS REFERENCE TO RELATED APPLICATIONS
. CROSS REFERENCE TO RELATED APPLICATIONS e
(gmmz_ This apphication claims the benetit of Unyted States Provisional Patert Applicstion No,
[0002] This application claims the benefit of United States Provisional Patent Application No.
6.2 218,063, e danuary 13,2016, which is tncorporated herein by reference 1 i entigsty.
62/278,065, filed January 13, 2016, which is incorporated herein by reference in its entirety.

OO Prasvided heenin i g method of salane g vacendar BEUOM msterial queh gy g el
[0003] }Prowd(eof herein’is a method o mafil ng a vascu]ar ECM ‘material, Slich™ss a?‘gel ,aa

vassilar ECM material - andt method of U8 Bt the Vascular ECM material, Forexample for
tréAfRAT of BT R ardlfor vasclari zation OF Fe-VassulanZation.

[6004 Freesriipttivasditdissectiont of the ascending 20ita is@concerning<clinicaliproblem-that
otcursintupkto:2"Smiilionipatients per year worldwide. Suchaorticicatastrophetis:oftentfatal
canioccur without iwarning, .andithe:only-treatment option isiemergerit:aorticrreplacement. TThis
bi omechani caliweakening:of the:aortic:wall is often precipitatedibyif ormation:of thoraciciaortic
aneurysmg(TAA) 3 TAA,involves medial matrix degeneration ibut ithejincitingymechanisms,of
aneurysm;formation.aremostly.unknown. Furthermore, thereare,currently nojknown;strategies

A A AXE LB ALE X

to,regenerate, tissue, deficits, in, the, aortic wall. Remodeling of ;the \vasavasorum,,the
L‘U T L BLIR M K '} j S T N S S v FEARL Lo e a R (}1. L_;_\» \’ﬂﬂﬁ; \M.,‘,._...,,._._., i,,.,u.,

Y

igRauyasuuial auawia K il R SUVORIRIG Saa QUUITansit . g Atz

targets are associated with. TAA.

e &m}‘i Bra i&?ﬁSOGli‘liCd‘- W 1A
[0005], Extracellular matrix (ECM) bioscaffolds are tissue-specific biomaterials with, inherent
_;um;;_}} bxiracelular matrnd yocavi ) MOSCAIvas are wovsu-spoving hi(}lﬂﬁ&&%‘}ﬁis Wih wiherent
bioactivity and native structural features. These properties enable their desirable use as three-
moacuvity and native stractural keatwees. Lhese properiies enable their desirable nse as three-
dimensiona in vitro cell culture substrates for biologic discovery of cellular mechanisms or as
dimensional iy yitro cell méﬁsm substrates for ;mlegw discovery of cellular mechamisms or as
disease models. Certain decellularized tissues show promise for therapeutic tissue regeneration
. digease models, Certain da;:eihﬁ%anpﬁ tissaes show nrﬁ)mise for therapeutic tm;uﬁ reg :g%?ratm]}]
in a variety of applications. Development of decellularized native tissues has to the
fhoa wasiste of anshestinne E‘}M!.‘?nﬁiﬁeﬁhié F Adeesdlnlavived natjve Haase haw Ted 0 thy

2 3 . g
pl’OdUCtIOFI of tissue-engi neered olasw retan asement membrane proteins such'as

microvascular network in, the, adventitia and decreased expression of .angiogenic signaling
e o esns

g s NP
o)

3
¥ “’1.!"1‘ilf’f S ATEVESR IR Q“Sl~!>}‘l AR

cOlTagEn tpE T S Tamimin. anor i bronect h that eihance cd I aohas i ana Trvoke's gnal g
t6¥intlligncecaliulardifterentiation *and 'regenerative poteritial ¥ Growth factors Sihaludifg
transforming: growtti facfor-beta ibasic*fibroblastagrowthtfactor (FGF), hepatocytesigrowth
factor fandivascul ariendothelial:igrowth: factor:(V EGF)spersisttin their*bioactivesformawithin
matricrypti c:apepti desiethat:rinvoken,bi ol ogi cruactivity .x:ECM n bi oscaf f ol dss«gui dejsstemascel |
matricryptic peptides that invoke biclogic activitv., ECM bioscaffolds guide stem cell

i
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differentiation through growth factor retention and wnique matrix compliance, which together
differentiati on;throughigrowth:.factor retention;and:uni quesmatrix; compliance,;which together
comprise tissue-specific microenvironmentithat:aregadvantageous for regeneration.

{0606] Provided therefore are methods SUMMARY podrogels from solubilized vasculature-
[0006].,Provi ded:~therefore-,grggmethod%forspigpgr[_qgigyg[qggl s from;solubilized vascul ature-

: SN INE Y WIS RIS AL G M A SN KRRy, AT 1S

SR wA lvi{.lb\'.;,tkui_{ii [SR7SENE
derived extracellular.matrix (ECM),.compositionsuseful a%,in vitro cell culture substratesor.in
VIVE UIOHGRUTRUES. W UNSUC swpradd s veassor vuolEHE QPPEUGENN. LI CAURCCLIIE HIRHIX

vivo, biomaterials for tissue repair in cardiovascular applications.. The extracellular, matrix
{8} OT DIOOG VESREQIS pl"f}”\fmwn w‘-:s“ﬁ?.‘t{_‘??ij S}Lg}‘}aimg I0r u,z_mmwﬂ:fin.u.{_ﬂ_c eeil {)Sﬁi‘.{VR_‘)}‘ H}Ch&ﬂﬂ'_!g
(ECM) of blood vessels provides essential signaling for tissue-specific cell behavior including
nguaenance of cell phenoype, difforentiagtig, ssdill Cou deu-renwat, and regulates everai
maintenance of cell phenotype, differentiation, stem cell self-renewal, and regulates overall
Aissue homeostasis and tonepon. This invention embodies 8 method wheren decetinlarized
tissue homeostasis and function. This invention embodies a method wherein decellularized
By fron ll)EQQ vessels fe o porcine or ﬂuman aorta adventilia i one aspectlare rmulated
ECMsfrom blood v S (e.g. porcine or human aorta adventitia in one aspect) are formulated
Cmitn, hedeneels and can be oked as aohstenes B i wiro cell endfroe gnd i vive tiseue
into"hy rogeis and’ ¢an be used &5 suBstrates for in Vitrd ‘cell ‘cultire "and’fn "o tisste
PR TR E oY
regeneration.”

FIHUTE T n tvevvenaniianiyoong rded cvsmsddiindng Jorcevertaad dovinin e brri o flen g T T e Ao it
[0007] 'The® compositions and' methods described heran ‘Soive 'the fproblem “of Mnadequate
O S R LS T S 13 Tl TR Sl B EYER SRRy e B B ity Lo e Ml o] R D]
biomaterial St promote vasculogenesis: In OB agpect, provided thereiniistanativetbiol ogic
substrateeforrdiscovery? biology” in' the aortic wall and fits ‘@associated ‘microvasculature. ' The
benefititof itheccompositions: andk methods provided herein‘isithat iitiisrmorerrepresentativerof
nativeephysiologyy thans current: products in the research :marketplace{(e.g. Matrigel).1The
described:compositionsyandimethods are useful for providing.asresearchyproductiforidiscovery
biol ogysand:forthe:potentialjfor-clinical tranglation as a.therapeuticibiol ogical;materialiforithe

treatment, of cardiovascular.pathologies,

LR TR AR A WREL RBLRT T B

[0008];}Tp§ecompositions and, methods provided herein utilize vascular extracel|ular matrix

g wncanpearavesaaraed (UL RRBGLIIVLEN ponnr oresne RISURARE ARBLALLNG Y aan sl SAali ol i (hiasl L

(ECM)l.as,tki]ggstarti ng.material,for the hydrogel and in one aspect, contain no synthetic polymer

Crta ] 8 LHE vaec ceard THALETIA 10V IR 2y vacwgms AHU HUODE tarprverve COTERELE TS phcaromeiw (et

components or cells. A unique advantage is the availability from porcine, ovine or, bovine

GO RIGIRS DT_ SR A wsge mevmaago I8 He SYABBLELY l‘i‘(_)I?} Pureius, OWE}_.&‘ or E}{}V}i’lﬁ
sources. As indicated below, vascular ECM, e.g. aortic adventitial tissue, requires a unique

sources, As mlicated betow, vascular BUM, ¢ aoriic advenithial tissue, roqurs a wmgue
method of derivation and formulation to produce a hydrogel.

method of dertvation and formudation to produce a fiyaroger

HRIEF DESCRIPTION OF THE DRAWINGS
. . g A" ‘,;{\.» T >v is T : \‘?‘Y;\( .
[0009] Figure 1 provides photographs of western blotting ‘an ysis for elastin and type |

HENO! Fiovve 1 oorovides nhafooranhs of western hlotfing gnatvsix for elastin and type [
collagen of the acventitia EC (AGVECM) el praparationiof Example 'y, st and 1y

(6010 GUrd s A imar endothélt A calprol Favati on U esails WsBUeitured for 12 br in the
prE8 e P iabsenca™Bi 502100/ ande 250 gl Ypordine Yadventitial“EEM ! digest Eall
proliteration’ 2Wages meastired®® using?30ate/ MM TTi([3-(4,5-dimethyfthiazol-2-y1)-2,5-
di phényltétrazolium: bromide])-based-assay. *1Sigrificant from! ¢elldculttredtinibasalmediim
conditionsial onel(Ont bramipAdvECM ) 3p<0.05.ignificant frem cells culiured in basal medium

conditions alone (U pg/mb pAdvECM), p<0.05.
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{0011} Figure 3. Microvascnlar remodeling, or pathological increase in luminal diameter and
D011)i Figures3:iMicrovascul ar remodeling, zor spathol ogical rincreasediniluminal: diameter and
vessel walljthickness, risiassoci atedqwithsaneurysmsin humaniaortasHistological yevidenceyof
increased.luminal diameter in:thoracic aortic.aneurysm (TAA, B) vs. Non-aneurysmal (NA, A,
Cl)ﬂand increasedywall thickness, ‘(IZ?-AI):).-JScaI e bar=100.um;

TR &G SRS EXW R S LB v s YT T TR T i e § s Lol ¢ 2 ;3} Aoprtic cross-section
[0012], Figure 4. Aortic ECM._-»A)nDeceIIuIarized{ porcine. aorta. ,B),*Aortic-_cross-sec‘tsi\on

Ky vuhué RO TOIIGYI A8 POAUUICE WEATL T vaany AR b CRASHE KiyOIy
revealing_complete removal, of cell nuclei (DAPI,.blue). amidst intact elastic layers (C,
Crarn e o i 5?2‘@@1}}. 12} 3.;}’0?;1‘3.31;2&& p’i)‘ﬂ’uﬁ.\ G LS N .s_,} SGARNNg CISCINGH H}ECTU\%A apsl Wi,
Autofluoresence, green). D) Lyophilized powdered ECM. E) Scanning electron micrograph_of
IR m%*mL SOVENEISE BYUNEET BEN TOVOMIRE 8 Agb}‘(}u&; DUHCTOSINRRIUTE, seale bar ~ o 1)
10 mg/mL adventitial hydrogel film revealing a fibrous microstructure, scale bar = lum. F)
Optical gensity (U0 o 2UM gels over tme: G)Y Rate of gelation tor poreine and human
Optical density (O.D.) of ECM gels over time. G) Rate of gelation for porcine and human
Vase ziafEH ‘Me on par with other E&M’i DOICING 8§18 3~mtt:estma sulgmwma {‘%‘S% Lines
vascular ECMs on par with other S (porcing sub-intestinal “submucosa*(SIS)). Lines
regregefn‘ aagd normahved O 1Y, readines g8 3 measure of vel fhrmaiion over fime.
represent and normalized O.D. readings as a measuré of ‘gel formation over time.

1 31 Fioneg §: Fhwvang sndnthalind call senlifeeation Salle were potimivmad o TR e
J f alls Wk el h

[0013] 'Figure™5:"Humanendothelial’ cell proliteration. C cultured for” 18° r“?nﬁfﬁe
AA TR

pRESSAEE P absenice’ ot 5 16 25, 50; 100 and 250 fig/ml PAIVECN. ‘Celifprol feration™tias
meastredusing? s M'TT-based! 8884 ¥ Significant from ‘cells ‘culltured fin tbasal medium
conditionssal onex(0*ug/mL -pAdvECMY, p<0.02. Results idiisplayed #retrepresentativeof three
independent iexperimentsswithitwor different batches of pAdvECM.

[0024]¢Figure=631. Endotheliai celll migration. A) Wounded :cell imonolayerseculturediintithe
presencerof pAdvECM tdemonstrated:increased wound closureiover 118thriwhen:compared:with

untreated:cellsiculturediinytheir-basal| growth medium. B) Areanderithe.curves (AUC);in (A).
[0015];Figure, 7z Endothelialjcelljbranching in vitro. Humanendothelial cells (12.5,x; 104),were

RANEL

seeded on.pAdvECM -spiked,growth factor-reduced Matrigel substrates, and cultured:for.up to

Aoty kil g men e vl REERIEE BABGERS cxvvvrag « SUHUDRTALET QLIRS CRIIMIGRE X 1l

18,hr. Cells cultured,on Matrigel,alone (A) formed tube-like structures of relatively short length

L8 U e a;uuumsi L6 5 WFe uu.u»;,».-g QAR oy FUTTICW LQOCHRC SHIUGLIIKS UL Tyvrwvs oy JHOTE Heagtes

while pAdvECM-spiked Matri gel. increased the length of tube-like structureﬁi(B D)., Number

WIHE pevavinmmspiasl wiaigel INCIEASEH WE wagin OT WHS-IIKE STUCTULSS {&, o0 Number
of tube-like structures was unchanged among cells cultured on pAdvECM-treated and non-
of tube-hke structures was uncnyrged wmong Cells cultuwred on pacveL vi-weniea gnd nons

treated Matrigel substrates. *p<0.03, n=3.
freated vamigel substrates, “puus, =3l .
[0016] _IFlgure 8. Photographs and§ photomicrographs of two methhods of deposition of the
16! Msore B Photogranhs and photomicrographs of fwo methods of deposition of the
hydrogel materials escrfbe& erein descn%ed in'Example 4. :

hvilioeel nunesials decerihed herpin ax deserihed isp Exsnnde d .
(OO e B eparation and charactenzation Of PAGVECM bioscaffolds. A) pAdvECM

bioacartol i8S & 1yophiiized: ground powaer: B) Hydroga formation from PH-Heutrali zed
enan-digested pATVECI Bl oscarfol detartert 1 hr ab375¢ 1) DN A Er &S rrom A Wi total
tissiewaighttWeré ualitatively *analyzedeusing 2ethicium ) bromi décontaining !aba6ss gel
electrophoresis. ¥ypAdvECM ¥iBioscaffol d2anduS| §; grétpstshowedimarkeds reductiontof :DNA
contentrcompared:toinativeaortictissue. and SIS groups showed marked reduction of DNA

content compared to native sortic tissue,

i
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{0018} Figure 100 Scanning electron microscopy of porcine and bhuman adventitial ECM
[0018]yFiguree10.fxScanning ssel ectronizmicroscopy = of sporcinexand :human vadventitial ¢ ECM
hydrogels.; Decellularized ctissue:and ECM rhydrogel spweresfixed \in 2.5%;glutaraldehyde jand

processed y.for 1 scanning.glectron, g microscopy. ;;Representative ;. micrographs ..;;showing

pehreo

decellularized human, adventiiay (Adv), (A-B).,umans Ady, hydrogel  (C-D),; porcine, Adv

BEYURUERT UL ann i v aiitast W\ o v g WAL

hydrogel i(E-F) ﬂ%porci ne small.intestinal ;submucosa (SIS) 1hydrogel (G-H) at 5.000X (A, C,

PR PRy R SR e SRR R alriiilglu.{ii‘\}?;ll.ﬂ)ﬂﬁ' FRTIETO FIVI RN TR 5 pakaie

E).and.| 0,000x (B, D, F).magnifications. All scale bars=1pm. N .
;)&u_x__t*] Ligmiw g;. i ._)f;_mﬂ‘gw i peseuoll KINEHES OF i hydrogels. Gelation of pH-

[0019] Figure_.11. Turbidimetric gelation kinetics of, ECM hydrogels., Gelation of pH-
neuirgizea oCM digesis was monnucy using optical density (U Teaaings al U5t a
neutralized ECM digests was monitored using optical density (O.D.) readings at 405 nm at
37°C for 90 mun.” A Porcine adventiie (Adv) (4, 8 and b mimi). B3 Normalized
370? dIZor 90 m|{1. A)iPorcme adventitia }(Adv) ‘(4, 1% and 16 mg/mL). B) Norrgah?ed
turbidimetric golation kinetics of porcine 31N {8 muw/mb), human Adv and porcine Adv (16
turbldlmetrlc gelation Kinetics o porcine Slg (g mg/mL), human Adv and;porcw?e Adv( (36

il ),

gL
fﬂﬁ"?ff} Fioneg 17 BORZomviedisted cinmbiation af aefivnen pndnthalinl ped] i‘uw\iif}m-',ﬂi(;\n i
[0020] ‘Figure” 12." FGF2-mediated " stimulation of primary endothelial “cell *proliferation by

ECMs Primary *hiiman adventitia-derived: éndothelial call’s Weke Clitired n‘the rasaiceof 1o
ng/mL'porcine‘advenitial ((pAdv, solid bars) 8F porcine ‘small fintestinal ‘sUbmuicosa-(pSi's Gty
bars): ECM LCellssititheir ‘basal! culture: medium, FGE2 inhibitor salone{(160:nM¥PD 173074%in
DM SO), tor tarmequivalent tvolume: of DMSO and digestion buffer {(1tmg/mL rpepsiniini0.01°N
HC1) serveddasscontrolss (opent bars).. Quantification of MTS {[3-(4,5-dimethyithiazol-2-yl)-5-

(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium]  conversion was pperformed

after,y72xhr yof fexposure; to, the: above; conditions using .acommercial :assay ;andyresultswere

2SR A R e W

expressed yas, percent  change, of - untreated, cells, One representative (of ythreejindependent
experiments is.displayed. Bars represent mean of four assay replicates + standard .deviation.
X

e yeeomenenmens REFREL K23 BMUE wveonrenl domegi vaine vevan ez BT TR YRS IR P TATE (N

R Gt R AR DEVAN A CR SRR e

indicates p<0.05..V\(hen comparedlwith untreated condition, ™ indicates p<0.02, and.# indicates

TREICRUES e et WEART e srpracowsd. WL WIMITCHICOR vusianiiats, 0 HBGHES L oo, d1HE I QISS

p<0.005..

PR,

[0021] . Figures 13A-13C. Effect of ECM bioscaffolds on network formation of tube-like
s} cigures 13A-13U, Liffect of EUM bioscatiolds on network formation ol tube-like
structures in vitro. Figure 13A - Human adventitia-derived endothelial cells were cultured on
stroctures & wire, pioure 13A ~ Human adventitia-derived endothelial cells were cultured on
growth factor reduced-Matrigel substrates: (A) DM SO, 0.05% (v/v), (B) Digestion buffer (1%
prowih factor reduced-Matriped substrates: (A DMSQ, G.03% (vivi (1) Dioestion baller (1%
(w/v) Pepsin in 0.1 N HC1), ?(C pAav ECM, ‘and (D) pSIS ECM. FGF2 inhibitor PD 173074
{avs Pepsiiy in 0 3 NHOD (0Y nAde FOM_ and (13 SIS BUM FGE? inhibjtor PIYT73074
(1bO nM)’ WS adc}ed E[%ii)‘t eicufture}medlumi'\of aBove)Prgé?%eﬁt{s,‘& own m'parQ iel‘wells?(E-H).

A“' ‘_flh‘} pT L sene sddod fy 3y

soesttvras ryadiym af ahoaes teaatpenty showy tr vamllal svalle (FLHD
1 e Taprasantative 16X A g S ighown, el acted From S SHE o threereplicates (of o
independarit "experiments Al scale bars’2¥50 §ifi¥ort (ATH).*Suantificati ohot the fumber
(Figurer138) andstotal ®ength (Figure»13C)%of Hubeliket ditictirestirom ks stitched fields

-----

mean of three assav replicates + standard deviation. Images and graphs represent data from one

4
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of two independent experiments. *Significant from pepsin HCL p<0.02; ESigniftcant from
of stwo jindependent :experiments. s* Significant 7from, pepsini HC1, p<0.02; #Significant from
pAdv ECM-treated «cellsfin the-absence of PD173074, p<0.03.50penesis in wive. Figure 14A)

D022], Figures, 14A: 14D, Effect .of ECM ibioscaffolds on,angiogenesis iny viva,, Figure, 14A)

TFREL LA

Representative bright field,images

R W IS T TS CE Y AN O Fop L
E &

of scaffolds before (Time 0).and after (72 hr).incubation on

L LA R 5.¥

the. chorioallantoic ~membrane (CAM)nof \the;}chi_ck sembryo. The_pro-angiogenic Jesponse, to

PRI IR PAGY DRV UU!.i,liiUiqu, aaraf L SURERNUEN L dow pumdanaa By Tl rvuaend™w y e afiane s yraaas
pSIS and pAdv,ECM-.containing fibrin.scaffolds (250 pg/mL) isrevealed by the spoke-wheel
i;{n-t—ﬁﬂ) i}-s.ws.tz.;; tne f}@?lx,tuﬂ.us. i RCRTTONIS, 1RSie wiha e ui}plﬁ’@!.&[?iﬁ Bhgnf_}gﬁﬂi_\.v EROESIR S
pattern along the perimeter of the scaffolds. There was no appreciable angiogenic response
waecicy woand svanoos oaded with  digestion balier (1% twey)y pepsin B 0.1 & mvyy
detected around, scaffolds loaded with  digestion buffer (1% (w/v) pepsin in 0.1 N HC1) or
DMSO. Addition of the FGP2 inhubitor #12173074 (104 nM) abrogated the angrogeny
DMSO. AddItIOI‘!I of the FGF2 inhibitor PD 173074 (100 nM) abrogated dthe angiogenic
response to pAdv BCM. Addition of the inhibifor velicle onlv (PMSUN did not alter the
response to pAdv ECM. Acﬁéiltlon of the In |E)|tor vehicle onily {(DM”SOB did not"ater th
angioeenie response 10 nAMECOM Al cosle barg for Fioore [4A = Smm. Fleors 430
angiogenic response to pAdvECM. All scde bars for Figure 14A ="5mm. Figure 14B)
Ranresantgstive hictodnainal rence eantione af {7 AR geggy ecatinlde Ths (TARS yacondatnm by
Representative ‘histological §cross—sectlons of CAM %%?/ scaffolds. The{CAM“vascuIature HES

Fovsfy 4N S & N

vislialized Using inj ected tMAS 1ectin- Dylight® 650 (Fed) ‘and Ricia el labeledwith Hoachst
dyeS(blue) A dashed white® line' denotes the scaffol d/CAM finterface. *Scaffolds!oaded with
digestiontbuffert alone: exhibited! /6 vessel' invasion. pSI'S TEEM (250 tug/mL) sstimul ated
invasionrof fiewsvascul ature :(denotediby arrowheads) toward tthetscaffoldeasdid:pAdv:ECMin
adose-dependent ‘manner :for:concentrations 50-250 ug/mL. Theimaximum itested:dose:of pAdv
ECM #(500¢ug/mL ))inhibited{invasion.of blood vessels intothe:scaffold. iFigurei 14C):Addition
of {DM SO ydidinotsalter-pAdvECM : induced invasion of blood wvessels ;and ;FGE2inhibitor
PDL73074.blocked ithe.effect;of pAdv-ECM loaded scaffolds. All scaleshars;in:Figure; 14B,and

SRR WD B

Figure, 14G-=-500, um. *Avaseular. zone comprised of Jectin-negative (calls. yFigure, 14D).

o h g ava e SRV ARGRLGR SATG o

= Awaevae aommvse v

Representative histological ;cross-sections showing chemoattraction of lectin- negative cells in
B N & w.‘;ku»;‘,ra.«,r&auw} LCIURI~RECHHIIYS Lo IR CHROMINMMIIrauies O Oy~ l.\\a&u&.\ e SOHER IR

an avascular zone (*).adjacent to invading lectin-positive cells (arrowheads) .in pAdvECM
S avascudar zone (\i wGjaceol Y aovawal wvwsepmays G8HS {rraoveusany) UL ey o
loaded fibrin scaffold (250 pg/mL) (i) and inhibition of invasion of lectin-positive cells in 500
toaded frbrm scaltold (200 ugrmucy (1 and mhbiiron of mvasion of lecun-pusmive cells w 500
ug/ml pAdv ECM-loaded fibrin scaffold (ii). (*) avascular zone comprised of lectin-negative
nerm pacy BECM-loaded fibrin scatfold (u) (%) avascular yone comprisea of lectun-negatve
cells,. Aﬁl&lrnscal? bbars for Figure 13%: %O pm.
cells,. All scale baps for Figore 14D = 20 um _ . _ .
[0023] Figure 15. Protein “array-based profile of angiogenesis-related proteins. Lyophilized
HHYZRL Fiongee 15, Prodein arrav-haeer] srofile of snotneenesi-related profeins, T yonhilived
E(L,M bioscatfolds (300 g fota protein) were evaluated *for the pr‘eﬁen@e of b5 angiogenesis-
EOA hincoalfnlde {300 ua toig] mentain ) wppe avalygted. far the sepgencs nf 85 anpinoapeaic.
rel 80 Cprotaine iUl et R USTg e the™ Harman YA g ogenesi S Eroteome  Profifar SR TSy .
werhesfond  svsvgtagenc aw ¥ desantes, pondymey  Khrac LT¥ypesenge oA wedepoears gt Deforoegra e Pl Kipecrre o
Dénatometric Values Walprovided in Figure“ T8 Images*or porcine"and humian' ECM TBlidts

reflect EXpoYire timies 8 207min'and 10 mitirespeciively. Dashed fine'boxes=pasitive ‘control
reference’spots.Dotted finelboxes=négative control treferencesspdtine boxes=positive control
[0024]:tFiguress.16Atand 116B:Angiogenesis-related eprotein @rrdy. Decellularized adventitia
from2normal r(n=7.¢patients3pool ed) vandeaneurysmal »(n=28apool ed pati ents) »human:zaorta,
from normal (=7 patients pooled) and aneurvemal (=2 pooled patients) human aorta,
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porcine adventitia and SIS were analyred for 35 angiogenesis-related proteins. Values
porcinezadventitiasiand «SISiwere' analyzedwforsy55:sangiogenesis-rel atedigproteins.3Values
representsymeans:;pixeljdensitys{of - twonassay replicates; t4standard: deviationy(S.D.) for

chemiluminescences detected, after, > (human ECMs). 01,143 (porcineg,(ECMs)yminutes of

L N T SRS LR LUAES

*
e SHTY

”85&%'1“3@& aiqrt!{g’%g‘\’/se&@glgpec;men§d images of scaffolds before (Time 0y and atter (72

[0025] Figure 17. Representative,bright-field_imag%gf scaffolds before (Time 0) and.after (72

LEE S il u st 8 soomavs. CRELFULBVERIN TN S Y IRG Szpﬂiiﬁ‘“\' eCE hi.!}.}i;-ru Qe O YOSStaa

o

hr) incubation on CAM. Angiogenic response shown by the spoke-wheel appearance of vessels

dround hibrn sealtolds soutiad wiin ag woses OF pAwy B (o, 1uv ana owe gwmlbl), (Al

exposure, . p<0.05; when, compared with, porcine adventitia; #p<0.05 when compared with

around fibrin scaffolds loaded with all doses of pAdv ECM (50, 100 and 500 ug/mL). (All
scale barg = Smnt.
Scﬁlfzgarg :5m§n' P} i its deseribed
teure 18, Photogranh A and nhotonticroeranhs (B showing the results deseribed 1y
[(S 26] }Fléurg' 18. Photégraﬁh (AS angp (i)t(i)mlcirogira?)%s ésh {owflrlgtt'ei{r“éwﬁsf Esgrlf)‘édim
Bxamiles’ (B owa i pAdy EEM-630ed Hbrm plig Thvoked heaarona cTRsmise

B howe Reprasiaive HEE-Saned paraffin-embeddet “Siisrs Faich Wb Caal
infiltrationwithinpd S and pAdy EEM-loaded fibrin ‘scarfolds(dendted by aasterix) when
compared-with’buiffer| oaded scaffolds, 48 described in Example 7./For{{B) Sscalé bars=>500
uirforil eft'sidepanel sandi50 it for right side panels.
DETAICED DESCRIPTTON

[0027])'Thexuse:zof tnumericall values in:the various ranges:specifiediinithis:application,unless
expresslyyindicatedi otherwise,, are stated as approximations :as though ttheyminimumgand
maximumgavaluesswithin, the stated ranges are both preceded jby stheword«="about”. lngthis
manner, slight variations,aboveandbelow the stated ranges canibeused;to.achieve substantially

ML SRR LI AT RSO T W MRS LOWENT P BEER \TRARENEND AT S ST vy

the same results as,values within, the ranges. Also, unless.indicated otherwise, thedisclosure

L Sl Toatits ¥R EUGN. YV AR L sealeense 3R LRRIALON FRIRTIGRIERE Lroaans: ax [OOSR ST LR R LN L U S35

of these ranges isintended,as a continuous range including every val ue between the minimum
£ LESES mu&vs 5 HM@I)(i@li 4% COTHNITUS ARG TN AIWA MRS [ s ¥ YRl bmw@t:u L0 TTRNHEUD

and maximum values. For definitions provided herein, those definitions refer to word.forms,
Snd MaEknnuny VaInes, FOr Qeiniions o saea serei, IHOSe deTHRUONRS reley 1o Word ronmny,

cognates and grammatical variants of those words or phrases. As used herein "a"' and "an"
cognawes and grampuucal vartants of those words or parases. As used heren a2 and “an”
refer to one or more.
refer o one or Mmors. o o . .
[0028] Asused herein, theterm"patient” or "subject” refersto membersof the animal kingdom
. mu;chn Asused Iiei'e}m lie term ‘“mgient” or “sybiect” refers (o members of the ﬁmmai kamﬁﬂgi
including but not limited to human beings and "mammal™ refers to all mammal's, including, but
.i'r%g‘h‘ wlinng hut nat Himgted s human beings and “mammal”™ vefers to all mammals, including, but
not limited to human beings. =
rek sived ton homaan haanigs . .. .
[6059] "AS Usad harain et treatment” or "treating” of awound or defect means administration
{. % A ooaprpened e e Ehay Bspodiovae i e Benandippen®! oof v ivn covggred upe ol 2 g pvvas cevmer by Yev s e f s
to 8 20ati ent* By Ay sultabl 6¢dogage  fégimen, Mproceduratandlor adimini i ation Fotte o a
T SV AU N B PR T . SNV PN SNPRIRE I SVSTRVR SRS JE U SR | SRR I -
composition; devicelbritictiréwithithefobject of achievingraldesirabledlinical/medical*end-
point,fincludinggattracti ngtprogenitorcélls healing @wound, correcting adefect,retciical end-
[0030]. Astusedzherein,ithertermst"comprising," " comprise" xor<" comprised," .and variations
thereof, dre open-ended, and do:not“excludeithe’pfesenceiof ‘othercel ementd riotsidentified.nin
thereof, are open-ended and do not exclude the presence of other elements not identified. In

6
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contrast, the term “consisting of” and variations thereof is intended 1o be closed-ended, and
contrast,stheiterm;" consisting:of _yandyvariationsgthereof is intended to be closed-ended, and
excludesiadditional.€l ementsinanythingibut trace-amounts. and “ECM™ refer to a natural
[0031],As,used herein,,the terms; "extracellular, matrix” and;"ECM" .refer, toga,natural

KELRLINA BT AR LRAL R EETEAE X B LK SN

scaffolding, for; cell .growth. . ECM.is; a,complex, mixture of  structural and, non-structural

ORI (R ST S L S A § LY TR T YA T 2 e ROy RN SATSIRIAY, BEN GO AR R VRSN,

biomolecules, includi ”gw,ti’«?é lnotil imited to, collagens, elasti ”Sﬂ;' aminins, glycosaminoglycans,

. > g y
FRANIERRIME Y \/IBELS; wisersraswt RN,y WHRIHQOUL LG bainas N p o B I00, (B MU WYL JOR Goes. aas iz

proteoglycans, antimicrobials,.chemoattractants, cytokines, and,growth factors. In,mammals,

) e o
£ ¥ U EHers MU ERES 100U v COBREEH, B Y Vdriuua aonlii. Fhaw L s HORTTION and SUUHVILGT

ECM often comprises about 90% collagen, in itsvarious forms. The composition and structure
o BUMS vary aepending on the soure vy the tissue.  bor exgmple, Smau mnesung SUbDeosa

of ECMs vary depending on the source of the tissue. For example, small intestine submucosa

¢

SINY. wmary hiadder matrix (UBM)Y, hver stroma ECM, and genmal ECM each differ in their
(SIS), urinary bladder matrix (UBM), liver stroma ECM, and dermal ECM each differ intheir

(‘WEE“1.1§ strygture a'rgi COMPOSIHON &u; 0 e unjoue cﬁéiu ar-niche needed i‘?’i‘ gach tissue,
overall structure and composition due to the unique cellular niche needed Tor each tissue.

