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the field of regenerative nedicine and tissue

engi neering. The invention is directed to

bi oengi neered constructs prepared from processed

tissue material or matrix, derived from ani mal

sources. The bioengi neered 10 constructs of the

i nvention are prUb&ﬂ"E@ STAAESBECTIY INGOTFKEIRr ve

bi oconpatibility, <cell conpatibility, strength, and

bi orenodel ability of the processed tissue natri x.

Ant i nmi cr obi ANBIMEROBIAT2COLMPEGENOUSICONSTRUCTS

bi oengi neered constructs, which are used for

engr af t nent |nplantatldﬂﬂduﬂSBmhwwnmmmr wound repair

and renodeling, or other wuse in a mamalian host. 15
Br[i0@d1]Descr i Phisanventtioh heinBhe Kgldunfrdgaiferitie rhedignt aaditissue
[0002] The field of regenerative nedicine and tissue
engigiirerinfgThe ibichtsn ishiirectidith Biengncefdicoaarichgprépdrbd from
the principles of life science to understand the
Stprbedskedtissud thtéridl OF bR, defib &l froRsting] dotrdee! Mak baRegineered
pat hol ogi cal mammalian tissues. The goal of

I e@aneias biHeeRetintion Qrepidpires S e eRdhaRahhtifedctvd BiBcompatibility,
devel opnent and ultinate 20 appllcatlon of bi ol ogi ca

S uRAtdoblpuasilie gh@ﬁgﬂar £nd E@feaﬁ&iemblms}d)f&m@u&b&d 8§48 matrix.
functi ons. [0003 Cbllagen is the principal

St AMEhidkMias8h&kils bt ikdpertbP Ve 'Bﬁ)e‘ﬁgﬁx%tsl‘eﬁl&)ﬁ%ucts which are used
apprOX|nater one-third of the total "body protein. It

C OBPEA S ERIRS fm gfan{atﬁ%n Oﬁ&@@%&%}&ﬁ”@%ﬁﬂ re?falrtaﬁﬁ rédibdkling, or other
t endons, bonés and teeth occurs a br ous

|qgg%§h9ﬂ§n&@hcoF§ ot her body structures. Sone of the

properties of agen include high tensile 25

Strength: | MR DGR ¥t aliEdBRRld of (hoTRSELGG Of

potentlal antigenic erm nants

S;@H&i&“r &, ;’*{[‘He kgi,ﬁuoﬁi&% %La@f\)e I[ﬁéql?lﬁg QM’%GE %Rg eér}‘[}g combines the

| ubi | agen

SUR bs tLo@scgf gn%rme%%lnlg W191h %Ip%plmpigge%%fg SCl nGCretté) %%déarrs]t%nd the structural

and functional relationships in normal and pathological mammalian tissues. The goal
of regenerative medicine and tissue engineering is the development and ultimate
application of biological substitutes to restore, maintain, and improve tissue functions.
[0003] Collagen is the principal structural protein in the body and constitutes
approximately one-third of the total body protein. It comprises most of the organic
matter of the skin, tendons, bones and teeth, and occurs as fibrous inclusions in. most
other body structures. Some of the properties of collagen include high tensile
strength; low antigenicity, due in part to masking of potential antigenic determinants
by the helical structure; and low extensibility, semipermeability, and solubility.

Furthermore, collagen is a natural substance for cell adhesion. These properties and
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substitutes and bi orenodel abl e prostheses. [0004]

Met hods for obtaining collagenous tissue and tissue
structures from explanted manmalian ti ssues and

processes for constructing prosthesis fromthese 5

ti ssues and tlssue structures have been w dely

| ratbers myde callagnn awwiablareateriplgfor Sefugiceaincetiemeand mapiefacture of
for tissue or organ replacenent. It is a continuing -
goaiplarable bwgpepetibletspbstitetee hmbblbrm@lﬂzi@pmthem
constructs that can successfully be used to raise the
st[@A6dr d of MetladdsHoneBainirgt cobagénoms ¢issuoaidtssuSiidaRYs from
OF THE | NVENTI ON 10 [0005] Bi ol ogically-derived >
c odxipéegtsvomsmnedien itiabiss sud prasssek fori aohetstdtingl prosthesis from these
subnucosa are used in tissue repair or replacenent and

c oissuesmditsirestoletako e wed witetp imxeatigatbd é@lwound healing, surgical
bi oengi neer ed, bi orenodel abl e constructs are now

| njep4it e furttissucaditdrghrc fephicamet. ApBrd dodsintithgl gial 6@ searchers to
their performance characteristics in regenerative

medbiveiop &iodnged deebdn@ne@uiisl thae add figceathily tsswed ke Radd the standard of
and replacenent. Methods for 15 nechani cal and

c hienitB&dre ﬂfa@p@ﬁcﬁit@ﬂ:c&fvc.t he proximal porcine jejunumto
generate a single, acellular |ayer of intestina

col l agen (1CL) derisyedMARY OFtEaEITNVESThOBEOosa t hat
can be used to formlanm nates with anti m crobi a

prepesti es fB{ol@ge&mngemve%%mge@asin{a@&ia@@ﬁfsﬁ% ﬂ%ﬁtesﬁnal
di scl osed. The processing renoves cells and cell ul ar

dedibistcodtrk %sé@ﬁﬂk@h@fa‘ﬂguto'ﬂ Seplitlelntat &Qi taa8Re td 68 H@veloped and
matrix structure. The resulting sheet of 20 processed

tuaﬁﬂ@veaatm 15&&@&%&9 RORPY: 1a%L&an§trh&¥ GFe r?dwlm%aed with

mul t'1-1ayered | am nate cross constructs w

deaﬂtféﬁgrgrﬁ ?hﬁie{:@és tg Pro-ua%héﬁ ér‘f‘ ne% C é[rg&gﬁst c@Xﬁﬁe enerative

woun g pro I'am ayer patc
f
e i e g oo o

Inar%llgalah gf ﬁ% C gﬁhg (%%élhg Sfﬂl ﬁ)?gna? ?1%%%6?}% n {nst%%%nerate a

erla provi e necessary

V\’h léé%r aﬁ%éﬂ&%?ﬁ&?%&n gtelghﬁ]ah lzri,%d R?étg@esﬂve%rﬁjorh ?ntgsk%mal su%mucosa

e surroun

that can be used to form laminates with antimicrobial properties for healing, repair
and replacement are disclosed. The processing removes cells and cellular debris
while maintaining the native collagen tissue matrix structure. The resulting sheet of
processed tissue matrix is used to prepare single layer and multi-layered laminated,
crosslinked constructs with desired specifications. The efficacy of single layer wound
dressing products, laminated multilayer patches for soft tissue repair as well as the use
of entubated constructs as a vascular graft has been investigated. This intestine-
derived processed tissue material provides the necessary physical support, while

generating minimal adhesions, and is able to integrate into the surrounding native
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constructs. Intrinsic and functional properties of

the inplant, such as the nodulus of elasticity, suture
retention and ultimate tensile strength are inportant
paraneters that can be mani pul ated for specific 5

requi renents by varying the nunber of |ayers and the
critssus akbesgmedniitraieshgith hasitdels.c PoBrabiogeapdalingslogs mot
now i nparted to these constructs in order to contro
orconmpsemEs mechprisrlantegreity of thpseggonstiects.r ke and funstional
where these constructs are used. [0006] It is an
oljrepertief of the iplaeh sigdnas the prasiuihabeo T ldstioidn gvse ragention and
collagen <construct with antimcrobial properties

c opmiatsi tagsike sehegth-alré loapdreane paremeprws thiat exh Wdmanipulated for specific
col I agenous tissue matrix derived froma tissue

s agqaiesmaEue by sayideetht nninbar sfilapers asdtheofrosshimking conditions.
intestine or a processed intestinal collagen | ayer
deAantieitrébislnmualided areinos ingnabted cottrsO©orstratts im bides td cntrol or
treated with an antim crobial agent. Wen the

bi losseg intie@bed actdlityegahc GedtRichtisitc whert kieost bygstituctbre Sscd.
used as a wound dressing to treat the wound of a

mgIo0es] an palttiem objehoraRnFivetitdn foSprapiat adiodn@iddifed collagen
wound bed to 15 substantially cover the wound such

t hadinstrih® vt dridicfob@Mprddriicst dossp#RingSa $HcOMIiRethydr of purificd
noi st environment in order to facilitate skin tissue

I eRIRgsRIuk ABsudhhatfix IR Eve @bl 650BIsehrca 8Bk ab thelthfica submucosa
construct controls or |essens mcrobial activity in

t heF srPURebstidd 6 @?{Béésrsé'@ tntéstinki QARERRAT B! SoriviBARINthe tunica
that the construct is non-cytotoxic, does not cause

d e BRucHESERa iR Rk +RAIIARS al AtinkidbbbEal RpbAR Wi Sk
irritation. 20 [0007] I n one enbodi nent, the wound

d rlﬁ§§ﬂg@19ee?%lfa§@rf chsBeRs s 188 inv@ﬁﬁ%ﬁ%ﬁﬁgd bk s\%glﬁg l%kessing to treat

col  agen derive romthe tunica subnucosa o

i nhe %Jo%vﬂg §)f E%Yd;%galgzﬁf tfe!ﬁﬂ .‘?ﬁegccgﬁ G§8a %léltt .Qhepéfo%ugd bed to

about nti1m crobial agent. ven e

SN&BLeahlidl PRE Vol Y e | h&is drbvi

TGS ahE SRR s OB SOHS I i

t oﬂg}sp gﬂvilto?]g%hp e ceq‘ﬁerato% iﬁigiltée%ﬁ{i %gsuceq'g etnreyag&o'n while the

There_ore, ahot her enmopodi nent IS a _OﬂS rupt

C ORI loneht b 12 he ThEirud: B8 81s O 18 T i1 S2HGity in the
wound. The construct is biocompatible, meaning that the construct is non-cytotoxic,
does not cause dermal desensitization and does not cause primary skin irritation.
[0007] In one embodiment, the wound dressing comprises a sheet of
processed intestinal collagen derived from the tunica submucosa of small intestine
having a thickness between about 0.05 to about 0.07 mm and an antimicrobial agent.
Given the sheet-like geometry of the purified tissue matrix, it may be layered and then

the layers chemically bonded together to provide a multilayered construct. Therefore,

another embodiment is a construct comprising two, or more, layers of purified tissue



WO 2007/ 048099 PCT/ US2006/ 060055 4 matrix that have
been bonded together and treated with an anti m crobia

w@o@n480The constructs of the invention may bRCTESIVEE)60055

10

15

20

perforated or fenestrated either for better

conformation to a wound bed, better drainage of wound
exudates, or both. [0008] It is a further object in

this aspect of the invention tostreat a wound in 5

need of care and treatnent, particularly one in need
ofmatririthethewe bean banded tagetties and Hraated mathea Fgimicinied @gent. The
the wound conprises any one of the follow ng types of
woehsisucts pithe iryentipg nfay| e meshedmesoratod ny ﬁeneﬁraé@i; ¢ither for better
ul cers, venous ul cers, diabetic ulcers, chronic

v asoldraratioh ¢er ound brd| ketituddirge 0€ &owod neiedatesuegbathl

wounds, donor site wounds for autografts, post-Mbh's
sUpgesly wounkss a fothter bbjset inghisgepget whHthedsyention g tneat a wound in
dehi scence, trauma wounds, abrasions, |acerations,

sacod df dagred tleainnst, pekiicularleasinateed bé bntimgratwelrdervention and
[0009] It is another object of the invention to

prpevicddon vaietr¢thealoundpanipriey igeone flithd fabvang stpel obtvounds:
mesh, for the treatnment and repair of soft tissues and
orgatie ,and CRIEHiEIGIcRgWbIRISO prod3fife ul @y K-enous utderg fliabetic ulcers,
between two and ten | ayers, of processed 15 intestina

C dhk@ge RastRlar uesdrd, haictddfinduihinad SRRYS, @ea:ie weils, donor site
intestine that are bonded and crosslinked together to

f Oy SartisTot iitb@Heas, &@@Moh@éurﬁ&?twdlﬁldplp&@%@{éubé&y wandds,

bi or enodel abl e which, when i anted on the damaged or

dioe@redtniRthce LiaSME woul A5 AbERRMs CIABrEGb s skcond-degree burns, skin
bi odegradation occurring with adequate Iiving ce

I &3 e BRing SHfuAad hat the ori gi nal |nplanted
prost hesis |s renodel ed by the patient's living cells.

I trogfo1 s a f it hefinRbRect of ﬁletlﬂ'lle?m%ﬁﬁ?@ ?I'ov‘?cie 4 Hﬁ'glcal repair device,
|nvent|on to provide a nethod for treating a damaged

0 rsugh 2§ Qgggh%gfrﬁesfl' RFHE thAtRERIn A e f£PGH sroﬁatfkgues and organs,

ant1 m cr obi al |ntervent|on conprising I nplantati

Ofco%ﬂ?{sﬁ%gﬁrs ér§ 'sﬂgi% Let Qe RES a&&féﬁﬁéﬁ? %?grocessed

chem™ca ers processed I nt esti'na

c %Jce"slﬁﬁaﬂ cgﬁg%\ﬁed%r «[:c? o ettllﬁﬂbé??h bty g% fctﬁal?fntx?s%g Ithat are

i ntestine ed wt an an

Whlded M@Qroéélﬂéem B PRl mgﬁ%;ge‘?%%m%‘t #5288 ocompatible

I ssue S con

and bioremodelable which, when implanted on the damaged or diseased soft tissue,
undergoes controlled biodegradation occurring with adequate living cell replacement
such that the original imaplanted prosthesis is remodeled by the patient's living cells. It
is a further object in this aspect of the invention to provide a method for treating a
damaged or diseased soft tissue in need of repair and antimicrobial intervention,
comprising implantation of a prosthesis comprising two or more superimposed,
chemically bonded layers of processed intestinal collagen derived from the tunica
submucosa of small intestine, contacted with an antimicrobial agent, which, when

implanted on the damaged or diseased soft tissue, undergoes controlled
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W ba@w/osdeeo ori gi nal i nplanted prosthesis is reP@HEs®A6/060055
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by the patient's living cells. For exanple, the

damaged or di seased soft tissue in need of repair are
wounds, defects of the abdom nal and thoracic wall,

nmuscle flap reinforcenment, rectal and vagi na

prol apse, 5 reconstruction of the pelvic floor, o
hérefegeadatign geeutting avithedderente Siving collireplapenorisushutet the original
procedures. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ dorbinterherosthosin i ismodsled by dise patiand’s EvivigosHei Fewsxathple, the
col | agen construct (e.g., 10 prostheses, graft)

colepragsd nydiseashd soft tisius ihayed obfeppinrid wedndsoti¢facts nbthe

tissue matrix, a processed tissue material, derived

f rabdomatal aed thasdue svallsunkelaglap beinforcoess eeciahtrebvdgnel prolapse,
col l agen | ayer derived fromtuni ca subnmucosa of snal

i ntaestsirnetjort oftht edlvid flborahernfn] sutirerlotfei ralnf@gement ahde

bi oengi neered col | agen construct nay be either a
siragimstruttiyeegrooddupesocessed ti ssue matrix or may be a

nunber of superinposed, bonded | ayers 15 of processed
tissue matri x. Wen the bi oengi neered col | agen

construct of DHEATILERDDESCRIPFIONCOFDHE D&Y ENTIONd
of a manmalian subject, it is applied to the wound

bedo1@ subst @R¢ irvkhiortR\@kcled o Whitthgildehdiddabedn@nstruct (e.g.,
subject's own skin tissue is provided both a ni st

e PO EBENRE Hraft e @hfteding © shREliké 1Rl oBKinfidd Sild8enous tissue matrix, a
regeneration and an antimcrobial conposition to

c gﬁsééahecpﬁsshs SRRHA LBl BonPedt Vi ti¥udsNsddRGis WP cARE intestinal
20 at the wound periphery. \Wen the bioengi neered

c @0'11@%?12199{”(?&{\}&8?&0915 o duBMRIREUT snladl {HBREEn@SreBted with an
surgical device, it is inplanted to an inplant site In

- a arﬁﬁfﬂlﬁlobﬁlm aée‘:}ﬁj GV biJeﬁéﬁl@éPéﬁ cd agenfd&ﬂgﬁﬁ&% g ue; &RAL L single
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augment ation, or replacénent body part or ti
SEHELI foocTR (R0LI FRGEAN) Ly BOEROO0L OosboL AR B yers
R S R B e T

2085808 BB BB EBE bR AR et i afffed o the wound

bed to substantially cover the wound such that the subject’s own skin tissue is
provided both a moist environment in order to facilitate skin tissue regeneration and
an antimicrobial composition to control or lessen microbial activity in the wound and
at the wound periphery. When the bioengineered collagen construct of the invention
is used as a surgical device, it is implanted to an implant site in 2 mammalian subject
to serve as a functioning repair, augmentation, or replacement body part or tissue
structure. The antimicrobial agent controls or lessens microbial activity in the wound
or implant site by preventing adhesion and proliferation of bacteria on the construct.

The antimicrobial constructs of the invention are biocompatible, meaning that the



6 construct is non-cytotoxic, does not cause dernal
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al so "biorenodel able,” neaning that it wll undergo
control | ed bi odegradati on occurring concomtantly wth

5 renodel i ng and repl acenent wi th new endogenous

matri x provided by the host's o6 patient's cells to

create new tissue. Thus, a prosthesis of this

i NSARSHRGAS WPTEAY IOk tdeas neli cansederant defcasitipation angalees not cause
and when used as a replacenent tissue, has nultiple

prpesty sk irfiatien, it functions as a substitute body

part or wound covering. Second, while stil

f U@l iloni ng @be prosthisses afitheirnyeunfjorparetalso ‘thisramotielebls, aseaning
a renodeling tenplate 10 for the ingrowth of host

c ethbtsit wilhiundkrgo copralkiddeedepnidativon vodiraing @ohconitant tyoeidlh

to the treatnent site. [0012] The prosthetic materia

of retridslingarehtep taicemsniow i he #iea dogoablhiagandtgrovideddssthe tost's or
tissue matri x devel oped from manmal i an-deri ved

copdtirgencell tbicBmttendw dibsueC dhube froritiesls bOthid Bekfiticd when imparted
anot her processed, purified tissue matrix and inparted

Wi ¥fth 3B aAfithidrbbieDiicat afdd ®hed hicddstaachResmptasbie ShSmultiple
for grafting or inplantation to a site on a subject's

boghyptiat. Frsut Fesctionsal BilstinftOBdS} paber WovedtéwRing. Sccond,
i ncl udes net hods for making tissue engi neered

PrR&{desefinkionmhp a9 e 8a5RAutt bS8y alFit Aiclibnyhes foridiRling tomplate
nmet hods do not require adhesives, sutures, or staples

t ofch emtinkRRyth }Y 8bSt defleThRd, iMPiolvRieBBhin®irbbidDadtRety 48cal to the

bi orenodel ability of the prostheses. The terns
" PhOgeSSEeGket | SSUE matri x" and "processed tissue
material” nmean native, normally cellular tissue that

hagyoheen progy ﬁ&éﬂé&@%&gﬂ%ﬁﬁgi HiGEis PhEIRIARINeGhous
manmal ﬁly C ed o %s

and mechani ca ean attendant tissu

ang e@;@ga gl Yy £ 2050 Rl bl Sl 8 LU B isue that

ere substanti non- col I agenous

XL dnldb o f?\?i\e}qif #Réangg{l;ég ?%%?%%ﬁ B! 1e‘&rt%§§§%89i>?§}dl imparted with

tissue matri X, ree, puri

g&ﬁ%@%@%@l %g%%gtgec‘s 1SR B?th?esls‘%)r Et%ﬁ?t{gocﬁ%gl%?antaﬁon to a site on a

subject’s body that requires treatment.

[0013] The invention includes methods for making tissue engineered
prostheses from processed tissue material where the methods do not require
adhesives, sutures, or staples to bond the layers together while maintaining the
bioremodelability of the prostheses. The terms “processed tissue matrix” and
“processed tissue material” mean native, normally cellular tissue that has been
procured from an animal source, preferably a mammal, and mechanically cleaned of
attendant tissues and chemically cleaned of cells, cellular debris and rendered
substantially free of non-collagenous extracellular matrix components. The processed

tissue matrix, while substantially free and purified of non-collagenous components,
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grafts of the invention are derived from ani na

ti ssues conprising collagen with such col | agenous

ti ssue sources including, but not limted to:

intestine, derms, fascia lata, 7pericardium 5 dura

mater, placenta and other flat or planar structured

t | Da{féaing mach ebiipritive rmatrix stiugkyen GugANi 224i90.e5tremeth, and shape.

The structure and geonetry of these tissue matrices
mekiesesseh Effug Fradenia) compeaisiohy far|peemsidg tvabiopugineed] grafts of the
and assenbled in a way to prepare the bioengi neered
griavenfiasf are Herivashizemianimal@iskess ®uiprablgecdlhgeuwitheucls esilagenous
wth asimlar flat structure, geonetry and matrix

c onjsus seuress inelyding, buewt lifiited, to p imestine ddeamds, Tscia lata, pericardium
processed by the skilled artisan in other aninm

sodure esmtérnplacana adahothemflatortdigmar stivanted aidsudsAB4bnPrge a

such processed tissue matrix conposition for preparing

t hevllapemen gisneanatdixg Tktssruofurd Hel saovetityl cithés® tABue matrices makes
intestinal collagen |ayer derived fromthe tunica

s ubomchéatodfc casiby blchiide slanfifuat&yiahakbRnded BEBwhPlo preparc the

>

smal | intestine are 15 nmanmalian organi sms such as
hustemginaved grafds oStheeRvertiod, (BRa!suitdhlc Hig§RSsoWtck Sith a similar flat
small intestine of pig is a readily avail abl e source.

[ Gdkturd hRopicas bhe sesriobokpBsilioy Bk v AEpid:ERaANMGE
fromthe processed intestinal collagen |ayer

( SOBSshEESy thelsRBRd artaBSh biRk afithd 398 8ed iﬁYa%lEcl)'réigf}ce with the
|V

"I'CL") which is a processed tissue materia
f riggedtfe@. t uni ca subnucosa of porcine 20 snmall
intestine. In one nethod for obtaining this intestina
c en | ay - I: '
ool aneOne PuCprRbRed il S5l o Bt B2 SR the
di : [ y T N 0s4a. |
SRR T, PO th REoRE: s S Rap Y P I rom the
U hEnREBhbmbYse BF A8l E}Meﬂﬁl%h %ﬂg&@'e Y RAREE 0 iﬁt%ﬁir{eaé’rve

al such as be ers

intestinal nateri u Ween 6pposing ro

i . i | 25 hi .
Sl rﬁhﬂlﬁfahﬁrg o%@%ﬁzls;spcl?g% g'l:ﬁ’é ,%o%z??i r,] gheeg U %gg i glg?t? 8%1 goEsﬁ gvhlle

renove the tunr €&’ RUs
”%ﬁ%lain{etsffﬂé S@plg% 396%5{19 %@8%%15&%(%?’ 2006/ 060055
[0015] The prostheses of the invention may be prepared from the processed

intestinal collagen layer (sometimes termed “intestinal collagen layer” or “ICL”)
which is a processed tissue material derived from the tunica submucosa of porcine
small intestine. In one method for obtaining this intestinal collagen layer, the small
intestine is harvésted from a mammal and attendant mesenteric tissues are grossly
dissected from the intestine. The tunica submucosa is separated, or delaminated, from
the other layers of the small intestine by mechanically squeezing the raw intestinal
material such as between opposing rollers similar to those in a sausage casing

machine to remove the muscular layers (tunica muscularis) and the mucosa (tunica



8 mucosa). As the tunica subnucosa of the snal
intestine is harder and stiffer than the surrounding
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t he subnucosa, resulting in a nechanically cleaned

tissue matrix. In the exanples that follow the

porcine snmall intestine was nechanically cl eaned using

a gut cleaning machine and 5 then chemically cleaned

in a series of solutions to yield a ocessed tissu

neE0Gosa). Anths theieh arhineedosy oﬁﬂ@ sordiinteatingisdyaeder agd sti ifer than the
intestinal collagen |ayer derived fromthe tunica

s ingendiag dissugatiicirollers squdeze thessafier epmpemangh fret thesupamucosa,
"ICL" and is one type of processed tissue matrix or
mateHtiag iff 2 orechnicihlytdienad tissieanabixalln deresempéasghaffollow, the
the invention are prepared. 10 [0016] In conposition,

t herpne smeH atestitle wasssemhanhy ichklnéduaogh ul deaning machine and
tel opepti de Type | coll agen, about 93% by wei ght dry,

Withén tlessichlimecleadrdlih aSepiel §f soltiogistio gleyd o pragtesed sissue matrix.

gl ycosam nogl ycans, proteoglycans, |ipids,

NONkis elechgd cadlySandsheingdails cised ittbsinal asllagsn yehd@sved from the
DNA and RNA and is substantially free of cells and

C ebhith 3tibdedysh Sf sthhR iRtNRERSS BekcliGlefdriciSi@s METET ad is onc type of
retains nmuch of its matrix structure 15 and strength.

| rgaeedsadt tidsuc lribbomarspial frbhd whith @lantimicrobial constructs of the
bi orenodel ability of the tissue matrix is preserved

| Nmpaitfonlitc bhparddeani ng process as it is free of bound
detergent residues that woul d adversely affect the

bifppespdel abi édnfpdaftidnDtheGRbéASQIMCL ASRL tnh Q] iy acclilfir
col | agen nol ecul es have retained their telopeptide

r 8GicPBSHASTIE cdilksSH 8bSRAD 390 by WAGAT IR 8wkl RaL {ﬁ%ﬁta})m{_c 5% dry

with enzymes during the cleaning process. 20 [001

gg\i’vﬁigﬁt $H8oRHRERS §1§fgo§ahﬁﬁ6@yg%g r %I)réhe]o%[&(g gﬂfs! AdLcollagenous

and tissué- “source tissue IS

|
Pr a6 RARA A RARAANIG A DN AN FHeATaAR %bgeamglgnﬁg@of cells and

to renove non-col |l agenous

CoJQﬂ‘&Ih‘?%ﬁni ’?ﬁgBé}Jagestsécffﬂﬁg tishfd rﬁﬁéﬂ%fe’caﬂlsamﬁ’ 0&‘%%3& ix structure

tissue matrix xanp I's one ype 0

pr&%es%t%ﬁgtet h I %Hﬁa@ ﬂllg(blu S éstﬂjél%lgzzaél t IdQl Fﬁlt%gpﬁle tissue

bi oengl n rost I nven

b %*jpr%%?%%p%%g& 3 q%&%‘%@ﬁ%’&#ﬁ’%@%&%ﬁ%&%& detergent
residues that would adversely affect the bioremodelability of the collagen.
Additionally, the collagen molecules have retained their telopeptide regions as the
tissue has not undergone treatment with enzymes during the cleaning process.
[0017] To obtain the processed tissue matrix, an appropriate animal and tissue
source is determined. The tissue is processed both mechanically and chemically to
remove attendant tissues and to remove non-collagenous components from the tissue
to result in a processed tissue matrix. By way of example, ICL is one type of
processed tissue matrix used in the production of the bioengineered graft prostheses of

the invention. The methods described below are followed to process tissue to provide



9 a processed tissue matrix and to fabricate a
bi oengi neered graft prostheses conprising 1CL and an

wa@ndo7/usopobi al agent. [0018] To obtai n porci nePCTZLS20061660055
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tuni ca subnmucosa of porcine small intestine is used

as a starting material for the bioengineered graft
prosthesis of the invention. 5 The small intestine of

a pig is harvested, the attendant tissues are renoved

and then the intestine is mechanically cleaned using o
a agueceEpehitshg Mch epdtadabrerte 8 biedmeincered il praseses comprising
fat, nuscle and nucosal |ayers fromthe tunica

sUbtnpdsa andimpigrokial @gersi nat i on of nechani cal action

and washi ng using water. The nmechani cal action can be
dd8@t8lbed asTaobtin parcok I€h] thertsnich stbowusnse o€ poring small intestine
strip away the successive 10 |layers fromthe tunica
subnsclosa stiting toheterial tfaicthe bitteaginemedigsaft prosthesiseé the invention.
them The tunica subnucosa of the small intestine is

C Orfpesnaill wedsiind af deig iaharvebted fthe atttraant tisuesareremodidund then
tissue, and the rollers squeeze the softer conponents

f ritherirtéseine SsreticasellyQldaaed 0Ea) ague aleating amichiheredels forcibly -
in the art may be determ ned by the skilled artisan

t @cinbetdige far hrisclp Ans nGrbsariiicpirainl thd tikiedsudfucosa using a
scrapi ng, squeezing, 15 conpressing and rubbing. The

I epitindont dFancBehRAl Afibn Ghe AAERIGg uSingUedict, NBHc hbdhanical action
subnmucosal |ayer of the intestine solely remains, a

MeGA B deR B dHs @RA6s bMNfoBSHsith&-conlg?ésk Yhd Alrtdway the successive
nmechani cal cleaning, a chemcal cleaning treatnent is

eNBYRY 8dm e thfiERVforeedoka MRen MR intatt GRSMAB XS YebvBn them. The
the mechanically cleaned intestine, preferably

P&{hiRh FESUEAE lof BRERMI CinkRRAk 1d RRSHaddtiveRPMrder and stiffer than the
tenperature. The 20 nechanically cleaned intestine is

CUhirdoBRGMB WSS, dRMhe BRers Q@?&ZQ% JoRERP cSitbordMtLrrom the
I mto 50 c

sections approximately 15 min Tength.

