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ELECTROPROCESSING IN DRUG DELIVERY AND CELL
ENCAPSULATION FIELD OF THE INVENTION The present
invention relates to novel conipositions comprising electroprocessed
materials with substances, and methods of making and using these
compositions in delivery of substances. BACKGROUND OF THE
INVENTION  Numerous methods exist for delivering substances to
desired locations in vivo or in vitro. One such method uses devices or
objects that contain a substance and will release the substance thin a
desired location. One desirable application for such methods is the

admilistration of such ob ects to a loc ?&%@% y of an organism,
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Compositions with improved biocompatibility compared to those currently
used in substance delivery and/or that can contain living cells are also
needed. What is further needed are new methods of substance delivery
using such compositions. Finally, methods for making such compositions
are also needed. SUMMARY OF THE INVENTION = The present
invention seeks to overcome the limitations in the prior art by providing
“compositions comprising an electroprocesseel material and a substance.
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inorganic materials, genetically engineered materials and include synthetic
alterations thereof. Synthetic materials include materials prepared through
- any method of artificial synthesis, processing, or manufacture. The
invention includes materials that degrade and can absorbed by the body,
or will persist iii whole or in part and become portions of an extra cellular
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. magnetically and electromagnetlcally (i.e., light) reactive materials. Cells |
are derived .from natural sources or are cultured in'vitro Combinations of
different types or categories of cells can be used. Examples of objects.
include, but are hat Ited to, cell fragments, cell debris, organelles and
other cellular components, tablets, viruses, vesicles, liposomes, capsules
~ and other stmctures that serve as an enclosure for molectdes. It is . to be
understood that the composition of the present invention comprises at
least one substance. 'Accordingly, numerdus substances or combinations
Of similar or different substances may be combined, with the
electioprocessed material. The mbstandes may be combined 'with the
electroprocessed material through electoprocessing techniques or through
other techniques. The invention also includes embodiments. in which the
composition comprises eleetroproCessed matrix materials without an
additional substance In that embodiment, the electroprOcessed matrix
materials may act as a substance. The invention provides humerous uses
for the compositions of the present inveigle Thus, in a further aspect the
present invention is directed to the use of any of the electroproceesed
compositions of the present invention for delivery of a substance or an
electroprocessed material (exluding treating human beings). One
preferred use is the delivery of substances. Substnce delivery from the
compositions described herein can o %éur in vivo, for example upon or
within the body of a human or animal. .Substance delivery can also occur
in vitro, for example within a cell culture apparatus or well. Substances
delivered include those substances contained within the compositions,
other substances produced by the substance contained in the

composition, or both. For example, a substance may be a cell contained
within the alectronrocececad matarial and the cell mav evvntheaci7ze and



sensitive components may be designed. These compositions may move
~or be induced to release or bind substances in response to specific
wavelengths of light Compositions containing nucleic acids Or genetically,
engineered cells, for example, can be used in gene therapy. Other
examples include embodiments used in wound care, tissue or organ
replacements, and prostheses. In some embodiments, the

- electroprocessed material itself contains desired properties of substances,
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applied By mRniptilating process parameters, coinposidons of the preSent
invention can be manufactured with a predetermined shape, for example,
for depositing the Material onto or into a - molded substrate. Substrate
shape can be manipulated to achieve a. specific three-dimensional .
structure. Targets can also be rotated or other-Wise moved or

. mmatipulatecdlus ndiclentd procis Singroyeurmclaisieibution ef tmegactio feld to the
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- For purposes of substance delivery, the desired shape is.dictated by the. _

- application. Non- -limiting éxamples include the knowing: in the form of a
patch for application to the skin; in the form of a wafer or tablet for