03] The BEOM materigly gy deseribed berein rotain setiviiy of gt least g portion of ik
[0032] 'The" ECM materials & escrlbec] erein retan activity of a feast a‘portlon of its

cirrsntnrgl and :’anﬂ_ch'nﬁi'nraeﬂ hinmalacise aedoding da meg Panidad t{y gnllacane  algering
i 0,

structural”and"non-structural” biomolecules, including, but not Timited to, ‘collagens, elastins,
laffihing» glyEasaT oglycans, proteoglycans, antimicrobials, ‘chamoatiractants, ‘cytokines,
and/orgrowth factors sucha:-without fimitation, theadventitial ECMIproductasdescribediin
thecexampleéssbelow.- The' activity of the biomolecules within tthe JECM ceantberremoved
chemicallyyorsmechanically,. for example, by cross-linking :and/ortby«dialyzingtthetECM. kin
onecaspect,.thesECMimaterial s described herein essentially thavesnotibeen:cross-linked:and/or
dialyzed,; meaning;that:the: ECM: has not been subjected ito;adialysiszand/orsa:cross-linking
process,; or ,conditionssother-than, decel| ul arization processes,or jprocessesithat-occur,as,part,of

NN g Ry e

storageand: handling,of ECMprior.to, solubilization, as describediherein. - Thus, in.oneaspect,
the ECM smaterial ;is not.cross-linked and/or dialyzed in anything;but.a.trivial. manner which

(RFLRICICNRPL o N P R P § I Y UUt R e i R T UL G L EVEGE TRSIGEE VY it

does not substantially affect the gelation and functional characteristics of the,ECM material in

UUOE B orvemiasaesnal f giiect W Sy HIRE INCHORRT COGECICTIRLICS O 1IE GLaGYE BHRUCTHY Wt

its uses described herein.
s uses geseriped pevem,

[0033] .[ECM .is prepared by the decellularization and/or devitalization of tissues prior to use.
praad} UM 8 prepared 8y the decellnlanzation andior deviiahzation of HSsues prior 10 use.
In one aspect, decellularization isperformed to prevent apro-inflammatory response. Assuch,
I one aspecy, decellulanization s pertormed to provent a prosmiiammatory response. As such,
in one aspect, a decellularized or devitalized ECM product refers to ECM" materia that Is
in F c asnect, a decellularized or tievﬁahzed. BECM prodoct relees o }:’.Cf&%nr»?ﬂ[gmi that is
decellularized fo the extent that apro-inflammatory reSponse, and thus growth of tibrotic tissue
. decelindarived to the extent that g dre-infiapmeiney resnonse, apd thus ovowtly of fhrotic fissge
iISno e’huted‘igo any Substanti ‘degree In'favor of constructive remodehng.
ioopvedt sdirifed tey anvenbetantial depreedn fovarof.ronctrastiva venwadntin . .
[0034] BY VB0 compat Bie it st that aavicer scafold compoation, etc. is essentially,
PR AT T30 3l v evavaen e LAY 38 e wanppanen b 3 Erad o A eavatonaa. e FER T conamoe e At - o dae casaroven dm § o
pract cal V¥ ortSintended Use) analor subtariti ATy non-toxi ¢, non-inj urous’r non-inhibiting
of*fion-i nhi biforyt61cells i ssuies, BHgErs tana or Orgarrsyéma thattwoul d esmidintorEartact
withitheidévi ce;iscaffold scomposition tetc.andfor organ systems that would come into contact
[0035]t{A slused:herein,the:term:" derive" «and any other word forms or cognates thereof, such
as without;limitation,:"derived": and:"derives', sref ersitoa:component:orccomponéents:obtai ned
as, without linitation, “derived” and “derives”, refers {0 a component or compeonsents obtained

7
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fronyany stated source by any useful method. For example and without Hmitation, generically,
fromiany’ stated:sourcegby:any usefulimethod.i Foriexampletand without:limitation,:generically,
an-ECM-derived:gel refersitosa gelycomprised of components-of ECM _obtained,from.any tissue
byany ,number

cranexe. sk

Of (methods:knownein thezarty foryisolating {ECM.,,lnyanother ,example,
mammalian . tissue-derived ;ECM .refers, toy ECM ch}rnﬁ_pﬁr_is;__ehgﬁgfd‘components of a particular

LSRRI ARESBULETT LN L L PR S Eh Chsse & ssraensdla W2 ALY
rQ%';UEE‘,?' ! ?Tm“%ﬂ%&biaa';[]ﬂ1]::@&191@@@3';@}@%9%% Method. or an ECM gel. The ECM

[0036] The methods described herein involve preparation of ECM or an.ECM gel. The ECM
g ad TEVETIE GOHIRE, OF Cail DO 3314 10 X M v vwame weiRAL HEAUON, 1 WAL Tv 200 MSs & get

gel isreverse gelling, or can be said to exhibit reverse thermal gelation, in that it forms a gel
upon AN MmCramse W1 temperatore.  As the temperature rises above a conain temperature i a
upon an Increase In temperature. As the temperature rNses above a cer,tam temperature na
reverse gel, 8 hydroget 15 tormed. The general concept of reverse gelation ot potvmers and,
reverse gel, ahydrogel isformed. The general concept of reverse gelation of polymers and,
&, its relation to lower criticgl sollutmn lemperaiure { %%EI_ are hroadly known g thﬁ
e.g., 'its relation to lower critical solution temperature (L s are broadly known int
chomieal arts. _The EOM comnogitions deseribed hevein are premared. foe examnla. from
chemical "arts The ECM compositions described herein are ‘prepared, for example, from
Avewad hﬁm‘;vmio?}j Adagitalired  Intaot FE‘"\\/I? fgg Asveathart halsw An FOAM oal de pramarsd by

decellularized “or devitalized, * intact’ E described below. ‘An"ECM “gel “is"prepared "by
digestion"of the"ECM Triaterial \with' &7 acid proteass, nelitrali zation ‘of thetmatérial ‘to'form'a
pre-gel bandHthen® raising? the’ teifiperatiiré of the pre-gdl ‘above % igelation ‘tiparéiire, for
examplexthetLCST of ‘thezpre-gel | t6' ¢atise the pre-gel o gdl. Astusedtheréin, ttheiterm ™ gel"

includes:hydrogels.: The:transition: temperature for acid-protease-digested ffromssolutionto:gel
istypicallywithinithe:range:of from: 10°C to 40°C and any :incrementscortrangesitherebetween,

forsexamplesfrom;20°C:t035°C., For-example, the pre-gel can lbexwarmedtto37°Citotformia

hydrogel.|

AL DS N

[0037] Tissue for preparation, of ECM, ECM-derived pre-gel ;solutions, .and,gels,asdescribed
herein ma‘lzybxeeharvestedd in, any, useful manner.  According \to various .aspects, ;theyECM

sl L. & BRI Y R0 RERLTE EE Y N S ¥ 122 N 5 L) o Ammwe e L Vi Srver g e e nry AN

materials described .herein are prepared from vascular adventitia, such as arterial or. aortic
RCrs (1@:&&13‘(}6(1 RETSI JIe prowpaaas TR VASCUHET auywrsaria, SUCHT 8 gnerny O gorug

adventitia. For example and,without limitation, in one aspect, the, ECM materidl, is prepared
SAaveniiiia, rov sssane and witiout HIVHEHLION, I ORe aapouy, the FUvE material is Propruou
from harvested porcine aorta, and in another, from human aorta. . The adventitia, is dissected
from harvesied porcine aortd, and 1w gnother, rom human aorta.  Lhe advenhtia s dissected
from the harvested tissue and is optionally frozen. Aorta tissue is obtained by any suitable
from the havvested tissue and is opuionatly frozen.  Aorta tssue 1 oblained by any suitable
method, for example by manually “isolating from the surrounding tissue. In one aspect, the
method. for examnle by manually isolating from the surroundmg tissue, In one aspect, the
aortic tissue is not obtained from aneurysmal tissue.
sotiie tHauis ds not altgined o aneisammal dsage ) . . .
[0038] DecallUlarized or devitalized ECM can'be dried, either lyophilized (freeze-dried) or air

HIIRT Diepallulgpvadior devitalprerd BOR o ha deiad aither by e ’Aﬁ“r’ge‘\* soddried Ve ay
dried PThe EEMMCompostion “i7optionally commiriited "HEEM oIt for exampletprior to
Aot T FEVRA avvovpengyos s o Sen o iongnn ] Tvrsamyros Sga pudend oid nrveanes wweyivad | Fiyg pagivesayados smes o £
adidrotedse digestion W preparation of AN ECM Gel, Yorexample prior toW8r aterdrying. " 1he
S fdeins e A adioe e e gt ooy S s BRORA oaf Fn o cly t d g B et T
comminuted GV ¥aal so Barfurtherprocessedvintotalpowdered form by methods, or example
anditwithout slimitation, isuch*agigrindingorsmilling: intafrozent &rrfreeze-dried i state. € A sused
herein, thettérmt‘comminute” sandiany other wordgforms orzcognatescthereof, isuch:as;\without
l[imitation, ¢"comminution” tandn comminuting”, | ireferscto:ctheaiprocess:cof sreducing itlarger
fimifation, “conminution” and “copuninuting”, refers © the process of reducing lavgsr

8
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particles, e.g., of dried ECM, into smaller particles, including, without Iimitation, by tearing,
particles,;eid., rof idried;ECM ,sintoesmal lerf particles, sincluding,iwithout limitation,;by:tearing,
grinding,yblending,;shredding,;slicing,ymilling, jcutting, ;shredding,j;shearing, jand-pulverizing.
ECM..can; be,comminuted, while.in.any form, including, but not limited to, hydrated forms,
e S AR SRR R A ST R e SEE R I LAl AR PP AR
gé?&%ﬁ:IvQJ;gT-_zse:{::M, for example commmuted ECM, i3
[0039],.In order . to, prepare solubilized ECM tissue,,ECM fori;example comminuteddECM is

wagmealCl WIT N it Ala o pre o G HE A0 GG SOsnon b ol @ dlgeer ov ol IO, AN UsHd nareall,

digested with.an acid protease in an acidic solution,to form a digest solution. As used herein,
wsn el TACIE ;?.t‘{jiiiﬁa\>\,\ e B W80 EE}K}W}K: iRat gleaves ;flt:p‘uux.- weAS, WHErSIm i Chryiw

the term "acid protease” refers to an enzyme that cleaves peptide bonds, wherein the enzyme
has mncregsed weuvay of cleaving pepude ponds I an aciaw pri. ror example and winbw
has increased activity of cleaving peptide bonds in an acidic pH. For example and without
Hrutgtion, acw proteases mchude pepsm and trvpsin and mixiures thereod,
limitation, acid proteases include pepsin and trypsin and mixtures thereof.
48] As an example, the dicest solution of ECM s kept at a constant stir for a certain amount
[(B 401 }Asan exa‘mp?e ‘tF\e Igest solution 0? E&m iskept a aconstant stir for aGertan amount

of time gt room temnerature,  Inone asnect. the ol s mamtained af bws than pH 4 for gt pH
of timeat room temperature.” In one aspect, the pH Is mantained &t iessthan'pH 4.0ora pH

2.0%0 5 diiring? acid proteass digestion of the decallltizrized %ortic ‘adventitial Ut ssue™ss
describedtherain The ECNI! di gest’ €4 bé tised immeaiiatdly Ui ‘@hibe'stored™ar -20° 6 frozen
aftfor'exampletandwithout!limitafion, -20°C 8F -80°C. Th‘certain‘agects (thel ECMdigesttis
sfgptfrozenvifpliquidinitrogen.- To form & *pre-gel™ sol ution, theipHof tthetdigestisol utiontis
raiseditocazpH between6.8andl 7.8.. The pH can be raised lby:addingtonecormmore:of iéebaseror
anrisotoniccbufferedisolution,, for-example and without limitation, INaOH<ortPBSxatppH77.4.

frozen,jair-dried, lyophilized, powdered,

FALRLIC R ST RSN e

Theemethod:optionally ;does: not: include a dialysis step jprior o ;gelation, syieldingaasmore-
complete;ECM-likesmatrix;that;typically gels at 37°C more slowlyithan.comparable;collagen

LWL WP LATE W R ERELR T S

or,dialyzed ECM jpreparations. Thegel therefore retains moreof the,quaities, of natiye:ECM
due to retention.of many native, soluble factors, such as, without limitation, cytokines.These

0 L0 RO TERaIE) W Lot AR YD DUTLHAR oewren s ORIRAY aas WWRRRIAMHE Ractae nemaenotay

factors.contribute to chemoattraction of cells and proper rearrangement of tissue at.the site of
SO COMNIOHRIS 1O CRCHMNIHMIAUTIoN O C8s ang praAsgsee l\.»:.uva.uu&wuuuu Q1 Is3Ue d 1C 510 O

injury, rather than a fibrotic response that leads to unwanted scarring. ,In other embodiments,
Oy y, ra'.mey [ana ?.l.i.‘ﬁ}‘(}tlc roRp RN Al [eaas 1w ml.\'s’iﬁ’ﬂ’lﬁﬁ SCatraig. It othier ropownenys,
the ECM is dialyzed prior to gelation to remove certain soluble components.
the BCM s awiyzed prior lo gemuon o remove certan seluble componerus, )

[0041] Asused herein, theterm "isotonic buffered solution” refers to asolution that is buffered
vl Asused herein, the term “isotonie buffered solation™ refers to a solution that is buffered
to a pH between 6.8 and 7.8, eg., pH 7.4, and that has a balanced concentration of salts to
i a pH between 6.8 and 7.8, ¢ ¢ pH s?eé and, i‘hmhhas 2 hg%amcgd concentration of salts dm
promote an Isotonic environment.” As used herein, the term "base” refers to any compound or
wrpricde an jsctornde eovviparment A used herein _Jheerm “Yhase M refepe 8 any povonoymd o
alsolUtion‘of & compound With & pH-reater than'7" For 'example and without limitation, the

base” 1514 Akl Rydroxideldt B SRMBLLTSSI tior of M KaliTie Ry droxide. Ui gertin
embodifments, thebass TSN aOH,  GNEDRH PBEIPhS “pre ga ' rsolUti 6r e, af thapoint
bétincubated'at dsuitably Warfiteripéaftiré, for example aridwithoupfimitation, af about'37°C
torgel cubated at & suitably warm temperature, for example and without limitation, at about 37°C

[0042]-In the method of preparing an ECM gel, the ECM may be partially or completely
digested withsithesacid:protease,zsuch as pepsin. xThexdigested:ECMsis thensneutralized;to:epH

dipested with the acid protease, such as pepsin. The digested ECM is then neutralized to a pH
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of 6.8-78, eg, 7.2-7.6, or 7.4 and the nentralized and digested ECM material 15 gelled by
0f+6.8-7.8,n€.0., {7.2-7.6,z0r: 7.4randxthe: neutralized andgdigestednECM xmaterial : istgelled (by
incubation;atiatemperature atiwhich;theimaterial.gels, e:g., st atemperature above; 20,25, 30,
or,35°C, such,as @37 .. heydegree; of digestion,can, be;determined,by comparison,on.a gel ;or

= ¥
l-;:; LA L"«'i Tt !

by ascertaining the degree,of degradation,of fiyaluronic,acid, foriexampl e by Western,blot (anti-

hyaluronic,25id. uubodies,, ge commercially-available,  from. sMultiple;, SOUrCes) on0f

chromatographic, methods, ,as are broadly, known. ., .For..example in a partial digestion,
Ry st awns 15 I gesiea 135‘3 RN v oy ) Vi, M LDV, P cwam s oe

hyaluronic acid isdigested less than 50%, 40%, 30%, 25%, 20% or 10%. .. . .
fevas; 3 nerelore, aCeuramg to one aspect of me mvention, an ECM composition is provided

[0043] Therefore, according to one aspect of the invention, an ECM composition is provided
comprising devitahized, acid-protease-gigested aortic adventitial tissue, having 8 pH ot trom

comprising devitalized, acid-protease-digested aortic adventitial tissue, having a pH of from
6.8 1 7.8, In one aspect, ﬁw éi@&titgii?ﬁh ACHETOTeRSE mes;ké% aortie adventitial tissue i not

6.8 to 7.8. In one aspect, the devitalized, acid-protease-digested aortic adventitial tissue is not
dginheved or chemieally erasshinked ~ mesning gl no stace doriny the proceseine of iptact fixsue

dialyzed or chemically crossinked - meani ng a no &age during the%roc ng of intact tissue

fi neayrhieg thg rm,;ﬁ'm}i*xszr? antlnenteasecdirsciad sovtie ardeentitin freiia f‘ﬁm‘ UT‘: mmyatarial hosn

to produce the devitalized, acid-protease-digested aortic adventitial 'tissue hasthe materi been
dialyzediortcrossTlinked by’ addition: of 4 chemical Gross-inking 4Gt %asti<CesNTRB"nthe
production‘of ‘certain'devitalized! ECM' materials.

[0044]t1Uni quescharacteéristics*of the aortic adventitial ECM ‘compositionéafeidescribed bel ow.
Intonesaspect,: thesaorti c:adventitiall ECM' gel is more porousthanicomparativet ECM xgels. FFor
example,:.inaFigures 10,, aortic: adventitial ECM gel «(panelsC-F) iissshownttofhavetincreased
lengthtand;linearityof fibers;as compared to SIS ECM gel preparediby:a.comparablesmethod
(panels;GandiH).,. Figures; 35 and; 16, show the unique composition ;of itheaortic.adventitial
ECM sgel;composition, as, compared: to, a similarly-prepared §IS|ECM gl composition, yith
si\ggifican’;lyylowxerﬁ(at least, 50%, lower) amounts of FGF-1 .and,FGF-2,;increased,amounts, of

TR RN S VA YA, LAY \ut J.U(lh{ S oncore meel ) CRBRIRAMIRLRY A3 R AL T B WAR '.'...,’1“&»'1 RGRRRAL L RIIRILY R FS

HB-EGF{;(Heparin Binding EGF.Like Growth Factor, 3%), and decreased amounts of various

LR LA eanvpracad ceamaard TS LARE SHUWLL o,y o gy SHHHE GQRCTCHNCU SIROLTES QL Yarious

other proteins, e.g. (Ratios of pAdv: pSIS): Angiopoietin 2 - 0.95; Endostatin -.0.96; | GFBP1
O prviooey, €, Livanud Ol peay ] ponsy susuprnseas £ (TEER Engostatn - bovo, e B
(Insulin Like Growth Factor Binding Protein 1) - 0.9; PTX3 (Pentraxin 3) - 0.91; Prolactin -
pansun Like Growth Factor swwmng Protem 13 ~ ¢y PEXS (renwaxan 3Y -~ B.y4; Profactn ~
0.96; Serpin B5 - 0.87; and TIMP4 (TIMP Metallopeptidase Inhibitor 4) - 0.92.
0.96; nerpm BS - 0.87; and TIMP4 { 11y metatiopepticase Inhibitor 4y - 9,92, )
[0045] In one aspect, the composition Is cell-free, meaning the composition comprises no
AUU451  n one aspect,, the ;:on1mssti s c,eﬂ—gree. megning the cogwosifion comprises go
living cells, and istherefore sterile, and is optionally sterilized’or disinfected. " The composition

Hivine cells and 18 thevefore crerile and {v ortionaliv sterbived of disinfocted. The comnogition
cah betermin 1y sterlllzeof, for'example byfsterﬂlzatlon by, for example and without limitation,

eXPRETETE Ryl enatoxi de: (BT6) GRRIGRIHTA T adiation, '8F SIaStron beam raoiation, Andlin
ofiSEEHER When A dried Br Ty ophiliZed &ae sear &g WO 20 1143310 incorporaled Fieréin
by*reference*forits fechrical’ disclosurelotmethods:of terminally-sterifizing* ECM?gels) > The
compositiontisitypicallydisinfectedrwithtperacéticlacid, s describedtherein, ECM gels). The

[0046] <IntuseitheiECMgélicantbedinjected, sprayed, ipai ntéd, gpoured, :oriotherwise applied to
asurfacelof atissue,"€.; any:blood vessel ,:thatsisthe entire:vascul arinetwork, such as,without

a surface of 4 tissue, ¢.g., any blood vessel, that is, the entive vascular network, such as, without

10
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Hmitation:  the abdominal aorta or descending aorta; the ascending aorta; the aortic arch; an
limitati on:~y thevabdomi nal saortanorydescending .aorta;:the ascending-aorta; sthe @orti ciarch; yan
iliac,artery-or.vein,such,as,a common, i nterior,.or.exterior.iliac artery,or,vein;.acarotidiartery;
ajugular vein;a;subclavian.artery orvein;a brachiocephalic.artery,or vein(brachiocephalic

Ay ARde

trunk artery or; vein), the,inferiar vena cava,, superior vena cavay, and/or; a,peripheral blood

paniiuiag o b 0l e e g Ly e edbUpURRHET D e weg

of a patient. Depending on the final, use.of the product, the composition may be applied

O MHHHB v v sl sRsiwsr Wi W d}' 5, SHOOT as a UE Y ¢ Vg s papdiliilion pruesues s w st dtil s Y

or ?QQAR mps{t{gred in avariety of ways, either asadry, e.g., lyophilized powder, asolution, agel,
afoam, etc. . " e . . s _
juva /i 1he composition can be administered by itself, or with 2 device or composition. For
[0047] The composition can be administered by itself, or with a device or composition. For
z:fx::zm‘:s}m the composition can be absorbed into, adsorbed onto, muxed into, or otherwige ¢o-
example, the composition can be absorbed into, adsorbed onto, mixed into, or otherwise co-
dininistered with a cé.[li sprowth sea ttolig sm:ﬁ as an iSotropic oF anisotronic mass of fhfb ors of
ministered with a cell-growth scaffold, such as an isotropic or anisotropic mass o ibers of
avnthetic sndfor nattrs] nobvmernf{Y, sueh as an electrodenacited. wet or dev spun., 3D orinded
syn{halc{mWOrinaturaiipoiyma s) sucl!m 58 58 dectro eposted,\\sf\}“ét%ridry*’ uS’n, 3anr|nted,
astharpica fhvmiad anlumuaess genofiirg reennved P rwrari Fni‘ln-h:a-rir}

PARTEN P2 S ¢ oth Boven. e T
molted o othanwise formed polymenc Shuatire Prepared From biocompatibierpolymeric
evetaearstn sy appes Mo ey Bosaisiening Say ideis wiirenavinairf iy v s o frren ) Eabd L poalyinn s e e anaiofoie
matenal s} B broadly’ Kiown'in the regenerative medical field, ‘sich®iscoliagen Spolyeder

PN )

(PE)}polyurethane” (PU), poly(ester Uirethane) UFea (PEUU), poly (ether sétértiirethane) {irea
(PEEUU) ) poly(estert carbonate: urethane)urea PECUU), and ipoly(carbonate turethane)urea
(PCUU) copolymers,.andiother-suitable polymeric materials,:suchiasaresdi scl osed, for:example
andswithoutitlimitatiomim U.S.. Patent: Nos. 8,535,719; 8,673,295 ¢8,889,791,88,974,542:and
9,023,972.,

[0048]3Additional ; non-limiting; examples of useful polymer ;compositions gfor yusesjinythe

compositions; described; hereln include:  polyolefin  (polyalkene), polycarbonate,

polyanhydride, polyether, polyurea, polyurethane, polyketone, and fluoropolymers. yIn one

TR I Ay N R B RS CAIUR T A

aspect,, tfggepolymer composition i§§ bioerodible. Non-limiting ‘examplesﬁcl)f tbiocompatible,

woprenly HEE it waeniosisonel 18 DHORTIDIC. @ vva wararang, brsaispoave B Dasrssaprasirsy

bioerodible, elastomeric (co)polymer compositions including ,PEUU, PEEUU, PECUU, and

DIQCTOWIDIR,  S1IASIOIMETIC Lotpoi viuoy COaniesss i Buing it Uy Fonu Ug,’i“'.i:m.»i‘.é‘{.s, and

PCUU. ~ Other useful. (copolymers include, without limitation: polymers comprising
PUULL OUther uselul wuppoiymers moiuag, without {undation;  poiymers comprising
monomers of alpha-hydroxy acids; polylactides, such as poly(lactide-co-glycolide), poly(f-
monomers of alpha-fvdroxy acidsy pofviactiges. such ag polviachige-Co-giveotie), polvii-
lactide-co-caprolactone), polyglycolic acid, poly(di-lactide-co-glycolide), poly(l-lactide-co-dl-
iaagd&ccwca rc»iaa;:iﬁmff}‘ vaivelyeolic acid. poly( dIL— acyide-co~-glveolide), polvi-lactide-co-di-
lactide); ~ other  polyesters™* indluding” polyhydroxybutyrate,  ~ polyhydroxyvalerate,
Igetidey oither polvesters, j"n{\liu“iiina noivhve 5;'5\5&"1;’?11’11\1?5:1‘9 nolvhydmwovgalarmtes
poiy ioxanone, “and ‘polyglactin; po yiactones including” polycaprolactone;” po yg"]yconate,

medvdinvanane  and nndleodactin: wedidaotapee tnohpdinur, aedveanealactseee advrepivroeanats
POV eoh a8 co i methyTene Mearbonatel ol (gl colide cothmathy I ane P Carbonata.co-

diBQén"‘gﬁéj“_iidewmﬁrivm@m vlene carbonaie), pebv(glyeolide-codirimethylene  carbonate-co-

[0043]*'T hé.compositions described herein also can be mixed into polymeric compositions prior
to®tal ongwithidepositiondof polymeric:fibeérsorformationlof structuresiAlternatively, where
the ECM ‘product:isnot formedrintoragel, ECM :gel yand/orsynthetic'polymers maybe:absorbed
into, adsorbed:onto:orotherwiseicombined:with the:ECM -product.«Indneraspect xaicomposition

into, adsorbed onto or otherwise combined with the ECM product. In one aspect, a compaosition

i1
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as described herein s applied to and delivered from an ECM material, such as any commercial
as:described-herein:is;applied to.and-delivered.from an ECM material, such as any commercial
ECM;material ,;suchyasthose.describedherein.serein ean be applied to or incorporated into, by
[0050],L.ikewise,jthe compositions described: herein can be,applied;to.or,incorporated,into, by

SEANSL IR MR A LA AT B RILER I

ar_1)_/rsuitabl e.method,.a non-woven, material,.such, as. g{pquggee_,_:}%wture, an:}_i_[r'_\p_l ant, such@ﬁa

GELIAG I3 vanog aoe pond LY IR 3 SLLHT e any oxoe wod@TREPITO 1N sawexent O AR Froural

ceramic, metal, or polymeric.implant, for exampl ei%prosthesi s, artificial or otherwise-modified
2F

FRBOGHE B AL vy B saliuenuna Qs g BENloe aeieg ax w saasprssadibs

vessal,.avalve, an intraocular lens, atissuetransplant or implant., .. . . e a
Ui} As untd BEISH, TE ISur c0AT , 8l swiaiea vORNawr ounht 88 “coated” and “coating,

[0051] Asused herein, the term "coat", and related cognates such as "coated" and "coating,"
rewas 10 R Process COMPriSing Of COVeNng an Orgain, mOrganic, or hving stiuvwure, ot
refers to a process comprising of covering an organic, inorganic, or living structure, or
combingtions thereol, with a composipon desenbed feremn. — bor exanple and without
combinations thereof, with a composition described herein. For example and without
Jimitation, coating (}i an inorpac straciure Wzth an Ié(éik}l—d’rmd gel can welnde methﬁds
l[imitation, coating’of an inorganic structure with an -derived’gel can Inc ude methods
sl ag nevping, ssgheddins lsvenine dinnine soravine. $iHrasonpation mav beused fo aid in
such'as pouring, emi)eddlng,‘ layering, (jl pping, spraying. Uﬁtrasonlcatlon may be used?d adin

srgting of newasn e Shmchie voath tha BORdarived aad A pead herain i Farn
coaingof ! dif inorganic SFIUrS with the ECM=darived ‘gal. “Ns Uisaa Therain, Bthe &

s Bsan st et s MY s P ey thoia perrver e cvd e as a3 e e va ] e et e $r e Py sty g Fraaevi s eve v
"Ultrasonicalion” refersts'the prosass of exposing ulirasonic Wirsstypically withid freguency

higher'than™ SkFz'and!ower thart 400 kHz. Organic Sfiictiireslinclude'both®synthetictand
natural*pol ymericompositionstincluding devitalized tissue, jprotei naceous:compositions suchias
collagentandisynthetic:polymer:compositions, such asPEUU,IPEEUU,IPCUU sand’PECUU,
asindicated:above:. Livingtissue may be any living tissue whether:orinottl ocatedinisituswithin
azpatient,orydissected.. For-example, the compositions.and:material sqdescribed:hereimmaysbe
appliedg(wysitu)yto,am existing; blood vessel, such as the descending;aorta,jingsituywithina

b G YA YE 2K S AR A B M4 A e £ ERiv ey

patient's abdomen,ar,thoracic.cavity. In one aspect, aliving, dissectediblood,vessel;is treated
withy the, described; compositions, such as soaked, sprayed, .and/or \wrapped,
- oty TS

WAL RIS TSR TR LR ovmaoeMy. o OGN Y ¥ L 7L BT S NG G N & NN

R L LAY

o

implantation to restore bl oodiflow ilrgl %bypéss grafting procedure. 1Inngclgsrg;e‘exampI e,‘,itge bypass

srtspracnnesesiadd U0 FEBEOTR DIOUUH LIOW N3 PRS- SR < FEVIVUA PV Cravcarpiony A Oy
grafting procedure is a cardiac bypass procedure and the composition.is applied to, for example

BRI proveun e 15 8 CArdiac dy paay proveuns o @R WIE vouspumian 18 fppuou 0, 1T Ssaugpie
and without limitation, avein, such as a saphenousvein

and withowt hontation, 8 ven, such as 8 supnenous vem _ .