M BiduBbsd, Soiiet %gﬂaf?{/h? Sﬁgﬁiﬁg %&aﬂ& th thE A ARG ﬁetg{zmﬁed by the

ratlo.o about utlonF0|ntest|p
09,80 AERLSL gEET o B Ao,
Seetotih e AR AP i g o
CoLRBERR T PRGBS bl

[0019] After mechanical cleaning, a chemical cleaning treatment is employed

to remove cell and matrix components from the mechanically cleaned intestine,
preferably performed under aseptic conditions at room temperature. The
mechanically cleaned intestine is cut lengthwise down the lumen and then cut into
sections approximately 15 cm to 50 cm in length. Material is weighed and placed into
containers at a ratio of about 100:1 v/v of solution to intestinal material. In the most
preferred chemical cleaning treatment, such as the method disclosed in US Patents
No. 5,993,844 and 6,599,690 to Abraham, the disclosures of which are incorporated

herein, the collagenous tissue is contacted with an effective amount of chelating



10 agent, such as ethyl enediam netetraacetic
tetrasodi um salt (EDTA) under al kaline conditions,

WG awh/0e®9by addi ti on of sodi um hydroxi de ( NaOHGT/US2006/060055
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fol l owed by contact with an effective anpunt of acid
where the acid contains a salt, such as hydrochloric

acid (HCl) containing sodiumchloride (NaCl); foll owed

by contact with an effective 5 @munt of buffered salt
solutjon such as 1 M sodium chloride (NaCl)/10 nV
phishhateh Hathyeeeignimetirapesic)tetrasodiamm salt GID B undsy akkaline
rinse .step using water. Each treatnent step is

pr &ditiopssuch ap g@ @dditioned sedjua ydranidagN wﬂgrfaubwgd by contact
platformto enhance the actions of the chem cal and

r i Ygk a8 sfigetivsrasnount of peidherothetagisl esngaing mgalt, pndeesisesochloric
is a processed intestinal collagen [ayer, or ICL, a
measih il Ehichytaimn s@livherilarile (Nablle &vlbuvet e essad with an effective
tissue matrix derived fromthe tunica subnucosa of

s nerhount of beffened salpboletion surgh asd, Mt dodiunChioside IaC)/10 mM
renmoved fromthe cl eaning containers and gently

c arpsplzdebiufiered salince@RS); firathviollewee by awirise istepAlsidehivater. Each
point, the ICL may be stored frozen at -80 C, at 4 C

| nretmentlseepik esefhably dufiteout wBingd fotatingdr shakiap il ffk@do

into a prosthesis. If stored dry, the ICL sheets are

f | ahtewetic actignsifthaeensivglindsingde bblatiodh TAALSult of the cleaning
preferably a porous plate or nmenbrane, such as a

P oy casd3ds atpeodtesddriafteting RellagbiYay ot NG, & th&@®anfch®Pind
the ablum nal side of the nmaterial are renpbved using a

S Cahlepridallyiéhnb i @rdcebsed MRS SMARN Reivell W theltnidh Yulludsa of
| am nar flow hood at anbient roomtenperature and

hustei ihiestid) ORGbr AREng, Ghe IGL & BERARIh oGRS M Sid M@%ﬂr‘lﬁg gontainers

that can be used as a single layer 20 materi al

f ahi %ﬁﬂ? c¥RPFRYR SR Pb rEABSL EHCESwhdr PR+ WSS 90&?, the ICL may
prostheses wth the shape of the prostheses

uldd figtt e mbzaeperd i°@9 aPioE Q@ Et%ﬁie{}&h%@ﬂﬁe U?@ir, ngﬁ célflgc{ Mtil fabricated

mul til ayer prostheses of the I nvent ets are

| afionAteenyss. NE sBorfB URP ghstbﬂfﬂ she%%re]ﬁtr%_jl Elgﬁe?x%e)%l%éfg %%ge{cg Such as a flat

t he bioconpatibility and bi oreno

! . | :
P rﬁ&@ﬁﬁ@%raﬂ@ﬁ?bi‘oﬂg@ﬁl}ﬁ@ o et §19cih' azsha?cggcf'zité??nsatt? membrane, and

rralntaln Its stren and structuara (

Sl TS AN A8 SR 5 e

ngélyé,z QIQ@{hgqgg,Ss%eets may be allowed to dry in a laminar flow hood at ambient
room temperature and humidity.
[0020] The ICL is a planar sheet structure that can be used as a single layer
material or to fabricate various types of constructs to be used as prostheses with the
shape of the prostheses ultimately depending on their intended use. To form
multilayer prostheses of the invention, ICL sheets are laminated using a method that
continues to preserve the biocompatibility and bioremodelability of the processed
matrix material but also is able to maintain its strength and structural characteristics

for its performance as a replacement tissue. The processed tissue matrix derived from



11 tissue retains the structural integrity of the
native tissue matrix, that is, the collagenous matrix

W@ 20oaooss809e of the original tissue remains subsPENUBZNN/§60055
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intact and rmaintains physical properties so that it

will exhibit many intrinsic and functional properties
when inplanted. When nultilayer |am nates of 1CL are
prepared, sheets of 5 ICL are |layered to contact

angt her sheet. The area of contact is a bonding region
whBfsse refpios heoche! inisertoebe natirrtisvee ﬂtaﬁéwg@zte g.ghe

are directly superinposed on each other, or partially

i ncRllpgeneus ety sEReHpefihe poginahissie rerading pubstantig e intact and
conpl ex structures. In conpleted constructs, the
bom@inigns plyising! miepertiss salthas it willw:thilst mady igtinsic iang fienvtional
stretching while being handled in the clinic, during

i mptoaatties wdwn amplag®dd Whergmubtdayerilamateh @flChgropapered, sheets of
while functioning as a replacenent body part. The

boHdli Ay lepgedito comsdct ahatbemnshicat dailre aed 6 @ingnt isst bentitdregion
until the patient's cells populate and subsequently

bi wherrdalgdrs tdrgaqbcacit bibst, sviethdr ticagers e ditslyaupd@apdded on each
The processed tissue matrix is used as a single |ayer

pr ohithes partially irscortaut e dvirdppirge foukiid folmysredt mbanaeshlox
prost hesis of planar, tubular or conplex shape. 15
Wheruchires. phashiptstes codstitulds, tHintingre o Piiss Bc bR 1 kvithstand
nore | ayers or processed tissue nmatrix, the |layers

ar suthanged dmctabgmivaat byingmasslel ik tHRGlinle d{lﬁﬁ% ifiplantation and
together using a crosslinking agent. Wile chem ca

Cr @ssdd thlidifal Healib@ @hdse WARSuABEGHiIRS 8 4 APRIERht body part. The
processed tissue matri x together, the degree of

¢ hedAded regionSihdt RkdoNBaid®yn REFr¥RLE ffbnkth wiRd %{t%n!i’@tcgﬁs populate
of bi orenodeling throughout the prosthesis, that is

t hgnd abssuRhtiyBiotdndde? %@5@%@% tofol Rk ifgRPsor bed

and repl aced by host cells and tissue. |In other words,

t hgohipher dege 8Rc0Eseq4RSR hakixng u%e%l?ss | sgr\}\%lrgﬁ’%}' - S{jos%lfe%sié or is

(&
t he prostheses of the invention, the“ra

of spinl &Y Q%dlﬁga§fé?§d, ﬁ%gﬁ&hg@@ d ¥ ok g%ﬁ%ﬁ b ar or complex shape.

conversely, the ower degr cro king, the

f a@tneh tﬁ%ﬁfggtg%%ts gﬁf telglt iﬁ{r&%‘ijleéoirﬁ}ginsa ?sgé %% g;{%lé'e (l)afyers or processed tissue

i ndi catl e extent "a

bi 1951‘?{@ ll\lhge%s Er%%ing?&ej b? )égllérﬂftaﬁ% gfotsglﬁflih?%thég%ygegé goggther using a

exanpl e, a sin ayer co ruc

?&?%&%@%ﬁg@%o S\gfﬁﬁe Bﬁ&ﬁ}cgﬁc%ésﬁ\!}ﬁn%% 17146 t(8> %%%d multiple layers of

processed tissue matrix together, the degree of chemical crosslinking may be varied to
modulate rates of bioremodeling throughout the prosthesis, that is the rates at which a
prosthesis is both reabsorbed and replaced by host cells and tissue. In other words,
the higher degree of crosslinking that is imparted to the prostheses of the invention,
the slower the rate of bioremodeling the prostheses will undergo; conversely, the
lower degree of crosslinking, the faster the rate of bioremodeling. Surgical
indications dictate the extent and/or rate of bioremodeling required by the prosthesis.

For example, when a single layer construct is used as a wound dressing, the prosthesis



12 may or may not be chem cally crosslinked. For
exanple, as a surgical repair patch, or nesh, the

w@e@3nksesd s is a nultilayer construct that hasPEI/US2006/060055
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degree of crosslinking so that the prosthesis wll

bi orenpdel at a faster rate. For exanple, as a bl adder

sling to support a hypernobile bladder to prevent

urinary incontinence, the prostihesis is a 5 nultilayer
construct that has a _high degree of crosslinking so

t HBty ¢tsappekhhdwmically qpsslinkedr Berparemple, 452 ergical fapair patch, or
is, it persists in substantially the sane confornation

i Aneshhthetprosthegdsisiampiltifyeticdmstrugt thatipere lperdegtpedif crosslinking so
time. [0022] The collagen matrix or construct, when in

s Heattth¢ prosthegie rvdH didrgmhdel at aviasteppts i Fug eximplgeass bladder sling to
surfaces. To treat the processed collagen matrix wth
arsupporaahyperorobii dladdgetot preentt unhanydhé@itinagen thei fgosthesis is a
applied by contacting it to either side of the

p modésyedcastiuaigba Inmtarhigh degred¢ offerpsdiimkin@sodhitahd ptdithesis is not
sides. Alternatively, the fibrous, absorptive

qudbrietnodsledfas fdve, thatds éssasis dh kalggantiatly thesaieyconformation in

| everaged to apply the antimcrobial agent to the

i ldeh @rwafiniphetat foe adotttr potib@getimant erial, as in

the interstices of the fibrous processed tissue

nMg0022, suchTeScdllagtifRES ScdiBudtowaoh igRBt B dhdrally has

a solution containing the antim crobial agent and

altivewppesihBSlargeQlrét duRRcE) PEEBRALEpIBssBRESllagch MiAHERith an
absorption. Another nethod for providing

anhtifi&oshil agerddeMinitbidD ﬁ%é'rﬁ i Ehppied ®fy RnfiMlitd t3Y 8fther side of the
construct is to treat single layers o t he processed

t ippS&e8sdiddliaterPtri:NG Nt hﬁ?’:blg%hﬁ@ t3hGth R F@teﬁﬁﬁvelg, the

| ayers together. For nul ayer configurations, th

e L LA
oy bx hideRlEatorial. as i

?gl)? frystlhg %gﬁ%?%ggﬁg?%?%&? gﬁ%gﬁtts (t§fr t&% Frofv?ﬁgésﬁh gyllfléeﬂ rhaterial, as in

crtgfﬁlté@m;e@%f%emmw A¥sse@Hd&e miRE! S1hRY b%%mersing the

followmng: treating the ratriXx sheets W th a

g - o r i he. : .
P UNTAGE AR o AU 2R 308 s
C15BRoh S LB AR imdlif Bl figh &q;gg,ég%r | Kn3RESh &S B} RBviding

e
cr%%gifro{@ aagﬁgjiﬁﬁrgsf er | t he tr? heet.s t
£ G RRIGBIE Bt S toe G SO Sh M0 a3 bR devers of

the processed tissue matrix and then laminating and bonding the layers together. For

multilayer configurations, the methods include conducting the fabrication steps of
treating the matrix sheets with an antimicrobial agent, layering the matrix sheets to
form multiple layers and crosslinking the construct with a crosslinking agent in any
order, including the following: treating the matrix sheets with an antimicrobial agent,
layering the matrix sheets to form multiple layers, then crosslinking with a
crosslinking agent; treating the matrix sheets with an antimicrobial agent, crosslinking

with a crosslinking agent, then layering the matrix sheets to form multiple layers;



13 crosslinking with a crosslinking agent, treating
the matrix sheets with an antimcrobial agent, then

wo 20081048099 t he matri x sheets to formmultipl e | BEEUS2006/060055
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crosslinking with a crosslinking agent, |ayering the

matrix sheets to formnultiple layers, then treating

the matrix sheets with an antim crobial agent;

| ayering the matrix sheets to f&rmnultiple 5 | ayers,
crossljnking with a crosslinking agent, then treating . . )
t hEOMRINKING With étCEOSN"?lﬁ“&ﬁgenéarﬁ?a%f‘é%ﬁﬁﬁnamxaij@ﬁﬁs Wwigjyan antimicrobial
| ayering the matrix sheets to formnultiple layers,. )

t r 380t dlopery lyreringythe imatey skaoss i form appltiplei layass:; sidsglinking with a
agent, then crosslinking with a crosslinking agent.

| neregshiakingsassnt, davesiog itfrranatgixtshectite firn multiphotaybrs, then treating the
practical after coating with an antim crobial agent as
somatrizf sheple veltt amadinoioicdlial agentt layesing thewasthisaheats tdofprm multiple
the 10 crosslinking agent. [0023] Untreated and

t rlemtrederbssjimkmgoaith berdsslyrevinglagangahéretreatimgdhé hetensheets with an
arrangenents to yield a prosthesis having | ocalized
andritimicrobil algesig en lay et tiodimafror shebtonariforen swtttple layers, treating the
mul til ayer configurations include |ayering processed

t | mstrix shettsiwith ahaeisictdbadl agavetheaerosslisiahg evithi 4 droselinking agent.
antim crobial agent and untreated nmatrix sheets 15

t olpedoley calses, carstingking! thc rpdtaix Infyseiot GRPFhdtdat afist@oating with an
crosslinking the layers together. For exanple, at

| e@fimitisbidlRlebhtasSbeRIcT tiPyhtReictobyf ag6at B406S WasHe@dut by the

and antimcrobially treated to forma treated matrix
COo#iskdlinking spdt.t hen one or nore untreated matrix

sheets may be |l ayered onto either or both of the upper

Or[Qoo¥Er sur (AgRste@fant RRatbl eRlefcan Bl 1h{ete§ RIPRIHH & %ifferent
0

and then the resulting construct may be erosslinked t

f ofrfardeRRn&ABRidIak ?%htl?é?._f&%fa‘bﬁ@ locdM A8 aRAkiEhiX ag%ht. Methods for

| east two untieated matri x sheets may be [|ayered and

cr eslid kRl rﬁﬁtifa?@%cﬁfﬁgﬂ%foﬁﬂrﬁ:%d&ﬁ%rﬁgﬁgg§e§)séé{‘i:{issu@ trix

then one or nore” treated matri X sheets ayere

ondiReRiih 8y belPl bt wﬁtﬁ%nlaﬁq&ﬁ%-gs-a%g n'z ?ﬁyﬁﬂt@&% m@frix sheets

the untreated matri x construct, e resulting

ﬁaol{aggﬁl&qo fOR% at}ﬁuﬁi'lb%s%#g%ﬁggtm& gn& gforsrblﬂllﬁﬁ%@grlg%éég 1) gether. For

I X construct. t exanple, trea

gﬂé a?rﬁ)tl&%t s d . étgﬁ{kglg%tg' n{@ybeklg%éorgg eJrS&liﬁ%%? Eﬂ@gﬁkr}éicrobially

en crosslin orm’a conbl mati on

Zotgggtgcfl %Qf%%naqéayéizlggﬁxocgggééct, and then one or more untreated matrix

sheets may be layered onto either or both of the upper or lower surfaces of the treated

matrix construct, and then the resulting construct may be crosslinked to form a
combination construct. Alternatively, at least two untreated matrix sheets may be
layered and crosslinked to form an untreated matrix construct, and then one or more
treated matrix sheets may be layered onto either or both of the upper or lower surfaces
of the untreated matrix construct, and then the resulting construct may be crosslinked
to form a combination matrix construct. In another example, treated and untreated

matrix sheets may be layered alternately and then crosslinked to form a combination



14 construct. Tn yet an other exanple, treated matrix
sheets that have been treated with two different

wa@rao7iusopobi al agents rmay be arranged in alt er PEL/URYPOGO60055
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other order to provide a conmbination construct. In

still yet another exanple, the orientation of the

treated and untreated sheets to each other, or to

treated or untreated matrix congtructs 5 in a

conmbi nation matri x construct nmay be configured take
acﬁ;agﬁﬁlg:éehbyettaﬁ@tgq:r@gﬁ)@ges treatgg pagix sheefhidat lggve been treated with
material . [0024] To treat only selected parts or areas

oftwg difersphainsicrqbugltagents neffy hietpsranged fraeléerndtingtay other order to
material nay be treated with an anti m crobial agent by
masRkyidga cpmbinagion cohstrung. bustilbyss anothbeetanazle glle stietation of the
that the mask obstructs the antim crobial 10 agent

f riosstieclomdantrieatyd shestsrixt ech athentnirlte tizbied wir mgtredthd matrix constructs
areas of the surface to be treated. Another way to

| doal dopdimatioanhithix coaftinadt nagdrtconfigered ahiteaqgivantagt bf the sidedness
isto partially imerse the collagen material in a
bafualitr ofrtes 8TL atersalch that only a portion of the

col l agen matri x contacts the antim crobial agent and
Ot[0e24]por t i ONGS trcei @I séleeted phitOdn di-cayt afel probthbsi, Mortions of the
antimcrobial treatnent. Still another way to | ocalize

t heirfhbe antht M6 inddy BORRitcdWith R afitiffi @6Bia0hedn®By masking
material is to spray, or otherw se propel, t%e

andr b (Fh&burB @8 Aé beBrcBRE s8EH thatic Phask RibsiFdte fcAintimicrobial
whil e | eavi ng the opposing surface untreated. [0025]

Si agﬁh@fréﬁxe@ﬁtaeﬁﬂg ¢ thheAYIBRhitONTIWHE beheR bfoal bEBleBfhrface to be
with an antimcrobial agent to inpart antim crobi al

Prepedd | Bsothg Wietod88R e WatantiMicrh 6@ e 8n a collagen matrix is to
anti m cr obi al O agent is applied to the constructs

Of pel iy iAUREEL BI2 RBY1aSAN RN Abdih BF rége}%imeia % ohB& portion
construct to the antrm crobial agent. Preferre

a . - . .
b e e R
aGE5Hh Sontabt ik ki %&inﬁ%o%% oatfibhy 2580 aﬁ&hb{‘&)ag‘i’c?ﬂ)chﬁ‘ze the

t he conposi tion. conbi nation of agents may be

e r%ltigﬁgl%bfa? taéén% 3h tﬁ% g_lr‘f’a%le!ﬁgf%%gtl%gﬁﬁg g({; %@{ay{/& (?%e?%s%%rop el, the

a w de spectrtum of antimcro o
1B D5 RS- RSB ShoBES A Bosing s

untreated.

[0025] Single layer and multilayer constructs are treated with an antimicrobial
agent to impart antimicrobial properties to the construct. At least one antimicrobial
agent is applied to the constructs of the invention by contacting all or only part of the
construct to the antimicrobial agent. Preferred antimicrobial agents include silver-
based antimicrobial agents and chemical-based antimicrobial agents. An antibiotic
agent may also be included in the composition. A combination of agents may be
employed to treat the collagenous material to provide a wide spectrum of

antimicrobial activity, for example, a silver-based antimicrobial agent and a chemical-



15 based antim crobi al agent; a chem cal - based
antim crobial agent and an antibiotic agent; a

W@ pdoveesobased anti m crobi al agent and an anti bP@L/U82006/060055
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agent; or a conmbination of all three types of agents.

[0026] Silver based antim crobial agents may be

selected to inpart 5 antimcrobial properties to

prost heses conprising a processed tissue matri X.

Si%@g may be applied to the collagen constructs in

g@h?@f%b]a@a%ra heaaenl-Pasqdnsimigiokial agegmng an antibiotic

i nclude sjlver or conpounds containing silver that

ha@/&cn&ﬁﬁé lvgehsed aptimiabiahhzans pdipn mtgqu geeabicbrarqmbination of
qfatlble with both the collagen construct and the

patll 8iee typas ef agieplper , al so referred to as el emental or

noble silver, is relatlvely 10 chem cally inactive and

doB¥26bt r eabilves taledrenttenicorbizhaggeis nsety treovebetked to impart

tenperatures and is not soluble in dilute acids and

b agrdgnicfadidl Profenmisdo girbsteesesregmptising beracsestd tiskud Satrix. Silver

believed that silver in ionic form has not yet

pr wdy bedpplicirtobhatoltagen svastaetsandeappdarss.| Sdserltakal shtimicrobial

to do so than other antimcrobial agents. \Wile not

Wi aduintsgntloddailvae on domypotdiBaoytaimhg ¥itverithat thal s séra8 degrd® of

formis effective against bacteria, yeast and fung

anghtawicrabie labtiviar and drgsempbiibldivigChdtll thaaddIREED BehsE&®bd and the

and cell wall respiration and transport as well as

I epetizglt) CliroBilvad] hlv@tefiited B dxaslorheMtAFor MBI MiBRr, Berde Ry
including but not limted to: silver oxide; silver

ni ¢HeatiCslly iBhdtit@rangd WobaabtHeR® Wit WHRF bt axy?éhfa@ﬁbﬁﬁdl Rémperatures
conpri ses an insol uble pol yneric conpoun

I eArRES 86t SIS In HMRS a81d0WhY bhdesi ts role as an
antim crobial and antifungal agent 20 and may be used

t opioga Iy i nIcInli‘@sﬁ\fe? ﬁ{a@eﬂ‘;o W uRBVEiS bQHﬁWéﬁ th& sFl'{fng £15nic form

bacterial infection); "silver-imdazolate; argla

( AHSaRBOHt pro@lde 'rﬂ@%ob?all |r¥§§tanc%' Jg\ﬁ%ﬁg&{ry & hﬁflmté WGRo #an other

silver nanocrystals al so terne nocrysta

Si di¥Bkicrobial a@é}% h@fhildast blsh éﬁ?lcd Yo Gﬁy%ﬂ?&r@ leea in this ionic

rel ease of silver cation an ts ra

?rfo'rﬁ{ms @ﬁ&ctﬁ'etagamst[t%ggeﬁa %@E?Er[cy ﬁltn Jtﬂcp&tlsa élYtﬁELngn%ses by directly

nanosi | ver COﬂDOSItIO are ﬁH e accor

et hegre S‘?%E“SC‘Z%*\VA%H%%%%%%%%@%%??%@ LI s

other forms may also be used, including but not limited to: silver oxide; silver nitrate;

silver sulfazidine (silver(I) sulfadiazine comprises an insoluble polymeric compound
which releases silver ions slowly in its role as an antimicrobial and antifungal agent
and may be used topically in the treatment of severe burns to prevent bacterial
infection); silver-imidazolate; arglaes (AgKaPO,); colloidal silver; silver crystals,
such as silver nanocrystals, also termed “nanocrystalline silver,” is another way to
deliver and sustain release of silver cation and its radicals to a wound or implant site.
[0028] Nanocrystalline silver (“nanosilver””) compositions are made according

to several different methods. One method, a pulsed plasma method, produces



16 nanocrystals with organi zed crystal lattice
structure that |lack atom c disorder but exhibit tight
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10

15

20

25

degree of fidelity. The pul sed plasna process

utilizes two conductive feedstock rods. The rods are

fed into the reaction chanber filled wth controlled

gas, nost likely an inert gas swch as 5 argon, at

at nospheric pressure. The rods are connected to_a

hi fRCpTRE LW 1th Srganirgd cayssa Haftige steshise thafdplyatomic disorder but
Nanomaterial is synthesized by rapidly discharging

posdibit tighirpartide pige distrilpdigarandupprpholaey oath a igh degree of fidelity.
feedstock rods. The hi%h-pomered di scharge renoves

r alhaiielaed plesmapacesstwilizehivghcorsimotiveafegdspck rods. The rods are fed
hi gh- pressure netal plasnma. Due to using the unique
gaiotaiipraedction chimmben feladawitla poutrolledxgaandestilikely anhigert gas such as
surrounding 10 gas to create a honbgeneous gas phase

s lrpemsit ehmaspheraepreasire.cThs rodkhee coraropdrts b dighspowered, pulsed
produced are continuously collected using a cl osed

| odipcleyst mowerAuplyo Wenomaeiriat il sghetesizbe by eapidlgldisetiarging power
gases carrying the particles to the collection system
Thirsmrte¢ poldepposicrcapplyaicasss yisd fclitock ®idkVEhc pihtpdst@8d discharge
10 nmto 100 nmin dianeter depending on the process
patamRtersy maenal &l dryatpamigiCicthptiaes, RighliRtweR mdal fldkma. Duc
to 15 40 nm or 20 urn to 25 nmare selected for use

| notuRihg thy @higue igas {R028ts, BdelasHB tRds kpinds Qﬂb&ﬁ@&ﬁr&%mding

nanosi | ver conpositions include those described in

Pagagnd chate ShdhSeidud @usBMasLhlspenki@ser iBbPaHsIsr et e
crystals having a crystalline Fattlce characteri zed

bynaabpiktieled pPuded arel ddntiRoBY EdtlektcBnBE@SSelosedNBop system. A
material to be deposited is generated in the vapor

phasRer felro@X i E ' i
and i gr tr gﬁ?p%%ﬁc%to ggig?(%?gé@%ﬁ%gg}ﬁiﬁ?rﬁ% fﬁbt% Egecmn System.
c gﬁ‘i.@ gg%vg(f% g?%%fé‘?&r%ﬁ%hmné%ﬁﬁd’%b“té%e%%?é f@? gm in diameter

| QRPCRAAE O RIHRLS gﬁgﬁl&&x %%gﬁs%g,gng&{%ﬁ{bg PLRPON 15 nm to

phase on rate,

550 O S e R 2

condi t1 ons usi on suc suffici ent

S O ot iy AR LA 80P RSt v

Deposition i s con

f OfesSlibetihud PORhi . &M 2987 (U9 FEl: YReROR! 989938 stats

having a crystalline lattice characterized by atomic disorder. In the Burrell process,
the material to be deposited is generated in the vapor phase, for example by
evaporation or sputtering, and is transported into a large volume in which the
temperature is controlled. Atoms of the material collide with atoms of the working
gas atmosphere, lose energy and are rapidly condensed from the vapor phase onto a
cold substrate, such as a liquid nitrogen cooled finger. Atomic disorder is created by
conditions which limit diffusion such that sufficient atomic disorder is retained in the

material. Deposition is conducted at low substrate temperatures for silver, from -10°



17 to 100 C, working gas pressures at higher than
normal val ues are used; angles of incidence |ower

wao bamn/ogdoeut 30; and hi gher deposition rates thedT/US®as/e50055

a higher than normal atomflux. Atom c disorder can
al so be achieved by the presence of different atons
or nolecules in the netal matrix by a process call ed
"dopi ng" or by 5 incorporating Yeactive gases (i.e.,

oxygen) into the chanber. According to this nethod,
oxgdH
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s workimgsaas prespures ot iglerphatrersad slucf @836¢d; angles of
Chem cal - based antim crobial agents may be applied to
coinkidgace lowen gtanabost 3@5; amphizhenddporition @bieathat create a higher than
properties to the constructs. Wile not an exhaustive
| i sdrmat B flak. Andrid di§@Bérdan AGRHoSachBty c By &) Seh@fc of different
fromthe follow ng: 10 Pol y(hexanet hyl ene Eiguanide)

hyato o bl afdletan dsHhMR) mcthitdenne iphsccsd 8RA3USping” or by
bi s-am do pol ybi guani des such as those descrl%eg in US