- ingestion; in the form of a wafer for appllcatlon to a site of removal of a

glioma; in the form of a wrap to surround a tumor,-in a particulate form for-
spraying on a surgical site; and in a particulate form for delivery of
substances through inhalation.  Accordingly, it is an-object of the
present invemdon to overcome the foregoing limitations and drawbacks by
providing .Compositions co prising an electroprocessed material and a
substance. Another 'object- of the present invention is to provide
compositions compiisina an electroprocessed natural material and a
substance as defined in claims 1 to 7. Yet also described are
compositions comprising an eleciroprocessed synthetic material and a
substance. Still another object of the present invention is to provide
Compositions comprising blends of an electroprocessed natural material,
an electroprocessed synthetic material and a substance as defined in the
claims. Another object of the present invention is to provide methods for
delivery of a substance as defined in claim 15.
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Still another object of the present invention is to provide methods for
delivery of substances to a location inside or upon the body of a human or
animal Yet also described herein is to provide methods for retrieval of
substances from a location inside or upon the body of a human or animal
by bonding such substances.  Yet also described herein is to provide
‘methads for delivery or retrieval of substances to in vitro locations.
Another example described herein is tolxgirowde methodos for dellvei of
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';‘source prov;des crenetlcaliy altered ﬁ'oroblasts ‘These soumes of substances may provlcic the
"substantes fhrotgh one or morc electroprocessing {echmqucs such as electrospin,. clf:ctrospray,-
' 'electmaemsol, electrospufte: or any com‘bmahan ﬁlereo.ﬁ “These sources may also provide the -
. substance,s to the clectroproces.czed material ﬂnough non—clectmprocessmg techmques such as
‘aerosol dehvery, dnppmg, coatmg, soakmg or othef techmques ' e 7'
“In onc prefc:rred embodiment, the mmposmons of the’ prt:':sent invenfion’ compnse one or
more eiactmpmc;essed materials that form & matrix Gombined with af least one substance. Fither _ ‘
" the source or target is charged, md the othar is grounded.” The subsi:raie upon which
clcc&odepoaﬁon -oeeuTs can be the taroet itself or another: object of any shape’ or type. For
. example, the substrata can be anl object disposed between the onﬁcc and the taxgst In onc
" mbodmmnt, the substrate I.S a Jocation on or mthm 4 Organism, such as 2 Hissue, 2 wound site,

" 2 desired location for substam:e dehvery, ora surgmal field in which the composmon istobe
'apphed By mmpuiahng process ‘parameters, composmons ‘of the present invention car be _
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Figure 3 is a graph showing the release profile of vascular endothelial
'growth factor (VEGF) from one embodiment of the present invention
obtained by electrospinning a solution comprising collagen, polylactic acid
(PLA), polyglycolic acid (PGA), and 1TEGF. Figure 4 is a graph showing
the rebtase profile.of VEGF from an embodiment of the present invention
obtained by electrospinning a solutiOn comprising collagen, polylactic

acid; and polyglycolic acid, and V b en I 5
H@fé&‘ﬁ%%@%‘é‘g@ﬁ ?Fa ’b?h expos%rrg § ?E? ﬁf%taﬁr%%dge §¥g§%§%rmé$fﬁhﬁ aﬁ:ie ‘
compoaapivatioenies Fls SR OGO TETT CoVaHige Saor dtor

. cembeogdimdnts of the present invention obtalnf d by electrospinning o

: SO'Utﬁﬁ%ﬁeﬁl& &%@m&tmm@@mmmmy(Wémm Fimyfuposes

I C¥AmDles

Véhtion a several oth com%{) sitions. The

e fﬂélﬁtﬁ@tﬁm@ﬁﬁmﬂm@%%@éﬁﬁ ﬁ@&ﬁﬂ?&ﬁ%&%ﬁé‘?ﬁeﬁﬂ‘%ﬂ S ing e the

A .
58l uﬂ@m@@n&%mgﬂﬁr&qwlunmmhopbﬁy(fewM@fr@fw&ﬂ ﬁz&%‘éﬁ%@ﬂ@rﬁﬁd ma
' ptReLEOmpOsiiRasWeraRsHask Eakihersaataining 25wr/o tetracycline *
hydrg\chlo{gmglar}d f'aﬁ%%%&%f?éﬁy neSlrac¥cHRe iR ReiABY CoRgithng timitations

‘poly(e 0 -vinyl acetate oracomblnatl N 0 actic ac a
2o (’@m"’;ﬂ’éﬁwé’yﬁ@l ga&%]%t% SFigure 715 a grilgﬁ&lgﬁowmg tf%ﬁréé}%laggd C

substsite.of tetracycllne from:several embodiments of the presentinvention - - .
- obtaingsitey elgetraspinnings sl ititnEwo Bt PRy s RepaNPRIgHRthcomprisne
elé%%ﬁ(r%ﬂ&’égma%amé&amﬁ&ta)subsﬁgu@e &imaischimatictdfawing of

. ano mbodiment of an el r%q%gﬁg evice including 10the
elect? reg)cgse’%‘ﬁ{% é? JUipm E’tggr%& 0 atlnuél%[vgll bioreactor, DETAILED
SESE@@R?ES %ﬁ%%’ﬁiﬂ%ﬁ%éﬁ‘aﬁ%ﬁ EMBODIMENTS . . Theferm .. . .~
 "subStihewtahahipe Y<hePIRT e SHGETIRE Bopnedh Sﬂnﬂgcfsuﬁroa Ifsmg L
of defikitionroFrectormslbstarbeindrsdgerrorteses HERatinBlEstR andpBleance
asUeRRUS RNy AWRe or size, or 15 combinations thereof. Substances can

ny form including, but not limited to, s emls etordy
SRS G SEN AR LG A LTI IS0t SUUApgedetned Clal_m s