[0052] In a further aspect, the composition is combined with other compositions to form a
wund] Inoa forther aspect, the composmion 18 combined with other composibons to form &
composite structure. ~ The other  compositions can be other biocompatible polymer
comnosite  structyre, Haza other cc&nmsi'm 15 ¢an ‘R{t other hiocompatible volvmer
compositions, in which the adventitial ECM gel descri bed herein contains particles of the other
coranacitiong, in which the adventitial FOM pel degorihed herein cnntaing narticies of the gther
biocompati bfe'polymer, or the ventmé ECM gel'is |spersed, aither omogeneousiy or non-

Rincaoronatihixonnlvmer oothe adeantitig] BOR el jodjonprend  mithae hassaasmacrowte e nan.
NOMOGREOUSY P (.G A5 i Croparti 65 1o nenoparti ol ey Withimthe Gther>polymer. liRc8he

P& R Gther’ biocompahibiaipolymer 1 FHbrnTpiughaving gd fparticles'of the-described
adventitial 'ECW*di spersedFthr cughout. & nfanothier apect the other i écorripatible polyimers
awdifferent JECMdigel:riintohwhichrthelndescribedsiadventiti al *ECM ecgel i &Imixédmeither
homogeneously-or :non-homogeneously. d¢:Otherd biocompatibleCparticlessinclude natural

homogenecusly or nos-homogencously.  Other biocompatible particles include natoral

12
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polymer compositions, such as, without Umitation, fibrin, or synthetic polymers, such as
polymerzcompositions, such as, without limitation, fibrin, or synthetic polymers, such as
described-above.er aspect, the composition is coated onto a blocompatible structural material,

[0053],I1, another,aspect,,the,composition,is coated; onto, a;biocompatible giructurdl,material,

R B B TANLALKG R Pt B ERLL] R T

such.as,.ametal,.an.inorganic cal cium.compound such,as cal cium hydroxide, cal cium,phosphate
[ERER P ATEY! PPPSNILY T 1§ SRR AR =12 RY 1 [ W SOl NONASOININ & 26 1Y SO T 1 SETERTE YA o N AU TYN TP T YT § N ite

or.calcium carbonate, or.a ceramic composition.; Non-limiting,exampl esyof Suitable metals are

COUR-CRNG s anw y 3, SEHIDENS 100 aue o, ssncasrtlasax a3y oy caciiboresse oy X HERBTSGUM D LEIRaI Uin

cohalt-chrome alloys, stainless steel alloys,.titanium alloys, tantalum alloys, titanium-tantalum
i‘iiiﬁ}"ﬁ, WWIHCHE van Moo 0 DO DONneedos 03I M uasn \:()ﬁlpi}ﬂﬁ}'}ia, st @8 INEYYDACSHUM,

aloys, which can include both non-metallic and metallic.components, such as molybdenum,
LaRging, ;_no{_t:zum,, ZIrCOonum, 1N, mangangsc, Cliii‘{‘an‘n{s,;m, TR0, m;k“ei ahsxr,m;mnri I
tantalum, niobium, zirconium, iron, manganese, chromium, cobalt, nickel aluminum and
tanthaman, includmg without hmitation, CF 11 {conmercially pure Gifanipm) of varions grades
Ianthanumi, including'without limitation, CP Ti (commercially pure titanium) of various grades
o T 6AT 4V (004 wi T, 896 wi. Al and 4% wt. V). stainless steel 316, Niinol (Nickel-
or Tl 6A1 4V (@0% wt. Ti, é% wt. \I an'c"iJl 4% wit. V}, stamﬁess steel :«%{6 Nitinol” (Nickel-
ditarvien allo) Hitandom allows erated with bedvowmatite. Metals gre eeefid due to hich
titanium ai'loy , titanium ]oys coat Wlt;‘l Ry roxyapatite. Metals are useful ‘due 1o hlgh

sivariatl  flevibaliig and hincomaastihabing RMatale alen pan he fnemad ndn pasmmmday ghamee gad
strength flexibility. -and biocompatibility. Metals 5o B Beformed nto compiex shapesand

i)Y ctwithstand corrogiont in the biological ehvironments, Fediice Wér, "and ROt Baife
damagetditissies™ 1IN non-limiting example, the metal s femoral Bracetabular eamponen
useddforthipPrepair.- In*another’ example, the metal isa fiber ©r ‘othertprotuberancetused®in
permanentiattachmenttof “a prosthesis to a patient. Other :compositions,iincluding:ceramics,
cal ciumicompounds,.suchias,,without: l[imitation, aragonite, mayibeypreferred,ifor:exampleand
withoutilimitation,imrepair-of 'or-re-shaping of skeletal .or dental sstructures. ¢Combinations:of

metal j ceramicssand/or-other-materials also may prove useful. jForjinstanceametalpfemoral

component,of ja;hiprepl acement may. comprise 2 ceramic bal] and(or,may,comprise;a;plastic

WL EERELRN RTROLR RO R K

coati ngLon..the:baI | ,surface, asmight.an acetabular component.

v vnva TR S L WG LA NENEREROT M R ey S N N N N A
In certain aspects, thtj composition isused for release of one or more therapeutic agents

[ i\ru\.fljj 113 CRTIAIN, abprniy W vurcaposocavas 15 HSERE HIT TEICHST OF 0110 OT THATE Liov apriv oo dbg i

within a patient's body and/or incorporates one or more therapeutic agents. . For example, at

WD & passsia Si_lmuy‘ :Elmflft‘}!" OO ausy e 0.!_‘ .!_‘I‘}G}‘E”, lm:s_apcmm gy, .f”'ﬁ“_f i?:\a_u.u;nc;, 4t
least one therapeutic agent is added to the composition described herein before it is implanted
least ong uwrapsunc agent 15 added to the cormposmion desenbed herewmn belore it & impiamiea
in the patient or otherwise administered to the patient, for example, atherapeutic agent is added

i the patiept or otherwise administered to the patient, for exampie. 8 erapeunic agent 15 added
to thle SSCI‘I bgdipolyel ectrolyte pair as they are combi ne(g. Generadly, the therapeutic agents
. to the desceribed polvelectrolyie pairgs thev are ¢ombined. Uengraliv. the theraneubic apents
include any substance that can be coat on, em ec}cieé Into, absorb Into, adsor eél‘to or

;‘R(‘.}‘Hﬂf’, S t&rﬁ%;?m;e that csin he cogted ont einbedded inta | shgorhed im‘é]q adwor ué:é o ar
ot ‘d

erwise attached 10 Or incorporated Onto or 1nto the’composition'or mater| ESCr erein,

oPiRcorporated 1108 Arug productthal woul d'provide Biharapat cbanat it {578 petient “Kion-

litithngTexampl es'of &ich Therspedtic BgantsFind ude antimicrobi aagents, ‘growth-factors,

emiolfiénts etinoids, faricF topi Gal Fsierdi ds e Eachethérapeliiicagart mag be (st aone'sisin

combination withiotheritherapeuticsagents.: Foriexampleandiwithot:limitation,d composition

comprising:neurotrophiclagentsior: cell sthat expressineurotrophi ciagentsitnay betapplieditora

wound:thatsi sineartaccriti calregion-of thetcentralsnervous system,: suchiasithesspine.plied o a
wennd that is near a eritical region of the ceniral nervons system, such as the spine.
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HOO55] In certain non-limiting aspects, the therapentic agent 18 a growth factor, such as @
[0055]tInpcertain :non-limiting xaspects, sithe therapeutic vagent: issaggrowthsifactor,:ssuchpasta
neurotrophic  or.yangiogenic xfactor,; which,yoptionally ‘may gbeyprepared yusing rrecombinant
techniques. ;;Non-limiting examples of .growthyfactorssincludebasic fibroblast growth:factor
(bFGF),;:}agi‘dic, fibroblast tgrowth ,factor_(gl‘:“%lf)(,. vascular endotheldal 1growth }:@g_% ﬂ(VEGF),

Lo Mt ¥R RTE A . gy FLERER IR, Hiak At S 5 283 L L RS

hepatocyte growth factpri(HGF), i‘nsulin-like-grovvthbfactgr andSZ»A(IGF-l and IGF-2), platelet

CERR R ¥ SR &IU vrxan asthodidd (R EVAWE RO 23R e28E 1. UETI N wu 2udtB3Y 1 {?}Q L0 e s Y v %,IAJ s v
derived growth factor (PDGF), stromal derived factor,1 apha (SDF-1 alpha), nerve growth
FACTON Syuwsar S:l':ilfﬂ ¥ usk x}T\TUpK}ﬂJ aCIr (liNg k D n.xwmfs_n,lUij;.u_ﬁ"_.\, u\."ﬂfﬂﬂ‘ﬁpx,txfr*rs
factor (NGF), ciliary neurotrophic. factor (CNTF), neurotrophin-3, neurotrophin-4,
neuroimﬁ_nmg;g Praoiopug. proscan (RRIHE Rrowin-plollieuny 1eior 1y, DRURINg prowent
neurotrophin-5, pleiotrophin protein_(neurite growth-promoting factor 1), midkine protein
{nourme growth-promotng  factor 2), bram-derived nawrotrophic factor {BDN}% maor
(neurite growth-promoting ~ factor 2), brain-derived neurotrophic factor (BDNF), tumor
angiogenesis factor [I_l Ak, corticotronhin releasing %actm* { (C'.i{b . 'iramé@rmum g‘mwthhf?cmm
angiogenesis factor (TAF), corticotrophin releasing tactor (CRF), transforming “growth factors
coangd B CVCF <o sl TR nterleaikinaB 41 83 ormmiloaviesmacronhace colony stimidating
aand B (TGF-aand TGF- ), interleukin-8 (IL-8), granulocyte-macrophage colony stimulating
Factop (OMVLONE dntarlanbise and sotesfasane Coammareial }-\rm-\m*fxﬁ_nﬂc of yavicme grconh

factor (GM-CSF), "interleukins, *and interferons. Commercia ‘preparations “of ‘various~growth

Ferpstidiniy |, tvegidrcdvonig wianavabwanadii o toved neostaoraed o faatainy g nvrada i froeas G B A
factors, MincludingZneurotrophic” and angiogenic factors, ‘e ‘availzble From 'R Ib sy stems,
L ST TUOONGURIUE £ Y S S UUNTUR SO b SR B Yonon R e faa ¥ Flinol RO SOV SRR - U TR ' SO
Minneapolis,* Minnesota;* Biovision,: Inc. Mountain View, Cdifornia; ! ProSpec-Tany

TechnoGenetLtd., -Rehovot, » Israel’ and Cell Sciences®, ‘Canton, M assachusetts.

[0056]Intcertaininon-limiting taspects,. the therapeutic -agent i stanzantimicrobial 2agent,; suchias,

S Foreevae eer

without ilimitation, .isoniazid, .ethambutol, . pyrazinamide, :streptomycin, iclofazimine, :rifabutin,
fluoroquinolones, . ofloxacin, , sparfloxacin, rifampin, :azithromycin, (clarithromycin, ¢dapsone,
tetracycline,, erythromycin, — ciprofloxacin,  doxycycline, ;ampicillin, gan]photericin EB,
ketoconazole,., fluconazole,  pyrimethamine,  sulfadiazine, ~ clindamycin, ~tlincomyctn,
pentamidine, , atovaguone, paror'r;q’mycin,‘ diclazaril, acyclovir, trifluorouridine, ¢foscarnet,

FNANMALVATALLATS Y WRTAC MY VAVOAAT Y Mt wovaavs A Ay weaass  WRPWRERENIR LRy b 3 owis ner van SRR N LA A EE XY R FRTRERL L g

penicillin, gentamicin, ganciclovir, iatroconazole, miconazole, .Zn-pyrithione, and silver salts

Pty SVEOMIIIVAT G SEATNCEY T Y 10y B GRS ¢ SRR IIUEEAA Iy £art o e ssasannacyy ST SIVOT Sitils

such.as chloride, bromide, iodide and periodate.
such as CTUUTHES, DTINGE, I0CHAS 810 pror i,

[0057],.In certain non-limiting aspects, the therapeutic agent is an anti-inflammatory agent,
jran /] n certam noB-~unuUng aspacts, e erapeuse sgem 15 8N ARt~ IKDMAloTy ageny,

such as, without limitation, an NSAID, such as sdicylic acid, indomethacin, sodium
Csuch as, without Hnuofation, an NSAHY such as satievhic acd, indomethacin, sodivm
indomethacin trihydrate, salicylamide, naproxen, colchicine, fenoprofen, sulindac, diflunisal,
indomethacin fribvdrate, salicvianude. ngoroxen, colchicing. fenonroten. sulindac. ditlunisal,
diclofenac, 1ndoprofen, sodium salicylamide;  an anti-inflammatory cytokine; an anti-
. rﬁs\.}ﬂi‘"mms‘. mdanraden  sodiney ol in}* amider an  auti-flampeiceey eviaking an  snt-
inflammatory "protein; A'teroidal anti-in ammatory agent; or an anti-clotting agéents, such as
o flaminiatnes n -:*\:‘;a-iﬂ* G 154 j,‘ *}gi ;qn}"a-l ﬁs:ﬂ'nn-s; Frarers SvRvE e ey antieeinting aoa :owpoh T
hepann. "Other 1drugs that Hisy) romote ‘wolind healing ‘and/or Tissue regeneration Hay & so be
IR ST ¥ o v Phvert errer -, Fee war s ¥ 5 £ ~"'\"'¢1 SEETIETA e AV-aisn 4
indudeg. Other drugs thal may promote wound healing and/or Hissue regeneration may also be
I | -3 . . .. . .. . ..
[0058]3In-certain non-limiting embodiments, cells are added to the composition.  Non-limiting
examplestof ruseful tcellsitinclude: »disteris.cel(s, sprogenitor * cellstandisdifferentiated ¥icells;

recombinant ¥icells;fimuscle cellsrand precursorSsthereof; itierveecellsrandtipfecursorsdthereof;

recombinant cells; muscle cells and precursors thereof; nerve cells and precusors thereof,
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mesenchymal progenitor or stemn cells; bone cells or precursors thereof, such as osteoprogentior
mesenchymal progenitor:or stem cells; bone cells or precursors thereof, such as osteoprogenitor

cellspre-adipocytes,etC.ine, chemoattractant, drug or cells can be mixed into, mixed with, co-
[0059],Any useful icytokine,,chemoattractant,,drug:or,cells.cansbe,mixed,into,.-mixed.with, co-
LR & M [ -7 & ", -7 B R ] e Y LR LR Ve A N S S S B LN KL B S - AR &“.-lh\da\é-tr e e ARE

FLAL% A T (XX

applied,oryotherwise combined, with,any composition,as,described herein, . Ror example and

withoutklimitation, useful, .components. include, growth,factors, interferons, ~interleukins,

CHCHIOK 00 LG IO, Blonuismre anggtOEEIHC 18T ey vblige ane Snamvenr Laany wans we

chemokines, monokines, .hormones,, angiogenic factors,, drugs and antibiotics. Cells can be
PRREASRY 130y DLES &;Ul.ﬂ.i}i}:,s.(i}uu SH AL D fiiwitissess Q81 OF wiikosn o SUDSITAIS SUCT &8 4 DG OEIGal

mixed into the composition or can be included on or within a substrate such. as a biological
scattokl, vomibnnea wun e compesthion. 1o either case, when the substrate 18 segucy Wi

scaffold, combined with the composition. In either case, when the substrate is seeded with
cells, the cells can be grown anddor agapied to the mche oreated by incabation 1 4 suitable
cells, the cells can be grown and/or adapted to the niche created by incubation in a suitable
négdmm i abiamma%mr m:mm%ater oF 8 mn%ah ¢ thme period 1o optimal w‘;ﬁvombi Fprepare
medium in a bioreactor or incubator for a stitable time‘period to optimally/favorably prepare
the enmnosiiion for mnlantation I g vatient. The wihsirate can e seeded with colls 1
the composition for mp?antatmn in a patient. The substrate canlbe seeded with cells to
fapilitatg, inoovswth  differantiation aadine adamtation of the palie v v la o greed poiehvot
faciiitaresin-growth.-ditferanti ation and/or adaptation of the Galls. For‘example“and without
Al Feat oy i il oy Tk eov st ot eersvs i Al e arn vtk poarand, iy the petiae fo paaaion this
limitati on; the*call S it be alitol ogous OF allogenaic with Tagiadt o thelpatient o receivelthe
D I L g TMITE: S & O 1 B R o S S s T R R L) T
composition/device-comprising:the gel. The cells ¢ah began ‘cel[s'Briotherfprogenitor-cells,
ofdifferentiated’celis.-
[0060[HA ssusediherein,. the terms "drug™ and “drugs’ refer tto sany «compositionsthavingza
preventative: orrtherapeutic: effect, including and without ilimitation, zantibiotics, ppeptides,
hormones,: organic:molecul es,, vitamins, supplements, factors, jproteins:and.chemoattractants.

[0061]; ) Aswused:herein, theterms"cell” and "cells" refer toanytypesof .cellgfromyany;animal,

PP L TS Y Yr xa bas g

suchyas, without limitation, rat, mice, monkey, and human. Forexampleandwithout limitation,
cells can beprogenitor cells, such as stem cells, or differentiated cells, such.asendothelial cells

WOREY GEE O o e wrvanwe [ wivrntity, DUGEL O FUEAL v g B GIAIGL OIS Lvony DLIGTE 3 IRl UTity

and smooth.musclecells. In certain embodiments, cellsfor medical procedures can be obtained
HIHE SOOI TUSCIE CHATS, 18 GOTEILg LRI LT R, OIS O VHEQIGHE Jovrvenunncwe willl DT ODLEHIIEG

from the patient for autologous procedures or from other donors for allogeneic procedures.

oM HE pauent 10T ausrsigugs PHOCCULICY Ul raan oimer QONOTS _’i{_‘fi‘ Exuu&;{:zwsuv{.‘{u_:ucuuwes._
[0062] .In a further aspect, a commercial kit is provided comprising a composition described
jupnd] In & further aspect, @ compmercsdl Kit 18 proviaea cormpnsuyl 4 compostion deseribed
herein. A kit comprises suitable packaging material and the composition. In one non-limiting
herein. A kit comprses suifable packaging material and the composition. In one pon-lonting
embodiment, the kit comprises a liquid, gelled or dried ECM In a vessel, which may be the
m&bmkmeuh the lfﬁt comprises a Honid. mﬁ}ed or dried ECM 111 a vessel, which may be the
packaging, or which may be contained within packaging. T e vessd may be avial, syringe,

nackaeine, oy whivh mav he eontained within packaoineg, The vessel mave be 1 wisl | evrines,
tube Or*any* other container suitable'tor oragepand‘transfer in commercial distribution routes

of e kit L Tkewisa B product o a8 g aevics! Ga artoldimg e  prosthetic, Tesh,
foam &c.'incliding Sheé'dPBoti of thie'sol ubledisirictural ‘Compositions'describedthereititiay
bépackagedappropriately: foricommercial'distribution.ral compositions deseribed herein may
[0063] <A ceordingstor g aspect of ithelinvention,taxmethod of production of aortic ECM is
provided.\«Thetmethod:usesiarzwitterionicrdetergent, suchad CHAPSior Betai nes'(any{neutral
compound Thavingiboth.espositivestiand: dnegative scharges),Aandarincludes {asy acuclass
compound having both positive and pegative charges), and includes ax a clags
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detergents/surfactants such as -Dodecanoyl-sa-glycero-3-phosphocholine, 3-{4-tert-Butyl-1-
detergents/surfactants ssuchzas:|-Dodecanoyl-sn-glycero-3-phosphocholine, »3-(4-tert-Butyl-I-
pyridinio)-I-propanesulfonate, ;3-(N,N-Dimethylalkylammonio)propanesulfonate, wheresalkyl
igtypically .alinear, aliphaticyhydrocarbon, ;such,as alinearce-22 ;saturated  hydrocarbon, ;3-(1-

Viegaiss ok

Pynidinio)-I-propanesulfonate, . Surfactin, and,other, as are broadly-avalable from,commercial

P YT TEEY T2 LR (5 SN EET L—\_’!,tki_)!vj,hls_lg) fe

U £ 5.

sources,, such as Sigma-Aldrich. Anionic, detergents;ar,e any useful detergents comprising ,a

PR el Vi tiliﬁgt}; S way yvaeselL BILE B canens, Y 2 I el SHBE I ws, Taoe oboes wwwa wd
negative, charge, , such as, without limitation, .alkylbenzene sulfonates, bile.acids ,such as
unuay il Swid, a8 Qg anOsRITATeS, suvn wy Moo, Tanviuanves wr o oypaim-tad DA are Known,
deoxycholic acid, and organosulfates, such as SDS. Alternatives to Trypsin-EDTA are known,
WY Lner enzymes oy deu geaauaent and Ussne dissocialion, as are Bvaianne CLmercay,
and other enzymes for cell detachment and tissue dissociation, as are available commercialy,
such ag colagenase, hyaluronidase, clastase, papam, protease Type XIV, alone or m
such as collagenase, " hyaluronidase, elastase, papain, protesse Type XIV, aone or in
combinatton. onttonallv with_ Prvosin, forexamnle from Siema-Aldrich {ee. Acoutase®) and
COIT]BI nation, opti onaﬁy WItFI Trypsin, for example %rom %gma—A,I%Er c 'Ze.g., Accui), and
omtiomaily chelating geents othesr than FDYT A may be seed o pooal o8
optionally “chelating “agents other than EDTA may be used to equal effect.

fﬂﬂfi;{,} AN b fivet gtegy Frach aonrtin ficona jo nhtainad and fatand poninestivs figanas 1o rpevoviad

[0064] As Afirst step, *fresh’aortic tissue is obtained and fat ‘and connective ‘tissueis removed.

Usingait)Y meihod,  sich 48 by' 186 of forceps BF stissors b ‘destribed below, by By
alitorated ‘mechanical ptEtees; the'adventitial' [ayer dissected from!themedial Tayer fiproduce
aorticadventitia.- The® aortic’ adventitia is then frozen ‘and thawed. INext, tthetmaterial tsis
incubated<incaszwitterionic :detergent :and is typically washed. 'Washingiisiusually doneiusing
PBStand/or twater, .orrotherrsolvents,, such as alcohol asiis:@appropriate. “Thermaterial isisithen
incubateddinia: Trypsin-EDTA | or- an. equivalent for .dissociating «cells ;:and ttissue, ttypically
followedgbyywashing.. Next, the material is incubated .in an ;anionic detergent, ttypically

AAFERNS KR W, 2N Y KA LR ARG ML AR AWRR LN RN VO %L

followed by washing.. The.material;is subsequently disinfected, for.exampleiby.treatment with

7

peracetic acid,; andjis.then, washed, The material isthen dried, e.g.;by;lyophilization, ,and.is

k] TR RIS L B T ATS S B e AT U s IS B RS T N PERLE #Y =

Femes smwe ekl MY

comminuted.  n its dry state, the materials are optionally sterilized. -The dry, comminuted

CAMIIII S, 10 38 ok B 1% 38 SN TS RIS Qre R TA LRI RICTILLAO, {3 i Ciu‘” GO
material isrehydrated in an acid, such asHC1, ~pH <4.0, from 1to 4, e.g. pH,1to.2,for example
materiab i coiiyus seead AN aCid, SUCH a8 ri, ~prve et IO Y 10 s, Lo P Vo, for Ssamue
2.0 £ 0.3, and is digested ,with an acid protease, such as pepsin, maintaining the pH of the
0 2 ud, and 15 gigesied with an aoid prowase, such 8s pepsin manusnmg the pryoof the
solution at within the active range for the protease, e.g., <4.0, from 1to4, from 1to 2, e.qg., 2.0
solution at within the active range for the protease, e.g,, < 0 from 1 to 4, from o2, 8¢, 2.0
+ 0.3. Digestion may be partial or complete. Partial digestion may be accomplished” by Use of
+ .3, Digestion may be partial or complete. Pariial digestion mayv be accomplished by nse of
shortened acid protease digestion times, use of lower amounts of acid protease In the'reaction,
shorfersd aeid nvotesse fosstian & 3aTIlg~>,<: e of lowee amonnts of acid seofeacs in the 3‘&:;(‘.31'5‘&1')/

and/or by digestion above the optimal pH for the'acid protease. Complete digestion istypic
andine by bastion ahowes the ontimgl nH Yo the qo1 rotages nmndete choestine g tyranaiin
2CBompITShed S8R Bptimal pEPT6rthe ‘e d B HEbe e axanple S o FEor 15 B i Tass or

example’20% 6.3 rororm! &gelthe'adidic Solltion-isnelitralized, e t6'pH 635 16°7.8t0
formakpre-gel *sol Ution, ‘and thessol ution \ifiiclibated atsa higher téhperatlire; tsuich 4 &t Fobin
teémperature (20°C-25°C)<ori37°Cr(e.g., 1from120%162:50°C, ifrom30°1045° C, from 35°0r42°C,
ofzaty37°Cit: 5*C,{4°C,"3°Cr 2°C,-ar: 1°C)ttorformta gel .~ Prior 0, during ©r {after ‘gel ation, *the
pre-gel 3sol ution*canibe sprayed, (coated, mixed, :layered,.poured, :i njected ;orotherwi se :deposited
pre-gel solution can be spraved, coated, mixed, lavered, poured, injected or otherwise deposited
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on a substrate or into a substrate, such as a polymer, a ceramic, a metal, a ssue (ex vivo, or in
onsasubstrateror into-a;substrate,;such.asaa polymer, aiceramic, faimetal sati ssues(exivivo,oriin
vivo) ;.adifferent-devitalized ._ti_§$yelproduct,,§ugh 9@6@[)@61591-5[5_% ECM Janon-woven:mater ial,

agsuture,jor.any; other,medically-useful ,material .l n.Qne;aspect, thesacid; protease digestionis
R R & =, WIRSALR . 2 AR B By ke SRR Y R P 3 SHLS ot ¥

incomplete, but, complete.enough,to produce:agel, leaving,small;particles of undigested ECM

material withinthe resultant.gel,-which would be digested in situ,during use of the composition
L EONUIEE 18 AV OQ IICRNT o WICERPUIHIC SO e Ssscasa ool

- resulting.in delayed rel ease of therapeutic compositionsthereof. . e
iuuuu 3 ,{1@&3(1‘1&11]15 we ARGINEE '{}S{_Juug, sl v ae WL, an ﬁﬂ@ul‘yﬁnl & pﬂn@?}i ENT :{_){'Q‘s-’idﬁfd,,

[0065] According to another aspect, a method of treating an aneurysm in apatient js provided,
WRPRsEY SQURRISErng 10 u s>unace ol a blogu voxscl Raving dn sneurysaL, o d(?iﬂ;*xgzmagcu,
comprising administering to a surface of a blood vessel having an aneurysm, a devitalized,
agid-protéase-gigested vascular adventiial, ¢.g., an aortic adventitial tssoe, having a pH of
acid-protease-digested vascular adventitial, e.g., an aortic adventitial tissue, having a pH of
trom 6.8 fo 18, for example prepared according o ﬁg‘e method d %crxli)egidl erein, In one aspect,
from 6.8't0 7.8, for example prepared according to the method descri erein. Inone aspect,
the blond vessel is the deccendine, shdaminal or sccendine gorta, or portic greh of the natient
the broodc vessd is the descendi ng, abdomi naIl , Or ascending ‘aorta, or‘aortic arch of the patient.