PaihestpotiRingGeattire 88Shs (E.Q.?O)_c 8§ 1S tHeEohabbuh RB@dggi_ng to this

[
i ncor porat ed herein; honey;” behzal koni um chl ori

t rineh8836ky kR is # constituent in th :
4'-tric|oﬁggzﬂ-h§%$g£§ﬁigheﬁgrg?ﬁ%%?; and silyl

qQURDSET Nary MERIYEL A dntindiG6HAT Qgéﬂts 1312?%% ?.ébl[t%dotg 1ﬁollagen

trimet’hoxysilyl propyl ammoni um chfori

| nec@hdel A irkyhr B ﬁﬂl{c{dﬂl &)95133?1!&5@8%@ co&sﬁ%{:ﬁg :Vléﬁilg%ﬂ)t an

&)
construct may additional Fy ‘conprise an an

ag8bustVa 1%@} dh@fn%ai% Iﬁ?t?ﬁgc?&fﬁ]ﬁe}g%ﬁﬁ r{l%é‘ﬂe ée‘?ec@%&) %ﬁ&gﬁ% goﬁ}/owing:

m croorgani Sns to nhi=oI't "te” gr owt
T 0SB AR o B B O i B gucona
g AR p SRl R S s il e g P e 1 e g e
R o PR ey BT BT i PR S friclosan
(e ol deeIefRe pe B ERRE B0 o b e Shap monium sal
caaFeEon UERENL H T PROT AT CPRCPB] SPRESNERSEIOTHE) ude
ey 0 B SRR e OB el e

of types of antibiotics including

roduce a vari et
? I‘?éﬂ%n?gﬁﬁ’mg@ §n prabioKe prswt-0 4B dEbiotic agent is one that is produced

by microorganisms to kill or inhibit the growth of other microorganisms. Generally,

antibiotics are low molecular-weight (non-protein) molecules produced as secondary
metabolites, mainly by microorganisms that live in the soil. Most of these
microorganisms form some type of a spore or other dormant cell, and there is thought
to be some relationship between antibiotic production and the processes of
sporulation. Among the molds, the notable antibiotic producers are Penicillium and
Cephalosporium, which are the main source of the beta-lactam antibiotics that include
penicillin and related compounds. In the bacteria, the Actinomycetes, notably

Streptomyces species, produce a variety of types of antibiotics including the
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macr ol i des, for exanple, erythronycin, and the
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produce pol ypeptide antibiotics such as polynyxin and
bacitracin. Antibiotics may have a cidal effect,

which is a "kiIIing" effect, or a static effect,

meani ng an "inhibitory" effect,l8on a 5 range of

m crobes. The spectrum of action of an_antibiotic
agaéfﬁf'0$1§cqsm.f5f @rgsample, prapteanydndpagplidss, for example, erythromyein,
m croorganisns are affected by it. Antibjiotics

efanddhs tptraexsdinns t Engospreerfponing Barilus soepics produs pplypeptide

w de range of Gram positive and Gram negative

b aastibiotigs swoh asgrofppuyribrapd bacipecinir dyntibiqtivs seayeidvect didad effect,
mai nl y agai nst Gam positive or G amnegative

baehieh isa ErikingH affectyos pettic afftct, mwehing o &indliiceyT vifect, on a
agai nst a single 10 organismor disease are "limted

spengea affmicrdoepr @he spedruanbdi fitiohiod an @nplbietid apentbhetheusegk of

is a broad spectrum antibiotic. The antibiotic

C raptzuia @$ oty nlieropr@nishechrt affedted by il | AgerotiandTactet against

i n conbi nation, such as a conbi nation of a narrow

S pe6kdrydicSnaieh K inhibit @ GARE tahgc af GiramAsysitdw SdeBiat4fidgative
Gram negati ve conpound; however, any conbi nation of
brieRebriaRgd foaned@ NBrokl BpERANSH Bst UfcctargBaiant 4ddidk B@am-positive or
may used. 15 [0032] Antibiotics for use in the

| NGRA-h&SutivE bhétdBa aRCtRroRCIpR BB PeMdGhbId dFEcctifd Bgainst a single

cephal osporins), such as penicillin G cephal ot hin;
S edrbaisth e iscadeet lillifed spéotiineh ATBVefé'&Ir&DaﬂtMibﬁkdé’ompound to be
clavul anic acid), such as anpicilli anmoxycillin and

el ¢ d bioBd sPRARRAGAMBtic. S”P'E@arﬁﬁn&kt dRPHIIds may be provided to the
car boxypenens, such as impenem ani nogdlycosides,

SULIMa8sh SnsERUANEGHbinRRR! &chiaS hreonﬂhﬁa%a%%lrg%w $He6fum Gram-

as 20-vancomycin; |inconycins, such as clindanycin:
sﬁi\}e‘%%ﬁlpoﬁﬁg Bndsg n@ﬁxw’%g 'a}ramg%l Xﬁ@@ Eéxﬁﬁéunds H&Hever, any
as  pol ynyxin; bacitracin; “polyenes,

n%%lﬁ&tio?f db br{}é’c? tn@h’faﬂﬂ andr1{1£ s%'e@t?um%yff 1bloet10 may used.

npi cin racyclines, such as tetracyc

I;?j'() theti &n 15%?18%‘?%%5%_%?118?%%&%%@2 érgcqﬁfé'ec yl?e!té E‘a%tarﬁsnﬁi)emcﬂlms
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RGO sﬁé}{]% ;ge 1@11 G a’Dr tC)Jdﬁn " Ogﬁ%n &ﬂ:l p%mcllhn
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methicillin; monobactams, such as aztreonam; carboxypenems, such as imipenem;
aminoglycosides, such as streptomycin; gentamicin; glycopeptides, such as
vancomycin; lincomycins, such as clindamycin; macrolides, such as erythromycin;
polypeptides, such as polymyxin; bacitracin; polyenes, such as amphotericin; nystatin;
rifamyciﬁs, such as rifampicin; tetracyclines, such as tetracycline; semisynthetic
tetracycline, such as doxycycline; and chloramphenicol.

[0033] The processed tissue matrix may be used as a single layer alone in a

single layer prosthesis or used to fabricate prostheses having two or more layers. If



19 used as a single |layer, the antimcrobial agent is
contacted to the processed tissue matrix to inpart
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or after contact wth an antimcrobial agent, the

processed tissue matrix may be crosslinked to contro

t he bi orenodel i ng and bi odegradation rate of the

material. In other words, the single 5 | ayer

ant|n1crob|al constructs are: single |layer and treated

wi v3edas asitel sy poBicntimigrobial agenids eontagfed tacthe Psoqenseddissue

W th a crosslinking agent then treated with an

antfixciodpipart aageirrobiel prwipagice to thpanatrixe Kitbar Vifpre qrrafter contact
antim crobial agent then crosslinked with a
crwiblanakiimicrabiehagent, sliapio ot tissicfrodtrinaikdyne erheslinked to control
mul tilaycr prostheses conprising two or nore 10

| atperbsorefnopeloeasiddoddssadadiommite iof tar matdsske rlinlyditbrvgirdsy the single
I CL. [0035] One enbodi nent of the invention is

di laget edintiorobiahtosdtmets gre0sipledegsr and hdated tvhiddan ftimicrobial
meki ng and using flat sheet prostheses, conprising of

t wagent; sinplelaybiagyresstinkéd Wadh daoshtidkmacgeniched trakted wiibran

use as an inplantable biomaterial capable of being

bi atenivetdlisidgbyt; or fiaglcentcr srcaet vdith dentindictdbéalfaait then

sheet structure of ICL, the 15 prosthesis is easily

f abobgiiiked with LaoPlinkRganpynnunber of | ayers,

preferably between 2 and 10 | ayers, nore preferably

befogsen 2 andifhdBYBF fakiMetthc hh@ilaydiesstBsch a¥@pHsing two or morce
dependi ng on the strength and bul k necessary for the

f i pgbrsiofpesidard ¥ssudhatrkre 60dtsbEY aling IOE. | CL has
structural matrix fibers that run in the sane genera

di feesj on.  VheRnlRVUEh&H of ttltbemlvé’ﬂ/tﬁfn 9uiBALALd ﬂﬂtssh@@tYprostheses |
be varied to | everage the general tissue fiber

OF @Rl R forinfh
O LR BoB0 or P alll G662 ABCHELARYENLRY oty ﬁﬁgggn%f%oeor more

| napaisalrhet bgﬁdécf arﬁi EBSIGREd ARYLsESs a&ﬁ}{ﬁﬁﬁtaﬂﬁybﬁllﬁﬁngﬁcapable of

superl rrpose forma construct wt cont I nuous

| aﬂéﬁ% bﬁ).%lﬁﬁcfel&hﬁy %e ‘ utflf s del8 PRO%S RS sheet structure of CL, the

Al ternative mat'e sl ze of a superi npos

%ﬁ@&@ﬁ? e tahﬁy k&b@c&feﬁ tg )éoxglgﬁs gﬂ ﬂ‘lﬁ% SROL rﬁo Iprétgreably between 2

estl ne ayers may a gere In-Cco

T HHLISTED b RS I e
st 8‘5&&1&9@’\9 tﬁe@ QJén%%? Qr?(? bu %%Qr(})fq/op %095 al intended use of the

construct. The ICL has structural matrix fibers that run in the same general direction.
When layered, the layer orientations may be varied to leverage the general tissue fiber
orientations in the processed tissue layers. The sheets may be layered so their fiber
orientations are in parallel or at different angles. Layers may 'also be superimposed to
form a construct with continuous layers across the area of the prosthesis.
Alternatively, as the ultimate size of a superimposed arrangement is limited by the
circumference of the intestine, the layers may be staggered, in collage arrangement to

form a sheet construct with a surface area larger than the dimensions of the starting



20 material but w thout continuous |ayers across the
area of the prosthesis. Conplex features may be
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channels running between the |layers or traversing the

| ayers, for exanple. [0036] In the fabrication of a

mul tilayer construct conprising ICL, an aseptic 5

envi ronnent and sterile tools aoe preferably enpl oyed

to maintain sterility of the construct when start|Q9
wirp#egaldit Mathogt copdinbpislayersgorass thearer it the irsthesis. Complex
construct of ICL, a first sterile rigid support

meRtfares macbe mrodugadgugh eha sendsfit graleyverkgsanduit pgchannels
laid down in the sterile field of a | am nar flow

c abhriag betwweentibe lagersi drayversigghe layets, fotexpmple-

hydrated state fromthe nechani cal and chem ca

cl[eading pr obeths éshricahiery ofia enullapgrchoastetticomarsimgd€ L, an aseptic
sol ution, such as water or phosphate buffered saline.

| Govehewest analrsterilb cddleaewir¢forablyeempoyad sombertdin steat s of the

to absorb excess water fromthe material. If not yet

d anastridtevietlstarahgwithlstdrie ICL mmeetixf Tarfyrth wmpkiditayer construct of
tags on the serosal surface, fromthe ablum nal side.

A I0Ly, atfirstheeilc eigid suppoRta@ndridber] sudhais@ rifid et of polycarbonate, is laid
pol ycarbonate sheet and is manually snoothed to the
palopanibe sictilshda bf h tarhREPHewlabary, Hithic IDE®REs arc still notin a
folds, and creases. A second sheet of trimed ICL is

| diydire6d blag: fr@R thOmcthidal bsd cisdigieh] cleghai dpridBedad, ey arc
renovi ng any air bubbles, folds, and creases. This is

r epRiedted itliducbud futstas b AXD s $HoshiRate befféel saline. ICL sheets
specific application is obtained, preferably between

2 #BB10Hd AnEstsrilelBE3Bint Uihd Q—aﬂ%@% SkcStRSBLESm the material. If
quality fromits native tubular state: an inner 20

MURSRE dSHe! ﬁfeq@ﬂ A&eribae embRa Jrhe %ﬁ@mltagﬁh 18 stfBal
native state and an opposite outer serosal surface

t Nalfab @GR UL AR HEERde! I\ RRBIREENE t?i%iﬁ%% f(f@&s bR Ethe

surfaces have characteristics that can

p lyé?iﬁ)l?d'réﬁé BePHLd E%ﬂ& fy %o&ﬂ@d e 1?1% %ng%hf‘boﬁwe sh&&Mo remove

everaged or en ance devi ce per

Q“Hn%ﬁ%nf ‘J)LYbb\ﬂést POII@ Gndf §1%a§’Js Be(égoﬁﬁ ghu?et ‘3? Hrﬁﬁ‘l%d Iéﬂ t@ ﬁl'lc? Bn the top

tion nay nedessitate nee re-operation

2 LIRS s LA A e s

P%{)e%%'gcp nglﬂqgg gg&red number of layers for a specific application is obtained,
preferably between 2 and 10 layers.
[0037] The ICL has a sidedness quality from its native tubular state: an inner
mucosal surface that faced the intestinal lumen in the native state and an opposite
outer serosal surface that faced the ablumen. It has been found that these surfaces
have characteristics that can affect post-operative performance of the prosthesis but
can be leveraged for enhanced device performance. Currently with the use of
synthetic devices, adhesion formation may necessitate the need for re-operation to

release the adhesions from the surrounding tissue. In the formation of a pericardial



21 patch or hernia repair prosthesis having two | ayers
of TCL, it is preferred that the bonding region of
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nmucosal surfaces have denonstrated to have an ability

to resist postoperative adhesion formation after

i nplantation. In other enbodinents, it is preferred

that one surface of 5 the ICL patch prosthesis be

non- adhesi ve, non-adherent and the other surface have
arPatehfarihernip TensiT prapibesinbrvEee e laversf UEL, tris prafgred that the

case, the prosthesis will have one surface nucosa

arhonging regiearof $he terleyers ivkeiiveen thesserdspl surfages dfethe mucosal

enbodi nent, it is preferred that the opposing

sunffaeesshaye datioastrajed todzeve aadhdy tmeesisd pgstoperatipeadhesion

tissues that contact it on either side, thus the

prioshétesi aftariitiplantations dn othat ewbodiaas, dtris potftrrsd thesorsf surface of

the 10 construct. Because only the two outer sheets

pcheiCL ahich prosthesid bondreadiesiay, min-aditenene and Wheasther surface have an

inplanted, the orientation of the internal |ayers, if

t heffinoy Sdrraddering toclosptibshe d Tothis cazectht passthests, willshavt one surface

| esser inportance as they will |ikely not contribute

t anpasht arR@E atlicy eudsteesiaaal. flarstittanether EMB3&ImAL,tiels preferred that

| ayering the desired nunber of |ICL sheets, the sheets

artfc bbgd‘smglﬁlrmesi Bélably t6leRydradhidignd Berbivagedthartisalcs that contact
their nding regions, that is, where the sheets are

| Nt 68 BftAGsidYWHls@h&PtosttcSiB WAl hboc B o0 didaddy oh MBE ddes of the
dehydration causes the collagen fibers of the ICL

| 23RESudt0 BeeiBelRYLIHR o \WIeR sHetepoteitidIBEHt biRFbody structures
between the fibers of the ICL matrix. The | ayers may

bey Aghindiiated 8L bhekta@REHE thE 3R6HaPR ty%ﬁelﬂ‘thé &nsﬁﬁ@lﬂ@ tbmprised of
nenber or, between the first suppor nber and

BRARZD 4 lqpef tesgg% g&'tarﬁg%g RS V@ﬂﬂ%éwﬂms&%&b@é to post-

po ycar bonat’e, placed before dryi'ng over

a&m3+#%gﬁ£gwggﬁbﬁned to the first support nenber

to eep a ayers in flat planar arrangenent

t %@?@Fr Wi € Rf%[‘l y{aﬁglrﬁe @esﬁ@%hﬁmﬂgp&ﬁtﬁ)ghe set?ig léfl s are then

acilitate de tion e support ne

t gtgeo%gé%%g {1*(9'\341 {heﬁ{]%g%&‘q%tl{fl&r BSndﬁggigl%{H ﬁglgﬂ {vv‘ﬁere the

yers ayers

G AT 5 SIPE Gk R 5 i e

2091% /cgﬁgg%%gﬁb%géH%% 98?,/1%?39 Ot% come together when water is removed from
between the fibers of the ICL matrix. The layers may be dehydrated either open-
faced on the first support member or, between the first support member and a second
support member, such as a second sheet of polycarbonate, placed before drying over
the top layer of ICL and fastened to the first support member to keep all the layers in
flat planar arrangement together with or without a small amount of pressure. To
facilitate dehydration, the support member may be porous to allow air and moisture to

pass through to the dehydrating layers. The layers may be dried in air, in a vacuum,

or by chemical means such as by acetone or an alcohol such as ethyl alcohol or



22 isopropyl al cohol. Dehydration may be done to room
hum dity, between about 10% Rh to about 20% Rh, or

WO 2803/048999 about 10% t o about 20% w w nDi St ur e, PCT/URH96060055
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Dehydrati on may be easily performed by angling the

frame hol ding the polycarbonate sheet and the ICL

| ayers up to face the oncomng airflow of the | am nar

fl ow cabinet 5 for at |east aboxt 1 hour up to 24

hours at_ambi ent roomtenperature, approximtely 20

C, isgpigrk alefinh Rghy datign nagdrglongike 1qom humidityg between about 10%
necessary, in one enbodi nent, the dchydratcd | ayers

ar Bh 1 abpd 2V cidh bastlesse or alwsi [1 D Hidp mgoutiHs adempistuael or less.

| ayers of ICL are peeled off the porous support

ne dratinyempe be gatlyapesforekd by angling thedranagbelding the polycarbonate
rchydration agent, 10 preferably water, by

t r shest ardrthadCL heyrers up & Hoatha oeomomniisfilew of tlegiaemes flow cabinet
rehydration agent for at |east about 10 to about 15

m foreekasttabaut Ehpenagt tor2d et seemtatdudor ténperahaboipproximately
20 Cto rehydrate the |ayers w thout separating or

de2@h¢ reakdi ah godrh @nmidi®40] The dehydrated, or

dehydrat ed and rehydrated, bonded | ayers are then

cr @osh] nked wagetiney ndtnctddsarhpindine@nitedir@entDhe dehydrated layers arc
contacting the layered ICL wwth a 15 crosslinking
ageshydrapylefcsralekossaniciigNTeadclefdessd layis e Iag et pbidd off the
preserves the biorenodelability of the ICL naterial.

Aspdrens sppet nalaye&, tofRBcrdRAEE Adhly@mtdd inBS qub®& rehydration agent,
collagen fibers in the matrices of adjacent |ICL | ayers

t OBRFIEHTy FerChPEEhBKInNAGheth RO 8 RohBMRF %oﬁt@ﬁ%fﬁﬁueﬁ@sf fhydration
chem cal bonds between the conponents to bond the

| 2y for &k RAS! dbBlit TWtd oub PHAGHLPE AST AR IR HehFeddl BBut 4 °C to

provi des strength and 20 durability to the device to

cr Ol o, PG RRy RS Rl o Rt PP e Ripnipehem
rng iy
2R ana” ATy AR DTRGR R Eor e Sai oy e bgers are then

crosslinkin ent is 1- . . .

ot fprkediouethat iy/a keRpESHSPY DY sPHaRHng badeyered ICL with a

hydr oihl oride (E@g). I n another preferred nethod,
Birdeehiva chonyical sappelinkipg paentthyt preserves the

sufPElRkngResRYy
ssl i nking. 25 t d¢ i bed by St . J. V.
c1 BErE el g6 Lo 15h. ABBERLEseCHATRCle dplydration brings

2007/ 048099_ PCT/ US2006/ 060055,
the collagen fibers in the matrices of adjacent ICL layers together and crosslinking

those layers together forms chemical bonds between the components to bond the
layers. Crosslinking the bonded prosthetic device also provides strength and
durability to the device to improve handling properties. Various types of crosslinking
agents are known in the art and can be used such as ribose and other sugars, oxidative
agents and dehydrothermal (DHT) methods. A preferred crosslinking agent is 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC). In another
preferred method, sulfo-N-hydroxysuccinimide is added to the EDC crosslinking

agent as described by Staros, J.V., Biochem. 21, 3950-3955, 1982. Besides chemical



23 crosslinking agents, the | ayers may be bonded
together with fibrin-based glues or nedical grade

w@odivesispes such as pol yuret hane, vinyl acetat ePOF/US2006/060055
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pol yepoxy. In the nost preferred nmethod, EDC is
solubilized in water at a concentration preferably

bet ween about 0.1 nmMto about 100 M nore preferably

bet ween about 1.0 nMto 5 about2310 mM nost preferably

at about 1.0 mM Besides water, phosphate buffered

s afrpsdinking@gets  the 14§61 A pe bpedrddasstaer with SbHn-haneylues or
buffer may be used to dissolve the EDC. Ot her agents
mepedicaladapdbgsivefesushlag ppbmiretbansh viny! erstato pepolyepoxy. In the

al cohol, up to 99%v/v in water, typically 50% to
metkestqrefsgtil mecthag, BB Gisumaivbolized inmdtatat o coremniratiie preferably
agents renove water fromthe layers to bring the

meltatwgetf dtpat 8. 110M ogdbhel0G mMyrmostpeeferabisbétmicemgbout 1.0 mM to
bet ween those fibers. The ratio of these agents to

wetbeut 1O ntNMemostgssferabky apbagehD misin Besides exhtérophosphate buffered
regul ate crosslinking. EDC crosslinking solution is

prsapiae ed(2-¥rethrahdine | Eafosselfosie asis) BOESMLffet mag bk used to
activity over tinme. To contact the crosslinking agent

t odikdogvd 16k EDeOkhyd aatesl mapamedddced fdthe sely€ibs, SMER as acctonc or an
transferred to a container such as a shall ow pan and

t hedcstioDss) TorHoRn g/ vag &iter] Bypaeils] 3096la6 atike drdsslifilife Bafc uniform
ensuring that the ICL |layers are both covered and

f rgercrfitiont. | ms@@%mﬁmindw vedtér fRorBlth @Riydiso BFBS 8RY matrix fibers
under or within the layers of ICL constructs. The

COoREahBE Jrém6RUPSRANRING HehednaWdeSHiths. | The A8 oFthRWRFents to
to crosslink for between about 4 to about 24 hours,

Ok BtePlreths CARLIYIESS NESR c$h bOuRRAY reghfath giaHs§Cli1ﬁ$in§‘. EDC

tenperature between about 4 C to about

O @8 sinRIHNS 14 iPFrep QY liRhRAi ML heflle h?é%egﬁb%ﬁf 108 its activity
| ower tenperatures, crosslinking' is nore effective as

t [ ' 35 j r

(SRR R SV 9K, L ETBEIAL BBt bonet 11

st 1%9&131‘@ are t[r%%hteélﬁt) ;aﬁcgn r?e?%hélmg ?&aghgfe%aﬁra%ﬁsthé ?Llﬁiﬁ%l?%(ing agent

ageht i1s decant I sposed o e constr

agéennclgrrh%gﬁlt.é@tot tﬂg ggr? gxlxjsgl}‘ing qgfh@ﬁé %(EJIQ %ayglgsggé"%gﬂ Ac%vref.‘erasa%d free-

agent “to renove r rossi |

g gﬁ%%{n%ﬁagd Irsfrrﬂ ?18 a { Tblégiag%‘?rie%nt %Eldgll &%161%& lflﬁeeoﬂﬁeres\%)géCL

erera Frent - rinsing 1s achi

géoﬁ%é%ggjfﬁ% Béfgéngrhﬁ rymcfgrleh %né(gezlggf)e?r/s gfl P&? %re allowed to crosslink for

between about 4 to about 24 hours, more preferably between 8§ to about 16 hours at a

tempcraturc between about 4 °C to about 20 °C. Crosslinking can be regulated with
temperature: at lower temperatures, crosslinking is more effective as the reaction is
slowed; at higher temperatures, crosslinking is less effective as the EDC is less stable.
[0041] After crosslinking, the crosslinking agent is decanted and disposed of
and the constructs are rinsed in the pan by contacting them with a rinse agent to
remove residual crosslinking agent. A preferred rinse agent is water or other aqueous

solution. Preferably, sufficient rinsing 1s achieved by contacting the chemically



24 bonded construct three tinmes with equal vol unes of
sterile water for about five mnutes for each rinse.

W@\300d@809p¢ bed herein, antim crobial properti esPEr/®sS2006/060055

inparted to the constructs by contacting themw th an
antim crobi al agent either by contacting, or

treating, each processed tissue nmatrix |ayer

i ndividually or by contacting, zar treating, 5 a

mul tilayer internediate construct. The nethod for

t reoadpd goptpebdseedimeswiie eqeal vokumésofsiarte watsr for about five
mul tilayer formwith an antimcrobial agent will vary

- wiminugdsefor gged rgfse. Astdepdrthed hieedin,cegéinticiobiad propertiel @t Waparted to
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be one that preserves the biorenodcl ablc,

bitb¢ neetianeisdal comtatting deompithi dol antipricpbial hgsnt ofthertey contacting, or
processed tissue matrix. [0042] When nanocrystallinc
sitreating] sachprecsed tisud hetrxnhyen indivhlually @gbptontatting] Or treating,
may be applied to the collagen matrix material by

c antaitilayxg itthemeadibtk agedtrugat Thamethvddbt atating prbeessed tissue matrix
nanocrystalline silver. The antim crobi al agent nmay be
applsirgde bymuttiiagdr fornt With phomessdbiahbdt wiRtvary with e type of
coating it by suspending the agent in solution.

Neampiedigbedl a6 uStd WetrshbslddbcSRRBADrERrB RS biofGeRb]c,
solution, or in a solvent to forma solution of

di ﬁ@ﬁbmlm&@@bmbﬁbatm@ pEdpcHeds-of TRepro6bs st tibsibRhHa4.
in 15 a tray with a volunme of nanocrystalline silver

sqgbyazpn su CWHoh&IanoéWQHllth 8ilv-&lis ‘s@lcctbmﬂr%%ﬁtmﬁé}@blal agent, it
nanocrystal line silver adheres to the ICL.

SOhbl b8 Bp P BHBOCAIR gefabdl BfdteRfal g% b&ﬂt@&u@%e BSllagen matrix
imersion. The ICL is then renpved Tromthe solution

anfateRh BOeHe hih Ry siliid SRR n*rhé mim&kéamgbﬁﬁnwks bpfifed by

sol vent to evaporate fromthe ICL wth the bou

Si dowBhe bR r‘éééékéd fn@trﬁﬁrhl!t&apﬁn%a'h%gﬁho L& P@ncﬁ&gﬂmera%emm

nanocrysta Ine 20 si O her or coat

llMOtnh 1@? ' é}gg‘arlﬁﬂeosnlvgpﬂt &J&ﬁ'&? ifl %‘Perci%r%&?% édh@t or ina

silver S spraying an owi ng t vent t

eVs%R%rnﬂ fofrﬁl%otl f‘lonI oq’l'd‘ls %s%ﬁ‘%%ho%’(}ﬁguﬁt'&@v%d Tg‘l%lléit& %mnersed in

as the antimecro

f’gziefﬂ%}% gfgtg;éz\éog&?g 09 ganoc%?alﬁn /gﬂv%r g\@ﬁlﬁgn c\ﬁ th?th \Mtﬁeril Ehe ICL is

IS |nnerse

PH méc'rgal:(y ttfl orrllanso é}é{a?ﬁ %8511tvgre };'e!esl tié é Ai(t,f' r Tﬁle foluttl%may also be

or S ura 1 on O 1on I n

SU'
i o?%%?(ﬁf é}lﬁgé ggg{lrggr{mefsmnh el"ﬂmltd then yéglo%(e)g y O4§1%%%1ut10n and

placed in an environment that allows the water or solvent to evaporate from the ICL

with the bound silver to result in an ICL construct with a coating of nanocrystalline
silver. Other methods for coating ICL with a dispersion containing nanocrystalline
silver includes spraying and allowing the solvent to evaporate from the ICL.
[0043] When PHMB is selected as the antimicrobial agent, the PHMB is
added to solution using 0.09 % - 0.5 % in water v/v in which the processed tissue
matrix is immersed so that the PHMB solution saturates the matrix. After a time

sufficient for saturation of the solution into the processed tissue matrix, the matrix is



25 renoved fromthe solution and is allowed to dry so
that the PHVB remains on the matrix when the sol vent

werapossaaves. [ 0044] The processed tissue matri PEFUSIVA6/060055
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constructs may be treated or nodified, either

physically or chemcally, prior to or after

fabrication of a multi- 5 |ayered, bonded graft

prost hesis. Physical nodificatizsns such as shaping,

condi tioning by stretching and rel axing, or

peerered frag thesehiting and is dlesadrtatdrnse thae thedtEMiBetgmains on the
tissue matrices and constructs may be perforned.