include molecules of any size and in any combination. Cells include all cell .
typessfiprakanyotibianbedicaryotin deltsyivhédthier inovitarapingke B delivery of
' Aligrac by, depelicCAYINES PG AR PHTe psRGes SuiGells can be from a
NalrY FOUSE AL BRI tvatg%@eglgame iing:Ruemd. Combinations
of differen ypes of ce Is c%en be use A?eﬁ:tsfc be of f any: E!FE(SQ&B?Bg sich :
- SERPROTH SO SriEP 060%%%(38 6t gotipied to an o
Séh"@n@fprocessed material: Examples of objects include; but are not limited- '
to, cell fragments, cell debris, fragments of cell walls, fragments of viral
walls, organelles and other cell components, tablets, viruses, vesicles,
liposomes, capsules, nanoparticulates, and other structures that serve as
an enclosure for 25 molecules. The compositions of the present invention
may comprise one substance or any combination of substances. The
terms "electroprng” and "elec depOs.hall be defined broadly to include

Another



ethods of electrospiuning, electrospraying, electroaerosoling, and
electrosputtering of materials, combinations of two OT more such. .
methods, and any other method wherein naaterials O are steamed,
sprayed, sputtered or dripped across an electric field and toward a target
The toprocessed material can be electroprocessed front one or more
grounded reservoirs in the direction of a charged substrate or from

charg reservoir ard a round d tar ‘Electrospinnin means a

‘proces<if'W %rﬁ%ﬁ%‘%gﬁ “are 1fSor?ﬁ)e%JVl‘ge e gofufﬁogqoven?/e?tr f)cu%v treamMg
Shufsenseain e Mg EtEGRRion or melt through an orifice.
"Electioatrossiing!e irsenis g ber proeesriin whieurbpRitdcAive forhiseeh im
g:zplution or melt by streaming an electrically. charged polymer solution or

melt through.an arifice, Jhe: 18T GlCHORRCEFsing: s Aaklimiied to the

. %%?m ic ?ﬁé Fg ples set forth herein, and it includes any means of usmg an

CiREBIfield 8P depositing a material on a target. The ter

"matériiereferas #iy s ‘ﬁi‘ﬂﬂefﬁ‘i?ﬂ%&ﬂ@ogﬁr pERsHEE! ?J"rpﬁPBﬂf) or

" Gempination thereof that forms any type of-structure. or group of structures
duringerdafteielectkoprotessivide Matedals Molidgmatiraiihaterials,

, gg@&%ﬂg&g@é@ﬁ% cﬁg@@,j&@gions thereof. Naturally occurring organic »
e o hsiances nalually ) fﬁ“{bd 408, A RlaNIS g e

or otherorganisms, re ardié terrals have Or can be
ﬁ?%@%@ﬂ‘%P%ﬁlﬁér@HS%fWSﬁ‘é%E}ﬁﬁ Wgﬁ?: {rna{érlals include any ,
" materiiisspredartdrtivhinsth Gpren eidod BRESIRcHAI By MRS Ikt s, begome
_ -grp&'@m ufactureviBieterabplbeingateniis drehitogicilly dohpdtipibodiments and
ialsy dmmgne class of synthetic-materials, preferably biologically -
compatible synthetic materials, 10compr|ses polymers. Such polymers '
. include but are not limited to the: foII%wrng :

e BRIEF DESCRIPTION OF 'I'HE DRA

- Figura 1 is a schematic drawing of an em%odrment of an eale:cr;roproc:es:smm dewce mcludmg the
. elechroprocessmg uqmpment and arofahng wall bmre:actor R :

Figurf: 2 is a schematic drawmg of an embodmcnt of an elecﬂmprocessmg dewce mcludmc the :

: elactroprocessmg aqmpmeni and arctatmg Wall bzoreactor ‘.‘ L

Fzgwe 3 zs a graph showmg the Telease proﬁla of vasoular endothahal gmwfh facf:or (VEGF) ;
- fromone embodm:tent of the present invention obtained by electros spmmng a soiuhon compmsmg .
_co%lagen, polylacnc acid (?Lffa} poiyglycohc acid (PGIA}, and VEGF ' _’* ‘ S

RS Flgm'a 4 isa graph showing the release proﬁle of VEGF ﬁ:om an smbodJmcni of thc prcsent X

invention obtained by electrospinming -2 solunon compnsmg coﬁa:,cn, polylactrc acul, and e

: po]yglycohc acid, and VEGE and subsequﬂni}iy cross—hnlang the electroprocesscd maienal by- B |

R cxposureto glutaraldehydc vapor.

' F:gure 5'is a graph showmg the reiease proﬁle of tetrax;ychne fmm sever:al emmbodiments of the - -

present mvcntzon obtained by electrospimming solutions containing tetracycline along with PLA, C

pcly(cfhyleneeo—vmyl acetats) ora combma,tzon of PLA a,nd poly(ﬁthylen&oo—vmyl a,ce'rate)

'-Fxguna 6 is a'graph compéring the release’ proﬁla of tf:tracychne from an embodnnsnt of the .