HGRT Acvohingtn annthar atneet. g mathad S inducine vacondarization g pecvacsnlariyation
(00661 ACCoTdingHS another ASpadt & method of IRduici ng Vasculari Zati on Br Tevascul ar 24t on

inpati ent i Sprovided. The method comprises administering to%liivingtti sslie inivedrx
Vivo(eg. in'the’ @ of dtransplant) &% acid protease-di gested Vascular‘adventitial *€gaortic
adventitial'ECM fpre-gel}dr'gelt composition according to iy @spect@riembodimentprovided
herein,iresultingzinvascul arization,. €.g., revascul arization, of thellivingttissue. IIn:onexaspect,
thesti ssuesi ssaswoundiinzapatient,, such as skin wound, for @xampleandiwithouttlimitationa
diabeticcul cer, suchias;a diabetic: foot. ulcer. In another ;aspect, itheiti ssue:istbonetitissue,ifor

exampl e;damagedsbone:tissue or: bone tissue exhibiting osteoporosis. jInzanother;aspect,the

[T XY TR Y R vy R v AR ¥ AT TR SIS S TR Y

tigsuedsmyocardium;and/or. vasculature thereof in apatient, forexampleawound,or,an;infarct
in,apatient's myocardium.

N peeames s Ky A A A YA,

Examples

B it

[0067],.Free rupture or dissection of the ascending aorta is a concerning clinical problem that
frun /] PIEe rupma e OF QISSECHON OF IHE asvcowad 3R 15 8 cusvenmgd CHMCAT Pruoions shiat

occurs in up to 2.5 million patients per year worldwide. Such aortic catastrophe is often fatal,
cecrs 1w up o 2.5 muilbon pauens per year wortdwide, Such aorhic cmaswopne 18 often Tatay,
can occur without warning, and the only treatment option is emergent aortic replacement. A
can ocenr withouwt warnig, and the onfly treatment option i emergent aortic replacement. A
solution to this problem is offered by "an aorta-derived extracellular matrix hydrogel as a
selution o thig broiziergl is offered by an a@rtwdcmfﬁ]c} extracellular msfli(tz}x bredrpee! as a
prophylactic and minimally-invasive treatment option for patients at risk for aortic” rupture.
wopshvlactie anel minimglbhacbisive preaiment antion for patienis o visk for anrfip smiure,
T'hlsigoal iS'bolster y"active hypothesis-driven research defining what mechanisms calise

Thre e dx haloterad by andire bympthpoio dviven paepaseoh . defining what grechantome eagee
endothelial Sy SUnctonth fhd et ngroF lian oric diseass and Row mathx-driven's gidling
1\1»{1‘{“;"\*} .- S oA

ifpactsVascliloganesisby 1ocaprogen tor call Sin'the advertiti a the'diterl ayer8f the'aottic
wall THiSHieN knowl edge arvesrtrierdevel opmenthofatregeneraivetmediciniedapproachito
invoke femodelingtof thesaorticrwalltitsalf cessential lytrepairingithevaortasrom:theyoutside-in
through regenerati onvof ‘thetassociatedi microvascul ar network 1z the aorta from the outside-in

through regencration of the assoctated microvascular network.
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Example 1~ Preparation of adventitial hydrogel
Example’1=Preparation:of:adventitial chydr ogel raceltnlar mairix (ECM) on vasa vasorum
[0068];T 0 istudy the influence:of -theadventitial \extracellul ar ;matrix(ECM):0n;vasavasorum
function, hydrogels,were developed,from decellularized:human.and porcine gortic adventitia

XL AXBeR AN Bk RA NTEAE BREIND WS IEEL WINZ K L T L

Porcine, aortic..specimens were, obtained, from. commercial ,sources, while; human,.aorta; was
ST TRy %

EIREs Y s g e od LIRS S,K:'i}l,‘db(;!.!k&;.lit A Sa s R3O Yriidl L8\ xs uiji_u.\;vs‘.l-l R RIS fFax LIt

harvested .during open. aortic replacement ;operations with |RB approval .and .informed, patient

COISIL 2 s wod V wiaacdil WS Covauasrasasaints Liwriz e taxwidiadi xi’l};‘ct Qs sowuosst O HE 82 WEIR surasae

consent. The adventitia,was,delaminated.from the medial layer and,incubated in azwitterionic
{lﬁiﬁfgﬁff}i {M'ﬂi\y’i. Lol dy, LIVE NG 8 42 T 202 LAY 10w Lo 00 3T Xi L., FOHDWEO ‘i'}}: Wasmng

detergent (8mM CHAPS, 1M NaCl, and.25 mM EDTA) for 24 hr at 37°C, followed by washing

Cus oD laen o aelonmred water Jor Z hr. 18Be agvendiia was then supmerged i oan auionie
in PBS then in deionized water for 2 hr. The adventitia was then submerged in an anionic
detergent (0.5% SDS, IM NaCl, and 35 mM EDTA) for 24 hr, and 2 howrs wrgeonized water,
detergent (0.5% SDS, 1M NaCl, and 25 mM EDTA) for 24 hr, and Zélours |n%daon|zeddwata,
toHowed by bvaphilization, exposure to 70% ethano} and rinsed with detonized water and PRS
followed y'Iyop?n fi zation, exposure to ‘}8025 eﬁwéno 2nd Tingad with deloni zed water ané I§BS
to rehudeate the FOM. Comnlade decelbidarizartion of soriie fixane wgs confirmed b gheenoe
to rehydrate the' ECM. Compiete ecellularization of aortic tissue was confirmed by absence
A TYAPT stamziviy i mars fﬁn..;-\nB}\gﬂx?m% Eaofinne Fﬂnnurinn }\rnnlﬁ}i;rminﬂ FeSTa) vg_)'rhpﬁapﬁ Y Rg

I

of DAPI staining®in‘paraffin-embedded " sections. Following lyophilization“and*grinding, ECM
powder Widi gestedim0.01' N' HEL and pepsin for 24 ir. Westarh biottiig analysis revedled
that ECMdigests® contain! elastint and #y/56 1 collagen (see, Figtire ). Hydroge! ffilms\iie
formeddfromneutralized! ECM! digests: Gefation kinetic ‘analyses ‘demonstrated tthatipeak
gel ationtwastreachediwithini90' minutes of incubation in@a37°C«drylheattincubator.SScanning
electronn microscopy: reveded! that: hydrogel films wexhibit native IECM ffiber-like
microarchitecture.;, Aortic:ECMihydrogels may serve as.cell culturessubstrates;tosstudymatrix-
derivedgmechanismssof ‘microvascular: dysfunction in the setting ;of :aneurysm.jThe;clinical

EARE LT 2N LA, AMEE BN BN AN RIAAEL ST N

translation,, of gthis, work; is; that, aortic ECM hydrogels might (function .as,nativegbiologic
materials for tissue regeneration,in cardiovascular applications.

ERARGS3aSy tUh iUl oS s s e B A e L R T St AT RS

[0069]))P0rci ne aortic adventitia was decellularized and digested as described above.;-Human

oY FOTCHIC @it sy CIiidd WHS QUUCHUERINCOU #1U Lagea e H5 TOSIIDCU S#DROUVO, $IHRNN

endothelial cells (Pl 6) were seeded.at adensity of 5x 103 cells'cm?2 and cultured.in the presence

SRAOTIEIIal Celis r 10) WEre Seeaed 8t & uoumcy 01 3 X (U~ CelI$/CIn™ and chitured i the Proscuvc
of 0-250. pg/mL. porcine adventitial ECM digest (PAdvECM) for 52 hours at_37°C.in a
of U-230 gumi poreme adventil ECM @mgest (paavous) for 12 hours at 37°C in a
humidified incubator. Cell proliferation was measured using an MTT conversion assay (Cell
homudified incubator. Cell projeratyon was measured using an MTT conversion assay (Cet
Titer, Promega) according the manufacturer's instructions.”As shown in Figure 2, 50 pg/mL

Titer, Promepal according the manutacturer’s instrociions. As shown in Froowre 20 56 ueiml
pAdvECM digest Incr human endotheli ce]l proflferatlon ?p<0.05) compared to

pAAUVECM diced inereaced human ergdothelinl cell srplifisaiion, Mm<V0%) compared do
endotheli cgl'ls cultured”in"basal growth medium“alone 8endothéf|al- growth medium, Cell

Alresn brisy e e g e osa B R GVECNT G GaaloBabH A e esedddi

profiferati on(p<8.08y>thisoted decreass!in ¢l proliteraion by higherdoses'of B! digest

iy betel ateditstheacidiciprtof the'culture meditim éevidence’by §noted’color change'inthe

phenol-redicontaining medium-upbraddition: (datamnot shown).: Theseidata provide preliminary

evidencerthatedecel [ul ari zedpA dvECM tidi geststexhibittmitogeni csbi oactivity iandrtaminvoke

endothelial icellcproliferation, -anécessary :mechanismiforivasculogenesis.ivity and can invoke
sndothelial cell proliferation, a necessary mechanism for vasaifogenesis.
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Example 2 - Microvasenlar remodeling in the aorta is associated with thoracic aovtie
Example 2 - Microvascular remodeling in the aorta is associated with thoracic aortic

disease Research revealed microvascular remodeling sssociated with aneurvsm in the

DR

[0070] Research.;revealedy microvascular remodeling,jassociated, withy aneurysmy inythe

FELLLS, LELLFL WL dme s Tt AP LA T RIS,

ascending; thoracic. aorta,, Note, the, paucity, of Imicrovessels, in,specimens, of aneurysmal, aorta,

along,with increased luminal arealof existing vessels and wall .thickening,(Figure 3). Also, that
v ERTIE L @UUTES GV e 15 M. oo Qiugmu&u LR Hlesssy .uz.vsu\isu& b fuiciaas A8W
the human aortic adventitia is home to a progenitor .cell niche, including endothelial .and
Pﬁﬂﬂ}’{ﬁ p?"ﬂgﬁﬁﬂﬁf CEHS, 1ng prﬁﬁl&rgﬂ[ﬁ OF snniuy s JATHTE LW Qunoy 1 DWW Hﬂiﬂ-\"iﬁdgﬁ
pericyte progenitor cells, the precursors of microvasculature networks. This new knowledge
Cuppret g regeneraive medicuse approach as a mpmally-iivasive treatiment sttmeygy ww
inspires a regenerative medicine approach as a minimally-invasive treatment strategy for
patients al NSk lor aortic rupture by harmessing local progenstor cells for therapdutic
patients at risk for aortic rupture by harnessing local progenitor cells for therapeutic
mmmvaﬁe}xiar rogeneration, J-ecéeﬁitﬁiaﬁze aortic extrace Huiar matriges { «é.‘.?x'f\ij;} dv«sm*xbgd.
microvascular regeneration.” Decellularized aortic extracellular matrices "(ECM's) “described
heapin are nronneed For gse as s::i;i‘mnlii; ]j’m‘ theraneuiie microveasoeisar reeeneratipn.
herein are propo&d for use as stimuli for therapeutic microvascular regeneration.
AT Thgovaconisy BOAM hadvouna] Jacerihad harein temmiones o hath mathad gad paminaigitinn
[0071] JThe vascular ECM "hydrogel escrlbecj hereln Isunigue’in both'method’and composition

(Figure® 4) > Following: decallularization of mammaian vastllar 'ECh ({Figure Y4(a%e)),
digestion®ot 'the?lyophilized! and morcellaied ECM (Figure 4(D)) ‘deviatestsiibstantially from
Freytes;D?0., etial. (2008).- "Preparafion and rheol ogical ‘characterization<of 'sgel formpof ithe
porcinesurinaryy bladder: matrix."” Biomaterials 29(17): 1630-1637) iin tthat gpH tiscclosely
monitored:and:tightly.controlledito:pH 2.0 £ 0.3. Cell-friendly iECM stfromyporcinexandshuman
aortazhavesbeenoptimizedi for-hydrogel formation with fibrous;microarchitecturessimilar ito
native,ECM «(Figure;4(E)). Preliminary-experiments demonstrate;thatvascul arfECM,hydrogels
reaghypeakjgetation within, 90 minutes in a dry heat incubator at 37°C(FigureA(R) with.retes

[ETE 2 ELREEDAEN Y KA K LYY RE RN T T  E RE AN CRVAR AN

of gelation, for both, porcine, and human aortic ECMs being similar ;to,that of s,porci ne, sub-

wnsevmndl, IE UL L R RRRGH RAHEIR NIV b weenge-SRtgiaat BsF bsak OF s e o

intestinal .sub-mucosa (SIS), (Figure 4(G)) and urinary bladder matrix. (Freytes ?t{?" 22008).

FEREESES 3 REF AN H ey AN T R x.m} s cgvean v g RHAE corasacac p DHERIRBUIKT FORAUIN, Lo Yowa & S e

-

Example 3- Evauation of Vascular ECM Bioactivities
Boaweuagad 3 ~ Bvatuation of Vaseuiar EUM Blogetivities

[0072] Demonstrating the therapeutic potential of vascular-derived extracellular matrices
vurd} pemonsiraung the werpeune poenuar of vascular-derived  extracellddar malnices
(ECMs) involves evaluating their bioactivity as regulators of 1) cell proliferation 2) cell
{HOMSY involves gvamatmg thelr dbwacuvity as reguiators of 1) cell pronteravon 2y cell
migration and 3) endothelial branching. A series of experiments were performed to address the
ag}i,gra won apd 3) endothelial branching. A series of experimients were performed fo address the

ove three functions.

shoue three fimetions . : . . - .
[0}0‘7%]( Adventitiaderived ECM is mitogenic. Porcine aortic adventitia was decellularized and

digestet KO o Gud o foed aBove tE iobtan extracaliilar Smatix” (PACVECMY “Human
endothelialcalls (Pl 8- 18] W seadled®at e déngity *of 5% V103 celisiem?’and" culfuiredVinthe
praskeibs of lo-2BsginL Yporcing advenititial ECM digest (pAdVECM) for 218 hotirsaf 37°Cin
athumidified incubator ICel I*prolifération &S measured{using ah M T Ticonversion assay (Cell
Titer,rPromega)«according:theimanufacturer's finstructions.t From\thel datarshown insFigurel5,
5-10:r\xo6/raLzgpAdvECM 1gdigestisincreasedr’ humanscendothelial: tcelldzproliferation ¥ (p<0.02)
5-10 ugiml. pAdvECM digest increased hmman endothelial cell prolifgration (p<(0.02)
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compared to endothelial cells cultured in basal growih medium alone {(endothelial growth
compared tozendothelial iccells “culturedayin ybasal growthymedium-ialone: (endothelial igrowth
medium, > Cell;;Applications). js These. datasprovidegpreliminary evidence,jthati decellularized
PAdVECM ,digests.exhibitymitogenic bioactivity and can invoke endothelial cell proliferation,

a'Qﬂ'.'f‘?P?Et?D&Eﬁ?%DE‘QL?H@S’J VasCUlOGENESIS. o wpdorhetial cell migration. The effect of

[0074]‘§Adventitial-derivedhECM stimulates, .endothelial d‘cell migration.. . The, effect  of

o ey B IVE QERONLAIH A RIRIUE URIL UREEGHOE Wus OV RiLaed USIAE vl e rer & WOUDGQ BOMETRY
pAdvECM ,digest on endothelial cell migration was evaluated using an in vitro.wound . healing
Wi owsasuls i f_‘ﬂi{}{ #ISAY. N OFICY, o owsasedd TWOLHNA WaS sunend '§}Sﬁ}g A iy §Jip€‘vi- 132 1)
or "scratch test” pilot assay. In brief, a scratich "wound’ was made using a P20 pipet tip in
nmonodgyver cultires 01 minan ena@ﬂmi_xa& celis at continence, tollewaw by cullne m me
monolayer cultures of human endothelial cells at confluence, followed by culture in the
prosence or ahsence of 25 pe/mb pADVECM for up to 18 hr, Cells were placed within a stage-
presence or absence of 25 ué7mL PAdvECM for up to 18 hr. Cells were placed within a stage-
top incyhation ﬁﬁ*xamher argl maintained at 'i"f‘c;g. a%e CO and i%umxég\t‘;?. Images were obtamed
top incubation chamber and maintained at 37°C, 5% CO2 and humidity. Images were obtained
naing nhacescontrad ol microseonv on an mverted TEOGOO misroceone {Nikon) svery 10
using“phase-contrast light microscopy on an inverted TE-2000 microscope "(Nikon) evefy 10

mintag  Prerant of wonng] olodirs e caleniatard from frnase bisr prasting hinase

minutes.” Percent of 'wound ' closure SV&F time WA calculated 'from mag&sigy creating ‘binary

thresholds usingimage” analysis' software (NI'S Elements 4.2, Nikon). Wetcondude ¥rom the
data‘shown'inFigure’6'that tfégtifient’ of endothelial’ cells with pPAAVECM incressed’the tate'of
cellfmigration, -evidenced iby‘thet increased pércaiitage ‘of wound ‘closure'when<comparedwith
cellsiinttheir basal Jculture:medium: (negative control).

[0075] Adventitial-derived! ECM = enhanced endothelial «cell ibranching. The eeffect aof
PAdVECM 4jonzendothelial {cellibranching was evaluated in-vitro.Briefly,(0,:250,550030r1:1000
Hg/mL ;of pAdvECM wasicombined;with growth factor reduced-Matrigel ™ *(Corning) ;and;used
tq.coan thesurface.of wells;in a48-well, tissue culture plate. The,pAdvECM/Matrigel ;mixfure

FREL KRN,

(159(}u1~)ﬁwas"allowed 4to,cure for. 1 hr at 37*§ prior to seeding of ;12.5.x,104 cells/well .in

WEREN QLYY E TS IS A Y ERENEE = & T dpreeanse ME Na v = e s wen 1l

endothelial ,growth _medium. We conclude from the data shown.in FigureJ,&Qgﬁ{pAdvECM

C‘{i{i{?{{lﬁiii‘d Savased CAIUNL WL COBLRING ITOM (1310 Waig STIODWIL 11 1 g BRI YR WL Y

enhanced endothelial .cell branching on Matrigel substrates when compared with Matrigel alone
enhanced enaoineiial cetlw sere e g O v TR e SRDSIRISS WHSH Luinparoy WHR RogugSs 41011
(p<0.03). While number of tube-like structures was unchanged with pAdvECM treatment, their
fpsuus ) Whide number of tube~bike strachires was uncpangea with paavoe vy weatment, thew
length was found to be increased when compared with untreated cells cultured on Matrigel
fength was found o be increased when comparca with ontreated cells cultured on Mamges
substrate alone.
subsirgte alone, _
Example 4 - clinical trandlation
Fyamnle d « clintpal pramcdation . . ) . . .
[0076] Therapeutic e?flcacy of the hydrogel will be tested using this spraying device in pre-
§4HYT ] "T'hnaznf_n i s ’f“lﬂnnu

b hudvaaal will he toctard seipg this sneguging deavire i g
clinical’ models‘in'sm i ) andl

(mougéz 'Sib-cltaneous 'asculan zation) fan arge-(rabbit'and porcine:
ahetirysm) animals "Hyarogals Caibetasrosolized forminimally-invasive ‘delivery. ARESH
hydrogel "eariThé sprayed Vor2basted! Grit6 & polyilirethane-bases *Mublirar ‘scaffold.*SprayedtECM
hydrogel ‘vz foundsto:beldispersediwithinithe wal l2of theltubularscaffol d, Tor és'anotiter sheath
byisimply "basting" - thexgel sontosthe:outer Isurfacecof ithettubul ar cscaffol d vassdetected usingra
picrosirius:redystain“forzcollagen: with:and: without «polarized :lightz(Figure:8).: Thiscwork ¢isia

piorosirius red stain for collagen with and without polarized light (Figure 8), This work is a

20



WO 2017/123883 PCT/US2017/013355

vertical leap in the field by delivering biologic materials to the aorts to harness local
vertical s eap jinytheitfiel difbyhkdeliveringtsbiol ogi camaterial sstolctheyaortattoliharness: local
perivascul arjprogenitor .cell sithat;are,capable;of therapeutic,vasculogenesis -shiftingsfocusto,a

minimally-invasivetreatment approach to invoke aortic regeneration in the setting of aneurysm

using,aerosolized,biological ,nydrogels.c-ny. derived Hydrogels

Examplege- Preparation of Aortic;ECM-derived Hydrogels
; kN

R OARSIRNS VO ARSF RD i SARIRPHAL Y Bl .IlL’il"il;{Au\ux&g }gﬁl t.-u}cf}i fOi‘ pi\)@ﬁﬁ:ﬁi(‘l‘l ()f BQﬂlC
[0077] The foIIowing\ig an exemplary and non-limiting protocol for preparation of aortic

Lo ¥~ O8N I Year 1 yunpGis.

ECM-derived hydrogels. . . « sy . :
jOB7N} mzm}is. g;;.wstm'zm,zzc Detergent:  5.89%g CHAPS  (3-{{3-Cholamidopropyl)

[0078] Solutions.. Zwitterionic _ Detergent:  5.895g CHAPS (3-[(3-Cholamidopropyl)
dimethvlammoniol-1-propanesotfonate) (3 mMY; 7008 NaCH {1 MY %708 B EA (20 nuvi);
dimethylammonio]-I-propanesulfonate) }28ﬂmM); 70.08g NaCl (1M); 8.76g E}DTA{ (25 mM);
nd 1 Z200mi PES. frvpsmebiX A L2e Trvosim (0191 04368 BIYE chand 1200mi
aﬁadl% gnL PIBHS~> 'I‘lr?gsfl’n- A 1.2(3 r%s}nf( }l‘% %4%%@ léf)if%\{“&ﬁ);aaﬁd 1% mL
PRS Anionic Detercent: 70 080 NaCl {IMY R 780 EIYTA (25mMY 62280 KIS (] R and
PBS. "Anionic Detergent: 70.08g'NaCl flM); 8.76g EDTA (25mM); 6.228g SDS (18mM); and

P2l BRS Perasafis” Anteds T8RP Paracstie Aopd oteed FPA A L1840y 20l olrgrilladd
1500 PES Paracetic Add 7.98mL Peracetic Adid Sock {(PAA, bl19s); 11185mL YdiiTed

WS S v A5 16056 Ethanal (456 81 N By radaiie xéa 8o N
HCT 'sfock;“and’g 95 L+ diH, 0 5 N Hydrochloric Acid: 4. {67 mL "N HC1%soltion;*and
5:833‘mL"dH, o™

[0079]"Procedures1!:Cleaningd FreshtAortic Tissueand [solation«d Adventitial'Layer < Using
bluntiforceps:andiscissors,.remove:all: extraneous fat and:connectivetti ssuetfromifresh:orifrozen
porcinezorthuman;aorta., Ensure: tissue: does not dry out by ihydratingsti ssuecoccasionally swith

dH, 03 Usingzbluntsforceps, delaminate the adventitial layer fromsthe;medialjlayer,of ;aortic

WY WALV ABLRS e K R R X

specimensJo create. sheets; of. agric adventitia, Delamingted gortic.adventitiaiseut into.=2,5,x
2.5:inchysquares for decellularization. Remove 1square from the middie and corner of afresh

N \u..lw...-.,..’:’ﬁ ) WL BRI LGRS DIOVE seaperevacw (SERILER TG TR ALk SOLEIGT t:ﬂ a4 thuss

(not)_decellularized) section. of .fresh aorta, both to be snap frozen; .i_l-f_or%histol ogical _analysis,

et et a et a,(.-\,-’u} SCCLHO OF ITORIT e, IO 10 OO R R FOT bovrns QET X EEIEES Jd-;.u.u; PETTEN

the other for future studies. To measure total wet weight of aortic adventitial sgquares, gently
e omer 19 Taire stiudies. 10 maasure midl wel wogn 07 80IIC agveniitial Syuacs, geuay

dab, tissue dry and weigh on precision balance. The following protocol ,is optimized for
dab tissue ory and weign on preomsion balauee. the wuowimg prowocor i opuntzea tor
approximately 30 g of adventitial sheet squares (wet weight). Freshly isolated tissue must be
approximatety 3 e of adventitial sheet squares {wet werent). bresnly isolated tissue must be
frozen at -80°C at least overnight and allowed to thaw before processing.
irozenlgé‘ -R0°C af least agﬁmmbt and allowed o thaw before progessipy,

[0080] Procedure 2: Decellularization. Place adventitial tissue in 1 L"flask and fill with 800
o LR s AT S AR S e TR0 5%
minutes. Bamove B Pwiater and Teplace with Fresh B Waid™ (600 ML or adventina). 'Repéat
threa'isrdtimes (4 total*1ingss, FRoir diiration* oY shaker), WhIle tisstietis o dhiaker*begin
ptBfFof Zwitterionic' Détergént.s Place'zwittérionic: defergent¥ii37° Criiatér Bafh 30 minutes
priortofcompl etioniof i ssue:shaking:(ensures isol utiontigiatiappropri atestermper attirenf orinext
step).tUpontcompl etion 'of ishakingiremoveiand:discard D.lswater.»Transfer :eachitissuestypesto
asseparated-L:flask.:Fill. adventitial flask withi400mL-of WarmiZwitterionic:Detergent (400mL
a separate 1-L flask, Fill adventitial Hask with 400mL. of warm Zwitterionic Detergent (408mL

21



WO 2017/123883 PCT/US2017/013355

per approx 3g of tissue). Place flasks i 37°C shaking water bath. Let flasks sit in rocking
persapprox: 30g:0f tissue).: Place fflasks ing37°Czshakingswater cbath.i.L etrflasksesitdin. rocking
bath:for. 12 hoursiAfter.12hours inathyrepl aceiZwitterionic.detergent..Forsrepl acement;fol low
identicalyprocedure,gs sinitial,Zwitterionic.detergent ,prep.;After; replacingg Zwitterionic

e Resd

detergertt.replace, flasks,inwarm, shaking,waler bath ana.dllow Incubation forianother 12ours

(24, hours of total {Zwitterionic.incubation). 30 minutes, before compl etion,of incubation bring
PRV 5t U S N Y 20 L aes e UL COBIPIRERG Moy «asane frutn NHGRR IR W

2400mL of 1X PBSlup t0,37°C. After incubation compl etion remove.flasks from,shaking water
B and propery o mp&i‘d LWHISTIOMC GEISEENL s nyaud3 WIS £ 70~ 1A faf s 9 e eI

bath and properly discard Zwitterionic detergent. Rinse tissues with 37 C - I X PBSonrocking
water baw sor L2 niputes (AUUML 1or saveduua), Keplace 1X PBY and ninse on rockumg waser
water bath for 15 minutes (400mL for adventitia). Replace |X PBS and rinse on rocking water
bath for 15 more minutes (30 nmun total). Store fissue overnight at €°C in still dHbw., transter
bath for 15 rinore {nl Qutes (30 min total). Store tissue overnight at 4°C in still idHZ O}. Transfer
tissues o olean Hasks with 400ml. gbQ. Lsing the orbual shaker (300 rom) shake the tissue
tissues to clean fFasks with 400mL. 3H20. Using th% or H sﬁgﬁ'er (ééo rpm) shake the tissue
for 1 hour, Renlace dHS0 and shades or sddiiional hour (2 haoes fotal) 3 pamdes hefore
for 1 ot Reprace di, O and shake for additional hour (2 Hours tofal). S0 mies betore

caniphising of AR gbe L'.u\‘ e DrmaincEBTIT A enbitian and heina jyn to 37 %7 Faady gaed
l of dH;, e pred | Up'to37

conclusion Trypsin-EDTA solution ‘and ‘bring °C."Empty and

discardistant'dH;, O W4t~ Replace with 400ml Trypsin-ED TA ‘Soltiticn. Tnctibate fissie'in
shakingtwiiéf bathfor 30 minuies & 37°C. Replace Trypsin-EDTA ‘sol tion'withsecondbatch
of solutiontandincubate:for 30 iore minutes in 37°C shakingwatertbath((:thour total ) "Dispose
of Trypsin-EDTAusolution..Either: clean or use new 1L flasks. Transferiti ssues:tomen’flasks.
Filliflasksswith:4003mL.dH, 0. Shake flasks on orbital :shaker:at:300srpmifori hour kReplace
dH,, Oandgshake:forradditional; hour- (2 hours total). 30 minutesgprioritotfinishingidH, Orinse,
beginyprep;of ;Anionic:Detergent. Warm anionic detergent £0:37<°C. yDiscardsspentidH, O.and
reﬂ,a,cewlthﬁ%m L Anignic.Detergent). Place flasksin 37°C shakingwater bathfor; 12,hours.
Repeat anionic_detergent, incubation. Pfopg([y gISPOSG of AnionichE)etergent. Either.clean.or