Condfiixi vifinihe selyselrayapemetesover al | strain of the

material while perforating, neshing or fenestrating
prl@0#des f or Theprdsesset tissremaitpdsoansatonstmidts nayweuredted or
bed or better passage and drai nage of exudates, 10 or

b aonbdifieh,esithenphyrichllyi arahemivallguwioras obiafiek fabricationtdf a multi-
factors, selected extracellular matrix conponents,

gdapired, boatied palft, prasitics. ety si@entosli fidagionsvaudhchs ahdEng,

bi orenodel i ng and repair of the body part being

t revatizdninedpastreching and Ad-AeE dr FesforadingOmbshipe of RheRehting the
[ 0045] Met hods of physically nodifying the tissue

medl sanxd aiBshcCaatsictsIei Scdistrudtd nialyeb ol pryidb &N CoBRYitibLing lessens the
determ ned by one of skill in the art when considering

t heverdlBgithis bf SrcpesttAsIRNESEy ¢ adta, eddsiinks f&icstriieng provides for
constructs. The constructs nay be provided a pattern

of cifheF b&fRcbRbEmMbieh tLOMIU Bed & BdHcP BaRag e PRRBBES Bf cxudates,
sides of the construct by using a press with a die

hagtibaeh. NEBsthRE1 mbiARESonNuch 89 BindidePRBRMh FdbtorB AelRldd
on the die face. The construct is placed on a platform

Mgk tla B 1 ArEmA SixRIc SRS Dol eMO e 1 éﬁﬁtotﬁé}%tggﬁg He® Svould affect

a
bl ades, or pegs are pressed through the consfruct to

rlﬁoreﬁio@ﬂefiﬁé Hl‘ld\'%éplaﬁ Jat lﬂﬁ@ﬁd{#éf?%%t dﬁé'ﬁ?g &Qﬂé&,rrggéeiged’gbé%ﬁyfnéggd may

t
for providing slits or a pattern

meg il N, aRRAat Us simlar to those custonarily used in
aut ol ogous skin grafting procedures. One such

SRS | SR ST T SOTRAAU b o

1 htﬁe Mjclgﬁ %Xébr% #gég%?&?i;&%g{egc[f s%lginiot?e %?cl,gl/}wbn rngi%xl'}ng the

usi ng an excl

201%3(1191‘%@ 83%&%@%’?&89%8&909 %? the constructs. The constructs may be

provided a pattern of perforations that communicate through the opposite sides of the
construct by using a press with a die having needles, blades, or pegs arranged in
pattern on the die face. The construct is placed on a platform and the die is pressed
down such that the needles, blades, or pegs are pressed through the construct to the
platform while puncturing the construct. A method for providing slits or a meshed
pattern uses a skin meshing apparatus similar to those customarily used in autologous
skin grafting procedures. One such apparatus is a Zimmer skin mesher. The
constructs may be laser drilled to create micron sized pores through the completed

prosthesis for aid in cell ingrowth using an excimer laser (e.g. at KrF or ArF



26 wavel engths). The constructs may be perforated,
fenestrated or laser drilled at any tine during the

w@r@ces®9t 0 nake the prosthesis, but is preferpdl/ySmo6es00ss
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before decontam nation or term nal sterilization. For

sonme indications it is preferred that the

perforations or laser-drilled holes comunicate

through all layers of the prosthesis to 5 aid in cell
passage or fluid drainage. For other_ indications, it

i ww@&h&s dTheensimets repy baparfasaied. fanestiakas epleser drilled at any
across the layers so that the holes provide cell

adtes during thh@rodeps Wrinake i prosthidsisi putay erefeshbt danstbefore

to aid in ncovascul ari zati on of the construct. [0046]
Qrdeeontphyrstion lor tryoiifal sterilioaison. Farlsemsiindjcatidmmyiets preferred that the
construct are perforations or fenestrations that

c qenfordtioas er retwéiledioilés sindmsnioftettimough b tlayecs of thi Prosthesis to
Anot her physical nodification to the single |ayer

C i frr eedlt paissagb @r fimidhdtalvenge o st othet indicatibnd) il is prdferred that they do
provi de an arranged pattern of slits to the construct

saot hads alltthe eseyhtess the |ars$so thaethslholes paoeideaeleatddsato the
pattern with a mesh ratio simlar to that as provided
byintcaioB&f amiltiIeycr suasinas of foabe inmateabyuladiimmeh of MRsddnstruct.
ratios may be set at 1:1.5 or 2:1. To neke a single

| gpe46]l CL CoDgHcr Physivdl nfod@f¢Htizhs folak 3inglkt RREF ddreGuctlacd

is spread 15 nucosal side down onto a snooth

PQcyfosdtdanat fnsietions eLE BohRGni QBDYEcOl bEtheRAEKBDf thdddnstruct.
bubbl es and vi sual |ynphatic tags. Spreading of the

| A& phiyfiealnab¥isidataRt Be s2BRAbydrToRSFIR 1 IBRUnED the construct,
optim ze the dinmensions. Material is optionally

adegidR Sty prodideath LMBEed battER b 5ifs dHeR0Rstrdtl sb @882 it resembles a
one antimcrobial agent 1s then applied to the

Meh & ﬁ!he iRt £ h?éfde li® 2 QREEARF %nfé@ﬂ sdtfAd iy 1aPROinkd e%;t)éovided by

by nmeshing or perforating and 20 then cut to size a

Packagedsmndudd £Ef‘1!r}]1l3¥e Sh8E b ZAfifheP %g% ?a{ﬂds'trﬁe%{ l.heg&t at 1:1.5 or 2:1.

spepi fl cations. an al ternate e I ment, .

oYL gl ARl e LR IR AL T g

a IHE&)@HI s[?c?er éogﬁéaﬁt%rhssrggotﬁ ?8@%&1&)@5&8 gﬁee&, gn%gég%rﬁ(gxgﬂ of creases,
X I and coat ed

the processed tIssue matr S prepare

L R L o C

ZOSQLZétQé SQI’%()gnlfégE/o %%%%97% t%g %Qnslesnsioznz. Material is optionally adequately
dried over its entire surface. At least one antimicrobial agent is then applied to the
material. Material is optionally physically modified by meshing or perforating and

-then cut to size and packaged and finally sterilized per sterilization specifications. In

an alternate embodiment, the antimicrobial treatment is applied to the material after
the material has been physically modified with a mesh, perforations or fenestrations.
[0047] After the processed tissue matrix is prepared and coated with an

antimicrobial agent, the constructs are trimmed to the desired size. For illustration, a



usabl e size is about 6 inches square (approx. 15.2 cm
X 15.2 cnm) but any size may be prepared and used for

wQ@r@7oisego t 0 a patient. [0048] The anti m crobi BCT/US2006/060055

10

15

20

25

treated collagen matrix is then packaged in a

container that is sealable for termnal sterilization,
storage, and distribution. The 5 antim crobial treated
collagen matri x may be packed iz1 the container in a

dry state or noist. Preferred packaging materials are
comphleisiacds elput Rdnehes isanare GuiraPx t15ekhehanks-2 cip but any size may be
collagen matrix and, if packaged in a noist state, any
agunpared had uieddpr giadingr todupatientoi st. For constructs

treated with light-sensitive antimcrobial agents,

sUbR48ls si | vEhe aidirsiethtasittiaatac whlegdn melmt is thepawichggadgn a
materials that prevent or filter |ight passage are 10
useatdioer phatkaspel dbbefop tadhindl staviljratare storaged and dotritaftion. The
antimcrobial activity and discoloration of the

c amsintickobinl treft0d 8d1ldgrn shatti tnsayalseepdckedirt the kbntaidey in a dry state or
sterilized using neans known in the art of nedica

demobise Bicfdricdipaakdgimy mbtdpiabf £ cetpattlh asthe@htimicrobial treatment,
sterilization is by contacting the constructs with

stiae cbRaden IndtbiR@h@dehadkagéd th { MB)st blatRbuleidonts that keep the product
neutralized with a 15 sufficient amount of 10 N sodi um

hyeeRKi Bie: doblstiddls tra60HakihNEht-BeddBiRainefticldBial agents, such as silver
5,460, 962, the disclosure of which is incorporated
hegagédantBeeiHia HaBatk] PR khSing BEASANIBE: pridventeR HIRE NBAt passage arc
on a shaker platform such as 1 L Nal ge contai ners,

f Qfsed Wﬂicka%eﬁth'é PRod\RM ES preCOMSEAUEHS ALBLMNEObiR] N3R5y K

contactl ng emwth three volunes of sterile water

f lisblordliBnb eheBRdnlctdISe. In a nore preferred method,

I CL constructs 20 are sterilized using gama

- - t - . ‘L JH .. 1 H .
LGB 0T, SOAEER 25uth R If AL oo i o
Y ; ] aul 1okt | i i i
L TSR b A B 00 A0 i b conacing
94BRohGAR | Al &Qrile%.?%ﬁ%érééeti% Bl BInS Moath@int USGrdied with a
range of applications and ganma 1S a’ preterred neans

¢ arili 2 2 el ! he fi

ro ﬁél?%%%%&irlﬁg i ?(‘T’}\]' %d&lﬁnwggt%féieﬁgd?%@?aéco?d%é %(J.\ %Softatent No.

I mp an llca evi ce . . r In CQtOfS
B A e N G e

performed in a container on a shaker platform, such as 1 L Nalge containers, for about

18 + 2 hours. Constructs are then rinsed by contacting them with three volumes of
sterile water for 10 minutes each rinse. In a more preferred method, ICL constructs
are sterilized using gamma irradiation between 25-37 kGy. Gamma irradiation
significantly, but not detrimentally, decreases Young’s modulus, ultimate tensile
strength, and shrink temperature. The mechanical properties after gamma irradiation
are still sufficient for use in a range of applications and gamma is a preferred means
for sterilizing as it is widely used in the field of implantable medical devices.

Dosimetry indicators are included with each sterilization run to verify that the dose is



wi thin the specified range. Constructs are packaged
usi ng a package material and design that is

w@eorpatsod e with the conposition of the const rRCT/USIU6/060055
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ensures sterility during storage. A preferred

packagi ng neans i s a doubl e-1ayer peel abl e package

where the principal package is a heat-sealed, blister
package conprised of a 5 pol yetdgyl ene terephthal ate,

gl ycol nodified (PETd% tray with a paper surfaced. foil

I iveithip ibg snesifeddperse CConstracts @cmmésrlgecﬁmg s paakege pwtarinl and
conprised of a polyethylene/polyethylcnetcrcphthal ate

( PEYign| thafiip a@@pa’tﬂhigm %/e chropositioreoihie songamict anthepsures sterility
secondary package and the |ICL construct contained

t eyimigrstaanee. sh gréfeiredpaakeging mepmmima dawhledayen pecable package

[ 0050] The prostheses of this invention, may be fl at,

t ubadrathe miinocifal packakexs a hedvedled,. bliktee pa&i«aqge cofptiked ofa
formed prosthesis will be decided by its intended use.
Thoedyethyileme feorpi lradate, pdy dod ndidiied @BIG) tedy Wik a paper surfaced foil lid
prosthesis of this invention, the nold or plate

s ubgtds enctesddan acatonder leabs@itatpdrhacapmedal £ t he

desired shape. The flat nultilayer prostheses can be

| relleothelond/polyepfichctcfipdtRiitc (RETYIERIRES ToEaassbtRthe principal
15 damaged organs, such as abdom nal wall,

peihidGasslidd pdvRhsd a8l tha DL \BhétALs cOktEREd 8RS #B4lized using
structures including, but not limted to, bone,

Pefan@fts eidmatioper i chondrium intervertebral disc,

articular cartilage, derms, bowel, |iganents, and
t godsurs. | n TRFIOEIhESs ofiiSs ﬁﬂ@htl%”rﬁih}]' BYAAt, RIS hﬁscﬁ%omplex
can bé used as a vascular or intra-cardiac patch, or

aSyeBrdefiy! qth%@ﬁiﬂ% e JYaRE forﬁﬁh‘f)%sﬂ?&ls[ \Qﬁﬁgé dé:chc?etd tﬁh?selhtended use.

prost heses, in singl’e or nultiple layers, are

Us@fg] @her‘(\@i%ﬁﬁlné"%lﬂoﬁ&ng Qay PV 6f thl %S?s‘gﬁééﬁ%ﬁﬁ Fnvihbbe Gthe mold or

to forma noisture barrrer, to pr soot i ngess

?iat@ gﬂéﬁlﬂ mteﬁlbtepganv%%ﬁngh%@to%go&%ﬂaﬁ%\e{h? gemred shape. The flat

obial activity as t

S trﬁll?l't%dgéﬁgre ﬁlfekéy ctah A O Eﬁﬁltédntg re;%a%o %&émgllltragr 1%??&%5 RisdhRed or

a SO or organ upport
Iobd ofgink rs%k? Bs !5 gﬁ%r%m% %%ast,) \Y?BEI' Vangus other

the eet @as a s

2%9;&%%8%%?&@&%99@ Obq %?hm%ted to, bone, periosteum, perichondrium,

intervertebral disc, articular cartilage, dermis, bowel, ligaments, and tendons. In

addition, the flat multilayer prostheses can be used as a vascular or intra-cardiac
patch, or as a replacement heart valve.

[0051] Flat sheet prostheses, either in single or multiple layers, are used in
wound healing to cover the wound of a subject to form a moisture barrier, to provide
soothingess and comfort to the wound site and to provide antimicrobial activity as the
wound site is stabilized to initiate healing.

[0052] Flat sheets may also be used for organ support, for example, to support

prolapsed or hypermobile organs by using the sheet as a sling for the organs, such as



bl adder or uterus. Tubul ar prostheses may be used, for
exanple, to replace cross sections of tubular organs

W@ eoh/oa9vascul at ure, esophagus, trachea, i nteBCT/N82006/060055
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and fallopian tubes. These organs have a basic

tubul ar shape with an outer surface and an inner

 um nal surface. In addition, flat sheets and tubul ar
structures can be forned 5 togedher to forma conpl ex
structure to replace or augnent cardi ac or venous

v adlgdder or ptvps] Tukdarpepsthgseeiiag be ysed) fpnexameple, to replace cross
fabrication of the antimcrobial constructs of the

i rigehens tabwanoigenhpwhiab vescukitere oeronbadis) iraghen gintestige, and

has been performed on prostheses made fromICL in
aclebopiantubeni Thesrorrganyhayarthiasie talmdal $@pd 6YMBIn outer surface and an
gui dance for biol ogical evaluation of nedical devices.

" Bnoodnpanal sheficardandditioat fldiGheéte apd osulreseactare can be formed
non- cyt ot oxi ¢, henoconpati bl e, non-pyrogenic,

endgétbai to-fHrm @, conpiex garairoxd teplave vr angmgetivaedia@ndvatious valves.
not elicit a dermal sensitization response, do not

el 0063] a pri The YCE kndieridl ukédadni the fateRptios of thdantinticroBiabconstructs
acute systemc toxicity, and do not elicit subchronic

t oo thé intenfibe s tibasapmidld. IBiecomphtiviiifstcaing iHseus f&formed on
nmore in detail, below 15 [0054] Test articles of

C OB thbidchs Snadceish @01 fik @B §dncs REWESLER Tripaftitd @he B80-10993
reactivity (Grade 0) or cytotoxicity observed in the

L 928 asRk5r hioldgdul BOath R BMASHER doPRES. 08B 088 hpAT1& Theans that

when using the test entitled "L929 Agar Overlay Test

f Ofhe p@/sh%s%&ldon-dyeotyk&,r&ﬁocmﬁpaﬁhfe%elxﬁ@y%hfgl &%%otoxin—free,
ade

response to the positive control article _
a%rﬁ@&o@&ﬁ@ﬂo}f@aﬁ&@ﬁf@?&n@&& hét! e@ic{tg&g&apgengiﬁggﬁcﬁf%%onse, do not

the validity of the test 20 system Testing an

evagggﬁ %@@mﬁﬁiﬂ%ﬂ%ﬁgﬁ eTele s egse_taemlé%?gemc toxicity, and do

gul Prost heses e I nvention ar

OB SRS BE LR 51008 SR IR S
0 tibilit [ it h lysis, [

g ipcomet B Ly (10 v T herml st velng

t [ f t ' [ . .

LSRR e MOER, kO, BUSPLLOR S SSIGHE s

gnd%%%g;égre rgc(r%]%. (i%rocp %tgggic}tyh %byggvech 1(1)17’419 i%gg%ells following the exposure

period test article when using the test entitled “L929 Agar Overlay Test for

Cytotoxicity In Vitro.” The observed cellular response to the positive control article
(Grade 3) and the negative control article (Grade 0) confirmed the validity of the test
system. Testing and evaluations were conducted according to USP guidelines.
Prostheses of the invention are considered non-cytotoxic and meet the requirements of
the 1.929 Agar Overlay Test for Cytotoxicity In Vitro.

[0055] Hemocompatibility (in vitro hemolysis, using the in vitro, modified
ASTM extraction method test) testing of prostheses of the invention was conducted

according to the modified ASTM extraction method. Under the conditions of the



study, the nmean henolytic index for the device extract
was 0% while positive and negative controls perforned
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prost heses of the invention are non-henolytic and
henoconpati bl e. [0056] Prostheses of the invention

were subjected to pyrogenicity testing 5 foll ow ng the
current USP protocol for pyrogen testing in rabbits.

Under conditions of the study, the total rise of

r eyt theanpray Ranpletc indek der thadevbe extiant ivgs Ofenihdld pagisive and
Wi thin acceptable USP limts. Results confirned that

t megptivstdngrobspeasformied as pragipitods The eesnidhobieshelyiisdicate the
The prostheses of the invention are endotoxin free,
priegbghedss pf the iaventioneire moipheGo kit rhd hpwpcempatdfle.

product). Endotoxin refers to a particul ar pyrogen

t HA05d4]0 i s pRwokthefestdfehcmiventival Werefsubyeatedne gpatdgericity testing
bacteria, which is shed by the bacteria and

c dbtlawingahe sunait@iSaprotodod Bariyrécnstdtanan rabbitsh@nder conditions
invention do not elicit a dermal sensitization

I esgphasedy, thettalatise ofatitgpeipsratuies bering therodbetiatidhgdriod was
woul d indicate that the chemcals wused to clean the

POk Ehin&cédptatsd US® limas.| ReRIMts @bhGinic dths€hs ipkdstiddst O the invention
response, or would 15 nodify the collagen to elicit a

I e5paBSs Pyroblfic! AhdlgrestBEscs 8Nthctihvatibh Ard &fdotdddn Bidc, preferably to a
prost heses of the invention forned fron1chenlcally

chieaned deGbudipeAl®? bhplbdhfs ERINSENGSRSs % Mticular pyrogen that
elicit a sensitization response. [0058] Prostheses ?
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C ICL indicate that 20 prostheses
of Ek%ﬁbﬁ%%%#ﬁ%%' orned fronmchenlcally cl eaned I CL do
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prostheses of the invention formed from chemically cleaned ICL indicate that the
prostheses do not elicit a sensitization response.

[0058] Prostheses of the invention do no elicit a primary skin irritation
response. The results of irritation testing on the chemically cleaned ICL indicate that
prostheses of the invention formed from chemically cleaned ICL do not elicit a
primary skin irritation response.

[0059] Acute systemic toxicity and intracutaneous toxicity testing was
performed on chemically cleaned ICL used to prepare prostheses of the invention, the

results of which demonstrated a lack of toxicity among the prostheses tested.



porcine intestinal collagen caused acute systemc
toxicity. [0060] Subchronic toxicity testing of the

w@e@sokseses of the invention containing porciPET/US2006/060055
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intestinal collagen confirmed | ack of device sub

chronic toxicity. 5 [0061] There are no reports in

the literature that would indicate that the chem cals

used to clean the porcine intestinal collagen woul d

affect the potential for cnotoxicity, or would
nodifidijiopsly, ¢wma"génﬂmlén‘esﬁ1%m thetrewasng eggeresdhat chemically cleaned
Genotoxicity testing of the prostheses of the

i rivEpine dricgtnt eplivisay cpesed irneteispstemid teaicityol | agen

confirmed |lack of device gcnotoxicity. 10 [0062] The
puldf68k of t Bebabhenrit talicity eatmgof the pustwséorf thaenvention
porcine intestinal collagen used to prepare

prastdisime poafing ingestinalamilagen canfirmedilavkmifzevice subchronic toxicity.
antigenicity by renoving cells, cell remants, and

noji®06d] | agenThsrecarcnstapoets as therlferatuiatiat woubkbinifivagnhst the
Prost heses of the invention containing porcine

I ndhesticalahsedab kRge the gabfnerin®stidad ekllapkn Gexild 8ffect the potential for
antigenicity, as confirnmed by inplant studies

C oguhdtdxedl tyot Wolkl thbe&ifE RiotiabdytotdlRaRech PEIsPoRR. Genotoxicity
intestinal collagen. [0063] The I CL constructs of the

| npesiig eFth@psicedsestaid iveRieles@laiMingdokdine intostinal collagen
i nactivated. In the manufacturing process, the

ef donfReid PlckloMaceide Bbadbxicltgani ng  procedures, the
NaOH EDTA al kal i ne chelating solution (pH 11-12) and

t h®o62iCL/ NaClrh@gindbse et cBhidhi alearﬁﬁé'lpg'cégs’ f(c)ﬂr %fsporcine intestinal

i nactivate four rel evant and nodel viruses 2

t esdiRden 108 tHBijéi)laré’f)rbb{?@s?englﬂ?e HhastR ip@éﬁﬁmﬁﬁz%%ﬁigemcﬁy by

source porciné nmaterial, an to represent a w

r aRgRvife MY SIcfQemNem Cald Q&ﬁfagé ol s%@#ﬂﬁon—% inous matrix

envel oped and non-envel oped vir e Vviruses
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por cl ne parvovi he "stud
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inactivated. Inthe manufacturing process, the efficacy of two chemical cleaning
procedures, the NaOH/EDTA alkaline chelating solution (pH 11-12) and the
HCL/NaCl acidic salt solution (pH 0-1), to inactivate four relevant and model viruses
was tested. The model viruses were chosen based on the source porcine material, and
to represent a wide range of physico-chemical properties (DNA, RNA, enveloped and
non-enveloped viruses). The viruses included pseudorabies virus, bovine viral
diarrhea virus, reovirus-3 and porcine parvovirus. The studies were conducted based
on FDA and ICH guidance documents, inqluding: CBER/FDA “Points to Consider in

the Characterization of Cell Lines Used to Produce Biologicals (1993)”; ICH “Note



Bi ot echnol ogy Products Derived fromCell Lines of
Human or Animal Origin" (CPMP/1CH1295/95); and, CPWP

w@r@vmetol ogy Working Party "Note for Gui dancECT/082006/060055
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Virus Validation Studies: The Design, Contribution and
Interpretation of Studies 5 Validating the

I nactivation and Renoval of Viruses" (CPMPBWP/ 268/ 95).

The results of the study denomstrate that the

cunmul ative viral inactivation of the two chem cal )
clfen@iuidgnse ep Quiakityrfdbietechnalegich! RyedasterVirtagfay Evepation of
all four nodel viruses. The data indicate that the

c iptechholoky Bmdugtsireated fras Cetld iney affdemampgAnimal Origin”
effective process that maintains the potential for

i (EPMBACHAD5635)aanda CHRME Biotechnoddgyy Woaking Gerty SNoteOfor Guidance
[ 0064] The prostheses of the invention are

bicar €irog Maibdtéon Shhilee FhendedigmiGupiriagion aadidsteifiratabon of Studies
body part or support, the prostheses of the invention

al validating theohaaidvaion and Remal abl gussst (CRVEVBWIRIRER/PH)Y. The
the ingrowh of host cells. "Biorenodeling" is used

heeqils dfahdsady HaRoistatithi B8 cahutntlegendlsciittioatofiad two
col | agen, vascul arization, and cell repopul ation by

t hehchR@] @Wahingfstdpasé a ERhlaBc@bf @cht hadll0bForkd fogtmodtoviruscs.
the rate of biodegradation, reform ng and repl acenent

of TR @t Bldidate tHaPMRRAEMIca] Blbakifig photeliant aft PFodabtRdicSrective
by host cells and enzynes. The graft prostheses

I §hrBb&ys ke irﬁai§tﬁfn'd Qﬁé‘%&kﬂtﬁ? 3Gk Vasibh 65 a Wit Gaﬁ&?)ﬁf r8l agents.
u

renodel ed by the subjects in which they are inplanted

| YoBed | . Or TRYBRIARELA e AivbntidOBE tidrRaidRelaBR] Willile functioning
such, 7are functional as an anal og of the tissue they

r epaj srubgﬁmf@lmcf'}‘g(%ﬂ drrbuglg(qjt,tthé’ﬁr&ﬁleg& MBS Rivention also function as a

bi or enodel abl e alrti prost heses of the iInvention

W@refrﬁo%aa{b“f@mgﬁife%ﬁﬁold! @yﬁ{eﬁng{wnﬁ g@ ﬁés%%glllé.i GfHRmodeling” is

matrix are prepar to incorporate e5|rab e
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gg&bﬁéoﬁ%tsl)ogél&% ﬁngpq%}tgggrpo%&e%{s] %yqlro(s)ts ct>er111% Salna 'enz%é‘s. L’!lsheedgraft
prostheses retain their structural characteristics while they are remodeled by the
subjects in which they are implanted into all, or substantially all, host tissue, and as
such, are functional as an analog of the tissue they repair or replace. In addition to
these bioremodelable qualities, prostheses of the invention made from two or more
layers of processed tissue matrix are prepared to incorporate desirable biomechanical
properties.
[0065] Young’s Modulus (MPa) is defined as the linear proportional constant

between stress and strain. The Ultimate Tensile Strength (N/mm) is a measurement of

the strength across the prosthesis. Both of these properties are a function of the



device, it should be able to wthstand the rigors of
physical activity during the initial healing phase

wae@7oisoeughout renodel i ng. [ 0066] Lam nati on BCT/@RPDEI060055
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of the bonding regions is nmeasured using a peel 5

test. Immediately follow ng surgical inplantation, it

is inportant that the |layers not del am nate under

physi cal stresses. |In animl st3adies, no expl anted
material s showed any evidence of delam nation. Before

i &f 1aygrs eiHELintthe prosthesis.c MGhem used e e hoadt heering or support
opposing layers is about 8.1 2.1 Nmmfor a 1 mM EDC

c r<g‘§ il i Reeulthbetabledtp avithstand he tigers of Phygiod 2ctihy dwming the initial
Tenperature (C) is an indicator of the extent of

meterling phgso st ithieugigout Temmodligger t he shri nk

tenperature, the nore crosslinked the matrix is in

t HO0OM@t er i al Lardimatinn strasgsh bfithedondamragions asdhedsatbdSing a peel
has a shrink tenperature of about 60.5 1.0. ClIn the
prtedte imecdétdip dohening skfdivat imgahtatioagit iy Bgidrasethatdhk llayers not
preferably have a shrink tenperature between about

64delimiflai?2 yddeoplaysical stfdsés. I atinddl sGadiey, ndexplepedithdérials showed
are crosslinked in 1 nM EDC to about 100 mM EDC i n 50%

aceyetficntespechinititivn. BIH8ImpPlagtatiBs NAaBa@Rdsion strength between
properties include mechanical integrity such that the
Priasldppsiing N8RS bEREE P 1AUT NAANDFR ENRIE FDY cro@flfiked multilayer
additionally is pliable and suturable. The term

" Rlohéklg" neans good handling properties for ease in

use in the 20 clinic. [0069] The term "suturable"

t hat t . i j / . .
mgng7l ha §ﬁ&@@ﬁpé&%€ pes @SS&{ {n@Scallr otfglfeeéﬂéﬁg)fmamx

e suture retention t ermts nee

S Lgr&gsﬁg.?ﬁgte I"I'th% lé&%%e?ré A ink tﬂéxﬁ#&@tu‘i’% %%1?1‘6 ropéc’ U&?ﬂinﬁed the matrix is in

mat er | sut ur ng o I os esl| s 0
ions. of \native i - V[ ' h. A
SSELLANSD!pRHA6 3 S O L 08 BA persn of

LBt P iy s e EbROR St LISt PR Brogheses will

WO 2007/ 048099 PCT/ US2006/ 060055 34 the prosgheses, N
i racicrabhehays 4 shrjnkgrmpriabin beiiecn gbpuitsd T Hyabout 72.5+ 1.1
whi | e being sutured, is
°C for devices that are crosslinked in 1 mM EDC to about 100 mM EDC in 50%
acetone, respectively.
[0068] The mechanical properties include mechanical integrity such that the
prosthesis resists creep during bioremodeling, and additionally is pliable and
suturable. The term "pliable” means good handling properties for ease in use in the
clinic.
[0069] The term "suturable” means that the mechanical properties of the layer
include suture retention that permits needles and suture materials to pass through the
prosthesis material at the time of suturing of the prosthesis to sections of native tissue.