..-»r.n-ﬂ. PR RN PR N TWA wwv\-\(m\-\u;lt EEFLNARRD 12 8 3 L0 PO 9 [ U I S ST LRI EON W v pmweaevs Ll WIGL ROCH e

obtain new 1L flasks. Fill.flaskswith 400 mL IX PBS. Shaketissue and,PBS solution on orbital

QOLBR RCW 1L AR, U lll LREBRS WHITSUU T LA IR, QK LssUe una fi'.mo SEMLION O3 aoiat
shaker at 300.rpm for 15.minutes. Discard spent PBS. Repeat PBS wash. Store tissue overnight
Sﬂi‘ii‘\'tﬁ: #t J_UU ESSIFEN {61l S i’ﬁllﬁ!lt_ﬁi‘:‘u LAscard sponne Piid, nopCar PN Wash, Store BSE}G@ Qveiss B
a 4°C in still dH, 0. Transfer tissues to clean flasks with 400 mL of dH., 0. Using the orbital
at 4°C i still ar6 U, Transter tissues 1o clean Hasks with 400 wil ot ati), Lising the orbulal
shaker (300 rpm) shake the tissue for 7 hours. Replace dH., Oand shake for additional 7 hours
shaker (300 rowd shake the tissue for 7 hours, gKeptace (B and shake for additional 7 howss
(14 h;)urs total). Empty d¥l—_|i2(§andi f{ll;} flzaskks wHQ prepped Peracetic aci §d sc;l ution (400 mL).
14 hours total). Enwty dHYO and G Hasks with preoped Pergeetic acld selution (400 myl)
S‘haLe%Ia&(s on ‘ortnt shal(er for 2 hours & 300 rprﬁ Properly dispose of Peracetic acid. Héan

Shakea flagks on grhital ghaleer foyr 7 hoprs af 300 . Peoperly disnose o Pernoetio acid Olea
o obtan haw AL Hacks ET Haskewith 32 PRSTUBoml ) “"Shakaisaie o orbital ‘Shaker (300

taygr g 1T flacke Bl §] ORI A AN T Y

o] For A8 n. 1Dy scard SHErt BB AN fi A Ak Wi th dHZb]?ﬁO L) Shaketiasieand ot ir'.?O
offorbital shaker-af 300" biRTor 15 mitiutes. 'Replace'dH, CGand'shakefor'additional 15 mini(30
total) FDiscardldH, Oand'ill with PES400 mi).257.¢Shake'tih orbital ‘shaker forls minitestat
300z7pm:t Expandisampl e al uminumfoil L Rémovestven0.5tx40.55cm? Sectionsifrom the
middlevandicorriet sof n3itotal décel lularized! shuaressections. for quality* control:stdriconfirm
decellularization.xsFrom3 each decellularized sisquarescsampled,r snapitfreezerc1 tsectioninfor
decellularization. From each decellularized sqoare sampled, snap freeze 1 section for

3
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histological sectioning and 1 stored in a microtuge tube for fittre assays. Wrap samples with

histological sectioning yands Jstored finza;microfugetubefor futureyassays. Wrap, samples:with

aluminum sifoil yandircrimp yedges. (Freeze ain;:-80°Ceovernight. yTransfer »frozen ysamples.to

lyophilizer, ;and,initiate vacuum. . Check ssamples, after,,2-daysybyshandling: ifully ;lyophilized

zzzzzzz A3 BALFE

samples,will;be britte with ittle to ng flexibility. . [f noty brittle’, by 2 days, lyophilize,for,an

additional .day and_ follow-up after 24 hours to.see;if "brittle" tissue achieved. Once._tissue
CGEUT VO LG & 10T 0wy pormge anCEHILESFECU, 1}-mp§n§u:cd;, BRI STEHHON 1Y DIy Sipuued e

observed .to be brittle, prep.decellularized, lyophilized, ,brittle samples by breaking sgquares into
BLO-LL A N Dt p 2 Wl I GUES 00 1a0 EHRALE onan 5k.ks.ulﬁ'l»g,

0.5-0.75 x 0.5-0.75 c¢cm2 pieces to facilitate tissue grinding. , . , |
{UU81] Hrocedure 30 Growang of Lyophilized awvenndn, Assemble grinder with 60 mesh

[0081] Procedure 3: Grinding d Lyophilized Adventitia. Assemble grinder with 60 mesh
sereen to collect finely ground adveniital powder, Add decellularized, Ivopnuized adventitial

screen to collect finely ground adventitial powder. Add decellularized, lyophilized adventitial
neces agaggﬂiw to hopper on grinder, Fm‘c}nﬂ tssue throug wm.tlh wooden dowel, Onee all

pieces gr y to hopper on grinder,” forcing tissue through with wooden dowel. Once all
tieang ig oronmed eollect novwder and store b room fempetature i a Isheled giv-tichr gealed
tissue is ground, “collect powder and store at room %emper uré ‘in‘a labeled, “air-tight,
Pantfaiher
container.”
FEEIRYE D dunig A Aihormiiieind Diinciidon Fifreroidone Woatrde prd LS g bl Bomoedat 1 oamd s prmnsened
(0083 IProcedir e’ 4™ Adventitial Powder Digesion. Wagh 8ttt 05 & f Iysphiiized, $ground

ek

adventitia®powder "using? & precision" balance. Weigh it 160 iy ‘of Ipepsin {{Sigma) using*a
precisiontbalance. > Addi45 pll- 5 N’ HETL, Eonfirm resulting JpH 2 wsing ¢acidicEpHEpapertand
matching itocthespH i22shadeof red.. Slowly add pepsin to stirring ypH:2,{0.01!NHC1ssolution.35.
Oncepepsintisssolubilized 1in:0.01l HC1, gradually add all :adventitial powder :tosstirringpepsin-
HC1 solution.; After vall jadventitial | powder added to solution, inoteithesstartstime:of jdigestion.
Checkjand;confirm,pHjof 21at;start; of digestion. Allow to continuestirring;at:900:RPM:for. 1.5
hours. \While.still stirring,at, 900, RPM, after 15 hours of digestion, check pH of “digest”. i pl

isbetween, 2-3, add;120,i. of -5 N.HC1. Confirm pH adjustment &9;2%%.matchiur]@g&'g%p_lx-lﬁzzdgn

[T S AT Y FaRer e R ot N E AR NUIRITERREE Frs e mvma} v s

by

pH paper..Continue to check pHof .solution every 30 minutes for.1.5,hours, adding,20 ui'5;5:wN

pen Pt WOULREE 10 CHUCK e d OL SGIIUUD ~ o o0 BBRES 10V L3 lruin, Guerag o0 o
HC1.to the solution if pH,isobserved between 2-3. Continue stirring at, 900, RPM for, 15 hours.
FIUT to thie somuon 1 pd 15 observed petween -3, CORNNUE Sunnagd at Y0 Kitdd for 1D hours,
After 15 _hours, increase stir of digest to 1100 RPM to compensate for increased viscosity.
Adter 13 nours, morease st of atyest 1o 1100 RPM o compensae for inereased viscosuy.
Confirm pH is still 2. Continue stirring for remaining 6 hours of 24 hour digest cycle. After 24
Confirm ptl 15 still 2. Continue strvmg for remamme 6 howrs of 24 hour aigestovele. After 24
hours of digestion, decrease RPM to 200 RPM to allow bubbles to rise out of digest to surface
hours ot dipestion. decrease RPM 1o 200 RPM {0 allow bubbles {o rise oot of disest to surface
of solution for 10 minutes. After 10 minutes at 200 RPM, store ECM digest in 500 pl_aliquots
of sedution for Wiminotes After 10 minstes at 200 RPM store ECM digest in 300 gl aliquots

a -20°C 'SP transter 16" Ice and prepare hy rogels asbelow. b ' {

e ﬂ*—;»xmﬂ"g oy deeas el -r}r__pnﬁw-\ ?1\&'%0'2

st SHYEO adw g s . .
[0683? Procedire :"Hydrogel “Formation. eep,sol?"tﬁaw previously-frozen ECM digest on

ice?Keep All'fégants Sice 10X PES 07 INNEOH, 1N NaSH; “HNHET Wixdin thetolTowing
order: ¥Epart LoX PBS, crpat OPTNEOH and g partsl ECM N digest. Vortex td'mix: Check pHiand
adjust"to 6.8-7.8.{Add:hydrogd tditissuesculture wells, ‘coverglasstmol dssandincubaterfor
60-90sminutes “inta:37°Cidrytheat tincubator, overnight sinachumidified 137°C: incubator Yor:uprto
8thr-afiroom:temperatire. dry heat incubator, overnight in a humidified 37°C incubator orup to

8 by at roony temperatore.

]
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Example & ~ Perivascular Extracellular Matrix Hydrogels Mimie Native Matrix
Example-¢6itzctPerivascular pExtracel lular siM atrixisHydr ogelsisiM imicttNativey Matrix
M icroar chitectur e;and;PromotejAngiogenesis:via;BasiciFibr oblast \Growthi Factor repair
[0084]  Extracel|ular matrix.(ECM)-derived bioscaifol dshave beenshown todliciytissue repar

E’.u R SRS LRV EGILE X TRAATNS B PR EL

PN A L e R Y 2 LA W ST AT 1 ST i.j’i)‘)i.tk&;hi&-ﬁ-kl WAL, JHCL LY AL EOSATIVRGRENED BAAUNY s -~

through retention. of bioactive signals.Given that theadventitiaof largeblood vesselsisarichly
vascularized microenvironment, we.hypothes zed.}_tﬁhat};perivascularfECM contains bioactive

SILHEY W 2 B WG RN GO Y waent st N, Ficoars canrmnaa IS WS WRCTIVRoLE B

signals that_influence cells of blood vessel lineages. ECM hioscaffolds were derived from
vhoeenAHANZCH DHINAR aNd POISING 20100 adVusuun (1AAY and PAGY, reSpechively) amd taen
decellularized human and porcine aortic adventitia (hAdv and pAdyv, respectively) and then
shown have nannnal Dha content and refamn @asun and couagen prowus.” riydroget
shown have minimal DNA content and retain elastin and collagen proteins. Hydrogel
formudations of hAdy and pAdy ECM bioscaftnlds exhibited gelation Kinelies samilar © BUM
f(})rrgulatlonfi of hAdv and pAdv ECM bhioscaffolds exhibited gelation ;qn%etlcs 3mlladr to ECM
wdrozels derived from vorcme small ingesiinal submucosa (pSis) hAdy and pAdy BECN
hydrogels derived from porcine Shall intedindl SUbMUGOSA (pSI%S. ]hk&i/ and' p‘%\av I%&R/I
hvdranply '}icnimgaj Einﬂw, Tesy amdulated. and Sheons mieroarchifect s paminigeens of
hydrogels oflsplay thinner,” less undulated, and fibrous microarchitecture reminiscent of
native arlvennitia with eltght diffseanonc dn siltractructnres viethla i pamaasipan o pRER FON
nativeadventitia with'sl ght'differences in Ultrastructure Visible' n‘compar son to p§| FEM
| SR RN

hydrogels: Pepait-digested pAdv' and pSI'S ECM bioscartol dsincreasédiproliteration of htiman
adventitia-derived’endothelial! calls and this effect Wk mediated iihtisaft by basic'tibroblast
growthtfactori(FGF2) - Humant endothelial’ cefls cultured ©n Matrigel ssubstratestformed e
nomerous:andilongerttube-like: structures when supplemented ‘withipAdvIECMEbi oscaffolds,
anddFGF22mediatedithissmatrix: signaling. ECM bioscaffol ds «derived tfromgpAdvgpromoted
FGF2-dependenttimvivoangiogenesis in the chick chorioallantoicimembranermodel {Using:an
angiogenesis-focusediprotein, array, we detected 55 angiogenesis-related;proteins,including
FGEZinhAdv, pAdv,andipSISECMs, Interestingly, 19 Of these factorswere lessabundant,in

T AL LT SRR T YA TERE XS E §1

ECM s bioscaffol ds.derived; from aneurysmal specimens of human.aorta when compared,wit

AL ENTR GRS IS MBI E YO RIS e B T T R e i A LETETY

non-aneurysmal ,(normal). specimens. T@{g, study reveals that AdvﬁCL\/l §hydrogel s recapitulate

B e T Rt SX e \}.!\HL.‘D.IL().} KA CA L ORGP i Norelanay FOVOADE (0L 20y 5% SRR NIRRT G R G TR

matrix fiber microarchitecture of native adventitia, and retain angiogenesis-related factors and
IRALFEX DS MICTOArCHIECTUre Of Nalve aovenitg, and relal uugvgoooms-toaws [aClors ang
bioactive properties such as FGF2 signaling capable of influencing processes, important_for
broactive properaes such as FGEL signaang capadie of muuenomy processes fmporant {07
angiogenesis. Thiswork supportsthe use of Adv ECM bioscaffolds for both discovery biology
angogenesys, This work supports the use of Ady ECM bioscaffolds for both discovery piotogy
and potential translation towards microvascular regeneration in clinical applications.
angd patential iranséiﬁ]gm tawargs mic *?w;we:'iﬁar reeneration in clinical gpoligations,
[0085] The potential for ECM bioscaffolds to invoke angiogenesis is of particular importance
HHIRST The redential for TOM hioseatfold vk anoineenediv oo rsutiontar imnortanee
for regenerative medicine applications. Afthought e vascul ogeni ¢ and angiogenic mechanisms

of EENI BrGECHT 01 S iy Udier stood 2 g el el G876t Growth Tadtors i g EEM
degradationi&& fikely mhechani sm'or action *Since’ mimobilized growth tactors secreted by the
residentacall $sfortity SECM #astula ECM S§% viahle* candl daevbi omiatéri aPeforeinvoking
vasculogenesis fiandy angiogenesi slaThé Madventitiablof bl doditevessel sitisalatiperivascul ar
providesthermaj orityof jbiomechani calisstrengthitosthenvessel ibyinaturetof the:wbdventnetwork
provide the majority of blomechanical strength to the vessel by nature of the woven netwark
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of fibrous proteins of the ECM, but 1t also serves as a progenitor cell miche. Furthermore, the
of fibrous proteins;of theiECM, but it:al sosservessasia progenitor :cell*niche.sFurthermore, ithe
diversity:of icell ccomposition jin: the:vascul ar iadventitia-renders;this, ECM;microenvironment, a
prime.candidate far g mulfitude.of desirable-bioactiveeffects,on,blood,vessel cell populations.

s EeRy T POV,
NAATRLAR LR R o LN JIAN

Understanding the fole.of the agventitial ECM,inyascular physiology will provide,insight into

LR ?uvitib{ilﬂily LrY \.-\’\1_15.\}!1 1.!15 b SELNEH

cardiovascular  disease particularly by exploringECM . bioscaffolds . derived ,from human
AU VeRULg. CaTIine 830 VEuueaces arw st {;ﬁu Kax ¥ w.\t\mvuii.wlmb}} WORLED BRIESRL Wi vy avanad ')MN,}“ o CETY OO

adventitia. Porcine adventitial ECM (pAdv) bioscaffolds, with their greater availability, can be
BIHFCA 0 AAMESS TS MINRSIC Di0gww v O QEVEH Pi}‘iﬁﬁ{lﬁﬁ}" HES EREDEGIEY b R I R LIS,
utilized to harness their intrinsic bioactivity to develop potentially regenerative therapeutics.
juuss) 1 1_,118 study tested the fiypowests wial PROVASKIRAE SU.avi CORGHNS DUBCUVE s1gias wat
[0086] This study tested the hypothesis that perivascular ECM contains bioactive signals that
Cmtidence ceits of blood vessel fimeages. The composition and gelation Kinetics o1 BCM
influence cells of blood vessel lineages. The composition and gelation kinetics of ECM
hvdrone] biomaterials ﬁomuiiatet;? ft“mm TUIan an% porome dvceiiullaﬁzad aortie-adyentitia was
hydrogef iomaterials formulated from human an porcine decellularized aortic adventitia was
characterived and the gongline activitv of noreine BOM hingesthlds in processes relsted 1o
characterized, "and tf1e sgna] Ing’ activity of porcine ECM bioscaffolds miproc&eses r atecf to

awpiaoenacty was ovabiated tging netmary sdueitifiacderivad fasan podathalist aell cultien
anglogenesis Was eval uat using’ primary aaventltlaraerlved human ‘endothelial “cell“culture

models > tibetorming inf vitrs' 4898 and 8 17 Vivo ‘angiogenesis odel. TRorcine shall
infestina™ submiicosa’ (pSIS)) W&§ chosen 8 & control 'ECM ‘due 'fo fits Fprior Uthorough
characterization 'and’cuirrenttutilization: &8 & clini cally-reevant bioscaffold.” Thetfindings’bel ow
reveald severall biomimetic: features of perivascular ECM ithat mmiay trender tthesesnatural
biomaterialss useful i forr discovery: biology and show promise ifor iregenerative smedicine
applications,

MaterialssandiMethods;

N Pravryyrey s FRLITE B AN SEAIS T

[0087]Tissue. Callection. Human, ascending thoracic aorta specimens (n=40,patients),were
collectedddghrj‘qggahgg@gmgé aortic, replacement operations or heart ttran§plants with. informed

AT TR B Yvasin Hosinng

A WAL WA N A BV W AT LT A

patient consent .and,approval, of .the ingtitutional review board or .from organ donors via,the
il CORNCAE QU Sl pronrrad 0 1AE HISRALOHRL TEVIEW DUMIU OF {IOTH Grgren QOTLIEY VIR the

Center for Organ Recovery and, Education. Acquisition of all .human specimens_was, in
LADIOT 1O wiml saseuvely and EAQUCAtION. seywsieon 01 @l human Spruaucas. Was In
accordance with the Helsinki, Declaration of 1975, as revised in 1983. Following excision,
accordance with the Helsinki Declavation of 1972, as revised in Y83, bonowmg excision,
tissue specimens were placed in saline on ice and transported to the laboratory. Specimenswere
tissue specumens were placed in sdline onjce and ansportea to the laboratory, Specimens were
collected from 22 males and 18 females ranging in age from 17 to 82 years. Porcine ascending
collected from 22 males and 18 {emales rancing in 3%8 from 17 o 82 vears, Porgine ascending
aortic specimens were obtained from a commercial Source (Tissue Source, Lafayette, IN) and
apetie spesimensoware ahtsingd fram s commgreial somree LT ivepg Source. Lafvvadte INY and

shipped’6n"wet ice. Porcine SIS specimens Weré obtained from & local ‘abattoir (Thoma

hiRard &acaahing, HoKY M and brapar e s eV Al el et g Micthe
|aboraiory Sallgpedimens wardpromptly ' stored st -8 drtirilet Upon acquisition in the
[0088]=DeceliUrarization ¢ AvrticTAdventitia® Adventitial 'ECM bioscaffolds were prepared
fromidecel lul arized aortic tisstie:specimens from3%patients andwopigs. I The adventitial slayer
wiastdelami natedzfromrthetimedi arandidecel lul arized tusingraipreviously! establishedamethod
(ReinghJE,yétiat.« Thereffectsrof :processi ng smethodscupoin: mechani cal sand:biol ogiccproperties
{Reing IE, e of. The effects of processing methods upon mechanical and biologic properties

-
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of porcine dermal extracellular matrix scaffolds. Blomaterials. 201;31:8626-33). Briefly, the
of porcinexdermal sextracel lular:matrix ‘scaffol ds.cBiomaterials.<2010;31:8626-33).1Briefly sthe
adventitialyspecimens.weresincubatedsin, & ol ution’of 8mM:CHA PS¢(3-[(3-cholamidopropyl)
dimethylammonic]-I-  propanestifonate; ThermoiFisher Scientific, Waltham, MA),,1M;NaC!

3 Sebreey

(Thermo;fisner Scientific),rand 2omLERTA, (ethylenediaminetetracetic acid, Therma Figher

BRI G WY v g AR U L IRT AL DR FE R

Scientific).for 24 hr at.37°C, followed by washi ngim{lxx PBS, (phosphate_ buffered ;saline,

PP it v Qﬁicﬁu.}h__f ot i GUBMILEA srecanes Tl Ao LHE Eidown ey AR PEILU i

Thermo Fisher Scientific) then in deionized, water (d%0). The. tissue,was then placed.on a
BhRaker f'\')}' b 0w v aeasnidl1on QD"I]U}.H}.H}g W Ve YRS ¢ nianascd, .i_,.!_.\\_\-, e TEHN TR T § AT A S

shaker for 1hour in aﬁol ution containing 0.1% trypsin (Amresco, LLC, Solon, OH) and 0.04%
ELTA | mmsed m dHbU), then stusen 11 & Somdumn 03 w.0ve DL {BoQIum dowedyl sultate,
EDTA , rinsed in dH, 0, then shaken in a solution of 0.5% SDS (sodium dodecyl sulfate,
Thermo Fisher Sgsenﬁ;m 3, 1M NaCl, and 25mM EDTA for 24 by, followed by wastiipg in 1x
Thermo Fisher Scientific), IM NaCl, and 25mM EDTA for 24 hr, followed by washing in | x
PRS and dH->(0, Ahhc {SSUe wWas ﬁ'}]mn nlaced on a shaker in a solution of 0,13 peracenc acid
PBS and dH., 0. The tissue was then placed on a er in a'solution of 0.1% peracetic acid
{Rapheatep ?%:ﬁ Hand Comnarafion, Rachester XY s-m;zé 484 (xﬁ'ﬁmnl follovwed e riasine swith Ly
(Rochester Midland Corporation,” Rochester, NY) and 4% ethanol, followed by rinsing with fx
PR g T4 hatars fraasivg Avesmioht g4f RO and luanhilivine  Desalinlavivad qiotis
PBSSanadd?—IZO) before” freezing' overnight &l -80°c and lyophilizing. fDecehularlzedaaortlc

adventitia from: htimant and! porcine a6ita (here BR Teferred o % Thdv SandFpAdviECM
bioscaffolds) W&&slyophilized! and finely ground b produce %h 'ECM 'hioscaffoldFpowder for
further*enzymatic® digestion.- SIS ECM' bioscaffold Was iprepared ipreviously #asddescribed
elsewherex(Badylak:SF,.etfal . Smalli Intestinal Submucosasasall argelDiameter'V ascul ar-Graft
inntheeDog.;.Journal i of f Surgicall Research. 1989;47:74-80. Powdering :and ggel ationnof SSIS
utilized:thegsamezprocedures;described: in this report.

[0089]yQualitative.and;Quantitative Assessment d DNA Content. jRemnantiDNA .content,was
quantified,from,25mg,of powdered: Ady ECM bioscaffolds from,porcine(2pigs,.pooled),and

human aort%({},‘psanent seqqmqns E)_ggled) using the QIAamp ;DNA ,Mini klgtlt(i\(\Qlé\gen

rastrall acar ot | ey menenein . U FhINALAR

Germantown, MD).according to the manufacturer's instructions.,Final elution.volume was.50
LSRR IR PRELIE Ve tly 2 a.r} [FURNCETRRTIS &’[ OV 400 IaUIQCINTOT & IINMTUCIIONS, 3?"13]1?13 CHOO VOIIDIE Wwas v

pL,Buffer AE..Qubit 2.0 (Thermo Fisher Scientific) was utilized to quantify the concentration
plpsurter AR, Yewu! 2070 porns PISHEY sGmmina) WaS QYRG0 guanua g HE CONCERTATON

of dsDNA in each extract. DNA extracts from 1.2 mg dry tissue weight of powdered ECM
of dsDNA m ecgch extract. DNA extracts fromy L2 m@ ary tissue wendin of powaeree 8UM

bioscaffolds and extracts from 12 mg wet tissue weight from native aortawere electrophoresed
bioscaffolds and extracts trom 1.2 me wet Hissue werent from native aorta were eigotrophoresed

on a l‘;/g agarose (Thermo I?sl;}er Scientific) gel containing %)9%)23;)% (V/v) e}t1h|d| umhbrom%de
on a 1%, aoarose (Thermo Fisher Screntific). eel containme 8.003%4 (viv) ethidinm bromide

(Sigma Life Science, St. Louis, MOﬁ“an visualized under UV light on a Cihemldoc XRS
(Sjoma Dife Saience . St_Touis MO and visualized under UV Helt on a Chemidoe XRS

B g\é | n&sSt apiaee. Sin a&,i‘Il—‘iercules,%k)‘.mhm&d under LIV light on a Chemidoe XR
indoyacing Siatpon o R ad Hiveagles A .

(G0 Bigestion'd” Powdered 'EEM Bioscatfolds. Adv and pSIS ECM bioscaffold powders

WO B bRt A iae Bl of i A TRG TN b YRR Hmper e

for24 Ariin0.01°N*hydrochforictacid sdliition (pH2; Thermo’Fisher Scientific) ‘containimg’ 1

mg/mL pepsin fromiporcine:gastri caridcosa (~2000- 2300:U/mg;’ Sigma) iAfter24:hr ithe ECM

usesests were etther immediately used for gelation kineties assays or stored at -20°C for future
use,
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{091} Derection af Collagen and Elestin Conteni. Pepsin-soluble collagen was extracted from
D091]:Detection d Collagenand:ElastinsContent. Pepsin-solublecollagen wasiextracted;from
nativesadventitia,and from.adventitia-deri ved ECM jbioscaffold;powder .using,0.1mg/mL ,pepsin
inQ.9M.celic.acid.overnight, at.4°C. After.isolationand concentration;steps, the;amountyof

l\)bp‘\.‘ (R SRAKETRIRAR SN

pepsin-soluble jcollagen  was determined, in.each.sample as previoudly  described; (Phillippi JA,

3 TEALAIGRR IR 18 LA nanna e~ STTAD VR ALY LA

et at. Mechanism ,of aortic medial m%tgi!g*( ,kremodeling ;%QLS}tI nct .in patients with, bi cuspidvao_r_'ﬂc

VRIVE, F L aurse Latiiauvasy SR S 3T S RS U\\H)g e rasendl 3wt \x\uii)lg_b.

valve. J, Thorac Cardiovasc Surg. 2014;147:1056-64) [38] using. the Sircol Soluble, Collagen
R Biocoior LIG, VR 8beusiling wans snauuiastin. » alsu wod 003, R AImount o [EI e e eay
assay (Biocolor Ltd, UK), according to the manufacturer's instructions. The amount of pepsin-
mzu{}m‘- COLHECT geforTrintog 1 gl Sxtrgel was pnormaized o ‘Welgi}t O wet tissue o Weigm
soluble collagen determined in each extract was normalized to weight of wet tissue or weight
of Adv s poscatiold powder.
of fgv}E%M bioscaffold powder. . - " g
The amount of g-elastin was determined ax deserihbed before (Philliont, JA. efod, ]
[&)82%7 e amount of a-élastin was determined as esaneg lbeff(z)re(zPHHlppl JA etal.J
Thorag Cavdioresse Nare;, 3014147 1088648 nemoe the Faain Rlagin gsgay (Rif_}(‘nim’i
Thorac " Cardiovasc ~ Surg.” 2014;147:1056-64) using the Fastin "Elastin "assay “(Biocolor),

ascaeding fo tha mangfaoniear g sentaoal Toentnhla alactin wag posvastad o qeater gobithle o
according~to the'manutacturer's "protocol. Insoluble elastin WA 'converted "o Water” sol uble -

elasiinby*siibjecting *riative’ advertitia and Adv ECM bisscaffold powder 'fo'three’ sliccessive
elastintextractions®of '6M& hour éach, in 6.25M oxalic atid &t 100°C. Theamount of ‘aelastin
determined dinteachextiact: Was normalized o weight ‘of Wet tissue @O weight cof ‘AdvEECM
powder.t.

[0093]}Formation:d ‘ECM 'Bioscaffold Hydrogels. Hydrogels ‘were fformul ated {fromtECM
bioscaffold ddigestssaccording ; to an, established method (Freytes DO, <€l cal . FPreparationyand
rheological icharacterization ,of ‘a geli form of the porcine urinary jbladder;matrix.;Biomaterials.

2008,29:1630- .7)yandwith,dllpreparations performed on ice. Briefly, the digest, wasdiluted fo

LA

the desired final ;concentration, and, neutralized to apH of 7.4 +0.2.in a solution of . |Ox-PBS

e utaa Gl vt gl mikd NG AL 1V & procs MIR moIT UL e T TS O dud s

and 0.1.N NaOH,{(sodium hydroxide, Thermo Fisher Scientific).

‘L’.‘yt{.ﬁ ‘.’( 1 5\8 i“(’:“-\}l \‘)\.’M) (J—l&;» JJJ’ e R R ) ‘ .ﬂ@m’l{) E'}Sllﬁr PR SRS S XS N XY (\.‘v}l

[0094], Hydrogel .Gelation Kinetics. Turbidimetric hydrogel gelation kinetics were determined
fuuyd Frpas oyt GERRGR Koy, PUrDEHMEIC uyurogon gomusu kinetics were deternned
for porcine and human Adv ECM . bioscaffold-derived hydrogels (4-16 mg/mL) as described
for porcine and tuman Adyv BECM broscattold-derived nyarogers (4-10 mydmig as deseribed
previously (Freytes DO, et al. 2008;29: 1630- 7). Optical density readings from 100  aliquots
PrevIousty (ivevies 1O, eral, 2005:29:1630- 71 Opucat ensv reagings from 100 ul. anguots
of neutralized ECM digest were obtained in triplicate every 2 minutes at 405 nm for up to 2 hr
of neutralized ECM tipest were obtained in triplicate e crédl ninttes at 403 nm forpoto 2 hy
using a spectrophotometer (TECAN, Germanys. Normalized rbance (NA) was determined
ngina a ‘:»rf‘i‘.l‘r’f\t”i.hi‘i?i‘smi’ffffl‘f {TECAN, Germany). Normatized absorbance (NA) was determined
by ‘the'following equation: ’ :

by the following equation:

f‘} - An
NA = ——er
where 'A' represents the absorbance readingratxaparticular time point, A o represents the

initial tabsorbanceand YAmax' trepreseritstithe imaximum ¥absorbance. ® Additional *metricstof
ECMgel ation'determined ‘include: thestime requiredifort50%:gelation, definedras!'ti/ ;= thelag
phaset't, aé;,:-;,f.jdetermi ned rviatextrapolation 1of itheilinear: portion:iof thenormalized ;absorbance

phase “ty’, detormined via extrapolation of the lincar portion of the normalized absorbance
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curve; and the gelation speed 5, caleulated as the maximum slope of the growth region for
curve;sand:the(gel ationyspeedirve. calculated as the maximum slope of the growth region for
theinormalized.absorbance CUNVe. ire Characterization of Hvdrogels. hAdy, pAdy, and pSI8
[0095] Morphological yinfrastructure  Characterization .d Hydrogels. hAdv,,pAdv, @nd.pSIS
ECM bioscaffold,hydrogels mergﬁp[eggr‘gqﬁ 8mg/mL.on. 12 mm,round cover.glas§A(Therr1]o

el ORI & ;T EL S N ST IV A A TH TS 7 = i o), St

Fiﬁ?rflSci entific)gagd fixed in 2.5% glutaraldehyde.(Electron Microscopy Sciences, Hatfield,

s sosaneas e SARCG u)’m‘t}gtm WEIR sasaomes st dhtiive sy pw asisuaes ade % & A3y sfeainag 1l

PA) for 1 hour..Fixed hydrogels were rinsed three times for .15 minutes in |x PBS, treated in
VLT FEETOXNIAE 10T ¢+ sy il Tarther rinsen iwres umes o7 13 MEnes 111 x> Devors

osmium tetroxide for 1 hour, and further rinsed three times for 15 minutes in | x PBS before
dehydration in graded etnanol senes for 13 minutes each (30%, 30%, W%, 0%, H0U%),
dehydration in graded ethanol series for 15 minutes each (30%, 50%, 70%, 90%, 100%).
pénvarated specnmens were then critical point dried with supercniieal U0z (Lefca Biosystems,
Dehydrated specimens \g/verg th?n_crlt_lcal point dried with supercritical CO}Z (LeicaBiosystems,
Hudtile Lirove, H), aliowing mrnuies jorprocessed hvdroeels 1o soak belpre each purge
Buﬁtaf o Grove, 'ILl), ﬁ ;OWI ngl‘ ]g minutes ?or proEesse% 1hydrogiéfs to soak before eachg pw‘be
wepde. Fallowing orifiag] noint drevine wowere sputier eosted with  goldfaliady
cydles Following: Gitical point diving, Samples Were S G&an With Sgoldipaltaditm
C{  ravotaony Seteapi e b ante Watfoun] Enaland) af g thickneee ofd 6 nig, The guirfana
(Cress ngté)nﬂSuentlflc”ln‘*stgrrlj‘rweﬁ?s,,‘Wafféor&, Eng]and) %t hlthic nessogf 4.6%.TTﬁe%wr ace
wnes e s Py s S B A Pl T el A ey anod o TR EIETIRA B cidaio deinFer gy i e i iaed Janap ey TRRA L3 FRE
morpRologyYof AV, pAdv and pSIS ECM hydrogels Wk then ‘examined usng'a ISM°6335F
scanninggelectron' microscope’ (Jeol' USA, Tic., Peabody, MA) %t *5,000x 2and ' 10,000x total
magnification‘and’comparediwithtintact specimens of ‘decellul arized native human?adventitia.
[0096]vIsolation® and? Culture: d ~ Primary Adventitia-Derived .Human iEndothelia ¢Célls.
Primarysyendothelia Icellsswere:isolated from the adventitia-of ;athumansspecimencof ithoracic
aorta;from:asheal thy,donor.,Upon; specimen acquisition in:thejlabwithiny1-2thr:of harvest,jthe
adventitia;wassimmediatelystripped away: from the media ilayer and;rinseditwice;indce-cold
| XxPBSswithy 196, (v/v),penicillin/streptomycin and 1% (v/v) Fungizone,(Invitrogen).jTissue

was then. fi ne!,ygnﬁiﬂ?w du“sj ‘r]g,%fgt‘y,. sgalpgls and rinsed in | X PBS. ‘-Thettissue and.PBS were

WS RN e L =) = sorenrs CHRIRE ARTEDERL RIT S TETR TN 1 £ VTR YTV N i B 2 W G v

placed .in a 70.um molecular sieve. The pass-through was collected and.held at.37°C while
th(uu'yll 13 s Ii} P.(-}.l} INOISUCIET S1ovE, 1w R A EX PN R} WAk COHNICY 8nu kﬁi\l Al 27T wWRIw

remaining tissue was digested in DMEM (Life Technologies) containing .0.4% .(w/v)
tormauaay TISSHEe wals {3.:5&:.\1&:&5 113' i}.?\r’itii.\?.! LS LOUIBIRIUEIS } Guieoasng {470 {v vy
collagenase type I\ (Worthington Biochemical Corporation, Lakewood, NJ) and 350 KU/mL
cougenase 1ype |V w ortmgion Biochemical Corporanon, Lakewood, ajand 350 KUiml
DNase | (Sigma) for 30 min at 37°C with gentle agitation. The digestion medium and tissue
DNase | (dipma) for 30 min at 37°C with gentie agiauon, The qigesuon mednum amd tissue
was passed through a 70 um sieve and tissue was returned to fresh digestion medium for
was pagsed through & 70 um ss|eve. and {ssue was, retm?md to fresh dipestion median for
another 30 min a 37°C with gentle agitation. Following afinal straining through a 70 um sieve
another Whmin ot 3750 with pentle aejtation. Eallowinea fingbsraindne thiguel 3 70 umygieve
and wash with 1’X PBS, aﬁ filtrates Were pooled and 'centrlfuged %00 g for 10 min 2°C.

CalsWiahe™plated In* 758 cm2 v aitire i A i ndothal el egrowthCmedium' E&M el
Applicaliors, TarTDiego, CAY-Gantamydn(Z50tg/mi; hérmio i sher Sai étific) WHs added
forizd-aghr sCells W maintalnedtift&humi ditied incubati on‘chamber 'at<37°C and 59%°C0,
and: expanded {forts1-2:passages.itPrimaryiendothelialncel | stinerehi sol ated tfrom- parérit*culture
usingfluorescence activatedicell sorting;(FACS).ztial cells were isolated from parent culture

using fluorescence activated cell sorting (FACS),

2
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{0097} For FAUS-based isolation of endothelial cells, expanded adventitial cells were pelleted
[0097] ForiFACS-based lisolation!of lendothelial scells,;expanded jadventitial scells\werepelleted
(-1-4 x4106ccells), incubatedsin,k pu \neatimouse:serum; (Sigma),onidce, protected sfromylight,
andy;labeled withy,the,following -yfluorochrome-conjugated ;;monoclonal y mouse janti-human

[SRBY I\f\;‘\— R b ;nhi‘\,
antibodies; (2w per antibody): ;CD31-PE-Cy7 (Biolegend, ,San Diego,-CA, #303117), CDAS-

APC-Cy7+«(BD. Biosciences, t}San Jose ;\CA, #348805), . .and CD34-ECD (#BDZ?OQU),X_Ignd

e SR S Sl B EL S AT SR Riedd €] LT 10Ot 1300l R LA R \Aﬁu-ﬁﬂiiiiji}ﬂﬁg BN L L a0 yaesene asghadlia}

CD56-PE-Cy5 (IM2654, .both from, Beckman, Coulter,. Indianapolis, IN). DAPI (200.ng/mL)

way auusu w Rinace and dRperneabinzed cell siopuusitus yuars prass 10 >GrHNE W0 Giass Hastismn

was added to unfixed and unpermeabilized cell suspensions just prior to sorting to discriminate
frve front dead/ apoptolic cons. Lons were soTteu st tivey 0 # uve-laser mor o Astros high
live from dead/apoptotic cells. Cells were sorted using three of afive-laser MoFlo Astrios high
speed cett sorter (seckman Coulter, University of Putshargh Cancer Institpte Flow Cytometry
speed cell sorter (Beckman Coulter, University of Pittsburgh Cancer Institute Flow Cytometry
Core Fapility) enplosed m a ((:Ias% i1 brosafety cabmet. (Caéllq were soried as prevmugis?f
Core Facility) enclosed in a Class 11 bio ety cabinet. S were sorted as previously
desorthed {Zvnmeslin T, of ol Stromal vacordar swocenitore-in pdidi homen adinoge fisane
described "(Zimmerlin L, & d" Stroma vascular progenitors in adult human adipose tissue.
Cliutownetery A HYTETT- 72830 an the hacie of ¢ matirs eodathaliab maefaos nregaome o HODISG
Cytometry‘iAq.‘ZOlO;77:22-303 }63'lthe‘ basis 0f 3 mature endothelial ‘wrface?proteome ‘of (CD56-

HATYNAC I T A T BT T FUvs e o

ICDA5ICDRAICDRTH it é-wall' plates containing EGM With Gentamicin, “expanded for 1-2
pASSA3ES ith medi a’repleni shment* &V&1) second day until ‘cryopreservation.

[0088[HEndothelial /Cell‘Branching Assay. Cell culture substrates Vitetprepared by coating the
surfaceeof fwellssint a: 48-wellt culture: plate with growth factor-reduced ¢(GFR) Matrigel
(Corning)ypreparedi in: the: presence: or absence of freshly-digested ypAdv corgpSISEECM
bioscaffold(2503ug/mL). . Gelation; was allowed to occur in.ajhumidified :37°Ciincubator ifor 1
hr.-Primary shuman ;adventitia-derived ; endothelial cells were seeded iinstriplicate .on.gel-based
substrates at adensity ,of :1.5% 10* cellsiem?in EGM. Digestion buffer g('rhg/ ml pepsin im0 1N

REBL S WD

HC1):and.DMSO+only controls were performed in adjacent wells. Where;indicated, .cells were

At f QIR LFINTODN sened O WAFIAEEMD Y samewome B avaiunmwnen WWKELID, VY LIS 3:1\.&(\.'@.5\\.»\», el W

treated with, 100,nM,PD.173074. To assess endothelial cell branching iformation of tube-like

(R T "W'Hh lUi} HS\’.{ (R TR SR L T R SO N S et Tiob fo R v RIMSR IR E Nt § 32 Y B W0k hra OO QIIHEIBON 31 (UMK e
structures, large frame images were captured at 7 hr post-cell seeding using a\Ni,_Kon,EcIipse
STUULULTS, afgt rame HOBARTS \\Slﬁ CRIRL T r.l{ F AT proseusi Sooasgd bxeag @ NN Duegpss
TE2000-E _microscope equipped with an imaging array CoolSNAP ES2 monochrome camera
P E2000-E mucroscope equapped with an ynaging wray CoolSNAP Eb2 monochrome camera
and NIS Elements Software (Nikon Inc., Melville, NY). Total number and length of tube-like
and NIS Elements Seftware (hkon tae., Melville, NY ) Total number and lengin of tube-like

structures were quantified using NIS Elements Software.
siruchires were auﬁrghimd ysinng NIS Elements Software ) . )

[0099] Chick Chorioallantoic Membrane (CAM) Model d In Vivo Angiogenesis. The CAM
Q8991 Chind Chnminnllitoie Mevrheage (T AMY Made] of Ju Five dneipepuscs. The CAM
aésay as'modified from' our established protocols SmltlilfJD, et'dl Thetsd'o guantum’ dots
sqaenteseag prodifisd foogn o sctahhiohig staweade (Rl 1Y wf v The pee of et dote
foranaly s o Chick EAM Wastlattire INicrovase Restob07:4475°65 hd smithits &'

Fener envmeeD3potin ot Al ol FEA R oo bavdvowas R leoveneoreogas B ae, FOYFTIVTE QY aped Qo ifda TTY 0v
Improved “growthactor Adirected Vassil arl Zation Sinto-fibrin ‘condructs hrough tindl usion*of
PRURSUT SUSRET T NI IR SNSRI SROUCINPE SRR JRPSIT »L I SURSEP ST SECIRNEI SNV SRR S N
additional Yextracdlular mol ecules. Microvass 1Rés. 200 7:73:84-94) "\White!L eghornBygeiwite
purchased fromzatl ocal iffarmtand:incubated#at: 37°C and? 70%:* humidity 2(G.Q.F. 1M anufacturing
Co.,*Savannah,tGA).:Onzday :3«of lincubation, 3&jgswéreélcracked into{ sterile. petri tdishesiand
incubated :fora10 «days. {Fibrinsscaffoldsitorberplaced -on:therchicken ichorioallantoic imembrane
incubated for 10 days. Fibrin scaffolds 1o be placed on the chicken chortoallantoic membrang
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{CAM) were prepared similar to previously desertbed methods {(Smith ID, ef ol Improved
(CAM)awereypreparedi similar stospreviously fidescribedtmethodsy(Smith:1JD, st :al .zl mproved
growthfactor (directed svascul arization sintogfibring constructsithrough ;i nclusion: of “additional
extracellular, molecules, MicrovasgRes, 2007;73:84-94; :Smith,JD, <etzal.sThe,use;of quantum

AL P TERR

dots forianalysis of chick;CAM (vasculature..Microvasc, Res, 2007,73:75-83; - and Jadlowiec J,
S 77 O S A 115 13 SRR CIE T L ML ER R ey M o ) <t SR A VAT E IR § N S I PR T T T PN R IR Y

etﬁgll_. 3,Endocrinology. 2005;146:3765-72). . Briefly, . final .concentrations, of 5 mg/mL

Haogiests 20 S silas REQLOARE Wi sandasl seraes rirehy BRASURIUEY a8y, SO O (.-a.x\a»} uw}

ovine
WL
fibrinogen, J.E.U/mL\ aprotinin (both from .Enzyme Research Labs, South .Bend,.IN).,were
vasasawa 1 1A P, pirorore AuaiaOn OF geonnss DUTIET 1My, PEPSIY e vooiN i} W0
buffered in_IX PBS, pH 7.4. Addition of digestion buffer (1mg/mL pepsin in 0.1N HC1) to
fibrin scatiolds servea a$ a negalive Contim 1or anglOgenic esponst. 'L ne nnal concemrauan
fibrin scaffolds served as a negative control for angiogenic response. The final concentration
of pAdv ECM bioscaffold o oo gels was varfed trom dU pgrmd fo 300 pe/ml in the
of pAdv ECMb bloscaffolid iln {IPI’II} gels vgl}?s \égrl}eg firom E‘S\O ug/mL go 500 pg/mL in tl‘ge
wesence or absence of the FGE2 inhahator PRI7A74 (100 nM in DMSOL or vehigle contro
pfeseﬁcé of absence of tket’ FGR2 mlhl bitor PD 173074 (1%{0 nM in DM SO)lor vehicle control
0 05% fode) TSN, Seafinld co arents wore mived snd inevbated gt 3759 fors 30 min
(0059 Vv DRMES)." SEtold SSTBSRENS Weré Mixed ‘ahd halbated & 375¢ Tor 30 Min.
Fhivng Treoihiny Tarvaa Recearel Jalararare Noaith Beaved NUwas addad ) 1T Bt ¢
Hu‘rﬁgﬁntﬁrombln"‘(Eﬁqzi/‘r'ﬁdé‘ Research’ Iaborafory, South ‘Bend, EI%NB addedi{t‘oz 1E UlmL "o
infti afetibrin‘polyrmerizafion and incubated & 37°C for 80 min ina‘ds-wall Fplate'(Carring,
NY).-Fibrinscaffolds® sipplemented' with the t8& materials Wete fplaced ®Bn‘the' CAM*and
incubatedat ‘37°C with 7% humidity..
[00100[H Aftert72Z2hr:onithe: CAM,. bright. field images tof tthesscaffol ds#and:surrounding
vasculaturegresulting :fromithe: angiogenic: response were «captured wusingza*3M Pccolor:camera
mountedonyxasstereomicroscope: (AmScope, Irvine, CA) iat:a’7.5X imagnification. fEndothelial
cells:of thecchick vasculature: were: labelled by micro-injecting \DyLight® ¢650-1abeled tomato

lectin,(Vector,labs, Burlingame, CA); and incubated for 15min,prior o.excising; the,scaffold

ey v R £2. (Pt Evare)

and the surrounding CAM. The harvested tissue was fixed .in ;10% neutral-buffered (formalin

X wa e AT REFEL R B PRLE YUDISAL LIROUS WaAN SEAGA 1 S0 BUWIII RS IGIARE DU Big

(Sigma, St., Louis, MO) for 48 hr, washed in | X PBS thrice and cryoprotected .for;72 hr in,30%

for NEC ce a ) ] _
s gcandy 3 s, u.u.:} QT 90, WHSOCU 10 LA DD LTING I e § upanon oo for {2 nran Jere
sucrose solution before processing for histological evaluation. .The scaffolds were dissected in
SUCTOse Sﬂmil‘m_l t}ef‘a(\,r& piuwaaiy oY R gvaltation. 'L ae SCRTolds ware dissecied .??.1
half, embedded in Tissue-Tek OCT (Sakura Finetek USA Inc., Torrance, CA) and 60 pum thick
nalt, embedded i Disspe-Tek OUL (dakura Finetek USA g, torrance, Laj and 6 yia thick
sections were cut using a Microm HM5000M cryostat microtome (Thermo Fisher Scientific).
sections were cut gsime 8 Microm HMMDOM crvostat nuicrotome { { bermo Fisher Scientitic)
The sections were stained with Hoechst 33342 solution (Thermo Fisher Scientific) and imaged
The sections were statned with Hoechst 333472 solution 'llj‘hermo Fisher Scientitic) and imaved
using Zeiss LSM 880 confocal microscope using a 10X objective. Tile scanning was performed
i Zeies TSR 880 conforal nicraseone cing s 10N nhisctive, Tile seannine wad peetormeyd
and the Images were ‘stitched using ZEN "black*microscope”and’ imaging "software "ZCar Zeiss
Mf&?éébo’ﬁi}“ ‘-ﬁo?ﬁwasa’*f VB using ZEN black microscope and imaging software {Carl Zeiss
1 . £ PR ¢ ey asoyan o RIRTY . .. .

(0010 Feory: TProtan ATray. Decelularized human adventitia from normal (n=7 patients) and
FI¥ R AL Fhoy % wrde Ao BN NS & S KNSR £ U NIV [ I S DU g { JIr, ) RIS At U |
aneurysmal (n=28"patients) ‘aorti céspecimens, andtporcinetadventitia andrsI'S Kere analyzed for
thexpresencéiof 2angiogenesis-rel ated i proteinscusing tthed Protein éProfiler™ r:Array “Human
Angiogenesis: Kitai(R& DSystems,Minneapolis, #MN): according:etolethe manufacturer's
instructions.sBriefly, {lyophilized:ECM s/iveresresuspended in:RIPAbuffer .containing:protease
instructions. Briefly, lvophilized ECMs were resuspended in RIPA buffer containing protease
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inhibitors and homogentred using a douncer. Total protein concentration was assessed using a
inhibitors;and:homogeni zedjusing. a&idouncer, Total {proteinfconcentrationwas;assessedyusing-a
bicinchoninic:acidyassay (Thermo,Scientific) and 300, ug,of total protein;wasused;asii nput:for

Srteibec g

the,array , Densitometry ;measurements:were;made from duplicate spots of each protein using

ImageJ;software;(National | nslitutes,of Health, USA).
[00102] Satistical Analysis. All experiments,were repeated at |east two times. Pairwise

u\uuyuﬁSOﬂS i qumu&l‘cﬂ,x RIS (RUIPIES 1 2 vl SRRy t}i’-i\’\-‘\:&fu v adi S HIY COREULN L}-Sﬂ;}g ail

comparisons_in quantitative,measures, were made, between .treatments and controls using an
WSS s.w{}”‘f%}uwu PRTRTTEINTT YR B T Qﬂﬁnjf;ﬁﬁf-‘i.‘?ﬁ data pi’i}\*’.{d@ﬁ i.fi e resins hﬁﬁu!?i'i Yk—yxbauﬂl

unpaired two-tailed Student's T test. Quantitative data provided.in the results section represent
ugs mneant & ostandard devialion. & poviae o 1088 Gmng v was considered  stalpviwauy

the mean + standard deviation. A p value of less than 0.0S was considered statistically
sigmtcant,

eré repeated at least two times. Pairwise

significant.

ResPlts
Results

o3 Aot Binsendindd Chavevetovizaiion . Advertiiia sivipmed Froom poreine gad homan
[00103] ! Adv Bidsééiffad} Characterization. Aé]v‘entma Stri pﬁed from porci ne ancj human

aortic med A WL decd[Ularzed, 1yophilized, and ground nto R iefpowder (Eigure O(A}).
pF-naditralizéa pepain-digested ECM' bioscaffolds formed hydiogels %t -375Ct(Figtire 8(B)).
Qualitafivetassessiiant of DNA-Content Using gel electrophoresisirevealed!iower DNA Eoftént
inthAdvvanddpAdv¢bioscaffol ds: when: compared with ‘native ‘specimenst(Figure®9(C)) . ¥Total
DNA ‘contént \wassfounditorbe <40 ng/mg tissue and <350 1ng/mg:dry ttissuevweightiforinAdv
andspAdvsbioscaffolds, , respectively - and <80 ng/mg for pSISibioscaffolds. TTheseppAdviand
hAdvbioscaffol dssal sosretai nedi appreciable collagen andia-elasting(Tablei1).

[00104] 3§

Table.L; Pepsin-soluble.collagen, and a-elastin content in native adventitiaand.adventitia-

derived ECM (digest,from porcine and human aorta. Data are shown.as,mean,(standard

WLV RAL LAY h g wennend GSRILE BUUALTALL @RI ILE, LAWY UG DLIRIYYV L

deviation).} |
Species Specimen Collagen {ug/mg tissue) Elastin (pg/mg ussoe)
) Native 2F3{0.54) 3.61(0.96)
Porcine .. e — -
ECM Bioscaffold 18.0 (.10} L85 (0.21)
Native 0.36 (0.08) 135 (0.04)
Human . . - N -
ECM Bioscaftold 212 {0563 371 {0.66)
[00105] Adv Bioscaffold Hydrogels Exhibit Fiber-like Microarchitecture Smilar to

R ELTAR

NafiveSAdventitia.” Theematrix fultrasiricture™ of © decaltirarized “human adventitia” Was
investigatéd*before-the'grinding“and!lyophilization fstepsdt theé ECMbioscaffol d*preparation
(Figurgi10(A, B)).10bservationiof these'specimens via:scanning &l ectrontmicrographsirevealed
antacellular{fibrousimicroarchitectures(Figurer10(A ,iB)).2Asimilar:microarchitecture:was a So

an aceliular fibrous microarchitecture (Figure 10(A, B)). A similar microarchitecture was also
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obiserved in hvdrogels produced from digested hAdy (Figure 10(C, 13} and pAdy (Figure 10(E,
observedsinhydrogel siproduced;fromdigested:hAdv (Figure;10(C,:D))and-pAdv (Figure;10(E,
F))xbioscaffolds, zwhich, exhibitedssasthinner siand; straighter gmorphol ogy. ;1N icomparison,
hydrogel s;produced;{romdigested, pS| S bigscaffol ds displayed: thicker ymoare undul ated fi
with,additional globular ECM app i

DRI FEe

“@p’p_gr'entl }/_‘rad‘rggred to;[lhe g Qgrs (E| gure gg_ﬁH) ~Thenative-li lée

%3 VE‘I.{}.SL‘* [ERIRTRELY SRE iy

TQIOUS 1o MAX,, ITUSTOAENIECIE, 0L, aRANEIN Ry Wi T eCapI Ul ated i followingy, the

decellularization, lyophilization, grinding, digesting, and gelation processes utilized to produce

FISIVE ERRnliaiiiiiiiy X5 PAREAT SR,
ECM bioscaffold hydrogels. . " . . v ) ) e
{00106} fjm),:/as_nmgwm?{ics,,fm’ ECM ﬁgoscf;g{afd Hydrogels. Optical density of ECM
[00106] Gelation Kineticsfor ECM Bioscaffold Hydrogels. Optical density of ECM
hydrogels over time reveated a fogarithmic curve durmg the getation penog at 37 . Ag
hydrogels over time revealed alogarithmic curve during the gelation period at 37°C. As
expected, increased m)iécg?i (?e:nsmr of tlg'lxu: ﬂvgmga way observed for ;grh,z concentrations of
expected, increased optl ensity of the hydrogel was observed for higher concentrations of
A Sy FORM hiocoafali (Eionre 1A, Ninetvpercent selstinn poenvred withan &0 miputes
pAdv ECM hioscaftold (Figure 11(A)). Ninety percen;t ‘gelation occurred within 60 minutes
andd maak oelating wag seachad vorthin G midnodac CRionra THA it o the panena byt
and'peak’gel ES fot'of th

0N A
gelation reached within"90 minutes (Figure 'Il(A)).‘Mp ot of the'normalized
absorbance‘of pAdv,-hAdV and pSI'S EEM bioscaftolds diiritig gelation‘revealed® similar Taies

of gelafion"aftiongall biomaterials fested (Figure 11(B)). The'speed!(S) ‘, Fandtiof
gel ationagical cul ated fromoptical! density readings of ECM 'hydrogel fformulations\iére

similar:atithes8mg/mL .concentration: for pSI'S and pAdv ;groupsi{(Table:2).