During suturing, such prostheses must not tear as a result of the tensile forces applied

to them by the suturc, nor should they tear when the suturc is knotted. Suturability of



related to the intrinsic nechanical strength of the
prosthesis material, the thickness of the graft, the

wo engioggvappl ied to the suture, and the rate aPCTOB6/060055
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the knot is pulled closed. Suture retention for a

hi ghly crosslinked flat 6-1ayer prosthesis crosslinked

in 5 100 rnM EDC and 50% acetone is about 6.7 1.6 N

Suture retention for a 2-layer 39rosthesis crosslinked

in.1 MM EDC in water. is about 3.7 N 0.5 N The )

pr Bedresileses. die thesahilibeoiapehescs i Ceistivgting mdilsihsing shyred, is
for a crosslinked flat 2-layer prosthesis as a. )
sufedpiethtathe gytepsip mechanicalgrepsthad dig rrosiesis njaveiad] thathickness of
used herein, the term "non-creeping" neans that the

bi Byeetfhithe ensiongppliesherthe sutust and gl@gﬁ@sqt ed¢lsthiedpat ts pulled
durability so that the prosthesis is not stretched,

di elpagrd siturgretentiem ad ighlyedosbnlead flatiorfiayer prbstbesis crosslinked in
i mpl antation. As is described below, total stretch of

t h&0G ml ERean i PStdoetons issdbonh6 S 4t hoevt Botnred sctanitionifor a 2-layer
acceptable Ilimts. The prosthesis of this invention

acpitdisthesis aros€lsiketl a ¢ enVOEDLYif tedhdrig aBsut3.7 NUP 05110 TRE preferred
post-inplantation cellular biorenodeling by

I eRivae SRR refintidh sHEA th 3 abbout ORI ARG 8FsBimIRAHat 995%& &?Bsthesis as

a faster rate than the |oss of nechanical strengt

t he surBR 8 dr8d i Bl AsSidier § nem bi odegradati on and
renodel i ng. [0071] The processed tissue material of

theophesent iWRvVLB4 'hfi%iﬂ', $he SE"A @@Jg@@iﬂg" frean& M@ the biomechanical
a onaed.

though it has been yered and

Seﬂo?@ﬁfeg@f{ﬁhldjréér{h%% Wbt adeM1iH G0 He ?)Eosglgeys iSGb Stretched,

for renodeli or deposition of agen
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|ngr’ovvt on preventi on oOr rono n,

| 808w ofiter IR o RRE AP btk bY Bl a8 BT R GR Lceptabte

grevents SS
copegng bros o IR Bkl lts Brewiesf aREaRvai boorchines o

o eSO el 5 BB o
BRI i e FARCEE T8
or Rl Seligtesidelioy fbrRndetbgs rim t he-

r Si s . . . ..
b ﬁ)%)% tf]e The processed tissue material of the present invention is "semi-

permeable," even though it has been layered and bonded. Semi-permeability permits
the ingrowth of host cells for remodeling or for deposition of agents and components
that would affect bioremodelability, cell ingrowth, adhesion prevention or promotion,
or blood flow. The "non-porous" quality of the prosthesis prevents the passage of
“ﬂuids intended to be retained by the implantation of the prosthesis. Conversely,
pores, perforations, fenestrations, slits or a mesh may be formed in the prosthesis if a

porous or perforated quality is required for an application of the prosthesis.



obtaining a clean edge wi thout del am nating or fraying
the edges of the construct. [0073] A sheet of

w@e@ces®ed i ntestinal collagen derived from t hECT/US2006060055
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5 subnucosa of small intestine usually has a thickness

bet ween about 0.05 to about 0.07 mm G ven the

sheet-1i ke geonetry of the purified tissue matrix, it

may be | ayered and then chem gally bonded together to
provide a nultilaycrcd construct with greater . o )

t HP@KHess. Thee pedunicsbintegrity o theeresthesiagkthts igventipm is also in its
mul til ayered, bonded prosthetic device of the

i rebdity ito he deapet er falded, ahwelavshediilitygersubrer tinp Hie prostbesis

as two or nore 10 layers of ICL, or fromdifferent

c afbtzigieg and¢amrddgk svithout telamineting or firaging thagdges ofthd @nstruct.

and one or nore |ayers of fascia lata. [0074]

CdA873Juct s wAtsheanf pracesseldiiatestprad pelldgee sleriagd remube tinica

for the managenent of wounds including: partial and

f submiubokoteamlvinteniise uspnke duy thitiarsshetweanausit 0.05 to about 0.07
ul cers, diabetic ulcers, chronic vascul ar ul cers,

t uhine | @igky fbeshetthliiet YouRas, ofthe purifiddcCidsusvaiands i Sidg be layered

as donor site wounds for autografts, post-Mh's

S Wihdehyh chiBalB; bddhdsd tdRBeS 16 Prgaddya MalNgfercd\eatizbuct with greater
dehi scence), trauma wounds (such as abrasions,

| aBRKAEISOMhe pBQEOdRd e MetrUBTers 3 theSkhilfil dy@2ddS bod¥d prosthctic
dr ai ni ng wounds. The wound dressing is:a single-I|ayer

ShRQiccdt tie AMbAdH Bay BY BontORShfiYChbl&fcnBABAM 6@l a4 two or more
and chem cally cl eaned porcine intesti nal colfagen, at

| agpdrs 8RECE Grafinh BIrf ORIl 1a89eRkteri8RCHCRRI68S 8L Fiore layers of ICL
tissue matri x sheet having about 0.05 to about 0.07

Moo R P8 B ersChRiIaRY fenestrations that

conmmuni cat e between both sides of the sheets. The

?;[gav&]t COMD bR AR Kb PObiTMABD BRG] BE w8l kAdRS

out™ >95% 1n its native form S than about

0..2%.J. i.pi s . | .

o o ST B B i Yepagipisagrepouee vieer

n | i .

b TG PREGLAS Gl B LIGMTNAR S Bangin wouns,
/ L US2 [ Q60055 6 '

0 0080 500 PSRl

crossli nke crosslinked, to a ree t | at e

con i KRSt SRy O Ogp PRI RE S Pl Ship@Tfucn o

Ofabrasions, lacerations, second-degree burns, and skin tears) and draining wounds.
The wound dressing is a single-layer sheet or a multiple layer construct of
mechanically and chemically cleaned porcine intestinal collagen, at least one
antimicrobial agent, each processed tissue matrix sheet having about 0.05 to about
0.07 mm in thickness, containing fenestrations that communicate between both sides
of the sheets. The product comprises primarily of Type I porcine collagen (about
>95%) in its native forr;a, with less than about 0.7% lipids and undetectable levels of

glycosaminoglycans (about <0.6%) and DNA (about <0.1 ng/ul). The porcine

intestinal collagen is substantially free of cells and cell remnants. The wound



the dressing by a patient's cells. Physica
nodi fi cati ons may be provided to the wound dressing

W 000pousepe t he passage fluids. The wound dr essPEmUS2006/060055
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provides a noist 5 healing environnment, a barrier to

control and m nimze bacterial contam nation, and

pain relief to a patient by covering sensory nerve

term nals. An antimcrobial agest provides effective
protection against mcrobial contamnation in and )
ardwessthgtdfghe mygnidosings or frag 7} criiselinkisdnbiitdf eresslinged.grosslinked
applied to a patient wwth a wound in need of 10

t e atdegree. to Begfudate angh porited biastegradationyduierdmadelingnay rapdacement of
cl eansed and debrided of scar tissue using standard

wahe dredsing biy ngatietniaiis e Phy e freodifibcationd elmayi lbeprevided ¢o the

to a degree where wound edges contain viable tissue.
Tovaymal deedshey @riesmitnge pdssadeefluidnvEht wonnd ttessisg pravides a moist
the outline of the wound area. If the wound is |arger

t healifg estitgintenl) Lisftago b6l artlihinipi Hckeiebcomymination, and
used and overl apped to provide 15 coverage of the

e faiid R160 W Elpatidnt b QoerRESefghry Betvit tarntinylsS Aal edtiniitrobial agent

-may be rehydrated wusing sterile saline or other

| §RbILS cHdtipRdtcctiditagRBBerroblAe c6lit @B Hiafign Shand shobied the

in contact with the intact tissue then snoothed into
plasgd icensure that the dressing is in contact with
t he underlyi ng wound bed. If excess exudate collects

un@ersit he shegt woud@BldssifP & igMliRd 3618 pBGerf With &wblifd in nced of
sheet to allow the exudate to drain. 20 [0076] The

ANt doiin 6O %&ﬁre%?ﬂgat%eﬁl%ivﬁ’(gm‘afar&hﬁla& BY b QA ARMeBAded of scar
used as an interface between the wound and

C chk\éﬁ@ﬁéiﬁg ga)r}d% WA e e MEHRGLAT PSSLABLY, _debridemetnﬁ és toa

Al'ternati the anti m crobial "'wound dressi ng of

éej \gﬂeﬂg%ym&ﬁ eldggsdco%ﬁtiﬁ‘ Qiab%vtsét's{u@.g?f) %gﬁlgfst%ﬁé grressing of the

I
repﬁ acenent, such ds an autogra

CoLATR, B3 DAL or VUSRS By o

/ vi
NG A A Pl
0 o I > . [0077]. Af. |

\gg%r%e{:aggiog ﬁl?er %nr’%gg%/ﬁ%%? Iﬁggee &eggciﬁé ?s d]ﬁl[ear c?rp{ s]caté‘ 1% 1%%% BF §ehydrated

non<a ent, Seco

d rl(les?ggl 8ile%saline or other isotonic solution. The edge of the dressing should be in

contact with the intacf tissue then smoothed into place to ensure that the dressing is in
contact with the underlying wound bed. If excess exudate collects under the sheet,
small openings can be cut in the sheet to allow the exudate to drain.

[0076] The antimicrobial wound dressing of the invention may be used as an
interface between the wound and conventional, or secondary, wound dressing.
Alternatively, the antimicrobial wound dressing of the invention may be used as an
overlay to a skin replacement, such as an autograft, allograft or cultured skin

construct. When used as an overlay, the wound dressing supplies a moist wound



preferably applied in order to nmaintain a noist wound
environnent. The optinmum 5 secondary dressing is

waledogonsoped by wound | ocation, size, depth andPCE®82006/060055
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preference. The secondary dressing may be changed as

needed to maintain a noist, clean wound area.

Frequency of dressing changes will vary dependi ng on

the type, size and depth of ti& wound being treated,

t he vol une of exudates produced and the type of
dreaygpagent sl thatdheadlsifrogn eighairtae skin seplesmeent may gionylate the
may need to be replaced in which case 10 additi onal
appounscheddns festerwowmd cdsetsi ng nay be perforned until
conplete healing is achieved. [0078] O her

ertB0diInent s Sftet heplicatiemtaneppapeiati, newwdberent, secondary dressing is
mul tilayer constructs inparted with antim crobia

prioperdbile spplihlanprdstio etaiaidenmost obutd esvirommeant Tha optimum
has two or nore superinposed collagen layers that are
bardediatodesiieg is dderhinedsegdwbendiaratidmaie derithlahd@ gest preference.
| ayers" means conposed of two or nore |layers of the

s anie: etomtaty eressihg Gadyl wgshangat Srneated foe@h@ehih A nioist, clean wound
manner such that the |layers are superinposed on each

otdred. Biguaicy oFulidssiigththges Ralldratp@eidnamgdn the type, sizc and depth
self-lam nation and chem cal crosslinking. [0079]

MytehsReahd beiak ticatddNtcRiotshd et d:G1ddRY ';pmdcsd an@tHed$Abf dressing
mesh or graft 20 intended to be used for inplantation

t ause@l Ak MesBnS8Edurd, iﬂ@ewsuﬂm&ﬂcs&%gwﬁ»ay Bidbd RPbe %cilpmct:&ﬁl which casc
an )

to: defects of the abdom nal t horaci c wal muscl e

| ARt DAPIREHBY of \Kr&ﬁldadr_eﬁﬁ% m4¥8k Eé&lfoﬁﬁéﬂ @RARomplete healing is
reconstruction of the pelvic oor, hernias, bridging
gaRsidvBgfascial defects, suture-line reinforcenment

and reconstructive procedures. One prosthetic nesh or

g g[?fﬁ giof th eo'}]l(fjb\f SRt GRYBE t'gé Zx?ve‘itiﬁh ¥fe Jligé/c‘?éd %ﬁg@hkﬁﬁr

cine ICL a 25 antim crobi agent, about
%?%?3%%88@8@%@8%@%@%@?@%%% B
foiPxTﬁ%&R%nt aB?{zg'gg %%(ﬁg %ﬁ%@x&o@%&’%ﬁ%ﬁ%ﬁ {11&3{ 1R voRbdd"Bgether. As
e el AL B BB OB O bore s o

! nstatemset Arncﬁ%fer%gl écﬁ%%gn Imsatesryakl) §rteéatgct1 i El:l lnyanner such that the layers are

superimposed on each other and are sufficiently held together by self-lamination and
chemical crosslinking.

[0079] More specifically, the prosthetic device is a surgical mesh or graft
intended to be used for implantation to reinforce soft tissue including, but not limited
to: defects of the abdominal and thoracic wall, muscle flap reinforcement, rectal and
vaginal prolapse, reconstruction of the pelvic floor, hernias, bridging gaps in fascial
defects, suture-line reinforcement and reconstructive procedures. One prosthetic
mesh or graft of the invention comprises a five-layer sheet of porcine ICL and

antimicrobial agent, about 0.20 mm to about 0.25 mm in thickness. The product



free of cells and cell remmants. The prosthesis is
supplied sterile in sheet formin sizes 5 ranging from

wW®B2007548900 t 0 12 x 36 cmin doubl e-1ayer peel abP€&r/US2006/060055
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packagi ng. The prosthesis has a denaturation

tenperature of about 58 5C, a tensile strength of

greater than 15N, a suture retention strength of

greater than 2 N using a 2-0 braaided silk suture;

and, an endotoxin |evel of <0.06 EUm (per cn? of
presasistsprimagilp af Typel netcinenellpgestahed %952@} ingts npire form, with
construct consisting of five layers of I1CL and 10

ariessthen disivaD.74géinids apd vddeteetable de sl gikeapamindglicamp/about
with 1-ethyl-3-(3- dinethylam nopropyl) carbodiim de

hy<r.6%h bod DAEA. (dH0G) <0.A4 ngAtler Thd porfcorenmteliinal cobagtorisistibstantially
a first sheet of ICL is spread nucosal side down onto

a feeesitdells ped yslPFdpaate Eaebsthensyisupglidian@alin Meet form in sizes
creases, air bubbles and visual |ynphatic tags.

Spaeady E‘Jﬁm@fj xt9NEm k2 kB TanR e HOuPLiyet BE:16b18BASEQRSs. The

Three sheets of ICL 15 (nucosal side down) are

| a)EERELis BIR o @&aafraﬁdhete g@f’&ure%@%%ﬂt%@ + §°®VAlnQfe strength of
creases, air bubbles an vi sual lynphatic tags ﬁ%

| Zég?tglgﬁ\%? tl?}lsf lﬁ@é(tﬁfeet%te F&ﬁ {a‘érﬁétﬁ of H'F‘e%{er %111]&91% fil usup a 2-0 braided

e ﬁUCOS& ensu

d > |
| e, RV fral PESEPP A oy Y g
dried her f
T'ﬁlil%taggf:@?ag %%%s‘%he ﬂﬁr#gaé%ﬁgetcaﬁénﬁl%&ﬁ g gy of ICL and

crossl.in in ter f.qQr rs in 500
man&nleﬁogegrl a']‘fpg‘ e amhﬂ% el wigh %Hﬁ‘@ 51?'39@.1-3 &
ach rod is.rinsed with rile water and
m‘FFPé/FEm&IE}PS’i"BY Picashoddmide %e%@a@q de?@) fvptsr. To form this

hydrated 0080] In an_alternate enbodi ment, the
pric8stEett & %W@éOf Klaissprepdannoaspl side dowe pitera fraeath
one antim crobial agent that is intended for

i silegsrkanatsshest; prsupmgremontPL cpmsey, pis bubbles fpd visyal gmphatic
mhere weakness exists |nclud|ng but not limted to the
f drgowineadiee o 10580 JonPOYNS2e0 6indBBd5S8. Theee sheets of ICL
procedures: pubourethral support, prolapse repair
( Wrmtchsad[side ate layesst b tepdf &)@Iﬁyst) ensuripggevpvaloficomses, air
of the pelvic floor, bladder support,
s dobbleslapd s’tsgp]elbfgip(hﬁtic tags vehestercltstieeis payred UFlesfifhgheet should
tissue repair. In another nost preferred enbodi nent,

be layered with the mucosal side facing up, ensuring removal of creases and air

bubbles. Visual lymphatic tags are removed prior to layering of this fifth sheet. The
layers are dried together for 24 = 8 hours. The layers are now dried together and then
are crosslinked in 1 mM EDC in water for 18 2 hours in 500 mL of crosslinking
solution per 30 cm five layer sheet. Each product is rinsed with sterilc water and is
then cut to final size specifications while hydrated.

[0080] In an altcrnatc cmbodiment, the prosthetic device is a surgical sling
with at least one antimicrobial agent that is intended for implantation to reinforce and

support soft tissues where weakness exists including but not limited to the following



the prosthetic device is a surgical sling conprised of
three to five layers of bonded, 5 crosslinked ICL

WO e@anestni th at | east one antim crobial agentPCTUS2006/060055
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fabricate a five |layer device, ICL is spread nucosa

side down onto a snooth pol ycarbonate sheet; ensuring

renoval of creases, air bubbles and visual |ynphatic

tags. Spreading of the ICL is 3done to optim ze

di mensi ons. A second, third, and fourth sheets of |CL

( me@siaresspld@ur@mh;umpet, pw}mse densir @ephiel vegwat, ireciel and colon),
ensuring renoval 'of creases, air bubbles and 10 vi sua

| yaphatrhcianagfshehemiceladr, slaedr siuppdrhpeereeRlpavspensiar

sheet is layered with the nmnucosal side facing up,
enscntistrgethenpoalducds andemswsrepaid. & andbhdyishest profersechémbodiment,

| ynphatic tags should be renoved prior to |ayering of

t hthe pfastielic dbdet is  surgiealedingapamrisedosthreetd five lagate obonded,

a first sheet of ICL spread nucosal side down onto a

s medshink@blGIcaehehaith as hast oneemsinticrobial egonallodabricate a five layer
creases, air bubbles and visual |ynphatic 15 tags; a

s akoivd, BiTe ft spefad IGhcob AL QS@dwis bl a0@nedth palyesirbonas sheyd; ensuring
of the first, and a third sheet |ayered on top of the

S aeARdalsdTREasW, it bubBlcHUa@SRLalSvBphitaciadg SPrchdhBef the ICL is

| ayers are dried for 24 8 hours and once dry, are

Crapms b Bl @MlizclihOndidhsEDRC séddn80firdasRt Reh fsBEctd 8f RoL (mucosal side
hours in 500 nL of crosslinking solution per 30 cm

f i dRvd) A laysldg @h top LML RN ERGrinG OB Al HF@ELaSAN 8 bHUBbIcs and

isrinsed with sterile water and is cut to final size

20,i§iR8 GrhpredbitQRsvivd dagh Qﬂéiart sl ﬁ?ere@y TRE ¥thdhB& is layered with the
pubour et hral support, the sling may be used for the

U rRRLIRRIGd OFacth 'db%y)(su&&%%&b@ﬁ%%réa@ééﬂdd‘ RO I8, Visual

urethral hypernn Pty “or intrinsic sphincter

%Mb?layer ;ﬂb%léﬂé @Jed? ?o Pagr 1t BPth?sf fifth sheet. (A three layer

an1nate she e I ntesti nal

o gln@tg&cq is ARQUDy 0 £ 8 %)c O (ﬂég‘%g&’ég ooBNsidl ddWf nkzsénooth

an antimcro agent evice IS Cross-

W yﬁﬁ%&ﬁf%drali’é d%é?t(E%&%ingﬁgﬁg%' A8y Qﬁ%lu%%é El?é’gishgﬂ §fphatic

evi ce consi st

po P %{ (&48%90 Shedl o lf'?%go(glfucggag ?}fde ﬁﬁ\ﬂﬁ 01}/ to fof-@fé) ﬁrslt yand a third

I'ne CO agen S na l-ve

| esﬁ Ft hger}s magg ofggzos/gceg %etin%%detc§g§1%¢6%| 1%%%'{3% The layers

ofarg grl\lllgg Etod)n?él _CSSPBI%ra%h%%cé gt ?%}cl cgﬂglsshng ngle (P HM EHCe m 90%
acetone for 18 £2 hours in 500 mL of crosslinking solution per 30 cm five layer sheet.
Each bonded, crosslinked construct is rinsed with sterile water and is cut to final size

_ specifications while hydrated. By providing pubourethral support, the sling may be
used for the treatment of urinary incontinence resulting from urethral hypermobility
or intrinsic sphincter deficiency. The surgical sling consists of a five-layer laminated
sheet of porcine intestinal collagen, about 0.20 mm to about 0.25 mm in thickness,
and an antimicrobial agent. The device is cross-linked with 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide hydrochloride (EDC). The device consists



remmants. The denaturation tenperature (DSC) of the
prosthesis is greater than about 5 63C, its tensile

W@ Re0gf0ggobo i s greater than about 15N; its sut urBCT/US2006/060055
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retention strength is greater than about 2N using a

2-0 braided silk suture; and the final endotoxin |evel

is 50.06 EUmM (per cn2 of product). Wiile the

bi or enodel abl e aspects of the sbing can be varied and

| everaged, the sling prosthesis of the invention is
natrinearflg of Tvead percinsgwlagerr tabowiut O50) writaratise Hyen twith less than
device inplanted as an assisting structure. It is 10

prabbet 0.8% lipids andvendegictdbdy keveslsof giyvosahinnglybensitabeut <0.6%) and
hi ghly crosslinked to reduce the biorenodelability of

t HaN4 (ahgut TheENglilhgThe pstcheshestisal @aolaggnliy free of cells and cell

bi oconpati ble, flexible, collagenous structure that,
Whefimbie) ardeadbnati@dtivhabmpera@is (BRTY o telbithdls is greater than about
support and strength while functioning as an organ

SUPREY {ts (eNHIE Srerdp@PB bredi& 185k hboRNSNDGE s@utSfettatiBn strength is
enbodi nent, the prosthetic device is a dura 15 repair

g%gﬁeﬁ #a3h abSut'2N &ﬁﬁfg 2 Pbral d5! saQtsﬁMrg,rhntthé BRAIhabiiin level is
a nater, a toug menorane that protects the

Th . i i .
.CeéH 66? }5 A& éﬁ%% r%{nz éi %go;ﬁluth.u ?V?iaer e rb?(ﬁ'?rlnrgg%lgﬁe/% ’%gpe%ts thcﬁe sling can

I nventron C yers o

cr.ossl i nked.TCL nd an anti g crohial. agent.. To ‘

¢t veeisaod 19iecfae et blostheSis 8 iing SRR s af Criepacement
si.de down.onto a snooth, pol ycarbonate sheef; ensuring .

- SR RO PR G SIRRPF A ISEIEE ARt 45 A P g Structure. T i

| ynphatic tags. Spreading of the I is done to

omrrc%ﬂfe Tt A I To oS0 4 Dt B ot bl SrratE g rpdyoe the
(rmucosal, si de down) are | ayered on top of . the first, .
eriigrempgiclabily ¢4 thegting, dhsslng grosthssishs a bishhybigraypgtible,

| ynphati c tags when each sheet is layered. . The fourth

s hitetblescqlizgenauy stipetire that, wihes daplagfcde magpigg rgyisite structural
ensuring renoval of creases and air bubbles. Visua

| ywphert ped stgpsths Wbk dussiopEempad QebIuPPert/dsyisei ng of

25 this fourth sheet. The layers are dried for 24 8
hd@®P81land onkestdl gnother altemetesimbadiereyiDtirqovstbagodeyice is a dura
PCT/ US2006/ 060055 41 in about 0.1 nMto about 1 nmM

EDE€piin paich thatoy pkasidedh ramiplantatianf tontpainidie dyra fupEs)a tough
buffer for 18 2 hours in 500 nmL of crosslinking

s ohembomepeat pBetectatifeotentral myreeussiystem. Hardurbosrdedievice of the
crosslinked construct is rinsed with sterile water and

i singention comprises of four layers of bonded, crosslinked ICL, and an antimicrobial

agent. To fabricate a four layer device, ICL is spread mucosal side down onto a
smooth polycarbonate sheet; ensuring removal of creases, air bubbles and visual
lymphatic tags. Spreading of the ICL is done to optimize dimensions. A second and
third sheets of ICL (mucosal side down) are layered on top of the first, ensuring
removal of creases, air bubbles and visual lymphatic tags when each sheet is layered.
The fourth sheet is layered with the mucosal side facing up, ensuring removal of
creases and air bubbles. Visual lymphatic tags should be removed prior to layering of

this fourth sheet. The layers are dried for 24 + 8 hours and once dry, are crosslinked



to final size specifications while hydrated. The dura
repair device consists of a four 5 |ayer | am nated

WG h@en48099 por ci ne i ntestinal coll agen, about OPABUSIUNG/@50055
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about 0.21 mm in thickness. The device is

cross-linked with 1-ethyl-3-(3-dinmethyl am nopropyl)

carbodii m de hydrochloride (EDC). The device consists

primarily of Type |I porcine codll agen (about >95% in

its native form with |ess than about 0.7% i pids and

u n*a'eatbeei %Bl“éM f@xﬁépgf b\ IBRG ébtrlNogpirhalisojetianesulfonic acid)
A% éabout <0.1 to Ng/gl). The porcine

[ n@\ég ) hlaﬁfercf@r L& gehbauss iy ¥ of. ferosslinkidg selution per 30 cm four

remnants. The denaturation tenperature (DSC) of the

priesertvbsets Exwhdpordeds crashlanked wonstnid iGinget vaith §teisivRer and is cut

strength is greater than about 15N; it's suture

r etogintal eize speaifigitions svhile dgtieted. MBle dah eedaird¥viteidadsidts of a four-

2-0 braided silk suture; and the final endotoxin |evel

| slayerJatifnadd sHeet ¢Prciastntadiingl eslligea, abbGL0.d4 'hﬂfnrt@ P&t 0.21 mm
device is bioconpatible and bi orenodel abl e 15 such

t hiatthickhes. Mipldaniceds érdtwligkedaaliie Mettyl- ﬁ@e&n%hﬁ%ﬁmpmpyl)
repair, it functions as a dura replacenent while over

t | ¢¥Ebodifinige aF erRERYRE (BPA)OThe Febiet bsndiftabriRatil of Tvpe I
degrade and &replace §hecgeV|geesuch fhatb% ne%ﬁa ype porcine

t | @lger @PLAESS5Y rﬁl THOVHHIR FOME ikt féﬁs 1HaHOBEht (F‘?% lipids and
instance, a nultilayer construct of I1CL is used to

I eRietech®Y1cValk bf g%Bk&ﬁlﬁB@?c:ar}bt(aW < @’}Q% %ﬁlall‘jﬁgb(aﬁﬁm <0.1

for exanple a pericardi al " patch, nyoca

al“ﬁéeg]]?&& @rntgﬁﬁ%hcolﬁa bl adger, f’\%lls aggt ?Clli] Eeml}ang The

hernla re evi ce (as a ensi on fee

3 PSP R G DUBEAIOBR 8.8

cysta eIe The multjlayer construct is useful for
¢ rigaier %*&ﬁﬁ gty han Aokl Mick s guturaTetentiondirepgthis gieater than
capsul e repair. The nmultilayer construct is useful

f crooBt 2N s $-Othsaides sills sutyrghad thedinad eadaigrindevel is <0.06 EU/ml
cranioto procedures or to repair 25 canal dura al ong
t Heesgm ng}/ prodret). Thedwatrepdindeviee isbédaompatibrumd|tdsremodelable
repai r when the WD 2007/048099 PCT/ US2006/ 060055 42
arsugh grat.fwhgnoisipdanted e nipatied it nead of dirh pgadl, difsedtioands a dura
is used as a plug in the hole created by the slipped
dirsplaggmers vehilowmer iing, tshivtemodeled, bydiosbetéils thheboth degrade and
material is useful in plastic surgery procedures such
aseplast thealeyiceabdothanahew hogiatisgue ssptaden tHeadsvade over time.