Table2? Turbidimetric.analysis of ‘porcine bioscaffold gelationikinetics.iRepresentative
cal cul ations:fromsone-of three:independent batches of pepsin-digestedbioscaffolds,are

displayed; Datg.are.snown,asmean, (standard deviation). S, £, . and;ttag;indicate.gelation

28X +11/2 4 SRR 8,
speed,time required;for, 50% gelation, and lag phase respectively. Q.D.. optical density.
o Dreonsity o o o
Materiad o S{ODmMin) i (min} tise (0N}
(mp'mi)
SIS & 0.04 (0.002) | 293230 17,39 (217
4 002 (0061 | 30.7(L1%) 1.96 (1.26)
Adveniitia 8 0.03 (0.00%) 32.0 (3.A46) 9.76 (R.09)
16 0.03 {0.002) 34.02.00) 14,16 (3.73)
[00107] Mitogenic Activity d Adv Bioscaffolds is FGF2-Mediated. Primary human

A d SEY R A

endothelial cellstisolated fromthe aorticladventitia‘exhibited'increased call: proliferation with
traatmentiof pAdvsECM! bioscaffold when compareditt calIskirFthair asaltgrowthimeditim
[46:] 2. 500s0.0.0:427 5%, 1p=0.0005) *(Figure12) T reatment iof tendothelial fcel IStwithipSI S
ECM bioscaffol dsfincreased cel l'numberiwhen: compared:with control xcel [s:(34.0:+¥5.8vs:0.0

ECM bioscaffolds increased cell number when compared with control cells (34.0 2 5.8 vs. 0.0

()
]
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+ 7.5%, p=0L0003). pAdv ECM bioscaffold was found to be a more potent mitogen when
+¢7.5%,xp=0.0005). ¢pAdv { ECM ;bioscaffold fwasf foundatosbe(agimore jpotent. mitogen: when
compared; with:an,equivalent sdoses of 1pSIS)ECM shioscaffold i(46. 13+ #2.5vsn34.01£65.8%,

2N VN A

p=0.018)..Furthermore, theyeffect of both, ECMswesinypart mediated by FGFZ;since inhibition
of the;FGR2.Sgnaling pathway with PD 173074 prevented Increases in, coll aumber, byspAdv

Gl R AT 0D L R ECH R R TS

i ¢ + 4.6.vS.:46.1 +.,2.5%, p=0. i T
EGM, Dloscalfold (25.9 &.4.8:vs 40142200, P70.001) 2nd pSISECM, bioseaffold (18.7,+
10.4,vs. 34.0 + 5.8%, p=0.05)..Elevated cell, proliferation_persisted, even in,the.presence, of
i \f}hl HHIMIOE 1y pobs oY TR ] QY‘USC&HQ;Q T N A tA S NEPRFREE S s o) p""u.UUZ 1 e il‘dib

FGF2 inhibitor for both pAdv ECM hioscaffold (25.9 + 4.6 vs. 0.0 £ 7.5%, p=0.002) and pSIS
ECM broscatiold (18,7 = 1u.d v, 8.0 % 7.5%, p~uus).
ECM bioscaffold (18.7 + 10.4 vs. 0.0 + 7.5%, p=0.03). . e
10108 Aty sioscaffolds Framote Tube-tige Strnctures In Vitro vig FGEF2, There was
[00108] i Adv Bioscaffolds Promote TubellkeStruictur&s I nd V|trodV|a !I:C?ng i‘l’he{e was
munimal_ formation of tubesiike structures by human adventitia~derived endothelial cells on
mmlmala formation of tubelike sructures y human adventitia-derived enéiothe]lal ce[ﬂs on

GERMatrics] sphsteates alone (Fieure TUAN o adairates aombmmented with pensin HCY
GFR-Matrigel substrates” alone (Figure 13(A)) or substrates ‘supplemented with*pepsin HC1
Rvovrg P30RNY Addirion of nddv BOM (Hlones T and YR?Q FORA {ﬁis_‘mwz HETER Y
(Figure™ 13(B)).” Addition” of pAdv ECM (Figure 13(C)) ‘and ‘pSIS "ECM *(Figure”13(D))
broscaffolds® t&° SFR:Mairigel! slibstrates enhanced Tormation ‘of ‘tubelike S&rticiires "oy
endothelial calls*wihen! compared! with cells cultured oh Matrigel “alone!(Figire! 13(A))2and
substratesssupplemented twitht pepsin' HCI digestion buffer i one{(Figure!13(B))./Addition>of
thesFGF22inhibitor rPD: 173074 did! not. affect tube-like formation @niMatrigel 2al onel{(Figure
13(E)) orr pepsint HCl-supplemented. substrates (Figure i13(F)). {Conversely, FPD 173074
decreasedjthestube-likezformation; on. pAdv ECM bioscaffold ¢(Figure113(G))sandspSISFECM
bioscaffold-supplemented § substrates; (Figure 13(H)) when compared with ccellsccultured,on
ECM bioscaffold-supplemented |subsirates in the absence of FGF2;inhibitor (Figure; 13(C, D),

respectively).,

ey e T

(00109}, Quanufication, of e Mumbey (Figure 138) and (otdl length, (Figure, 13C), of

tube-like structures was consistent with our qualitative observations and all values for treated
FHDO-IEE STUCTITES wWas consisient With o yuauway o QUSCIVALIONS and aid vatues for reated

cells were compared with pepsin-HCI _controls. We noted minimal endothelial cell branching
cells were compared with pepsin-nict conttels, We noled mimmal endothehial cell brancaing
on Matrigel alone in the presence of DM SO or PD 173074 added to the culture medium. We
on vatrigel slove in the presence of DMSO or PDTT73074 added to the culture medium. We
observed an increase in both the number and total length of tube-like structures on pAdv ECM
observed an in¢regse in hoth the mzﬁiber and total lenoth of tube-like structures on pAdy ECM
bioscaffold containing substrates when compared with pepsin-HCI “controls (151.7 + 33.01 vs

vigseaiiold contninine Gthgitates when compared seith pengin-HC contrals (151,753
5 P E D80 il Tespectivaly: a0 01 and 278 L I BIVE GRS il réspectivaly,

p=0.006) “The "r&8engeP o ERE Pihibitor “decreasad tthe humber” and: I8rGth o tUbeTike
sFictires when compared withithe '5sencé of Srhibitor for pAavT ECM thicscatTol (a7 6%+
39:89VEI51. 7% 33.01tUbes p=0.049 "arid¥ 104+ 16.20'08 27.8°4-4:34 fmirh, jp=0.020) 1A "similar
trend e noted for clls culturedbi¥pS! SECM -stipplemerited stibsrates.whér)compared with
pepsin-HCl“controls, zaf:observationtwhich:did‘not:reachr statistical ssignificance: (210. 7+ 36.95
vs:54. 71 £123.801tubes, srespectively,:p=0.104iandi17.9:+ :6.23tv59.5¢+14. 15:miti, irespectively,

vy 54.7 2 23.80 tabes, respectively, p=0.104 and 179 2 6.23 v 9.5 = 4.15 mum, rexpectively,

Labd
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p=0.135). The effect of FGE2 inhibition on tube-hike formation on pSIS ECM-supplemented
p=0.135).. Theseffect :of [FGF2.inhibitioncor tube-likeiformationzonpSI S;ECM-supplemented
substrates\wasisimilartosthat .of pAdviECM (for:bothjtube:number -and.total tubeslength;when

comparedwith.pepsin-HClcontrol butdid not reach 95%.confidence (44.0:,18,08,vs 310.7
36,93 ubes, respectively,p=0.069.and 6.7.% 242, v$,17,2.£.8,23.mm, respectively, ,p=0.075).

KNEF= @Y S 23 SUREVI RIS (YL S ST AY F S o
[0010] i pehBn¥iVOANGiOgenicyActivity,d pAdv, Bioscaffolds, To, evaluate, the in iyo
angiogenic potential_of pAdv ECM bioscaffold, we employed the chick, CAM madel, for
T s R \{unufﬁiﬁ"\. l.ua'{_a‘ﬁc‘{fi@ﬂ LSRR E A vt DI oswaiasime ot pAagy vt UK)SC'{&HUR}.‘
angiogenesis. Qualitative inspection of pSIS ECM hioscaffold and pAdv ECM bioscaffold-
WUEY QUENE SCRLIoIas atler 4 revedica spproxumately the same love u anglogenic achivity
loaded fibrin scaffolds after 72 hr revealed approximately the same level of angiogenic activity
evidenced by i%}f:"“spmke*whae}i” paftern of chyek vasculsture around the peruneter o1 the
evldenc?id by the "spoke-wheel" pattern of chick vasgul;aituriedaroundithe perimeter of the
seaffolds {(Fioure 14A). Digestion bujfer-losded scaffolds did not elicit any angiogenig
sca&?of S (Ilegure 14A). Digestion buftfter-lloaﬁegl1 sC %o‘ds did ot “dlicit any angiogenic
response sfter 72 he Vasenbw tnvagion imte the cenffnld avenrred in g dose devendent manner
response after 72°hr."Vascular invasion into tne scaffold occurred 'In"a dose dependent manner
with, fereaping wAdy BN hinceaffntd - orawantraiiosie o 280 poinml (Tignee 4R
Wlthhmcreasng-- pAdv ECMi bioscarfold concentrations “ﬂﬁ) to 250 *Lug/mL {(Flgure} 14B,

airowheadsy. Al thotigh 56-500' [ig/mL pAdv ECM biosgaftold all fresiiltéd TnPa¥spoke-wiheel
paftérvaroundthe’ scatfold! (Figure 14A and Figure '17), fistological ‘examination®revealed
abrogateddatvascularfinvasiont front. af: the highest dose ‘of JpAdv IECM {500t pg/mL ) {(Figure
14B) JAddition:of the:FGFZinhibitor' PD 173074 completely iinhibitedjpAdviECM:bioscaffold
(250¢ug/mL)-inducediangiogenesis: and inclusion of the drug 'vehicleiDM SOaal onehhadino
effect:: ony pro-angiogenic: effects of pAdv. ECM bioscaffold {(Figure 114C). \We snoted
chemoattraction; of » lectin-negative, cells invading pSIS and jpAdv jECM-loaded sscaffolds
(Figure,14B,, asterix)ahead; of - vascular front of migrating lectin-positive cells (Figure; 14B,
ar‘[‘ggvheads). 4

AT AEAEARAS } L mmp wATmey A

loaded scaffolds are displayed,in Figure 14D. We observed an avascular zone of lectin-negative
BRI SURLIQIOS Wit wrstpeady w\i 13 39 R FHEA VR UHNCTVEU Q0 avasliligdl L0800 O lewsad o et ¥

cells within the pAdv ECM-loaded. (250 pg/mL) scaffold (Figure 14D(i), asterix), preceding

CCHS WIIIR 100 presay BUM-030ed 3o EeE ey SCATIONE Logue 1*?.:;&13, ANERIRE, (33 TLTIY
invasion of migrating lectin-positive cells into the scaffold (Figure 14D(i), arrowhead). At
mvasion of migramg weun-postve cells mto the scattold (migure s, arowaeaay. At
higher concentrations of pAdv ECM (500 pg/mL), lectin-negative cells invaded the scaffold
migher concentrations of pady BECM (500 gwmt ), ectip-negauve cells imvaded the scatfold
whereas lectin-positive cells abutted and did not traverse the scaffold/ CAM interface (Figure
zlljzszlzlsjjis keetin-positive cells abidied and did not fraverse the scallolk/CAM interface (Figure

BT ARy N TR 4 T

Representative,nigher magnification images of thisphenomenon for pAdv-ECM-

TATHGTY) . : : o :
[0011151}} ' Detection d Angiogenesis-Related Proteinsin ECM Bioscaffolds. We detected

2 bnce of 488" HoMHEH A Ersgerea e tod Cormter A ol s
SPECIMeNsTor pAd' and p&ISTEEM bidscaffol s B8 Wl A hA GV b 65cat tol ds! ol afedrom
normialarid aneurysmal patients-(Figure*15). Aleomplete list'of all 87 protains which Wete
detected ‘and idensitometry tval uesIareidisplayedtith Figurét16.yQualitativetinspectioncof wartay
blots'reveal ed thatiFGF2wast detected<inial| SEECM bioscaffolds} (Figure15,:B19,iB20). FGF1
and>FGF2;(Figurei15,iB17,:B18,tB19, B20, respectively) Wete(itioresabundant, ifi:pSIS'ECM

amd FOF2 (Figure 15, B17, B1&, B9, B20, respectively} were more abundant in pSIS ECM
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bioscaffold when compared with pAdv ECM bioscaffold (122.0 + 443 vs 43.3 & 0.7 pixel
bioscaffold iwhen,.compared: withzpAdv{ECM }bioscal Told:(122.0p:4.43xv5:43.35:3:0. 7<pixel
density ((arbitrary ;units, jp=0.022 and100.2; 0.56: v5:143.5s 10.46 jpixel ydensity, srespectively).
Eight,gther angiogenesis-related factorswere,more abundant inpSIS,ECM, thaninpAdv ECM

THLI y ARERARANLAT LT,

JCERSEN AR XK J3

levels.in hAdv ECM bioscaffold  prepared from aneurysmal human aorta.(>42 mm in-maximal
URLUGHES  GREIRIWT ) WIGH URgeeawss s B SPhavasanice v BORSADRCUTYSTan wdlid {009 1Y

orthogonal .. diameter) when compared with, specimens of non-aneurysmal aorta (<34 mm)

VE AR S0 VAL B, ﬂ"lfﬂfﬂ{?{my\_u,axus,t s 4k oy | 3 veqn ul;_?i_;s.{}){'.lﬂaﬂnm.x ¥ <t ariied an e A bean o

(Figure 16). Of note, thrombospondin 1(TSP1) was approximately 3 times more abundant than
I VOTERS RMOUNT U1 Ml OWer prowhs (0w = Lye vs, vy = 1,34) Noune of the detected
the average amount of all other proteins (60.0 + 1.91 vs. 19.9 + 1.34). None of the detected
angrogenesis~related  factors were round to be elevaled in ancwrysmal specimens when
angiogenesis-related factors were found to be elevated in aneurysmal specimens when

compargd with normal spegimens.
comparea with normal specimens.
0o 12} I iy sbody, we srevaved g new BOM haceatindd-hawd hvdeooe! hiomatarisl
[00112] Inthis study, 'we prepared a new ECM bioscatfold-based "hydrogel biomaterial
frniyy g narivaceniay myioracngivanrat vcing deecadbalarived homan o gnd pnw*inn gaetis

from™ a" perivascular - microenvironment  using decellularized “human “and *porcine “aortic
Y e T

ey ederesapbytaer o ca ey eaes e k¢ seveacd ot LWOURS devemn e EEn T e Fron fliadse gaaiatage gyt
adventitial* specimens.~ We' characterized these ECM bioscaffolds Yor tthelr "matrix Pprotein

composition, 'microarchitéctire”and' signaling activifies 3 primary hiiman ‘endothelial *cells’in

bioscaffolds,(Figure,,16). Interestingly, 19, proteins, including FGF2, were.found to,bein lower

| N Y B R N I TR Y TR T R P G PR Ys )

vitrorandirrarrinvivo’model lof angiogenesis.

[00113H We:demonstrated | that: ECM hydrogels ‘self-assembled {from rpepsin-digested
decellularized 1adventitial | tissue: under  physiological conditions «of ypH, tionic sstrengthaand
temperaturectosresemble:native: adventitiall ECM . architecture. Hydrogels «derived¢fromshAdv
andq pAdvy, ECM 1 bioscaffolds; recapitulated fibrous matrix microarchitecture jin gstriking

.......... & T T N S2GRELIRL b VRS XL P X0 T - X LN CRP A REAS g

similarity yto,that, of mative, humen, adventitia, These Adv ECM jhydrogels cexhibited yacfiber
morphology J'QS‘L ;appeared;to be straighter and less undulated than fibers of hydrogels derived

g e e v g e CEEIRE BRSO LIRIRILESLOAR LRSRRE LRI D {3% Ty Tnve e e

frl%rpmpSISw ECMibioscaffoId. The noted differences in matrix fiber ultrastructure of these

e A ESGYE THOSCGHIGNE, I e QUgnuees IR Mo .im&:m‘ RUIGHSITUCIANS O BEse
hydrogels are likely dependent on the tissue-specific protein milieu which.is concordantly

LywsDgo® 8r0 aukddy uspouct NG usrac-apociins pourcos THBEW WHIKH 18 Cuavuiuanaey
dictated by the unique biomechanical demands of that tissue. For example, the aorta is a
dictated Dy the pnwue hiomechanical demands of thal tissue. For exurnpie, the sorta 1s a
resilient, highly elastic tissue that endures continuous cyclic loading without overt dilatation or
restient, nrgaly elastic tisgue that endures continuous cvetic loaamg without overt dilatation or
rupture in the ‘absence of aneurysmal disease. Contrarily, the intestine is more porous to
rupture i the absence of ancurvsmal disease. Confranlv. the intestine is more porpus o
facilitate nutrient absorption, which may explain the observed decr fiber density and
fagifitare. nutsient shaopntion. whith npou explsin the pheerved degrensed Hher donsity gnid
undulated fiber morphorogy fol owing ECM rblOSCé}FfOIC; geTatlon. Wihile further testing ‘will

sednadatadd Shewe vanephodaeee fnlloaswing FOM Rncontindd aalation. While fpthes saotineg wil
ultimately" detérmine the! Bromechani ca Hroperties™of advéntitiadenved B *hydrogels, the

colfagen-tand Vaastin-containing TECM! Bioscatfold riydrogelst exhibited micro-architecttra
mimicry“of ihe rative' adventitiazfollowing gefation. Andysissofthe' gelation kinéfics 6t Adv
ECM iibioscaffold shydrogel streveal éd vaiigel ationeratéiprofiie tsimilar etotithat ¥f 1other tissue
sOurééstsuchadspSI'S+for gsimilar ‘concentrations. : The: observed isimilarity fint gelationtkinetics
among2pSl Sz andx»AdvcECM iibioscaffold aihydrogel s ¢wassunexpected yduegtoaithe: ‘assumed
ameng pRIS and Adv ECM bioscaffold hydrogels was unexpected due to the assumed
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compositional differences in proteins of SIS and adventitial microenvironments. Since
compositional x:differencesginxiproteinsnof ¢Sl S-andxadventitial ixmicroenvironments.ig Since
hydrogel;formation.invol vesiinterplay among self-assembling pja_t‘rj X;proteins;suchsascollagens
and the.process can be;modul ated by.laminin,.fibronectin, and proteoglycans,:the,interpretation
L &vs( PYNL T S LW Y 4 ANALFERAGFEB Ty L o a0 v svaasaseers iy v R x R
of gelationactivities is complex., The observed similarities between, the,pSIS and Adv.ECM
E; v SRR LAY ) s t TRES L3 Y IGRE 1_53.&!\."» 3

A [ i, et R, ool vk LD 15 Y ¥ ¥ ¥ 1 AN
gelation;, KNGS SUggest. that, unique,, fissues, . QS WS, Processed, by  different

decellularization  procedures .can be ultimately reconciled. through the, process of .ECM
PIORCATIONE gﬁlﬁ-{h}l.{, w v SIHATY Cunvvase O30 unigue Pl oo @ i‘?.y(h (A T, j{'_".-l_ci\"[

bioscaffold gelation, which similarly converts these unique, ECMs to a hydrogel form. ECM
hydrogels #iruxs unique Gissue xourtes could potenttany oo darther tallored oy modulating the

hydrogels across unique tissue sources could potentialy be further tailored by modulating the
concantration of £UM bioscatfold. We are mnterested in understanding the specing profein

concentration of ECM bioscaffold. We are interested in understanding the specific protein

components and funciionality of pAdv ECM hvdropels and the present work further fboused

components andd functlona‘hty of pAdv E&f\/? Ly rogels and till'le;present WOh( urther focused
on the, imberent hiosctive nronerbies of noveine BCMe and thedy inflienee on the i vitre

on the inherent "bioactive” properties of porcine ECMs and their ‘influence onthe in vitro

hehaving of hiyman advenstifiscdivived andothadial calie and apy i oo gnaiaosasaeiy
behavior ‘of human’adventitia-derived en otf1e|s |af cens and Oh'in ViVo angiogenesis.
TahEs o f 44 S RN A Y I3 pviairdiag

[00114] We evaliiged! the inflisnce of endogenots G2 Within Fpepsin-digested
porcine ECM bioscatfol ds'diactivities key 16 angiogenesis. pAdvandpSi S'ECM-bioscaffold-
inducedprolifération’of ‘endothelial’ cells was FGE2 mediated. "Thetmitogeni ciactivity of 'both
the/ AdviandipSI SECMbioscaffol dsinthe presence of FGF2iinhibitoriremained:el evatediabove
untreatedicontrol sstoyindicate: FGF2-independent signaling by {ECM tbioscaffol dstithatidirects
celljproliferation, consistentiwith: findings in porcine urinary ibladder :andidermiSsSECM sFFGF2

adventitia-derivedendothelialjcells

R L L LS STEE I PPN PV e o e 1N

[00115],  pAdv, ECM,bioscaifolds exhibited greater mitogenic potency  than pSI SECM

o A SNPSR3R LR L LTI SR D S LE 3o RN £ Y SFE Y0 VY S e A e
bioscaffold,

despite the increased, abundance of FGF1 and.2.in pSIS,ECM, bioscaffold relative

ﬁ.u\mba».uuu!ig g o HC HFCRCHBCUH SRUBHHICT Q1 a3 o aisl & i }s-.\.- .,\.,Si;;l__. 141 l}I.U5UifJ;3,3.Uiu LOLRIYT
to Adv ECM bioscaffold. Two interpretations can be made from this observation. First, .the
_1‘0 A4V if.&_..-i_\'& B'!_i“)?‘s{){:lilﬁiﬁ, WO HBCEITERIVIS Can Do made rom U‘fl‘S umewm&g‘m. .f*}.l‘bii, Lht‘:
tissue-specific milieu of the adventitia is advantageous for endothelial cells derived from this

ussue-speine fulien of the sdvenita 18 awvanggrous for endothelial cells derived from this
locale perhaps through retention of other tissue-specific growth factor dependent and
locale persaps twouen retention of other tssue-spectiie growin factor aependent and
independent mitogenic signals. In addition or alternatively tothis explanation, it is reasoned
indenendent muovenic sienals, In addition or alfernativelv o this exolanatjon. i is reasoned
that bioactivity capabilities differ between pSIé ancf pAdv E&M |oscaﬁ>o}ldl preparations.
that Kioactiviiv canahilifies differ batween nSIS amil pAdy FOM hioseaffodd nrenssationg
Furthermore, we detecte& every protein probed by the a|°r‘ay in a? I'ECMs prepared in‘this'study

and the Riffian:gpedifc Fetire ot the AP preciiices i trom'making aifect Comparisons of
proteintabuindancain hiinan We-Slisporcine ECMS A mportantry, the prediiad o growthFactors
iMECM ‘scaffolds; Suchiasbioactive FEF2imight alsoicontribute’ t8 mai ntenance™of resident
progenitorscellenichestin dthetadventitia Thet decreasedabundance of tseveraltangiogenesis-
rel ated:factorsti mhumanrarieturydmyrai ses fiumérousrquestionstrel ated' to> di seasexmechanisms

refated factors in huwman ancorysm raises numerous questions related to disease mechanisms
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and offers opportunities to engineer i vitro models of human disease using perivascular BCM

bioscaffolds and eval uate thetherapeutic potential :of the xenogeneic:ECM-counterparts;invivo.

...... -

[00116] ¢ pUSINg;the.chick CAM dn,vivo-angiogenesis model,wvedemonstrated;the.in; vivo

KRS XL

ar_‘Qi.QQETE&(PQ“?D“?'xd-Pf_afi{P..A:dV' ECM d Thqdvascular invasion,, -noted. .with ,incr;_;oa‘si‘r]g

SR Lol U sl 0wkl rupaae Lt Ll

cg)ncentrationsxof pAdv,ECM bioscaffold. could be attributed to, theg higher .concentration of

S Y S A FTE SR E TTa4) iih@,:uﬁ&»li,!&) FACHIDN 11 A dCHIuS, W b’xp‘kfﬁu.liﬂf.» EET I QRN SR TEY S R AT I.i.légi,i:itﬂlg
GF2 and other angiogenic factors in the scaffolds. We speculate that the invasion of migrating
ECHE-NCERUVE . wGua™ e IMECTODRAYES pTECt.'-G}n»g lﬁttu.t"j.!\r.:uu\’ﬁ SRGOUSiglL o8l W Y
lectin-negative_cells are macrophages_ preceding lectin-positive, endothelial. cells during
HIORETIESES T TOSPONSS 10 pAWY 40l PSID DUM-ORLOU suainus, WE eXplam the mieresanyg
angiogenesis in response to pAdv and pSIS ECM-loaded scaffolds. We explain the interesting
observanion of miupited vessel juvasion at the highest dose of 500 peant, pAdy BUM
observation of inhibited vessel invasion at the highest dose of 500 pg/mL pAdv ECM

hioseaffold in one of two wavs, Enher the present anti-angiogenic factors such as TSP
broseR At e i s ways. Either the Present nti-angiogenic factors Sich as ToPL

Caerfere with nreangiovenic giomals pr neeative feodback mechanizsme o the CAM are
interfere”with™ pro-angiogenic” signals or negative feedback ‘mechanisms in"the CAM “are

5§ cnineantraiiomg SF minoanoinoants fanthee The gnrmmletia ahenointion nf

en’ééééa%vh}féh concentrations’ of pro-angiogenic factors. The ‘complete*aprogation OPSA{HV
ECMbioscatfoldtifi vivs' angiogenic potential iR the Prasdice ‘of TEGF2 inhibitors rongly
sliggeststhat FGF2%isdimajor proangi ogenic signal and poterit regenerative!factor in‘adventitial
ECM ! Although® alternative> matrix: signaling such #s ‘mechano-transduction sand#integrin-
mediated:signaling:contribute:torincreased cellular proliferation, @areview:of inwvitraangiogenic
andkvascul ogenic:model shby:Morin:and Tranquillo affirmsithat thexmajority:of thereports:stated
aarequirediadditiom of ‘exogenous; growth factors in .order ito achieve :angiogenesi saand/or
vasculogenesisswith;combinations; of ‘endothelial cells.and pericytess\wheniECMebioscaffolds
were. noty utilizeds (Morin, KT, Tranquillo RT. In vitro ymodels (of ;angiogenesis ,and

[ELE YY)

vasculogenesis in fibrin,odl. Experimental Cell Research.2013,319:2409-17). jRecertly, theyin

b #

vivo angiogenic_ potential, of. pSIS bioscaffold hydrogels was associated with matrix
VI aagrrgesas | procencaal O qovad QHOSGALONE  wimavswsr WS ANSUCIAIOG WIL  JUREIA

Le

degradation-dependent _release of. FGF2 and VEGF (Wang Xv (—;t al. Preparation and

m:,gjtmmfm.ufm:yt;.uu&:;u{ I‘i‘l’lﬁ%}ﬁﬁ (‘}IX Pl 211’1;{1 Vil vy ang v, &t 4. 'Ef'mgmmaum and
characterization of pro-angiogenic gel derived from small intestinal submucosa. Acta
charactenzation of pro-arpgwipene oo denved  trom small muestinal submucosa. dofn
Biomaterialia. 2016;29:135-48). Likewise, Adv ECM bioscaffold-derived hydrogels serve as
Binmateriofie, J016:29:1 30-38) Likewige, Adv BECM bioscaffold-derived hygrogess serve as
a depot for signals such as FGF2 that influence cell behaviors important for blood vessel
a devot for signals such as FGED that influence cell behaviors important for blood vessel
formation.
foamaiion, .. . . .
[0011 For clinical applications, a select few ECM bioscaffold-derived hydrogels

wotld! Tdeally bedeveldped T invoke regereration in hod dissased Brisrs “Adaitiaialy,
ti S specific ECMHhydrogel S°cii 4% & a8 matiiral i ol ogict scaftol ds which* coufdibettiseful
forsdiscoverybiol ogy of *diseasetmechanisiis. "ATthough? ECM thy drogel s tromita Variefyvof
tiSsuelisourees exhibited inherent bioactivity,sinvestigation{of’ their:timpacton angiogenes's
emergedionly:recently.cThesesstudies:provided ievidenceithat:ECM ihioscaffol ds i nfluencerand
interactewithibl oodivesseltcell stThesangi ogenicspotential 1of lhybridiscaffol dsshasibeencbetter
interact with blood vessel cells. The angiogenic potential of hybrid scaffolds has besn better
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studied using synthetic materials conjugated with unique combinations of ssue-derived
studi edswusi ngrsyntheti comaterial suconj ugatedswi thynuni queccombi nati onszof i ssue-derived
angiogenicggrowthyfactors andimustyberpreciselycengineered; for,specificsapplications;with
engineered growth, factor content.iand releaseprofiles;yECMhioscaffolds, offer; adistinct

JANIL A AR TRAN

agvantage gver;synthetic, consructs, in, felr, tissue-specific, mimicry, through, multl-factorial

e g

structural and signaling capacities. Furthermore, hydrogels derived.from-ECM bioscaffolds,can

U L I EH 100 Spronviad mavis wgv i IR G S E iiuircase was JURIGHUIOT QL SULTCT HSMUL, UCHSILY

be tailored for specific tissue regeneration applications through choice of sourcetissue, density
A MENOR U weredlY VAo g elanvwus vy wdaenstdiS AL AGY DUNM siustanuis

and method of delivery.. Our, findings collectively demonstrate that Adv ECM bioscaffold
hydrogels are versauie otologicn seriokes e gre vapabie of bath miuerostrociurgl and growih
hydrogels are versatile biological scaffolds that are capable of both microstructural and growth
factor-dependent signatmg ey of the native agventitia microenvironment which together
factor-dependent signaling' mimicry of the native adventitia microenvironment which together
areg inportant tor a,ngag‘h, é‘fift“t‘” on ce?uﬂar Functzm oif‘ %Ilmtaﬂ vgssel ’iineawzs‘
are important for desirable effects on cellular function of blood vessel [ineages.
{anclusinns

Conclusions
T IR W ravag] that nastvaesyilar fioers franmy this Ko gl seaedps gartie gaventitig
(001155 Wereved'that perivascular tisstie from the human andiporane'sortic adventitia

et o

chiibe® decalluiarized! 16 derive EEM bicscaffolds and formulaied finto Thydrogelstthat
recapitulaienative'matrix‘fiber microarchitecture. pAdv ECM hioscaffoldsréetained bioactive
signal sithatinvoked! FGF2-medi ated- human endothelial ‘cell iproliteration,inétworkfformation
of fube-likesstructuressinwvitro, andiangiogenesis in vivo. :Several:angiogenesis-rél atedxproteins,
includinggFGF2,.arexpresentt within. Adv ECM bioscaffol ds:and:manywerell esssabundant :in
matrixxpreparedifromspecimens; of human aneurysm. These findings;providessupporttiforithe
use;of Adv,ECM tbioscaffolds;in, further study of vasculogenesis;and:angiogenesis;innormel
physiology,in the. setting, of - cardiovascular disease, and @ so provide novel (therapeutic

L NBLAS T 26T U WhERET . BERENS

opportunities..

o g A s

Example. 7. I n vivo assessment_of decellularized porcine aortic adventitia, ECM
uﬂsu_u!uﬂ 7w FF VIVG @RSUSNIBORT O GUCCHUIATIAQ grarnvsaew SREHC SNRVeRINIY Lk-i‘rﬂi

[00119] . Methods. The in vivo pro-angiogenic properties of porcine aortic adventitia
e s3] SMETRGAYT g 1 VY0 grosasfioBom ppopciuey OF purcaes. 30THC agdventiiia

ECM were assessed in a pilot assay using an adaptation of a previously established
ECM were assessed 1D 4 puol assay using an aaepunion ol a previousty estabhished
subcutaneous matrigel-plug mouse model (Passaniti, A., et al. (1992). A simple, quantitative
subcitansous miateel-pigy monse model {Passamit, &, el ¢ (P9 A sumple, quantitative
method for assessing angiogenesis and antiangiogenic agents using reconstituted basement
method for assessing ar g%c»gm}g.sss and anbapeiovenic agends using reconstituted basement

membrane,  heparin, “and fibroblast growth tactor. Laboratory investigation; a Journal

teChniGal Trethod and pathology, ‘67(4)” B19-E38)  Bridity &8 wedk ol d 7Bl e ihice (95-
3Gy Werd aresthetizad ard fourhorizontal' maisons (Lammy W made on the dors side to
crédte siibetanecss pocket! for scafol i mplantation. The! ScafoldS i & prepared*by “casting
250111 6F hOmg/L Sfilbrine(withse? Witholitnelitralized por cine adverititi 8 ECM® bioscarfolds)
in&standard*48well iplate.( Att'7 and-ii4cdayspost-impl antati on,dDylight® 650-tomatotlectin
waszi njectedivi atthestail lveinéto Tabel thewascul aturesjFifteensmi nutes’posttinjection,canimals
were sacrificediand:theiscaffold al ongiwith:the surroundingstissueswas:harvested:andifixed:in
were sacrificed and the scaflpkd along with the strrounding tisspe was harvested and fixed in
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1% neutral buffered formalin for 48 hows, Half of each specimen was allocated for analvsis
10%;neutral sbuffered-formalin.for:48 hours.sHalf of -each:specimenwasial locatediforsanaysis
of hematoxylin and:eosin:(H& E) -and:Masson's Trichromestained; paraffinembedded: section.