[0082] For instance, a multilayer construct of ICL is used to repair body wall
structures. It may also be used as, for example, a pericardial patch, a myocardial
patch, a vascular patch, a bladder wall patch, or a hernia repair device (as a tension
free patch or a plug) or used as a sling to support hypermobile or prolapsed organs
(rectocele, vault prolapse, cystocele). The multilayer construct is useful for treating
connective tissue such as in rotator cuff or capsule repair. The multilayer construct is
useful for dura repair to repair cranial defects after craniotomy procedures or to repair

canal dura along the spinal cord. The material is useful in annular repair when the



plastic surgery (brow and cheek lifts). Both single
and nultilayer ICL materials may 5 be used as a wound

W@ 0021048099 or dressing to assist in wound repai PCT/US2006/060055
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Furthernore, it mnmay also be inplanted flat, rolled,

or folded for tissue bul king and augnentation. A

nunber of layers of ICL nay be incorporated in the

construct for bul king or strength indications. Before

i npl antation, the |layers may be further treated or

csaneldr fibtosis ig bprnigdeth(ior. sbphed disstanddensad) asra plag i she hole
conponents, hyaluronic acid, heparin, growth 10

f aetatedsby Peplipprddisopr a1 caesing de thediold, o $ath. THe: material is useful
foll owi ng exanples are provided to better explain the
prinptasteswgerytiirecqshuessenich anuwestopory, ahdorsinalibwrgenyt atakin facial
interpreted in any way to limt the scope of the

p mésstintsuigeveftrowrand Icheadi lifis)b Eodlp pinglei aatievultikgtr 1@le materials may
device design in its conposition, 15 shape, and

t Hiealsnd 8sa wduhd coecrir @airedingeapesdstrig waunt kepait. t Fureieemore, it
indication for the <construct. Those skilled in the

arthaylkd be eapighicd €lat,ralled, at felded frdistucCailkidgund adgentation. A
made to the nethods described herein while not

depaiticr 0Plal t8BfIOR BH bt incaipdracdittholcondthRt Riré&sBahg or strength
i nvention. 20 EXAMPLES Exanple 1: Chem cal d eaning

ofindfestival Gafdr¥ ilpbRARRDNPAICTaYes BERbL fhfii@%Edaltd or coated with
[0084] The small intestine of a pig was harvested and
NMeGapinCe dtter sk ira BRRMar m ik %n%oﬁéﬂtﬁﬁfy'ahﬂ&nig Whid, heparin, growth
cl eani ng machi ne (Notti ngham UK) which forcibly

I EARY RS pdtRies, @ leultitédelis.and nucosal |ayers fromthe
tuni ca subnmucosa using a conbi nation of 25 nechani ca

action and washing with water. The mechani cal action
can be described as a series of rollers that conpress

ST o Bl MBS 5] ERADEE oo prcicn o
Wh:ﬁ@ gltaeg&st 'ilgs;e%ﬁf)n LRk sﬁ%dﬁg ﬁgfn‘% #%@%dvﬁedﬂy%% li-lr-llﬁ?the scope of

tuni ubnucosa O testine’is

Copp e%ﬁtvﬂalﬁaﬁ.r iiﬁ%u%da@%cﬁ&s& ﬁqabﬁl% 4et09ce d%w%qﬂ ad itc&glposition,

tisstue, and the rollers ueeze e softer cofrponents
f rsBE'igé, Hed ?ﬁ&@gﬁﬁ% bg@ae&%a ld'e#en%finrgt (?}Eth%‘.it'?ﬂnﬁ% AUy the
was suc a e subnucosal Tayer- o

construct. Those skilled in the art will recognize that various modifications can be

made to the methods described herein while not departing from the spirit and scope of

the present invention.

EXAMPLES

Example 1: Chemical Cleaning of Mechanically Cleaned Porcine Small Intestine

[0084] The small intestine of a pig was harvested and mechanically stripped,
using a Bitterling gut cleaning machine (Nottingham, UK) which forcibly removes the
fat, muscle and mucosal layers from the tunica submucosa using a combination of
mechanical action and washing with water. The mechanical action can be described

as a series of rollers that compress and strip away the successive layers from the



5 the intestine solely remained. [0085] The remai nder
of the procedure, chem cal cleaning according to
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Abraham ct al., the disclosure of which is
i ncorporated herein by reference, was perforned under
aseptic conditions and at roomtenperature. The
chem cal solutions were all used at room tenperature.
10 The intestine was then cut |engthw se down the
| dweisa arkmedesa whan theningact Bitestine derm heheennle®r i T41e tupisa
wei ghed and placed into containers at a ratio_of about
1Gobmuceyaofdhe srolliintesting és ¢omparetivedy bardersdattiffer digahe
To each container containing intestine was added
approxidag dssuel and the golltrs squaske he2diter ¢orpansnis Kothitey
sterilized 100 mM et hyl enedi am netetraacetic 15
t etubamodiau riileabiul{ EDEAatBineid eodiguimaswndh thet dee {ukaidpsal layer of
solution. Containers were then placed on a shaker
t aht éntéieableit rebBideaur s at about 200 rpm After
shaki ng, the EDTA/ NaOH sol uti on was renoved from each
bqo08%]. [ 008The ematrads of e rbosturs@cinivahclasidag according to
approximately 1 L solution of 0.22 mfilter
stiatdrhdtiond]l BCW Appticaed o) W@ o 9964 o) ABravhmpel dlnthe disclosurc of
chloride (NaCl) solution. 20 Containers were then

plwERH iPMcarpdhakEhcrtiddyercf@End2eivae per fa@dtundct SscBtic conditions
hours at about 200 rpm After shaking, the HCl/NaC

S Odndt dt @B MBS P RIS AT EHEnA 841 RoRAIBhAWREY all us[c@Q@ 8dond @mpcraturc.
each contai ner was then added approxi mately 1

SOt in@3tiRd wils #xn ot fehbin®FiscSd i tHeaBmhed aM BRAI dﬂmnto 15 cm
chl oride (NaCl)/10 nmM phosphate buffered saline

( FRSAonsCHTERHAGK S WeibRed RENpIRLALHE QhtAnSBAKE ati At dout 100:1
for approximately 18 hours at 25 200 rpm After

Sh@%'o?galuhgﬁtd\ﬁgsﬁﬁﬁ%l gJ‘l tion was renoved from each
contai ner. WD 2007/ 048099 PCT/ US2006/ 060055 44 [0089]

T8, oo 30350 U B BBt UL by 1 ¢
ab%g@ﬁ&le(;ﬁ}%% !.:J.Igl (31?9%88 hﬂ&ege & ﬁ)lﬁthg ethﬂ@hﬁdigrg{netetraaceﬁc

rpm ter ng,

P gt‘r%frgilbgitgrﬁn R4t (58838 kS oWREn hPEBxide SNRVEH shiHBE ¥ tainers

were then placed on a shaker table for about 18 hours at about 200 rpm. After

shaking, the EDTA/NaOH solution was removed from each bottle.

[0087] To each container was then added approximately 1 L solution of 0.22
um filter sterilized 1 M hydrochloric acid (HC1)/1 M sodium chloride (NaCl) solution.
Containers were then placed on a shaker table for between about 6 to 8 hours at about
200 rpm. After shaking, the HCI/NaCl solution was removed from each container.
[0088] To each container was then added approximately 1 L solution of 0.22
um filter sterilized 1 M sodium chloride (NaCl)/10 mM phosphate buffered saline
(PBS). Containers were then placed on a shaker table for approximately 18 hours at

200 rpm. After shaking, the NaCl/PBS solution was removed from each container.



5 [0090] Finally, to each container was then added
approximately 1 L of 0.22 mfilter sterilized water.

w@oraiseer s were then placed on a shaker tabl eP€DUS2006/060055
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about one hour at 200 rpm After shaking, the water

was then renoved from each container. [0091]

Processed I CL sanples were cut and fixed for

hi st ol ogi cal anal yses. Henotox4din and eosin (H&E)

an? @%fson's trichront staining was perfornmed on 10

botdP8e} oss- sdetseEh CAHANPOES Rt edded apmiptimgtady 1dotalution of 0.22
control and_treated tissues. Processed ICL tissue

s b flker sispdized dOmMERY. Cantpinegnyersdhenplagcdiubs shaker table for
while wuntreated control sanples appeared normally and
ex@ot BHe Povisay 20@mmul Adfter plodrdm, thihplosphaty beffergg seline was then
material of ICL may be used as a single |layer or used

t orepesyvied ihoymel eabbmgintdiheay er constructs, tubul ar

constructs, or constructs with conplex 15 tubul ar and

f 1 K099k onet r Fosllyaspach sontEnanphetlizn akdehashréximately 1 L of 0.22
Fabricating a Miultilayer |ICL Construct [0093] ICL

pr sodslse dteadizod diatryy. Contalieerseetoitien blacxdop b ehdken@tble for about one
used to form a nultilayer construct having 2 | ayers

of hdulat 200 giirar iAlfer shekétig, dlic wotcowuas gancmobodabm caChebRtaincr.
size, manufacturer) was laid down in the sterile field

of [0@91 AN nar PidcwscddOiinampladGvdrCleut\@s B dl foeBiswlédical analyscs.
sterile TEXWPES (LYM TECH Scientific, Chicopee, M)

t OHcmb&aiytin @xa @6sin \ERHE) ahtl MASHE s BBEEbMstaidibh was performed on
material was trimed of its |lynphatic tags fromthe

abbathicrek-ss i ﬁfdldohélgébtﬂ'oﬁts@m?:le@ Do BIHirob ah MGERS Hisbues.
| ength (approx. 15.2 cm). A first sheet of trinmed

| Gbrovessed BCM tiBsuc AtpRR| Appadrb® RAL & 8618CInd JAMERS BlbrisSk e
down, manually renoving any air bubbles, folds, and

Cr@afaslted &nﬁsp%@m@%ﬁeﬁ n@Pmbliy | &pe]bghlyl\@éy béindar.

on the top facing, or ablumnal ‘side, 'of the first

sh bZ}Ni tht hﬁls\éﬁ%é)gaz/e%ﬁg%gl E%Lu%g%@/ug‘?@%{’ﬁgéé layer or used

abl um nal side of the second sheet cohtacting t

abl4aihA @'on§é.(ﬁ§1uﬁfl%}teg E?lféégﬁéf‘sb Gk co 'ts{] o%%ét\é with complex

removing any air s, and creases.

POl ¥GRF henat, ee, the ICL layers was angled up
Wt h thel(]f?%ﬁ%ﬁs&?g%#%g the oncom ng airflow of

the | ani naéxaﬁﬂ@%vngﬂtﬂ@& for HaBrib A%E SMIRESy &' TP hsh Bt

dry for about
[0093] ICL processed according to the method of Example 1 was used to form

a multilayer construct having 2 layers of ICL. A sterile sheet of porous polycarbonate
(pore size, manufacturer) was laid down in the sterile field of a laminar flow cabinet.
ICL was blotted with sterile TEXWIPES (LYM-TECH Scientific, Chicopee, MA) to
absorb excess water from the material. ICL material was trimmed of its lymphatic
tags from the abluminal side and then into pieces about 6 inches in length (approx.
15.2 cm). A first sheet of trimmed ICL was laid on the polycarbonate sheet, mucosal
side down, manually removing any air bubbles, folds, and creases. A second sheet of

trimmed ICL was laid on the top facing, or abluminal side, of the first sheet with the



5 hours in the cabinet at roomtenperature,
approxi mately 20C. The dried layers of |ICL were then

wee@owoed f t he pol ycarbonat e sheet together WCTU81006/060055
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separating or delam nating themand were transferred

to a roomtenperature waterbath for about 15 m nutes

to hydrate the layers. [0094] Chem cal crosslinking

sol ution of 100mM EDC/ 50% Acet orse was 10 prepared

i mredi ately before crosslinking as EDC will lose its
actilyningl gige of fherﬁ@s:omth@eetrm#aa%éa thegldpaingd side o ghe first sheet,
transferred to a shall ow pan and the crosslinking

agtgtin mgewallyregsving ey aiobubbtespimde asd craagest e noligsarbonate

| ayers were both covered and free- floating and that
noshaptrwitiyBisl 164 lagers wasewgled uprwhidh therlGli kafrens fadieg the oncoming
constructs. The pan was covered and allowed to sit

f oairfidyo of thb8amirr flow sabinet.f Theldyemdwerthtiosed $s Hiynor algout 18 + 2
15 sol ution was decanted and di sposed- Constructs were

ri sedin the thignpen rbbheempéramse, appiokimhely 2@ 0Nt drfe@layers of
about five mnutes for each rinse. Using a scal pel andy

I UlCA! werc<CtBBS hEd16d SFMBE PollybirBbmbe biteet RijeHRS WiddutiehSrating or

[ 0095] Constructs were decontam nated with sterile

0. dSarRBiaARS Hicen a6d (efdIfinsfdrfc@ab ABBbmNeMbEAIrE $Atdtbdih for about 15
sodi um hydr oxi de | ON NaOH according to US Patent No.

20me 4G Qo A9 dratd AR 156! osure of which is incorporated

herein. Constructs were decontam nated in 1 L Nal ge

C Olfbbgil]nef S oﬁh@nﬁ&"{‘kﬁﬁ{sslﬂlﬂg &flﬁ@i&@éf Wtﬂ@CBO&) Acetone was

hours. Constructs were then ri nsed hree vol unes

gf:%rl%éﬁga lilﬁm\@a'fa@é'l?f fbgforé' Q%)gélg\]}ﬁ] Case@ﬁ& Wirlll lB?c?it@Q&ig}?t? gver time. The

Ity was nonitored are strip testin
2007 SaabSs R g bR Oee R bR i rptnlpking agent
ey B K8 Db SRR b BOBS T L AR o e
3G Rige SR bl PSR Be B0 R 2 s GERRRCE. The pan
te]t] s%f%sc?oEl)%%ggg E?ndi &ﬁlotvs?edi tlo lsH%(t)rr aﬁ)to%t Ii]é)yl_YZt Icl)m}rse 1Sr} ﬁlfrr?er hébd. The crosslinking
solution was decanted and disposed. Constructs were rinsed in the pan three times
with sterile water for about five minutes for each rinse. Using a scalpel and ruler,
constructs were trimmed to the desired size.
[0095] Constructs were decontaminated with sterile 0.1% peracetic acid (PA)
treatment neutralized with sodium hydroxide 10N NaOH according to US Patent No.
5,460,962, the disclosure of which is incorporated herein. Constructs were
decontaminated in 1 L Nalge containers on a shaker platform for about 18 + 2 hours.
Constructs were then rinsed with three volumes of sterile water for 10 minutes each

rinse and PA activity was monitored by Minncare strip testing to ensure its removal

from the constructs.



amount of an antim crobial substance to single |ayer
constructs prepared from processed tissue nateri al

wa@lee7wes99 r om porci ne i ntestinal subrmucosa (| QJT/US2006/060055

10

15

20

25

prepared to the nmethod disclosed in Exanple 1 that

will provide a mcrobial barrier as well as a

m crobial killer. Several antimcrobial substances

were applied to ICL by either 14 sol ubilizing or

sugﬁendi ng the substances in solutjon, as follows: 1.

0. 89981 | ver RPbstaicts werathenpadkagadingllasisrbags vsing @ vacuum sealer
solution 3. 1-2% nanocrystalline silver solution in

| walfcgryyqre sl ‘@ghg]ac?dr Prljermgtic bagwfon aremeyisediation between 25.0 and
silver solution in 1X PBS 15 5. 1-2% pol yhexanet hyl ene

bi $uBKCFe (PHVB) in phosphate buffered saline

solution 6. 1-2% pol yhexanet hyl ene bi guani de (PHVB) in
purified water [O®EX c 8he&one af Inhilntien Asek

cut into 4cmx 6cm pi eces and each were placed, in

bolOR9RY dr at e§hapepgengtithis Bxpneplatists illigirate how to test for an effective
approxi mately 100 nL of 20 each solution and all owed

t Aoyt 9 an pntgnicrobiak subatanek toGingiakyehemstrents pecbafedofiom

the solutions and dried. To serve as a control

c anaressehtissua trageriad detigid SamplcesingvertestinakbadbmuCos< (ICA) prepared to
pi eces were cut fromeach sanple piece. Agar plates

wethe ngthasiadisdosediin Exbaplet itat wShppivide aveticroplahbadiepns well as a
pl ates and allowed to incubate for 24 hours for

obwaretzal loher. HevERD 88miknebinlvubsiaysts abdre applsdd t6dCL by either
(N.S.) solutions made in | PA dispersed conpletely and

st shedlizing sobuspemding e dubstahess b Solution, kX fEBSveti d not

stay in solution WO 2007/ 048099 PCT/ US2006/ 060055 47

and reqli r ed0.shakivegnhefiosauasdi ng the solution to the

| CL. The | PA evaporated overnight and appeared even

and uniZ.orm % dilothnithe: dydioat ed and dehydrated piece

of ICL, the dehydrated pi ece kept a nore defined shape

and was3.easi 2% fadvebgfline BBIR sPLBSEH WBHRPYLANSHB(IPA)
charcoal black color. The side of 1CL that” faced down

on 4. 1-2% nanocrystallinc silver solution in 1X PBS

5. 1-2% polyhexamethylene biguanide (PHMB) in phosphate buffered
saline solution

6. 1-2% polyhexamethylene biguanide (PHMB) in purified water

[0098] A chemically cleaned ICL was cut into 4cm X 6¢cm pieces and each
were placed, in both hydrated and dehydrated states, into approximately 100 mL of
each solution and allowed to sit overnight. A treated ICL was then removed from the
solutions and dried. To serve as a control condition, untreated ICL samples were
used. Circular piecés were cut from each sample piece. Agar plates were streaked
with bacteria. Samples were placed on plates and allowed to incubate for 24 hours for
observation.

[0099] The nanocrystalline silver, (N.S.) solutions made in IPA dispersed

completely and stayed in solution, while the N.S. in 1X PBS did not stay in solution



5 the tray had a sidedness to it though it did not
appear to affect the coating of the ICL or the

wetdogotssoveness of the material in creating a | P€DES2A06660055
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of inhibition, (ZzO). The N S. products created the

best ZO and also created ZO that did not allow

bacteria growth into the 24-hour ZO after 4 days as

some of the other sanples did. 4lxlthough the silver

nitrate sanples exhibited zZO were_snal |l er than

t rndNeguirgst ghakinedsfore ﬁé@ams@hm%ﬁ*@ toithe I¢epdpe é%A evaporated

t oxi Ci tK of the silver nitrate does not necessarily )
meteeriight and appiearpd cxeiind waiform arheoth dhe hypseiest apdhdehydrated piece

antimcrobial properties of silver nitrate nmade it

usefIGIL, the dabiyprates INe®: kepgainmgt defisedsshiape pndives gaseer tabendle.

the N.S. surpassed the effectiveness of the silver

ni Bothtpeecep OGO nehectRird] bbickcbions Thotide gp febrtkat faced down on

equal, while the ICL after soaking 15 did not. The

PBSe sy Ui anglcdedss td Rehdi@h mididnothppeappeded dhe codtimgans the ICL

uneven salt residue while the Wl solutions left the

| Ghr the tffectiveappaif eid mafeaiabi. crBoidg glavge zose BT Irdibiich, (ZOI). The

They were smaller and did not create themin such a

RN hréRici driatédihc bstSZ@Dnd alp®OLRLH Zitthat did not allow bacteria

nanocrystalline silver and PHVB were found to be

ef gre6itth itfto thdDLNdUrAGT Hural dagg @ bsné Bhthcwycr BEmpRPldi®dAlthough

to I CL constructs as evidenced by their bactericidal

ef fhesilvérikritc SapRA ¥xhi¥e @ ZOT ARASRIY shbITdr e 0MG MPB80P@Targer than

48 Exanple 4: Treatnent of 2-Layer Coll agen

Oo&ﬁéxfsuﬁkfrgﬁﬂféﬁ%ﬂbﬁﬁ of\Hel silv 61 1R @] doeNaBIIY SshAly hBke it the ideal
Silver or PHVB [00102] Lam nated 2-1ayer |ICL

CORBAtHCOIWIREE. PHERASRA ah Bl RobialPBpLEds 8Néliver mtrate made it
crosslinked) and then treated with an anti m crobi al

ageREIlo cHhpadae st 1415@% silvePRR Mt GhS N R surpassed the
antimcrobial qualities. [00103] Twel ve 2- Iayer I CL

COQPLdiNEl s o?ﬁfe'&ﬂ@%r RRRfOXi mately 9 cmx 9 cmin

size, were prepared according to Exanple 2. In their

pr l@@ﬁ'f)@]t i on, Th 8RB Shlutions both appeared equal, while the ICL after soaking
did not. The PBS solutions left the ICL with what appeared to be an uneven salt
residue while the WFI solutions left the ICL with no apparent change. Both gave
similar ZOI. They were smaller and did not create them in such a manner as with the
N.S.ZOI.
[00101] Both nanocrystalline silver and PHMB were found to be effective

antimicrobial agents that may be applied to ICL constructs as evidenced by their

bactericidal effect in this assay.



constructs were crosslinked using 10 nM EDC/ 0. 1M MES
[2- (N 10 norpholino) et hanesul fonic acid] (Pierce,

woekoeoey | L) buffer for 16-20 hours and werBCT/US®EE060055
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three tines in sterile filtered water for 30 m nutes.

The prepared constructs were then treated with an

antim crobial agent. [00104] Antim crobial agents were
prepared either as solutions or4agas dispersions. Five
nanocrystalline silver dispersions were prepared by

mi xi ng 10, 1. Example 4 Treatment of 2-Lager Geldaasn of

nanocryst al | i neCenstiyets Coigining, meolial ( Ag- 20) or

equi val ent, Aust Dgpogrystalline Silvenér BHMr si ng agent ,

i sopropyl al cohol (sterile filtered water is also an

a&@@ b?ﬁbl e dl-epbrigdylaygelly congtyctoyerg preparag. (ot laminated and
0.002% PHVB sol ution was prepared by m xi ng Cosnoci |
coreshokEbend shan freaged withep Iﬂ@i@mr@bﬂagégqﬂhm proflagesatioklayer

CT) with RODI/WFI. 20 [00105] To coat the |am nated
arf@netreds withleatimieonbial gealdiesi t h an anti ni crobi al

agent, the hydrated constructs were placed in 9.5 cm x
9.[90k9Alt r ay sTwslyerR-lagér I€dctonstrgeins eanh o appoamately iOdm x 9 cm in
the trays, and the trays were placed on a shaker

t adliee werdprgbined atdardimgue EzahPles: chnitisir pietaediion, hebolCls

and overni ght (about 18 hours). Upon conpletion of .

t ronsteycte watd ergsdinkebysitg €0 saviERS/OnavIeMEARI[2MAd to dry

on pol ycarbonate 25 sheets in the sterile airflow of a

| anoupholifid)othiahewlfogiceaid] {Rfeedey RoakiopdtIL) bufferfot 06-20-hours and
20% Rh. WD 2007/ 048099 PCT/ US2006/ 060055 49 [00106]

Theere eiigtd thage dons i derils fivereel WatkAfe 3 0lkinu®eN The pedpsred

that had been |[|am nated, crosslinked, and treated

Wi dohstauctaweteniheli ebitad wagemt antionitropadl hg&ht | m crobi al
gqualities to the constructs. Exanple 5: Treatnent of

Si[ogl®t]Lay er AGahliageial ddeints werdiprépahdld éiffics b Rii@dionsDr as
Nanocrystalline Silver or PHVB Used to Fabricate

2-digpeasionVN RN BhmRnRkallifOaR/F HishsrsiRQ WH pl%?glg:h%'yg&&%g 10, 1.0,

| CL constructs were prepared, crosslinked, treaté
WL B, 0.001 grams of nanocrystalline silver (Nanotechnologies (Ag-20) or

equivalent, Austin, TX) in 1 L of dispersing agent, isopropyl alcohol (sterile filtered
water is also an acceptable dispersing agent). A 0.2%, 0.1%, 0.02%, 0.002% PHMB
solution was prepared by mixing Cosmocil CQ (20% PHMB solution,
ArchChemicals, Inc., Norwalk, CT) with RODI/WFI.

[00105] To coat the laminated and crosslinked constructs with an antimicrobial
agent, the hydrated constructs were placed in 9.5 cm x 9.5 cm trays. 50 mL of each
agent were decanted into the trays, and the trays were placed on a shaker table.
Coating times were 10 seconds, 1 hour, 3 hours and overnight (about 18 hours). Upon
completion of the set coating times, the samples were allowed to dry on polycarbonate

sheets in the sterile airflow of a laminar-flow biological safety cabinet to dry to 10-

20% Rh.



antim crobial agent and then lamnated to form
two- 1 ayer constructs to produce two- |ayer processed

WO 2@®30e800®mt ri X constructs with antim crobial oeel/U$1086060055
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More 10 antim crobial agent was incorporated between
the layers of I CL processed tissue matrix by
| am nating the constructs after the treatnent with the
antim crobial agent. [00108] ™% |ICL was prepared
ac ing to spread on_ _pol ycarbonate
SrEBIGETn G s Rl SammBciotistasr dopr Uob sonmrisiadtet ad beon
es of imately 10cm x 9cm Each piece of ICL
é et o ﬂg@@?ﬁ?ﬂ( and frRatedithpnantipg cipbialeyes to impart antimicrobial

[ 2- ( N-.mor phol i no) et hanesul foni ¢ acid] (Pierce,
Ro%‘i@#@?%ioth)co’éﬂﬂKé? 2 liters per 26 pieces and
agitated on a shaker table set to 4, for 16-20 hours
an&xpale 5: rTWﬁ@@Iefttlﬁ?feS@l&l¢ #e:serqulh;gnn Mertrinfwith Anfimicrobial
st er £28 =Y 8 d abmicaffe 2DaveariAmitngigrobial
per rinse. [00109] Ant| m c@mm&sagent S were prepared
ei ther_as solutions or as 20 dispersions. Three
naf8&0%ist al | PHelsiayeriCldrestngisormse meaperqsk epasiadkeytreated with an
mxing 1.0, 0.1, 0.01 grams of a nanocrystalline
si 4‘\?’@?1”@@?% geeRtiangd thf{ﬂ\laﬁmaé@(hﬁ@cﬂongltws -le¥g-cRO)truts to produce two-
e ui valent, Austin, TX) in 1 L of dispersing agent,

Sy 0¢®é§fp’r pye Hmt@oh@lbtr(lsib evith entirfictdbésl ephaliti¢se Mo
aI so an acceptabl e di spersing agent). 0.2% 0.1%
0. @PogipahR] ageiturdsdneorperaedirctpenettic byyers of 101 GEosemed tissue
CQ (20% PHWVB sol ution, 25 ArchChem cals, Inc. Norwal Kk,
CTpatyixtty IRODIFINEIthe VWSRO0 104800 rRET4ISAA0GELAEAAKE obial agent.
50 [00110] To coat TCL with an anti m crobi al agent,
pi[00EB]wer e Fhab@H was psepaardeaccdingrio Bi@hiplk @, spread on
containers (Nalgene) wth four pieces per container.
10®lydartafnatesshletitsiant Lypdphl tapp @fesé indRAl #igeh G ere cut in sizes of
anti m crobial agent were decanted into each container

t Gapproxemseely Meors Qrteht. UBddh. piddelofMEMBl fittleh BRREIBAL 191 0omM EDC/
3-6 hours while the 5 containers were agitated on a

r . 5V ME SR aiemoppflineYeihank@hid aciiB(Pierce , Rockford, IL) buffer, 2
antimcrobial-treated 1CL was then l'ayered to form

t ifteds L6 plRBSiddisdiftdondd SfakBOaBNEset foe@tfgldl@ﬁﬁ ®Bulfand then
| CL flat agai nst a pol ycarbonatc sheet

rinsed three times in minimum of 2 L in sterile ﬁltered water for a minimum of 20

minutes per rinse.

[00109] Antimicrobial agents were prepared either as solutions or as
dispersions. Three nanocrystalline silver dispersions were prepared by mixing 1.0,
0.1, 0.01 grams of a nanocrystalline silver composition, (Nanotechnologies (Ag-20) or
equivalent, Austin, TX) in 1 L of dispersing agent, such as isopropyl alcohol (sterile
filtered water is also an acceptable dispersing agent). 0.2%, 0.1%, 0.02% PHMB
solutions were prepared by mixing Cosmocil CQ (20% PHMB solution,

ArchChemicals, Inc. Norwalk, CT) with RODI/WEL.



second treated piece of ICL was then placed directly
on top and spread over the first so that no air

wheblenaer e present between the |ayers. The PCT/US2006/060055
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pol ycar bonatc sheets with 10 the constructs were then
placed in the sterile airflow of a | am nar-fl ow
bi ol ogi cal safety cabinet to dry to 10-20% Rh for a
m ni mum of 12 hours. [00112] Ths® resulting constructs

were 2-layer |ICL constructs that had been crosslinked
an@0{ 1®at ed WprRatdfTavvith sh entitsicspbialegent. sdeces weve placed in square
| art antimcrobial qualities to the constructs, and

mhserigtcontairera ENelgena) odthplounpiscetrdrebutatizirall 00 mL of

agent 15 not just on the outer surfaces of the
c opdutiapcarsligpatsien eantiipingsenintibroblahyeerg vadre tibeanted into each
constructs. Exanple 6: Treatnent of 2-Layer Coll agen
Corestainrstte irGowetszithe ngpstmeismilChabmainedlamoeesedToaBIa ifirs while the
Silver 20 [00113] Lam nated 2-layer ICL constructs
weroatgmep sveedaditatddon artadigeshakadlatsass! i nked) and
then treated with an antim crobi al agent to produce
t ool bMer  cOhstititaicsobiblticaddit IQT ¢aotlicallayd@PRY fok@Iwo-layer
[00114] Twelve 2-layers ICL constructs, each

appnsixadimbe blacidip-oie teomtod AcdBf ICN. fHdt 28ain¥® FolPbABSRLshect. A
according to Exanple 2. During their preparation,

t hesend atc@BicCONSIATLGRS i Racel ARSI EE Gbﬁleﬁid%rélag W the first
EDC/ 0. 1M MES [ 2- (N nor phol i no) et hanesul foni ¢ aci d]

( Rogth&teho OB sGwerce glrésch%dctﬁr&cﬂ hoWf@s. TRE pé-l@ca?rgom sheets with
2007/ 048099 PCT/ US2006/ 060055 51 hours and were

r itAS ehstilEB8vdrk RS plicedlif itd Qerilelair@bRb MBI ATind How glologmal
m nutes. The prepared constructs were then treate

W sa bty Bataidt it sy @R RboRgeN for al:BRdhed cﬁ‘nltZ' HHe.obi al

agent's were prepared as dispersions. Three

ngogerHyst al | Tﬁhere&hllu‘ﬁg eoRitiRES \gé& @Smﬁ@h%ﬂ’%&ﬁﬁh&g 0¥ had been

m xi ng 10.0 . grans o ocrys
S'&Us%flnlgémgtt?é‘émg LR kA% % 1 en?%)%s @l 813321 antlmlcroblal
Austin, in | sopr opy I'sp ers ng

agﬁlﬁﬁtlésotﬁ tﬁ@@otﬁﬁﬂ@t@réﬁﬁfiﬁl@ﬁ !larllrﬁnéﬂeli gg as {0 Jn%&lplmea’ufe an 1renr1cer((j)b1al agent

not just on the outer surfaces of the constructs but also between the layers of the

constructs.
Example 6: Treatment of 2-Layer Collagen
Constructs Containing Antimicrobial Nanocrystalline
Silver
[00113] Laminated 2-layer ICL constructs were prepared (both laminated and

crosslinked) and then treated with an antimicrobial agent to produce two-layer
constructs with antimicrobial properties.

[00114] Twelve 2-layers ICL constructs, each approximately 35-40 cm x 9 cm
in size, were prepared according to Example 2. During their preparation, these ICL
constructs were crosslinked using 10 mM EDC/0.1M MES [2~(N-

morpholino)ethanesulfonic acid] (Pierce, Rockford, IL) buffer in water for 16-20



water is also an acceptabl e dispersing agent). [00116]
To coat the constructs with an anti m crobi al agent,

W bh@7oe03e ructs were placed in | L square cone@i/ngs2086/060055
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(Nal gene) with four constructs per container. 200 nL

10 of solution or dispersion containing an

antim crobial agent were decanted into each contai ner

to i Mmerse the constructs. The gonstructs remai ned

i mrersed for 3-6 hours while the containers were

agheue apd Bisre wesed thregdmes in stevleafiiitergd iater dor ) mitudesn The
Constructs that had been contacted with the

naPiSeREPd canstiuets wereygn ti¢aterbwithenentimiesobial 2epati once

in 1L of sterile filtered water.

AntQOHLE} obi alAntimderobib! egerds wart reparee as tispersions.altiree

flat on polycarbonate sheets in the sterile airflow of

a hanecrystallincoulvier dispgbioal wesafrepared dlginmatingt I9.@lr5/0,t100 grams of
10-20% Rh for a m ninmum of 12 hours. [00117] The

r esanoctysipllomnsiveu@¥anotheodglea Y Ap-A0Chr equigilenic MaistifalX) in 1 L of
had been | am nated, crosslinked and treated with an
anisppriopy bdlcatiol ag dipersingageiiofor tHeatahocigstailieGilodi @lerile filtered
qualities to the constructs. 20 Exanple 7: Treatnent

of waiicn il stsd_aysoccfiablcaigierdid igoat)M th  Anti m crobi al
Nanocrystalline Silver Used to Fabricate 2-Layer

An00iL 6} obi alToContshe WehstrulcfOHitiBhn &fit@aFkdINaGEent, the constructs were
single-layer ICL constructs were prepared,

crpiasdd inkied squdré eaitailcm (N&I%'llﬂcﬁﬂlth gt d%ﬁbtﬁict@ﬂ&‘ﬂonﬁﬁ‘ﬁ’cr 200 mL
then lamnated to formtwo er constructs to

Pr SXHoGeidnVEr-dish Biort €1SAiniHGt éﬂtﬁrﬁcﬁmaﬂ Bp &t Q&Qi‘r@ﬁecanted into each
qualities. By lam nating the constructs follow ng the

t r @afATRE to WnhitrdciBe bRl ARleton QBRI retﬂatmédsmﬂﬂﬁé&)fo‘? 3-6 hours
to WO 2007/048099 PCT/ US2006/ 060055 52 incorporate

MO, Bil&Hel dBh iR @f’ere%f@ﬂajf'ed' Jhttﬁef‘r BRI RANSTHEHG] gssgglye\;’é)latform

coating the outer surfaces and was presen

t r@OIIISQIXI%{SSth&fhaH rﬂ)%er? 9&?(5&9& %wth[tﬂg ﬁ%%cr;lsg‘thﬂ@ﬁlv%g ang E&fhns were

according to Exanple

p%ﬂs%@ IReOHE £1. 9188 R ﬁger%g 1J %garfﬁc?o ?e{p t%f,get %{s]%écﬁs were then

h tags were renove prece o

C rl‘aﬁfsﬂét'yﬁ%lﬂz&r‘t}o%m JRBETs G Y s%f’ﬁe ban6N of a laminar-flow biological

safety cabinet to dry to 10-20% Rh for a minimum of 12 hours.
[00117] The resulting constructs were 2-layer ICL constructs that had been
laminated, crosslinked and treated with an antimicrobial agent so as to impart
antimicrobial qualities to the constructs.

Example 7: Treatment of Single-Layer Collagen Matrix with

Antimicrobial Nanocrystalline Silver Used to Fabricate 2-Laver
Antimicrobial Constructs

[00118] Crosslinked single-layer ICL constructs were prepared, crosslinked,
treated with an antimicrobial agent and then laminated to form two-layer constructs to
produce two-layer constructs with antimicrobial qualities. By laminating the

constructs following the treatment with the antimicrobial agent, it is possible to



nor phol i no) et hanesul fonic acid] (Pierce, Rockford, IL)
buffer, 3 liters per 30 pieces, agitated on a shaker

wWo ae4weds to 4, for 16-20 hours and then ri nseCI/UB00&060055

10
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20

times in 3-5 L in sterile filtered water for 30

m nutes per each rinse. [00120] - Antim crobial agents

were prepared as di spersions. Four 10 nanocrystalline

silver dispersions were preparei by m xing 10.0, 5.0,

1.0 grans of nanocrystalline silver (Nanotechnol ogi es

( AJSTOYTH? MO pRtEeHRbial Agentiipto thxpongirupty byofoating the outer surfaces
di spersing agent as isopropyl alcohol. A5 Qg

nadcT Ipshrgsant hetwagn the lapgrs REthle egastructl so pr epar ed.

[00121] To coat ICL with an antim crobial agent, ICL

pi[@8& Mer e Prhoed preparctizicesling toskemiple 1c dGLavasehen spread on
(Nal gene) with four pieces per container. 200 nL of
salaly¢agborate stiestseiss4bem dorg AP rinngidth aadilympls taghinate removed.
agent were decanted into each container to inmerse

t HéachansderafdCE. wiGhen evoaslinddd indemnse EDI®0. 184 SIRRO-GV-

while the containers were agitated on a rotating

s ha@phoiheeftanesulfoGic dchdt(Ploack, BeeRfoz@ ML A6t e, 3Wiéd pthso pieces,
nano crystalline silver dispersion were rinsed once in

1 dgitatcdsined sHakcf fablcgeed 4 Gorbd-20 hotf8Qhd 20 cnBRE&RBd three times in 3-5 L
antimcrobial-treated ICL was then |layered to form

t vinstoaife filte@dNedtéiol SO Biin@kapén@cRRRss.r eat ed pi ece of

ICL flat agai nst a polycarbonate sheet. A second

trieel 2y pi ecanbiidrbbiaV@ent\WorcrasRel M dissdrii¥n® e LP

and spread over the first so that no air bubbles were

PrRseaty st indeeRet MiSdravey & 204 ¥¢ atiReral, sheet
Wit h av% 2007/ 048099 PCT/ us%roe?g/@%aoosg 53%t he 39! Prams of

C GaRbErySlafinkaiiQert d}faaowcﬁ&ﬁggiiey ABe0$ Bleé(jg{iﬁl%h%lyl&?% ) in 1 L of

a lamnar-flow biological sSafety cabin

1GQr 495680 0Entds 'f@;o{%(fﬂﬂ/mlﬁghaiz A QWgﬁléEL%g;éﬁﬂneT{fg If %% ]t{ODI was

resul'ting constructs were 2-[ayer nstruc
hagiA%8Paregr 0Ssl i nked and treated with an
antim crobial agent so as to inpart antimcrobial 5

qyapidiies torhRE.qeRSLiNeL St AR siRe R LAR ﬂ%tieec%s erSBlaced in
t T agEnt petween Chet

to Incorporate nore antimcrobla

| a8 Aferfid Eorft @Sk r(ﬂlﬁfgene) with four pieces per container. 200 mL of

solution or dispersion containing an antimicrobial agent were decanted into each
container to immerse the constructs. ICL remained immersed for 3-6 hours while the
containers were agitated on a rotating shaker platform. ICL that had been contacted A
with the nanocrystalline silver dispersion were rinsed once in 1 L of sterile filtered
water.

[00122] Each antimicrobial-treated ICL was then layered to form two-layer
constructs by placing one treated piece of ICL flat against a polycarbonate sheet. A
second treated piece of ICL was then placed directly on top and spread over the first

so that no air bubbles were present between the layers. The polycarbonate sheets with



Exanpl e 8: Coating post cross-Ilinking and
prc-lam nation [00124] Crosslinked single-layer |ICL

wW@ow3nes0es s were prepared and crosslinked, thee@I/US2006/060055
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treated with an antim crobial agent and then | am nated

to formtwo-layer 10 constructs to produce two-I|ayer
constructs with antimcrobial qualities. By

| am nating the constructs after5the treatnment with the
antim crobial agent, nore antimcrobial agent was

i nEGrPBHERIGHvEE thew Rlacekin thy stesiloaitfigy of pdonisi-fip@lbiological
was prepared according to Exanple 1. Pieces of |ICL

WeREy S@hnb{or st do df- 08 Rb AP mbmariEsh 0512 hawd. | yrph
tmv\ere renoved and were about 35-40 15 cmlong x 9
cnilfildadl EacAhgiresdting canGirusia srerh2hayer 6 Elconstactts that had been
10mM EDC/ 0.1 M MES buffer

[ 2cropslinked hod tmatpd wHtrmsantindoiobizd e et so Rk és ftpart antimicrobial
Rockford, IL), 3 liters per 30 pieces, agitated on a
shateditics &bthe covstrias, 4nd thom 1dBi26dvoursso dndrpdar moRs@emicrobial
three tinmes in 3-5 L in sterile filtered water for 30

m #genebetpern thanlagers [of Gk2@nstAndti i cr obi al agents were
prepared either as solutions or as 20 dispersions. A
nanocryst al |Exagisé By €loatihg pest $1036- 1@ PIRAAE 28 AMtion

m xing 5.0 grans of nanocrystalline silver

( NBd24kchnol 6goessinkalysidgie-layer @qLIicoabteutts whttSirepared X)d crosslinked,
in 1l L of dispersing agent, RODI. A 0.1 % PHVB

s othen ireatedasittpare patimaidrdbyal rigahtrig d Sh@mManthateCasfopei thoQ@yer
(20% PHVB sol ution) per 1000nmL of RODI/WI. [00127] To
coainstr@its v prodube iRy eagantctd SidlantihicRibed @@aMEse By
placed in a 25 5L clean Pyrex glass bottle. 3000 nL

of lafhid:MmigHivB comittiictsQiftenette tedetaeht. wikiCthe\WatidB6-66 04 8099, more
PCT/ US2006/ 060055 54 remained i mersed for 3-6 hours
Whirdtgnithibidl Qg W icHpbRididrabaiiheNayrs 6t /i ng

shaker platform [00128] To coat ICL with the

najooceyist al | TOE vws!pr&farsh gﬁdéSfcﬁﬁ%’ﬂ) EXQfp181 . WBERs oRUBE Yere then
into 250 nL sterile contai ners (Nal gene). Four pieces

of spr&dd MEPSly Bstboh At ShtLAENy SRR LA i +ated.f ]
3-S€?rhoucrﬂsef.S ?,CL ?hat had beeh gon%é%ﬁ%ﬂ?ﬁ&ft%g&&e aBbut 35-40

n |k i i &h i i1 : j
ZZ%Q:ET{I})%% 8 F‘:QLCI]lD fiffdfez rﬁa\fg prl‘néyl’??? gd;,‘ﬁ VAR W ErobiiREE 1P 16EM BDC/ 0.1M

MES buffer [2-(N-morpholino)ethanesulfonic acid] (Pierce, Rockford, IL), 3 liters per

30 pieces, agitated on a shaker table set to 4, for 16-20 hours and then rinsed three
times in 3-5 L in sterile filtered water for 30 minutes per rinse.

[00126] Antimicrobial agents were prepared either as solutions or as
dispersions. A nanocrystalline silver dispersion was prepared by mixing 5.0 grams of
nanocrystalline silver (Nanotechnologies (Ag-20) or equivalent, Austin, TX) in 1 L of
disper;ing agent, RODI. A 0.1% PHMB solution was prepared by mixing 5.0mL of
Cosmocil CQ (20% PHMB solution) per 1000mL of RODI/WFI.

[00127] To coat ICL with the PHMB agent, 28-30 ICL pieces were placed in a

5L clean Pyrex glass bottle. 3000 mL of 0.1% PHMB solution was added. ICL



and once in 500 nL of RODI for mninumof 5 m nutes
until lamnated. ICL that had been contacted with

WORINBogobut i on were not rinsed. [00129] The  PCT/US2006/060055
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antimcrobial- treated ICL was then |ayered to form

two-l ayer 10 constructs by placing one treated piece

of ICL flat against a polycarbonate sheet. A second
treated piece of ICL was then pidsaced directly on top

and spread over the first so that no air bubbles were
prEaRmedjRy)esd for -4 houss avhitpile epsttyipers praTa peitathé ot g Totating
wth the constructs were then placed in the sterile

ai PRKeRPIBHorE. | ani nar-f1 ow bi ol ogi cal safety cabi net

to dry to 10-20% Rh for a m nimum of 12 hours. 15

[ 0@93&}] The TesatliCigwithiist nanocystetline silvengtispersioh, 200 mL were
constructs that had been crosslinked and treated wth
anadsled iimp 266 ila bteritresrintaivera §Nelgene)p &iotr pieteswtiGibivate put into
qualities to the constructs, and then | am nated so as

t ocdchcontfpmentimd agitadedafitridné howbi HCL tleg bad bbat veesctéd@ith the

| ayers of the construct. Exanple 9: Eval uation of
Thiremecstallimesilobr dikpddsieos svepgsingatl dree P2 60 h{Te6 8RO fOf 15 minutes
20 Methicillin Resistant Staphyl ococcus aureus (MRSA)

i nargl dRaetin 800 fili ekROBS NOBEMuiVDERS midds3ddtil Th@inated. ICL that
anti bacterial activity of three antim crobia

driegisiceg SomActpd ki thaP IMEN SIS &bl gmsédiat  wer e

colonized with Methicillin resistant Staphyl ococcus

auioeuz9]( MRSAThyantirecadBifle trcatd® ICD Wad2hed1a§cRRid9o Wd$h two-layer
used. as the experinental research animal since their

skéoRstriiés BP pRBBIgAHHAAIatad 15ibd¥ dACTL f@at\'?;\%ﬁ'iﬁgt SPbDcarbiate sheet. A
pi g wei ghed, approximtely 25-30 kg 20077 048099

PGECHMRLOORHOOSSE ICTO WAL theWdsiadé@Riirebily 89 ﬁﬁ)eslg]rfcpsrpé%a‘gcbv\\gg the first

weeks prior to initiating the experinent. This

f ed tBathRSat bihtes WebelgriehtBRiBch £Q li?fegs. ay @gnolityﬁa&t)‘f?ate sheets with
( i ance

animal facility (nmeeting USDA conp

COaAb bohdnRdisHRTP Bl A& dlik Qﬁezgtgﬁlvem %?ﬁlok#é% %Fﬁr}%bﬁn%\% @%ﬁlo gical

LD). The pig was anesthetize

X6aRE) Bfbiket 19ULKR) 10000 RS il @Inonyd - M and

i nhalation of an isofluorane and oxygen conbi nati on.
Theosyr on Tﬁ@re%‘ﬁ%g constructs were 2-layer ICL constructs that had been

crosslinked and treated with an antimicrobial agent so as to impart antimicrobial
qualities to the constructs, and then laminated so as to incorporate more antimicrobial
agent between the layers of the construct.

Example 9: Evaluation of Three Antimicrobial Dressings on the Proliferation of

Metbhicillin Resistant Staphylococcus aureus (MRSA) in a Partial Thickness Wound
Model

[00131] The antibacterial activity of three antimicrobial dressings on partial
thiclmesé wounds that were colonized with Methicillin resistant Staphylococcus
aureus (MRSA) was examined.

[00132] One pig was used as the experimental research animal since their skin

is morphologically similar to human skin. The pig weighed approximately 25-30 kg



of the pig was clipped with standard ani mal cli ppers.
Skin on both sides of the back of the pig was

wEe@passeod by washing with a non-anti bi oti c soapCT/US2006/060055
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(Neutrogenae) and sterile water. The ani mal was

blotted dry with sterile gauze. Thirty six (36)

partial thickness wounds (10x7x0.3m) were nmade on

the dorsal skin by using a specisalized 10

el ectrokeratome. The wounds were then inoculated with

VeATHh ¥R Irgph i laayss fervo weekspyios o tdtitingihe erpesnmot. This pig was
33593. [00133] To prepare the bacterial inoculation, a

f rigdt bagplidietarddibifyat anskfeavised alose limthe anbmalifacititsti(mentingySDA
from Anerican Type Culture Collection (ATCC),

Rotanlianes) widheqritepiied tomperaeel (19FAE'C) nod lihts (is'12h LD). The pig
Methicillin resistant Staphyl ococcus aureus 15 ATCC
338aBancHinetitqdewitle Tdiezeld Shag/ke), dylaaihe (F mgika3, Avcgive (@5 mg/ke)
per ATCC standard recovering protocol. Al inoculum
s uside asd oihglatien ef amdbefloyrane nagporgednh@nibisativing Mthe hair on the back
gromh froma culture plate into 5 m of normal saline
undfithe pipewbsiclipipdd tithaftaridaed aisinmpelisiens) $ldn ef bioadi@sy of the back
to that of a MacFarland #8 Turbidity Standard. This
Wi dflthe peswibd pricparad By Syaehisig GVitic ® A6L-AhfiBibHO Boddf (Ncutrogena ®y and
approxi mately 10$ colony formng units/m. 20 (CFU mM).

Theecril0 8vasers (IR @h il Wads 19 6ttdBddyYwith btdtiRbalige. MKy 87 (36) partial
i nocul um suspension w th a concentration of

aphtokKes¥ar@lnds L0k 760 3hith) whrcsiBdd orfhe WotsaPikih BS usmg a spcc1a11zcd
i nocul um suspension was plated onto culture nedia

quasdtidkiratdifie. eXRE oG RNCHBI 1A R cihited vaila{ Metkﬁ&@l%{‘fe%ﬁ&nt
The i nocul um suspensi on was used directly to inocul ate

eaSiBpMRbHRcs dilens ATOCORI (25 1) aliquot of the
suspension wll be deposited into a sterile glass 25

cyiob (22 I
OIS 221 AT Bt WO IGRS B cBR60 oteni

P@él&@%@ﬁﬂ&ﬁ&@&ﬁ fﬁﬁn%ﬁ%ﬁdfﬁ)ﬁ)@@ﬂﬁ?&e ﬁgc%itb IAtI%é okockvﬂle

ten seconds using a steri on spatu a an

f %al%flé'ﬂdn Wa@ ﬁsedV\'ﬁlQ hﬁbc&ﬂm‘i‘%&y &hﬁflﬁh Q&?slﬂ%rﬂtgt%lo%occus aureus

i nocul at éd wounds were cover ed

fiAprerassgn g‘hé‘ @Lreege‘l%tji' %ac‘ctg-ﬁj 81'& d Qgs %e@c':ntferg(ti Pgr AﬁCC standard

the treatnment In acteria

ﬁ%@gﬁ@g?bﬁoﬁg Q\ﬁﬁlgggﬁﬂ[‘%o%‘%{"%nm t}1[Lvs(%veeré’:jl gn%ldg 9%94apmgl{ﬁe overnight
growth from a culture plate into 5 ml of normal saline until the turbidity of the
suspension is equivalent to that of a MacFarland #8 Turbidity Standard. This will
result in a suspension concentration of approximately 10° colony forming units/ml
(CFU/ml). The 10°® suspension was serially diluted to make an inoculum suspension
with a concentration of approximately 10° CFU/ml. A small amount of the inoculur‘n
suspension was plated onto culture media to quantify the exact concentration of viable
organisms. The inoculum suspension was used directly to inoculate each wound site.

A 0.025 ml (25 wl) aliquot of the suspension will be deposited into a sterile glass

cylinder (22 mm diameter) in the center of each wound. The suspension was lightly



baseline CFU M before initiation of the treatnents:
I noculum Log 4.24 CFU nL; Baseline Counts: Log 5.38

WEERIY7 04809561 X wounds were assigned to various tPEHUS®NG/060055
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groups as seen by the bel ow experinental design. The

ani mal subject was nonitored daily for any observable

signs of pain or disconfort. In order to help mnimze

10 possible disconfort, an anal gesic (Duragesic -

fentanyl transdermal systemthat elutes at 25 p.g/hr)
waSSTRlisd iatergagt teshatetor tanescesmusrusingna sterdle Tflosspafglasend let dry
was 2-layer PHVB treated construct nmade according to

Exioig | rainugesp )W thiadld) minuls\ef snauladipey alh imeoulatestvadurids avere covered
silver treated construct made 15 according to Exanple

8 Bithpmedgira$ae fike diessing dor Hanwos Pefoad thereitistibw ef the treatment in
treated construct nmade according to Exanple 8 4)

Coprdenio gipethediagtemadinzio colomzd themvaedundsne fil m only) 5)
Positive Control (conpetitor antim crobial dressing or
Ba®0ddblan oi Ahneerdylitiodd] Wopuldstweaatceshtedodnd ies@ised to obtain a
control All treatnent groups except untreated were

c cheseléak GFUMmpbéfprer iafthisios of tHetrdatidetlis S ttsafn W.dgd¥.24 CFU/mL;
sponsor). Treatnent groups were randomy assigned to

ei BésetinaCoants; Ldg 538 GEUMIOS S& wéurtddtvidre @bsighc#a8RESous treatment
per treatnent group per day were assessed. [00135]

Thgreepsvsds byehebdowichp&tmbhtani®ash THEAIMBNubHcPWRS monitored
on 24 and 72 25 hours post treatnment. At each ,

s adnillyi fog atiy Bscreibl 5 edatiibt Wik SR Thick@drity BN -minimize
Each WO 2007/ 048099 PCT/ US2006/ 060055 57 site was

C UddsbibBAIOEI o) €6 anal i a¥Ee LREANDPSSRAcNA @vstem that elut
sterile glass cyli ndeg& %E%?t Si deﬂgi anet%r)a el g o ees

| Nat RI5868h0 YvdsWee D @i e <R HpelRfeifr Ub sol ution was

pi petted into the glass cylinder and the site was

scrubbeg wtbid Alwhd i-@ay@?&’k—ﬁﬂBﬁtg%Eéd @odlsé'gér;turégde according to Example

seconds. Serial dilutions were e an
solutiogs were quantified using 5 the Spiral Plater
System which deposits a small-defined anount (40 |)

of SUSPEN$;ORing B was 2-layer nanocrystalline silver treated construct made
according to Example 8
3) Dressing C was 1-layer nanocrystalline silver treated construct made
according to Example 8
4) Control (petroleum gauze or polyurethane film only)
5) Positive Control (competitor antimicrobial dressing or Bactroban ointment)

6) Untreated, air exposed controlAll treatment groups except untreated were

covered with polyurethane film (as discussed with sponsor). Treatment groups were

randomly assigned to either area 1, 2, 3,4, 5 or 6. A total of 3 wounds per treatment

group per day were assessed.
[00135] » Three wounds were cultured from each treatment group on 24 and 72

hours post treatment. At each sampling time, sites were cultured quantitatively. Each



over the surface of a rotating agar plate. [00136]
MRSA was grown on selective nedia prepared with

worerieoIH nt on agar, 4% NaCl and 6 m cr ogr anBCD1S2006/060055

10

oxacillin/m . Oxacillin was used instead of
methicillin because it is nore stable. After the
i ncubation period (24 hrs), colonies on 10 the plates
were counted and the colony fori¥ing units per niL
(CEU M) cal cul at ed. #00137] Results fromthis study
arSé‘feﬁws%\i%%ﬂ Y vaR- e The arp igp eacasmpassechi a stewle glass cylinder
2-layer PHMB, 2-layer nanocrystalline silver, and
1- (2&iep ontsiisdigmetsn) hekbinsplpcedhy e kandddst €itd mbof serub solution was
eradi cating bacteria fromthe wounds. WO 2007/ 048099
PQIPEISZO0BY the @lmss cyBelerabd thelsite MRSAcrhbed evith o dtargle Teflon spatula
CFU M.) Average Assessnent Tine Treatnent Log CFU nL
( Liog 3&Fa@uds.Cheffiah diluiongwerHvBiandasrerb shldtors veerd Guantified using
5.56 5.46 2 Layer Nano Silver 6.6 5.99 0.57 5.93
3.107 Spiral Ripter Shistenn, Siblichedepdsi@a gm2IP-dOfid&d fdotay#s ph.ofuspension
5.6 Acticoat 5.97 5.27 0.89 4.26 6.27

over the surface of a rotating agar plate.

[00136] MRSA was grown on sclective media prepared with Mucller Hinton
agar, 4% NaCl and 6 micrograms of oxacillin/ml. Oxacillin was uscd instcad of
mcthicillin becausc it is more stable. After the incubation period (24 hrs), colonics on
the plates were counted and the colony forming units per mL (CFU/ml) calculated.
[00137] Results from this study are presented in Table 1. Results show that the
2-layer PHMB, 2-layer nanocrystalline silver, and 1-layer nanocrystalline silver were

effective in eradicating bacteria from the wounds.



Bi oclusive 6.56 6.61 0.36 7 6.58 Untreated Air 6.33
6.41 0.14 6.33 3.08 PHWB 2 Layer 4.15 3.17 0.92 2.3

WG 2003/048099 ayer Nano Silver 6.05 5.61 0.38 5. 34pCBUSM06/060055
Layer Nano Silver 5.27 5.08 0.17 72 hours 4.93 5.57
Acticoat 6.48 5.93 0.480 5.76 5.81 Bioclusive 6.06
5.81 0.25 5.56 5.26 Untreated Air 4.19 4.67 0.54
4.56 WD 2007/ 048099 PCT/ US2006/#360055 59 Exanple 10:
Mechani cal testing techni ques and properties of
Multilayer ICL Prostheses

Table 1: MRSA recovery (Log CFU/ML)

) Average
Assessment Time Treatment Log CFU/mL (Log STDEV

CFU/mL)

5.13
PHMB 2 Layer 4.31 5 0.63

3.56

5.46
2 Layer Nano Silver 6.6 5.99 0.57

5.93

3.97
1 Layer Nano Silver 3.92 4.22 0.48

4.78

24 hours
5.6

Acticoal 5.97 5.27 0.89
4.26

6.27
Bioclusive 6.56 6.61 0.36

7

6.58
Untreated Air 6.33 6.41 0.14

6.33

3.08
PHMB 2 Layer 4.15 3.17 0.92

2.3

5.45
2 Layer Nano Silver 6.05 5.61 0.38

5.34

5.04
1 Layer Nano Silver 527 5.08 0.17

493

72 hours
5.57

Acticoat 6.48 5.93 0.480
5.76

5.81
Bioclusive 6.06 5.81 0.25

5.56

5.26
Untreated Air 4.19 4.67 0.54

4.56




[00138] Preferred enmbodi ments of multilayer |ICL patch
constructs were tested. 5 Constructs of 2, 4, and 6

wo 20021048006 | CL crosslinked with 100 nM EDC i n BOB@S2006/060055
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Acet one (100/50) and 6 |l ayer constructs with

crosslinked wwth 7 mM EDC/ 90% acetone v/v in water

(7/90) and 1 MM EDC in water (1/0) were eval uated

along a nunber of neasures. Remults are sumarized in

Table 2. [00139] Tensile failure testing was perforned

using_a servohydraullic MIS 10 testing systen1mnth

Test SExpmgke s Meghpn Cal estingsteqhrpques pnd progiegtiss afdMpltilayer ICL

pulled to -1 failure in uniBsosthiesdsensi on at a

constant strain rate of 0.013 s . The sl|lope of the

| i K948 r egi Breiensa craberimeats afimmytiteger Kdspateh senstmgtsiivere tested.
(UTS) were calculated fromthe stress strain curves.