AmSs L
Theyother half of each,specimen.were.evaluated.for |ectin-label ed.vascul ature,in;cryosections.
i_\rl &,MU]: ESE RSS2 .i&t&l} R A rTLE X Ea? &% T W ANHRD - AR IS WA W }'lul‘u' Mi!b&%‘b&,{h!vv s \/&J o 0
[00120] - qeq RESUILS. Preliminary results revealed increased:pro-angiogenic-activity of pAdv
ECM-loaded fibrin scaffolds.when .compared with unloaded fibrin scaffolds (Figure 18, (A)),
COustsivin, wWith wul ooscvatings ol wasga s B8 WL DO &1l _;J‘Auv DS Paelawandd 11 Suasdd

consistent with .our observations.of angiogenesis with. pSIS and pAdv,ECM scaffolds in.the
AN Qact dsSQrﬁ PBEG. apave., ‘\gllihl.u.{u;,wu .u.s:u...-l‘\}SCOp%L- {umlﬁﬁﬁﬂ.{u.a w2t i"i&ﬁi}‘i}'iﬁl{?ﬂii }.?arﬁ}’.hf'l
CAM model described above. Qualitative microscopic, inspection of H& E-stained paraffin
embedded sections revealed greawer cen munuanon (speowsuvely macrophages) o wie
embedded sections revealed greater cell infiltration (speculatively macrophages) of the
seaffolds 14 days afier implan{ation with pSIS and pAdyv BUM-loadet fivyin when compared
scaffolds 14 days after implantation with pSIS and pAdv ECM-loaded fibrin when compared

Wi O v Aone o $55 Simpismantad with Srrion BUtS W thesire 1678,
eLARTREre he e N sl e 6 B e el T i
caS i e sl i SIS EEN.

[00121f1  Thetrollowing: dauisss provide examples of Variolis 2555acts of thervention
describedherein’-

1} A'method of ‘preparing:art extracellular matrix (ECM) material ‘comprising;

a@.  incubating:vascular adventitia tissue in @:zwitterionic«detergent, vwhereiniithe

vascularradventitialitissue is optionally bovine, «ovine,<oryporcine;

bh. incubating:the;tissue in Trypsin-EDTA,;

Cz.  Incubatingithetissue with an anionic detergent;

dg ~ disinfecting, the tissue, optionaly with peracetic ,acid, yproducing ,a
decellularized, ECM, material;

ARLYS Ve RS Tt P IWE exerenn xENT

€, lyophilizing the decellularized ECM material;

T NSRS J.(.\é I QOO RTACW DAGYE s asisy

f.. comminuting the decellularized ECM materid;

1. conasiuaely e dereiRUarvzed SUHT mmaneriig
g. partially or completely solubilizing the decellularized ECM material with an

g parnaily of compreely sowomang the decetlulanzed ECM material with an
acid protease to produce solubilized ECM; and
acid protease to proguce solubilized BUM; and
h neutralizing the solubilized ECM to produce an ECM pre-gel.

2 T‘ﬁe i e g S e B o e e R titial

37 Themethod of S5 Shd of Uansedht 8 e Somprang sdting the ECM pre-gel
3 A RIEEE LR WA THEEER bregel gal St prodtice e ga BOM pre-gel

4. Thémahod®ofs SiiGr daises’ 173 wheran the'decallUlarized EEM material is not

I A

4. completélyrdigested withitheracid protead sproduci ng=aiECM pre-gelvthat iis ableto
gelvatr37°Cycomprising-undigested decellularizedtECM :particles.re-gel that is able to
5. The ‘methodeof vanyironerof aclauses:1-4 s urtherEcomprisingincluding one or more
5. washing:stepsdfrom prior:tostepie.cs 1-4, further comprising including one or more
washing steps from prior to siep &,
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6. The method of clause 3, wherein the one or more washing steps comprises washing the

6. Theimethod:of :clauseiSywherei n:the the:0rimore, washi ng isteps-comprises washing the
7. tissueorimaterialwithyphosphate-buffered ;saline,ysaline,jand/or watef separed without
7. Theimethod,of any one.of clauses.1-6, wherein the ECM material is prepared without

L¥ S \a.}ul'_)'z;u.q PRILIINIL Lo
& adia }{iﬁ«g%g[ﬂ?;{\ch‘%s[!?K[Dgﬁ,ep 7, wherein the pwilterionic detergent is CHAPS.
84 The metth of ;any one,of clauses 1-7, wherein the zwitterionic detergent,is CHAPS,

.,

0 BB Y &u.aj\ VHC UL LRy i,*ﬂl WHOTCHR I EHBHEG WO s €3 w02 i3

9. The method.of .any one of .clauses 1-8, wherein the anionic detergent is.SDS.
9. 116 method of wiy ot O CIAUSES 1-7, WHETEIN I 30T Protuasy To puPBiR.

10.  The method of any one of clauses 1-9, wherein the acid protease is pepsin. o
i1 {he method oy sty one of clauses 1-1), wherin the decensianzeda s matenial is

11.  The method of any one of clauses 1-10, wherein the decellularized ECM material is
solubilized with ab acid protease in g sofution having apH ol from L w4, from 1 10 2,
solubilized with an acid protease in a solution having apH of from 1to 4, from 1to 2,
or 2003,
or 20+ 0.3.
172, The medhad af any one of elanses- 1211 somowisine dignerdne the FOM materisl ¢
127 The'metho jof any one of clauses 11 1, comprising cflspersmgit eiECM‘ material in a
watieal pir g atmﬁ'\ﬂt;f: AU eI AR T A
natural or & syntheti ¢ polymer composition.

18} The'method'ot'daise 12 -wherah the natiiral OF 4'synthéticipolyimer-composition i §Bhe
ofhaPEFot “alsecond'ECM material, fibrin, collagen, polyester'(PE) fpolyurethane (PU),

ch B

poly(éster'urethane)urea (PEUU), poly(ether estér urethane)tirea (PEEU V), poly(ester
carbonatezurethane)ureat PECUU), poly(carbonate urethane)ureat(PCUU)xcopolymer,
polyolefin: (polyalkene),, polycarbonate, polyanhydride, jpolyether, ppolyurea,
polyurethane, polyketone, and; fluoropolymer.

144, Themethodioficlause 12:or- 13, wherein the ECM material jis;mixedswith theynatural or
synthetic,polymer,.composition, prior to or during gelation,of theECM, material.

£ dSEGRENE ARAR v

The.method,of .clause, 12, wherein the pre-gel is mixed with.fibrin,andfibrinogen,and

J. ERNT VR EYTR AR RTH S Qs TR R Y e WY IADERRE LIIT povne v ADZELIARAL Wy 3LbS JALTRARE GRLINE e =

is gelled.while the fibrin is cross-linked with the fibrinogen.

i gecaonad WRLIC LE (U R by CROSS~DIERRGE WHO CARIR LR ENa ke

16, An ECM composition comprising devitalized, acid-protease-digested aortic adventitial
i ':"‘\ﬂ LR USEPOSTULIT CORIPUEIUE GOV IBILILEY, alaunpiinsans i guniey A0THC adveniiad
tissue, having a pH. of from 6.8 to 7.8.
ussue, naving @ pri of from 6.8 to 7.8, _ L
17. The ECM composition of clause 16, wherein the composition isagel and as compared
i7. The BECM compositton of clause 16, whereln the composiuon ig a get and as compared
to acid-protease-digested porcine small intestine submucosa, the gel comprises longer
teeacid-nrot '*asehdiges?ed pOIne smaié/miesime subnwcesa, the gel comprises longer
fibersand at least 50% lower FGF-1 and/or FGF-2 content, and optionally has incr
fibery aned st Teagt 509 owver BOF L anddnr FOR D comtent. and ontionaliv hacinereased
HB-EGF 2Hepar|n Bindi ng EGF Like Growth Factors content and/or lower content of

oHE RIS R ngiSporatin- 2 Erdosatin: eI RaUA R Tke Bromth Eadtor
Binding Brotaint 1) pTR 3 Bentraxin 3y Brolactin. - SerpinB5? and/or T B4 TP
Metaliopeptidase Inhibitor 4y, andioptionallyhas 4l eastis09% fower EGE-Rand/or BGE-
2icontérit, iincreasettHB-EGF (Heparin'Binding EGRLikeGrowth Factor)eontent,jand
lowertcontent rof sAngiopoietintt2;:Endostatin; 1GFBP1e(Insulin Like*GrowthFactor

fower content of Anglopoietin 2; Endostating IGFBP1 {Insulin Like Growth Factor
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I8
18.

19
19.

24,

N
P2 O

2

22,

A ' 3

23,
243

24,

Binding Protein 1) PTX3 (Pentraxin 3); Prolacting Serpin B3] and TIMP4 {TIMP
BindingyProteinic1);#PTX3(Pentraxin 3); Prolactin; Serpin B5; and TIMP4 (TIMP

Metallopeptidase, Inhibitor4).6 or 17, wherein the devitalized, acid-protease-digested
Thecomposition; of (clause 16101 17,1 wherein;the devitalized, jacid-protease-digested

pER LS A A LA

aortic.adventitial .tissue.i s‘notdgii‘ alyzedao;(’chgml gql__lﬂy}crossl inked.

S RsICTIRAY LR LTI S Al EPTIEN csuus.u.lis‘i@‘f’iﬁg tos a surface
A method of treating an aneurysm._in.a patient, comprising.administering to \&surface

O @ ool Vuoeaws uu"‘i,ﬂé& 8L uuvux‘}’ﬁ.n}\', S A v sadbrs ey u»zru”{}a A2 AT RS L e e o SLlitds

of ablood,vessdl having an,aneurysm, a devitalized, .acid-protease-digested vascular
aavenunal PISSUE, sy AT & Plaws asinn W B £, WHRTS ks 1 vamvaa v eastavsdl TISSUES

adventitial tissue, having a pH of from 6.8to 7.8, wherein the vascular adventitial tissue
(18 ophionalty aortw weventiveg fIssue.
isoptionally aortic adventitial tissue. ) ) )
The method of clause 19, wherein the dood vessel is the aorta of the patient.
The method of cllause 19, wherein the blood vessel |sithe aorta of the patient.
The method of ¢lause 19 or 20, wherein the devitalized, acidsprotgase~digested vasculage
Themet ooi:l o‘% clause ]9) or 58, wﬂerel n t}1e evitalized, acid-protease-digested vasmﬂar
acdventitral Hscne s nrenared e
adventitial tissue'is prepared by:
. mephatingg vacevtiar aduvenditial fjeciia winh g anetipn s adyantitial plociie g
2 incubaling: vasolar adventitial tisste, Stich 3 ortic adventitial 't ssue, Vinfa
et i

Zwitterionic detergent, wherein the vascular “dventitial ttisslietisCoptionally
boving, -ovine & porcing;

kb incubatingithettissuein Trypsin-EDTA;

c¢.  incubatingithetissuewith an anionic detergent;

dd. disinfecting: the tissue, optionally with jperacetic :acid, gproducing za
decellularizedi ECM: material;

ex lyophilizingthe.decellularized ECM material;

fy,  comminuting,thedecd|ularized ECM material;

RS WELGER 2L R D

g, Patialy or.completely solubilizing the decellularized ECM, material with, an

acid 1protease to produce solubilized ECM;
(l(:r}‘. i/u lewu..‘w‘ Li} }.u PV, .\.‘Oslii}iile‘i@(l L.;\.wj)‘l.v,

h, neutralizing the solubilized ECM to produce an ECM pre-gel, and

h, e mga SORUDINZRA BULVE 10 pouaee Q8 BOM e T3, and
i, optionally, gelling the ECM pre-gel at atemperature a which the ECM pre-gel
i opuongity, gewng the EUM pre-ger at @ wermperature at which the BUM pre-g@

gelsto produce an ECM gel.
ey o produee gn BOM get o o _ ) ) o
A method of vascularizing or re-vascularizing living tissue in a patient, comprising
A method of vasculapizing pr re-vascularjzing living tissue ju.a patient. conorising
ministering to a surface ofatlssue €xX VIVO, Or In vivo, a devit |zea, amd-protease
sodminigfariao o o sudhee ot a tegue ay wiva o fivive. g devitalived  aeidenpdeaxe.
digested vascular adventitial tissue, having apH of from 6.8 1678, wherein the vascular

Hioactad vaceolapaduantitia] fiocue, hawing anll nf feon 6.8 to 7.8, whersim the vascula
aventit &l esia S optronaly sorti Cadventifi sl tissue. 68 to 7.8, wherein the vascular

The'ethod!of clalisePis Wheraitthe tisstielis'd ivifig blood vessel.

Thesmethodiof dlatise 19, wherain thettissuieistdwiotindof Bipatient, optionally a skin
wound, esdiabeti ctul cer’ .ot T diabéti ct foot: ul cer,randithesdevitalized, tiaci d-protéase-
digested vasculariadventitial tissueisiadministered toithewound.dized, acid-proteases

digested vascular adventitisl tissue 15 administered to the wound.
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25, 'The method of clause 19, wherein the tissue is living bone tissue of a patient, optionally
25.  Themethod of clauset19, wherein:the tissueistivingbonedtissueiof a;patient,.optionally
acdamaged;bone,; arboneiexhibiting osteoporosis, sand;the,devitalized, acid-protease-
26, digestedyascul arjadventitial i ssueds.administered,to the boneor vasculature thereof
26.  Themethod,of clause;19, wherein the tissue.is myocardium and/or vascul ature thereof
R 3 ;.H.H.Sh“ s U})‘\d\ub& ¥ [ LA SRR TR S RS ) 1.?(1“&1.! S N T ...Ahis.lk Lk di! RILRERE Wy {iliU. LRI
iy g;patient, optionally a woundin a patients,, myocardium or, an,infarct,; and,the
devitalized, acid-protease-digested vascular adventitial tissue .is administered .to the
PRUCHE H I yuovarwna, aow wpeoldUY 10 e Wwoung or mfaret o e g}ﬁﬂﬂﬂt &
patient's . myocardium, and optionaly to the wound or infarct in the patient's
If .‘\}’Ul’-r”di'(}h 383,
myocardium. . ) e
27, fhie merhog of any one of clanses 22-26, wherein the devitalized, acid-protease-
27.  The method of any one of clauses 22-26, wherein the devitalized, acid-protease-
duze\:gai vaseylar s vent'zt-;gi jissue is prepared gv:
digested vascular adventitial tissue IS prepared by:
a. Cinenthating vntm\?m' ,aqgixsf?mj&‘igr fivane. sueh gy aortip advenithial ticsne i g
a. incubating” vascular adventitial tissue, such as aortic adventitial tissue, In a
sgittariongic detaraant  whaesin tha 'vmm\n\m‘ arbgrastidinl figcune v pebiaeinils
zwitterionic” detergent, wherein the vascular ‘adventitial *tissue™is optionally
Fornipennas rreFTinion Saye i et s o
bovine, ovine, oF porcing;
b B e P SRO TS NN+ sy RS NN By e ot St O
b?  incubatingithe'tissie in Trypsin-EDTA;
c¢.  incubatingithe'tissue with &r anionic detergent;
dd.  disinfecting: the tissue, optionally with jperacetic tacid, rproducing aa
decellularizedlECM material;
ee.  lyophilizing:the.decellularized ECM material;
fy. comminuting:the decellularized ECM material;
gy Partialy,or.completely solubilizing the decellularized}ECM, material,with,an
acid;protease,to produce solubilized ECM;
{2100 Foa T e Y e e DRALILAALILURE dvmaivny
hi' neutralizing the solubilized ECM to produce.an,ECM pre-gel, and
iR LTy u-.\mcetsaé LI N QOHIZO0 DALV IR JAT RO 22 R0 03 WA 4 | }su. sy a0
i optionally, gelling the ECM pre-gel at atemperature at which the ECM pre-gel
1. uptivnay, guy e 2LV pre-For a8 towpotas o 81 Wiie i e Bl M e-gt
gelsto produce an ECM gel.
s to proauce an BEUM get.
[00122] Having described this invention, it will be understood to those of ordinary skill
_ A{iﬁil‘}{iﬁ Having described thfss nuéac‘.}itm . it will be understood éo those of ordinary skill
in the art that the same can be performed within a wide and equivalent range of conditions,

form

£e
em

iy the st thgt the same gan be performed wit}gﬁ A witdg and sanlvalent seanee o coailions.
ulations and" other ‘parameters’ without h y

cosaadationg, sud ther parameters without affecting the scope of the tavention or any
odlmentthereo.m paramsters without aftecting the scope e fnventior any

ecting "the™ scope "of "the ‘Invention or an

embodimend thereof,
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We clainy

We claim: meihad of preparing an extracellalar matrix {ECM) material, comprising:

1 A, method;of :preparinganzextracellular matrix;(ECM);material,.comprising:yerein the
a.  incubating vascular, adventitial dissuesin.a zwitterionic detergent,,wherein,the

vascular .adventitial tissue,is optionaly.bovine, ovine, or porcine, and wherein

LU GAR Y AN LR EY LEND Ll 1y LA T WG N RTEARD

he.adventitial ,tissue is optionally ,aortic adventitia;
FESLMRIRD IR TS} Q30N RTINS ) B ,mu-h.u L,

b.
bé incubating the tissue in. Trypsin-EDTA;

nrwusanyd TS HBSUS W usr s QR Tiain st iefgﬁﬂt;

C. incubating the tissue with an anionic detergent; ) ) .

d. wisnuecdng e  fissue,  opiionally win cperacelie a{:}{j, produm;xg a
disinfecting the tissue, optionally with peracetic acid, producing a
gecethatarized ECM material;
decellularized ECM material;

& iyopniang e dssaltiazed ECM A

(& comminuting the decltiarized ECM materal

of  partially’dF complaidly saltinilizing the decaltiarized ECK atertal*with i
acid'proteasss produce soltibilized ECM:

hi  nediralizing‘the solubilized ECM 16 produce #h'ECM Ipre-gel;%and

il optionaly,.gellingithe ECM pre-gel & atemperatiiresdt'whichtthel ECM pre-gel
gelsstosproduce:am ECM” gel.

22, Thexmethodiof‘claim: 4, wherein the decellularized IECM imaterial 1iscnotccompl etely
digestedjwithithesacid protease,, producing an ECM jpre-gel sthatiiszableitopgelaat; 37°C

comprisingundigestedidecellularized ECM particles.

33, Themethodof claim, 3, wherein the ECM material isprepared without adialysis step

o gerosslinking, step.

sy g

44 The method,of .claim 1, wherein:
. E REVg § 31 % m.ud O Qiain b, waorenu

a. the zwitterionic detergent is CHAPS;
a THE PWIHeTIOMC vowrgout 1S Wirar s,

b.  theanionic detergent is SDS;

b 1he BIOnic aeergent 18 DLy,

C. the acid protease 1S pepsin; and/or

C. the aoid protease 1s pepsm: and’or . _ ) )

d. the decel%iuli';\rlzedi ECM materlalg is so}lublllze(ij with an acid protease in a

d. the decellularized HCM material i solubilized with an_geid protease in 2
solution fhaV| ng a pH of ;rom 1to 4, from 1to 2,0r 2.0+ 0.3. '

solufion havinie g e Hope L ind Bven Vin? s 20403 s
5. The method ‘0 any one ol clams 1-4, comprising dispersing the' ECM material in a

5. The myethod of any coge af olatme Ld, somneivivg diensraine the BORA mgtpeial dn s
nattral SRSy Rthatic polymer Gompoaition. optionally where the natural 8F §Snthef c

polynier SComposi tion?is Y SRTREREGF: &P'sécond ECNI matedi T ibi, $collagen,
polyesier (PE);*polyuiethane®(PU);poly(&ster Urethane]-0fe (PEUU) ipoly (ether sster
urethane)rdfEa(PEEUV) ol y(ester :carbonateturethane)urea{PECTJU), »poly(Carbonate
urethane)ureaa { (PCUU). pcopolymer, bopolyolefinne(polyalkene), ), ppolycarbonate,
polyanhydride, polyether, polyurea,rpolyurethane, ‘polyketone,sand)fluoropolymer.ste,
polvanhydride, polyether, polvurea, pobvurethane, polyvketons, and fluoropolymer.
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The method of claim 5, wherein the ECM material is mixed with the natural or syothetic

The:method:of claim;5zwhereinsthe ECM ymaterial igmixed.withithenatural or synthetic

polymer composition. prior to.0r, during:gel ation;of the,ECM:material ibrinogen and is
Theymethod.of claim 5;wherein the,pre-gelyis mixed with fibrin and fibrinogen and is

g% LETL NSRS XE5 % LR AAE BN

gelled,while the fibrin is.cross-linked with,the fibrinogen.

R B AN A GRS AN IR, W ¥ AL, i o “n...Sf'.‘v“fﬁ.ge’Siﬁd aortic adventitial
An ECM composition.comprising devitalized, .acid-protease-digested aortic adventitial

1353}“&"; Tie s 2503 6 PR L WL AL S0 AT £t QUL U{Ji}wuuu"y (3 F LR LR ST PRI vuu}i}deH{}”ﬁ By bl

tissue, having a pH of from 6.Sto 7.8, and optionally wherein the composition is agel
HIR S u\.ux.t}_y&fﬁlu R%] ﬁ:@iﬂ"piﬂfﬁ'{},ﬁﬁ‘ui.%ﬁﬁieiu PULAR 181 mieshing Ass s, 18 g\.-s

and as compared to_acid-protease-digested porcine_small intestine submucosa, the gel
comprises onger sery ana we weast Jaure wower o UF-1 andior Pler-4 content, i
comprises longer fibers and at |least 50% lower FGF-1 and/or FGF-2 content, and
optionaity has ioreased HB-EGEF (Heparin Binding EGF Like Growth Factor) content
optionally has increased HB-EGF éHeparln Binding EC;‘vF thli<e Growtlh Factor){con;[ent
angd/or lower conten 11 O e of Angiopotett 3 Endostating IGFBP sul
ahor 1OWer Coment-of one of more of ARGIOpoIEn 2 Etodiatih, TeAE L TRali
T ike Owowdly Faetor Bindine Pratein 12 PTYY (Pentravin 3¢ Peolactin: Sernin B

Py 35
Like Growth Factor Binding Protein 1); PTX3 (Pentraxin "3); Prolactin; “Serpin B5;

angding TIRAPA FTIAD Mdarallnmandidacs Tnh{B{f'tW 4Y and (\ﬂi‘if\ﬂﬂaiix,l hae gt feact SO0
and/or" TIMPA"(TIMP Metallopeptidase Inhibitor 4\), and ‘optionally has™at least”50%

lower FGF-1 ! andlor FEF-2 Contant, ncreased HB-ECE {(HeparnBinding"EGF Like
Growth*Factor)) coitént, and iower contét of Angiopoietin 2; Endostatin;'iGEBP1L
(InsulincLikeGrowth: Factor' Binding Protein 1); PTX3{(Pentraxin?3);fProlactin;3Serpin
B5;:and-TTM PA(TTMP Metallopeptidase 1nhibitor 4).

Thescomposition: of “claim: 8, wherein the devitalized, :acid-protease-digested zaortic
adventitial ftissue:isinot:dialyzed or-chemically crosslinked.

Aymethod;of itreating: an, aneurysm in a pati ent, comprising ;administering;tosasurface

i e rvs AP BELERE,

of &bl ood;vesselshaving, an aneurysm, a devitalized, ;acid-protease-digested v ascular
adventitial tissue, having apH of from 6.8 to 7.8, wherein.thevascular adventitial tissue

AR Y CRILARLRL 20000 ke avay roavs coeea RPLRIREREE RFVQO WY ooy YYRDGERRLE i.ll.li.} AR O ¥ GHALIRAAE tSIIT

is.optionally aortic adventitial tissue, optionally, wherein the,blood vessel. i,s{,the aorta
1% NIRRT 3" ELITLIC SLIVTHIIER] omun, SRS AV RERR I I witein g }Z‘U.!‘L?Ul RS IS }ii: FaiRi g 2]

of the patient.
O paicis,

The method, of ,claim 10, wherein the devitalized, acid-protease-digested vascular
the method of clasm (U, wherem the deviaheed, aC-prowdse-argesica vaseular
adventitial tissue is prepared by:
adventitial tissue is preparsd bv:

a. incubating vascular adventitial tissue, such as aortic adventitial tissue, in a
&, meubating vascular adventitial tssue. such as gortic adventitial Hssue, m 3
zwitterionic aetergent, wherein the vascular “adventitial tissue is optlona|1y

rwitterionie detercent wherein the vascular adventitial tissue is optionally
bovine, ovine, or porcine; : :

b.  indubding the e A frypsin-EDTA;

P inclbdingithetissie with™8htanionic detergent;

dc  disifectingththestissie; #optionally ¢twitht: peracetic  acid, producing a
d. decellularized ECMimateria:ptionally  with peracetic acid, producing =
e. lyophilizing:the:decel lularized ECM material;
fa. comminutingttherdecellularized-ECM imaterial;

f. comminating the deceliulanized BEOM muaterial;

44



12.

13.

23

14.

13,

WO 2017/123883 PCT/US2017/013355

g partially or completely solubilizing the decellularized ECM material with an
g. partially;or completely:solubilizing ithevdecellularized ECM material with an
h.  acidiproteaseito produce;solubilized ECM:e an ECM pre-gel, and

h; neutralizing,the;solubilizediECM, to produce,an, ECM pre-gel, and e ag pre-gel

i optionally, gelling t’bgil_g_lqgl\&{lhpregel at atemperature at which the ECM pre-gel

A mc‘:tgglus o 9509“93@?“5%'}" Fgel ascularizing living tissue in a patient, comprising

A method of vascularizing or re-vascularizing living tissue in a patient, .comprising
ﬁﬂi'?}i?}ﬁb“fﬁﬁ.ﬂg W o mue L O & LRI DA TV W o', & QEY }‘_{'Eﬁll_z.uu} uu:(;ﬂ.‘i_:s FT I B
administering to a surface of a tissue ex vivo, or in vivo, a devitalized, acid-protease-
wgesiea vascular adventitial tissue, having a prl of from 0.8 {o /.5, Wiereln e vasxeut
digested vascular adventitial tissue, having apH of from 6.8 to 7.8, wherein the vascul ar

agventitial tissue is optionally sortic sgventitial tissue, optionally
adventitial tissue isoptionally aortic adventitial tissue, optionally
The metho i’%f{iiiﬂm 12, wheren the fissue (8 g llwmsz lls;)od vessel
The method of clam 12, wherein the tissue is aliving blood vesse!.
Themathod af claim 12 wherein:
The'method of clam’ 12, wherein:

4. this preosa iy g wonrnd of gonattent cotionalle o ebds wiovind gy diahatio syloss oy g
A thetlsieiBdwound of & patient, optionally R'Skin wound 4 diabeticlicer b a
DREEY N PLERPRIPS §

disbetic® foot ulcer, and the devitalized, adidprotease digested YWascuilar
adventitial'tissue'is administered t the wound

bb.  whereimtheitissue'i's fiving bone tissue of ‘aipatient, «optionally'&damaged’bone,
orr bone: exhibiting; osteoporosis, and the devitaized, acid-protease-digested
vascularradventitiali tissue is administered toithelbone;or

ce.  Whereim the: tissue is myocardium and/or vasculature tthereof iinaagpatient,
optionally awound in apatient's myocardiumor.aniinfarct,;and theydevitalized,
abi d-protease-digested vascular adventitial tissueisadministered tothepatient's

ST R AARE AN T W R AR UL BTN AR LDELIL LI

njxpcardium; and, optionally to the wound or .infarct ;in ,the _ppatient:s

s wiad O Taaanwy g Ve wrne

myocardium.

The method, of .claim 12, wherein the devitalized, acid-protease-digested vascular
ihe 1’;}-’;5:1310_(3 ot _s::.iﬁ‘im L4, WHOISHY THE GOYHBINEY, e pruicarc-ergyioy  VESTRIAr
adventitial tissue is prepared by:
adventitial fissue 18 prepared oy

Nepevaamvavael)

»

a incubating vascular adventitial tissue, such as aortic adventitial tissue, in a
A monbatny vascular adventitial tissue, such s aortio adventitial tissue, &

zwitterionic detergent, wherein the vascular adventitia tissue is optionally
Fwitterionic detereent. wherein the vasculyr adventitial tissue is optionally
bovine, ovine, or porcine;

Chawing, ovipe, or sopcine:

b. incubating thetissie'in Trypsin-EDTA,

Cienhating dthe fBecua im Teypein DT A
> incubdingthe tissie with sRanionic detergent;

SRS o

d  digntectingtMihestissie, “optiondly SUwithtt peracetic  acid, producing a
d. decdlUlarized ECM material:ptionally  with peracetic acid, producing 2
e. lyophilizingithe'decel lularizéd ECM material;
fa comminutingtthecdece Ul arized' ECMrmaterial ;

£, comprinuting the decellnlarized ECM material;
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g partially or completely solubilizing the decellularized BECM material with an
g. partialysor :completelysolubilizing ithevdecellularized ECM material with an
h.  acidiproteasesto produce;solubilized ECM;:¢ an ECM pre-gel, and
b neutralizing the;solubilized,ECM, to produce,an, ECMpre-gel, and ey pre-get

i. optionally, gelling tsggil_gjcgl\&{lhpregel a atemperature at which the ECM pre-gel
gelsto produce an ECM gel.
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