[ o@am@qucqsr%‘ 25 dhansi leystsrafdgLieroslinkeshwith d 00 apdrED Gas 50%

tested using a standard 15 protocol for the testing

of Aa@rﬁ@%(wgﬁoo ASTMlEYES zengsicts Witk crdblgdicd with 7 endBDCH0%

the average force required to peel apart two |ayers

of adetanervay auwhier (720)aandoneiMBD G il watet (1/0)oFer®.eFaluated along a

cm sec. [00141] A differential scanning cal orineter

werurpbe i neeaseas UR esulis @rdaahmbtized intTab&n2l from a

sanple under thermally controlled conditions. The

shiO0hEO} enpelenvledaili® tewaingdefsipeedrmasd tidirg aRa®bhydraullic MTS

tenperature of the denaturation peak in the

t etepErEatystee with ﬂ‘@ytSpclreﬂX sGiivuree StpEeNH @m Wasidioivere pulled to
perfornmed on 2 or 4 | ayer constructs cross- linked in

(S GRS ALPAT TR o
A AP oA TR 55 AR e

strength between 25 I CL |ayers and shrinkage

t i3t S14F® are dependent on the crosslinking

concentration and the addition of acetone rather than

t HOOkHMoer ofbe adhesionisirensibdesveanche lanersPeo7ee48099g a standard
PCT/ US2006/ 060055 60 Tabl e 2: Mechani cal Properties

of PIRigIce} fog the testimg dndbesives @STM D1876-95). The adhesion strength is the

average force required to peel apart two layers of laminated ICL at a constant velocity

of 0.5 cm/sec.

[00141] A differential scanning calorimeter was used to measure the heat flow
to and from a sample under thermally controlled conditions. The shrink temperature
was defined as the onset temperature of the denaturation peak in the temperature-
energy plot. Suture retention was not performed on 2 or 4 layer constructs cross-
linked in 100 mM EDC and 50% acetone since the suture retention (3.7N = 0.5N) for
a 2 layer construct cross-linked in 1 mM EDC and no acetone (much less cross-
linked) was well above the 2 N minimum specification. Lamination strength between
ICL layers and shrinkage temperature are dependent on the crosslinking concentration

and the addition of acetone rather than the number of layers in a construct.



5

L0

L5

Mechani cal 2 Layer 4 Layer 6 Layer 6 Layer 6 Layer
Anal ysis 100 mm 100 mm 100 mm 70 mM 1 nM EDC EDC/ 50%
WEDKG /08099 EDC/ 50% EDC/ 90% i n WAt er (nc Acet onRCHUS10061660055
Acet one Acetone acetone) Utinmate Tensile 0.60.1
3.10.2 2.00.2 2.70.2 1.30.4 Strength (Nnmm Young's
Modulus 38.0 5.8 49.5 4.0 35.9 2.6 43.0 1.2 14.5
7.8 (MPa) Lamination 39.7 6.1 63.1 24.48.1 2.1
Strength /m Suture Retention ngf, tested not tested 6.6
1.6 10.6 2.2 10.9 2.8 (N Shrink 72.5 1.1 69.5 0.1
64.0 0.2 Tenperature (1C) 5 Exanple 11: Method for
Treating a Wund with an Antim crobial Treated

ConstT uct Tl T RREhdEidal Boperiret DOVRIIAYEICT, e%RmRls 1 Ct

KOsl € 3107 a DONGGY, o MU I FYEr SHeely CONst TuCts =0

ChodiGis T O Kod dovahe | TeL Gl | SISy 2 1 5 9588 10 1or b
treat —a ful Epiths@knesspeisovquithc, 508 Jheadcob% | in Water (nc
nmeshed or fengsdiddt ed tAc&hRAt § SEBLtbne OHENARGSNL O acetone)

UltiglalOWk0E $€8PAGY 10T [WOUNT BXUdat £ I, [ YU KT 371 o4
StrepBnEgmhdycl udi ng second degree |burns, [aderations,

Youn8& Moddlfls | aBES! NBS] IYTsGl £81 [€X%GIoSI O VW’%QPH{%O” 14.5+7.8
(MF-gnoval of |cancerous|grow hs or| autograft| skin donor

Lan§hdt®%; and|SKph i €S SUCh as [Venous, difagey .54 4 81+21
Strepp@SdULE (bed sores) | and othgr chronic |ulcers areg

SutiFe RRGBEoM ST NGof fodted N | STRTHE@T [MUEELI @Y e 1@ 258 10.9 23
@ucol l agenous I CL matrix protectg the wound. bed whille

mai nt ai ni ng noi sture|and L5 al Ilfow ng draifnage fromithe

Shriseund. . Beforgsthe TCL s applijed to the L oGN8 620102
Tertihgrelper) if s prepared for its applicatiorn. [00144]

Patients wth bumwounds requiring grafting are
selected. TCL is

Example 11: Method for Treating a Wound with an Antimicrobial Treated Construct
[00142] Either a single sheet layer of ICL from Example 1 or a bonded

multilayer sheet construct of ICL formed by the method of Example 2 is used to treat
a full-thickness skin wound. The sheet is meshed or fenestrated to create small
openings to allow for seepage of wound exudate.

[00143] Skin wounds including second degree burns, lacerations, tears and
abrasions; surgical excision wounds from removal of cancerous growths or autograft
skin donor sites; and skin ulcers such as venous, diabetic, pressure (bed sores), and
other chronic ulcers are managed using ICL in single or multilayer form. The
collagenous ICL matrix protects the wound bed while maintaining moisture and
allowing drainage from the wound. Before the ICL is applied to the wound, the
wound bed is prepared for its application.

[00144] Patients with burn wounds requiring grafting are selected. TCL is
placed either directly on the excised wound bed or over meshed autograft unexpanded

or expanded at a ratio of 2:1 or more. Test sites (ICL) and control sites (autograft),



pl aced either directly on the excised wound bed or
over neshed autograft unexpanded or expanded at a

WO 200704809 2: 1 or nore. Test sites (I CL) and coP€T/052006/060055
sites (autograft), WO 2007/048099 PCT/ US2006/ 060055
61 when used, are of the sane nesh ratio. The burned
wound sites to be grafted are prepared, such as by
debri denent, prior treatnment aatording to standard
practice so that the burned skin area was co Ietelg
exEhdagped Bre o tit warksmegipetie. dhehnmeddvovsidisites il hoygralted are
uni nfected. 5 [00145] Patients undergoi ng surgica
exuPRAroh sueke as by debrydeamed trivior iteelgnent pecorging to plendari peactice so
area is cleansed with an anti-mcrobial/antiseptic
skhet the bamsd skin( ddebiveb cospigielyn pebisddn doaiseidtbednapneat clean and
sal ine. Deep partial thickness wounds are made in the
skalimicailgt uniefestkdn is grafted el sewhere unless it is
cancerous. ICL is applied to the wound bed and

5 stfeni43 bandhgishtaisdeaggihg ewgichDe{ddidd ble lbealbi dresthetized. The
wound case, appropriate post-operative care is
priveiopechtito atdads clrahdedith in extbfiicr@bladanti@beagkingleanser
changi ng bandages, etc. of the treated wounds. A
CcoHEbRIPs®Fend tinsdd WhE neaAndishiifd) Décd hetibir@akacksSidu@ss arc made

is maintained to document all procedures, necessary
meiditbabitinRad tHd S enexnred clisweiset aglcshrNgemeaidds aTOL is applicd to
observati ons made. e wound beds remai n protected

f ragwioiad Bel 8hd 8lori®ViddaBeRRE apdidand noi st to aid in
wound managenent and heali ng. ?00147] The wound

10 Ar@9skeg Wasyd @i@ﬂe?q’vciuﬁd%ﬁsef?Qf)ﬁf@%ﬁ&rﬂé%kboﬁﬁiw@is provided to the
dressing construct of the invention'is either a single

O peffidhf inl BUBlinANBELIEHAAS Jh%lﬁéinﬁ 08 el AR | fFknd QEMBLwBYnds. A
t he nmet hods of Exanples ™1 and 2. A rat full-thickness

@1@@%&&3 of éo&ggmglgdm@gxateé i5ksT0 ﬁfahﬁgﬁaed YW ment all

dr I ng pro used to assess t

DoAY Secsdly SRHAT SR L Hoh SRR e JRAged LTS
fo seflf%'ﬁ ﬁé’ gx{?&@t rho WIOIHHE Bgdsqjemaﬁ ottéa@ed 1‘{'@1)[1 tﬁ %ma?ﬁalzenvironment
cm tul T-thi ¢ Therr

ness excl si on wounds created on

15 QOLRUI TP oRNE mSOOLEAL (R hEBhES Vere cu

y larger than wound peri pirery and applied

dr P()Otl 471 The wound dressing was tested in an animal model. The wound
dressing construct of the invention is either a single or multilayer sheet construct
made from ICL formed by the methods of Examples 1 and 2. A rat full-thickness
wound healing model (a commonly used model for wound dressing products) was

20  used to assess the performance of a wound dressing construct made from a single

layer material of ICL. A total of 20 animals, four per evaluation timepoint, had two
(2) 2 cm x 2 cm full-thickness excision wounds created on their dorsum. The test and
control articles were cut slightly larger than the wound periphery and applied dry to
either wound following a randomized application scheme. The dressings were

25  rehydrated by the wound fluid and sterile saline as necessary. Secondary dressings of



ei ther wound follow ng a random zed application
schenme. The dressings were 25 rehydrated by the wound

w0 baoi7ai4samd steril e saline as necessary. Seconde€TUS2006/060055

10

15

dressi ngs of WD 2007/ 048099 PCT/ US2006/ 060055 62
petrol at um gauze were applied over each test and

control article and changed weekly or at each

eval uation tinmepoint. The wound® were assessed at 3,

7, 14, 28 and 42 days post-treatnent. Assessnents

i RSUIREHM SsEe WRtE grilied pyvergrachuiesh anE FOETA ertjdasedichapged weekly
wound tracings), erythemm, exudate and histol ogy of

ex® % seduevabiatign sineepoints TheFiorels Ketvrsdpisgd abd.thd4, 28 and 42
results of the analysis of the percentage and rate of

wolayd pesidsentment: Hessassoreatsiinelnd edhtpte arbpergontage watmticlosure (based
sites denonstrated slightly faster, although not

st et Wonhdthdinei guiheinza ntydatmamichistbpgyrod exhantedhveound sites.
control sites. The analysis of tine to conplete wound

cl [®9u48] di d Aotorflinpdoahdidsties effibhe abaysie ofiteheréedsdge and rate of
and control treated sites. The results of the

eryoheheoses, tHatveuaddrdssitpebagyicatraitys eisesldbnvsisated slightly

equi valent for the two products. Hi stol ogy showed that

t hiasten uithowhersstistigisticOlysdigni@tadtpeleudd closgt tginaht ay@rol sitcs. The
| CL exhibited requisite healing characteristics over

t i amalysiscofefind eddnddleatdidid dbsutdi@idwor field aafifference between the tost
resorption of the collagen materials. There was no

evirdiegd@toDfrcaAtd Siebse THe re@Me bif @t drpthbhe, Gamsld #eithi¥¥logy analyscs
the test subjects. [00149] Although the foregoing

| Niverdteq0ivaltas iRt sdube d Hifto i BhaRE Ritlat B Wount@itessing
of illustration and exanple for purposes of clarity

anebnbER SdRTEIM Gingld 1Y ICIDEhiGIRI R4 SisHOnEMIR o Uhaslekistics over

in the art that certain changes and nodifications may

beimprathith&shhiid o & i pB
o e S D B0 [P AR ey foris.

bi PRRYWAS RS YideRtd FEENFRAR HEEHN GO fﬂ%@gg??%éet 3‘3‘/ fdﬁ%ﬁ:?{ %uéoj ects.

of purified collagenous tissue nmatriXx

{ Yoed) SUDNNEASEIPhe 0Bl ihiU:fh hi | BN -
C(L)Tl@I age]nous t séﬁge ot ?II% \#Il ng‘a%eengbeeﬁlaclleqCﬁ'lljlgd fhlsBfhe detail by
way of illustration and example for purposes of clarity and understanding, it will be

obvious to one of skill in the art that certain changes and modifications may be

practiced within the scope of the appended claims.



5 treated wth an antimcrobial agent, wherein the
construct is bioconpatible and facilitates tissue

W@ e@riB9mwhen applied to a wound bed. 2. The PCT/US2006/060055

10

15

20

bi oengi neered col | agen construct of claim1l wherein

the construct is neshed, fenestrated, or perforated.

10 3. The bi oengi neered col |l agen construct of claim?2
wherein the nesh ratio of the esh is 1:1.5 4. The

bi gengi neered col | agen construct of claim1l wherein

t "WE Ghe™:crobi al agent is sel ected fromthe group

consi sting of nanocrystalline silver and PHWVB. 15 5.

The bi okngi nédrieensiesieretyeqilagom sensiuet emmisiign 1

wherein the construct is chemcally bonded with a

cr ossl i nki nga&ysnef nuréfidd gollBeemuditiveteyataini deviyed Bipin) the tunica
carbodii m de hydrochloride. 6. The bi oengi neered

c ofubayensaefirssmaltintestine| saidpulrifiskierodliapertone tisreshatuicthaving been
has a thickness between about 0.05 to about 0.07 mm
20rgatedTveth bin eetigiiereleinbakentl | agen construct of claim 1,
wherein is biorenodel able. 8. A bioengi neered

col | agen conshetet thewomgrics isnlgocdmpatibie amt fcitiiess dalub growth
bonded | ayers of processed tissue material treated

Wi wheraappdiet] itera eromlhd ded.agent , WO 2007/ 048099

PCT/ US2006/ 060055 64 wherein when the construct is

i npl ant2d i NThc Bioshginterbe dodgca cof@travabf elairp atviedtin the construct
t he construct undergoes controll ed bi odegradation

0Ci§ widsh&d) fendstratcadaqsafoeattd.vi ng cel | repl acement such

that the construct is renodeled by the patient's

living zell sThé&bRendifiGerbll 06NN BN &ELCEBF bIABEN wherein the mesh
construct of claim®8 wherein the construct

ratio of the mesh is 1:1.5

4. The bioengineered collagen construct of claim 1 wherein the
antimicrobial agent is selected from the group consisting of nanocrystalline silver and
PHMB.

5. The bioengineered collagen construct of claim 1 wherein the construct
is chemically bonded with a crosslinking agent 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride.

6. The bioengineered collagen construct of claim 1 wherein the construct

has a thickness between about 0.05 to about 0.07 mm.

7. The bioengineered collagen construct of claim 1, wherein is
bioremodelable.
8. A bioengineered collagen construct, comprising:

two or more chemically bonded layers of processed tissue material

treated with an antimicrobial agent,



is nmeshed, fenestrated, or perforated. 10. The
bi ocngi nccrcd col | agen construct of claim9 wherein

WO b7/ ratio of the mesh is 1:1.5. 11. ThePCT/US2006/060055

10

15

20

25

bi oengi neered col | agen construct of claim8 wherein

the 10 antim crobial agent is selected fromthe group

consi sting of nanocrystalline silver and PHVB. 12.

The bi oengi neered col | agen consé4 uct of claim8

wherein the construct 1is chemcally bonded with a

crossl i nki ng “gEH Whet (A conytmichiiseimplentad risier apypynd bed of a
car bodi i m de hydrochl oride. 15 13. The bi oengi neered

c olPEgRAtiaB rEeRt, the opstaydupdaeapeeaitiplied diadsermdatien occurring with
i's bioconpatible. 14. The bi oengi neered col | agen
coifeangietingne eslhrenl@emient sich thafethp cossinmeds remiagisled by the patient's
material is tunica subnucosa of small intestine. 15. A

melitieg celds preparing an anti microbial biorenpdel abl e
prosthesis 20 having two or nore superinposed, bonded

| ayers Bf pr dbedsedginessdeoliageni constoanprf ckim@ wheein the construct
steps of: (a) layering two or nore sheets of hydrated
priscesbed] ftussaednat parfordtagers; (b) dehydrating said

tissue layers to adhere the |ayers together; (c)

crossl i hiki ng Taabtbchimscred lcallarcn conbthud of E%E 9 wikdrtig the mesh
agent to bond the 25 |ayers together; WO 2007/ 048099

PGatib/S? Biehog018351.565 (d) rinsing said layers to

renmove the crosslinking agent; and (e) treating the

bonded I hyer Thebidengincand icollsdcdionkinag @R tlairM3ssRirBintthe
prosthesis, when inplanted into a manmal i an pati ent
undgingiofbial aRBitiO kdlede DHBHLBE 2ty QAsBERE bF h&dbcWstdlline silver and
adequate living cell replacenment such that 5 the

preghegesis is renodel ed by the patient's living cells.

12. The bioengineered collagen construct of claim 8 wherein the construct
is chemically bonded with a crosslinking agent 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride. "

13. The bioengineered collagen conétruct of claim 8 wherein the construct
is biocompatible.

14. The bioengineered collagen construct of claim 8 wherein the processed
tissue material is tunica submucosa of small intestine.

15. A method for preparing an antimicrobial bioremodelable prosthesis
having two or more superimposed, bonded layers of processed tissue matrix
comprising the steps of:

(a) layering two or more sheets of hydrated processed tissue matrix layers;

(b) dehydrating said tissue layers to adhere the layers together;

(c) crosslinking said tissue layers with a crosslinking agent to bond the

layers together;



16. A nethod for preparing an antim crobia
bi or enodel abl e prosthesis having two or nore

waapenisposed, bonded | ayers of processed ti sSPET/DBL006/660055

10

15

20

derived fromthe tunica submucosa of small intestine
conprising the steps of: (a) layering two or nore

sheets of hydrated processed tissue matrix layers; 10

(b) dehydrating said tissue lay&rs to adhere the

| ayers @ggether crosslinking said tissue | ayers

with a ossl"ﬁ“ﬁWﬁr‘?@‘ddﬁlé‘?Tﬁ tq ‘@Wﬁg h¢ prosslindgig agent; and

t oget her ; (d) r|nS|n said layers to renove the
crossl i i ngtsgideg th gﬁﬁda{@yﬁﬁﬁﬁﬁtWh@ﬂﬂﬁ@ﬂﬂnﬁd@@nt

| ayers with an anti m crobial agent; 15 wherein the

pr ost he¥hsreipiedrpsthesin rdwniipp n&‘ldrmmmtnaannéplm refient undergoes
undergoes controlled biodegradation occurring with
adexpizplled biadestpdeon ocapting withradeguath livingteellirblacement such that
prosthesis is renpdel ed by the patient's living cells.

17the Arosthdsisois fromogeled by ihegagiantsniiving celtdi al wound

dressing having a single |layer of processed tissue

matri x deri védnmethoh fohprepammgan suthnmisesisal ladresiwaklableRosthesis
intestine, conprising the steps of: (a) purifying a

t | bz tved of mofe aupetinpobed) boadiubyris 08 gioccf{dd) tissupahathig derived
the tissue matrix with an antim crobial agent wherein

t h&romaha thirdceadimgosabesmApiptdstflc tomprivag st Fepsvai ns

a noi st wound environment to facilitate regeneration

of ski n(d)i ssleyctingtWe ovaibielshddld oFi-atA4BPRJcsscd tissuc matrix layors;
PCT/ US2006/ 060055 66 18. The method of claim 15, 16,

or 17 wwr ei delhBatitisiald €58 $dyRes loSadhBRSHE thyers together;
fenestrated or perforated. 19. A nethod for treating a

wound c@iypri sidaglidiiey ShidPSssQs 1ayeé§}mfh £ARRANLAE BN bond the
and area surrounding the wound;” 5 (b) applying an

antim crobi algyepikdedleessi ng conprising purified
col I agenous tissue matrix derived fromthe tunica

submucogf of +BBRklsaldNhfSE RV EEosslinking agent; and

(e) treating the bonded layers with an antimicrobial agent;

wherein the prosthesis, when implanted into a mammalian patient, undergoes
controlled biodegradation occurring with adequate living cell replacement such that
the prosthesis is remodeled by the patient's living cells.

17. A method for preparing an antimicrobial Woﬁnd dressing having a
single layer of processed tissue matrix derived from the tunica submucosa of small
intestine, comprising the steps of:

(2) purifying a tissue matrix from the tunica submucosa;

(b) treating the tissue matrix with an antimicrobial agent

wherein the wound dressing, when applied to a wound maintains a moist

wound environment to facilitate regeneration of skin tissue in the wound.



with an antim crobial agent. 20. The nethod of claim
19 wherein the antim crobial wound dressing is

wore@hedgooper f orat ed or fenestrated. 10 21. A neCTos200€060055
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treating a wound conprising the steps of: (a)

cl eani ng the wound and area surroundi ng the wound; (b)
applying a skin replacenent selected fromthe group

consi sting of an autograft, amséal uograft, or a

cul tured skin construct to the wound; and, (c) o
appl yi nf-an AR Meteebeh drimblind- e Eswhatpin theprewidrdyessing is
purified 15 coll agenous tissue matri x derived fromthe

t umethedsisheateatedorarerfaretet. i ntestine treated with an
antim crobial agent to the skin replacenent. 22. The

met hod &7 cl & methodvipreiredtimgtaheouski qemnsfsing bwsteps o:

nmeshed, perforated or fenestrated. 23. The nethod of

cl ai m 2() wherlerming tlee wotndrist abi sirrovding theessindg i s

20 neshed before application to the wound. 24. The

met hod @) cl applydk, anvduine crobiah evowod deesbingseheeisag: furibied
the group consisting of partial and full thickness
woeribhgenques és suer mattxcddriied Vonothe tuhice sshmudisal€kiell intestine treated
ul cers, chronic vascul ar ulcers, tunnel ed wounds,

ungéth ah redmiaobidbagens.ur gi cal wounds, donor site wounds
for autografts, post-Mh's surgery wounds, post WO

2007/ 043099 P63 MIBZLD6F AHADEDwhbrtid BSehtifliédBiay wound dressing is
wounds, wound dehi scence, trauma wounds, abrasions,

| agesiat] fiforatcd @F dRitksgtggiee bunms, skin tears and

drai ni ng wounds. 25. A nethod of repairing or

repl aci pg a danB@ed b SSHRgGONRIHS bodptisiae 118 885 & S

i mpl anting a prosthesis in a patient, salg met hod

CONpr i Syt ¥Rawihg tRDHBuSdART Are OseclndRQERdyduaner s of
coll agen material treated with an antimcrobia

agent, ?’lﬁ er epfhi g dNieS teRbmentAERtdIROAMESrddh doRbiSting of an

a mammal i an patient, undérgoes

autograft, an allograft, or a cultured skin construct to the wound; and,

© applying an antimicrobial wound dressing comprising purified
collagenous tissue matrix derived from the tunica submucosa of small intestine treated
with an antimicrobial agent to the skin replacement.

22. The method of claim 21 wherein the skin replacement is meshed,
perforated or fenestrated.

23. The method of claim 21 wherein the antimicrobial wound dressing is
meshed before application to the wound.

24, The method of claim 21, wherein the wound is selected from the group
consisting of partial and full thickness wounds, pressure ulcers, venous ulcers,
diabetic ulcers, chronic vascular ulcers, tunneled wounds, undermined wounds,

surgical wounds, donor site wounds for autografts, post-Moh’s surgery wounds, post-



control |l ed bi odegradati on occurring with adequate
living cell replacenent such that the inplanted

wWEe@3nksesd s i s renodel ed by the patient's |iviPQr/ustoe060055
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20

10 26. The nethod of claim 25, wherein the prosthesis
conprises two to five sheets of processed intestina
col l agen derived fromthe tunica subnmucosa of snal

i ntestine, said sheets being batded and crosslinked

together with 1-ethyl-3-(3- dinethylam nopropyl) )

c APHE EPTESHW OBy W@Hﬂ‘é dpkjscegee.dravgrcEeindst thyasipes, lssrptions,
0.1 to 100 mM 15 27. The nethod of claim 25 wherein

t hecprbdediesbunp.skin tearsmngd dreipigrweimdsh,  a fenoral

hernia repair plug, a pericardial patch, a bl adder

sling, 25-utepusethbbd nfrepainingor replrcinge q@maghd tissue comprising the
repl acenent heart val ve, a vascul ar patch, an annul ar
fidberpsifs repair plug, an annular fibrosis repair

patch, a rotator cuff repair prosthesis, a dura mater

repai r pat chimpantygf Dpwisthesie rah baidkew, sael mathodtcoageisimg two or
repair device, a vaginal vault 20 prol apse repair

sl inogg; supeinpsiadcbaidegdayers opédhen Bteribhaeaed hath af antimicrobial
claim 21, wherein danmaged or diseased soft tissue in

neggnt fwhcegathc prestissis] winh itdptaitéd g iatefatbsnefliah paticnt, undergocs
abdom nal and thoracic wall, nuscle flap

r edonfrollce Hibﬂbgraﬂz&(ﬁr@dcoﬁﬂ%g\/ﬁﬂh Aa¢quatcdivdns ecll replacement such that
reconstruction of the pelvic floor, hernias,

S Uhb fiiplah it predtidsey i @emodcled kﬁzgsa iShi'sUskihy Bclls.
procedures. WD 2007/ 048099 P 006/ 060055 68 29. A

nodi fi egh.i Nt R RBloddH JABETS, hWéedin GRIMLHENRY céfiprises two to five
intestinal collagen |ayer derived fromthe tunica

S WHTBIG @F BrRbssdd $MBstInal BRI ABrivaPHOm! tRY ﬁﬁn&aéubﬁgmta@ae& small
treated wiwth an antim crobial agent. 30. The nodif

| nhestihe) %L1d(‘sﬁ!eét§9§ﬁg h@¥&Ed &ld GballiMéPiogbhheF Gifh 13 @t'l191 ?1%3-
antimcrobi al agent is nanocrystalline silver. .

no
R e B
di Ry dgf- 32. The nodified intestinal collagen I|ayer

of claim29, wherein said

27. The method of claim 25 wherein the prosthesis is a hernia repair patch,
a femoral hernia repair plug, a pericardial patch, a bladder sling, a uterus sling, intra-
cardiac patch, replacement heart valve, a vascular patch, an annular fibrosis repair
plug, an annular fibrosis repair patch, a rotator cuff repair prosthesis, a dura mater
repair patch, a cystocele repair device, a retrocele repair device, a vaginal vault
prolapse repair sling, a plastic surgery implant.

28.  The method of claim 21, wherein damaged or diseased soft tissue in
need of repair is used for treating defects of the abdominal and thoracic wall, muscle
flap reinforcement, rectal and vaginal prolapse, reconstruction of the pelvic floor,

hernias, suture-line reinforcement and reconstructive procedures.



antim crobial agent is PHVB. 10 33. A processed tissue
matrix conprising a manmmal i an cel lular tissue

wGaamgnewe al |y free of non-col |l agenous conmponeP@BHUSHAé/eh0055

10

15

processed tissue matri x having been treated with an

antim crobial agent. 34. The processed tissue matrix

of claim 33, wherein said antim crobial agent is

nanocrystalline silver. 15 35. &he processed tissue

matri x of claim 34, wherein the nanocrystalline ]

silver PécksAatefifieddntssingg pollapsn layes comprgiagay iviestingd collagen

matri x of claim 33, wherein said antim crobial agent

i slapgperived from the tunica submucosa of a small intestine, said layer having been
treated with an antimicrobial agent.

30. The modified intestinal collagen layer of claim 29, wherein said
antimicrobial agent is nanocrystalline silver.

31. The modified intestinal collagen layer of claim 30, wherein the
nanocrystallinc silver lacks atomic disorder.

32. The modificd intcstinal collagen laycr of claim 29, whercin said
antimicrobial agent is PHMB.

33. A processed tissue matrix comprising a mammalian cellular tissue
substantially free of non-collagenous components, said processed tissue matrix having
been treated with an antimicrobial agent.

34. The processed tissue matrix of claim 33, wherein said antimicrobial
agent is nanocrystalline silver.

35. The processed tissue matrix of claim 34, wherein the nanocrystalline
silver lacks atomic disorder.

36. The processed tissue matrix of claim 33, wherein said antimicrobial

agent is PHMB.