" present invention and several other compositions. The embodiment of the present invention was

obtan:r_ed_by clecrmspmmng a solufion rcontalmng‘tcéracychne with poiy(;thyiene—cowmyi
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pyrrolidone), poly(2- hydroxy ethyl methaMylate), poly(N-vinyl

pyrrolidone), poly(methyl methacrylate), poly(vinyl alcohol), poly(acrylic

acid), polyacrylarnide, poly(ethylene-co-vinyl acetate), poly(ethylene

glycol), poly(methaerylic acid), polylactides (PLA), polyglyeolides (PGA),
poly(lactide-co- 15glycolides) (PLGA), polyanhydrides, and

polyorthoesters or any other similar synthetic polymers that may be

developed that are biologically compatible. The term - blologlc %1%’8‘% totracycline

ESHphtibie® SAThetE BN * ThaPArdB It S o

hyiéneigorfrl any Hmercesimbiratvnsyelthevshgpiigasith eqc@gewhéq:tbﬂ@mkw-vmﬁ
otvee)polymersigene rdlpaliheussl ohthedd ghlymers willydepanrgl on given
applications and specifications required. A more detailed discussion of

fm@%@ QQIXE@%%%% Exgemsop%%eaﬁegatcfﬂ%&ﬁ?{&r 1RRSRR s of the

'Polymers in,Controlled Drug Delive edlcaIPastlcsan
pfge%e’rlri{:ater‘|><':1ns%]i VR 1 q %ﬁ’?’%ﬂ or‘(“b’\g Ho8g b%f?%ceﬁ%@wgﬁf with

H‘b@ﬁ?%fﬁ?}‘ﬁé?ewﬂ aceW\‘/ﬁ%’(erlals also include electroprocessed materials

that are capable of changing 'into different materials during or after :
Relectoproeassing: awxampleitiemreieitimagennwhefs#Be device inchiding

- wombingdwithtbrombin.forns fin, Kpinegen;gr. thrombin that are

- electroprocessed as well , as the flbl‘ln that later forms are included within

o eﬁ%%%g%l?on of materlals Slmllarl rocozga en will form coIIagen when
cﬁﬂ?g%ﬁ agen ‘

peptlgﬁée%éﬁ%%iT%én hpd bﬂ Withthrenshdefitionpiisaipréfamdeadest deﬁm‘ﬂon |

. : Témisodimestriveisiecroprocessed melterikis forevia, matdis Ehent}empe(br size, or
15

comamoﬁ@fafeé@fanmuwﬁéwe}ﬁpﬁaoﬁﬁed;o%&ecaaeﬂwseadd&aﬁeﬁi@e Ho sofid,

s%ﬁ@sv@g@ &o@frﬁﬁ%ﬁf EQ‘? r§019£50q{ &Jl% H}act&ﬂgﬁatﬂx?l%@[%gfo f Substances
-fibers ary d{opl S of aan ize or sh atréf1 %e e structures or

grou S of structures. ana can Befo erﬁ“%ﬁrou gl types of prokaryotic
Ritcesing Hhelo 0% BHY SHE oF %e&?&@’%ﬁﬁ%’éé%ré’r any other

‘Pmﬁﬁee@e@ terpasséem spevifie] porositiso Substancégarray bendepbsitedor dead.
. Oniithimgtenanthidied t0topdlat eelionambtriees. 356 ells a4 UbStANCRS, shape, and -

c%ﬂ@ﬁﬂ@@%ﬁ@rﬁ?@@%&%iﬁé@hﬁ?@ﬁ%@%% eIectchfb%e@é@{%ﬁ?eglﬁl MBE&S of
otnaterials,fr gleclionIacessing o eﬁf -campositions Q&the}e%e SNy watls,

inven |0nfcom I’Iseﬁ protelnz EXiI’ cellular ﬁafrlx rotelns ar ererre
fragnients, of i

§5'6f Brotains 1A the BrEse SRS eI aPiiGy vesicles,
ﬂﬁ?ﬁ%ﬁstoc%‘ﬁ%sgéﬁnwﬂc%lﬁnpaﬁfﬁﬁ’frsﬁ%ﬁ“ﬁfﬁdh@cﬁﬁ%dﬁltﬁnaﬁdﬂwm for

| mplesfdered "ﬁ}ateqﬂmfater@thérthmpmmmmmﬁ‘menaz«tmmbmarqmmmkstﬁwe orany
-ceentinapie: pretéeglyeans. In each case, those names-are used throughout -

the present-apelicationdn.their hroadest definifion-Thars AreAmultinlest e&m;de |

alen? hﬂgf tpee roteln,sth are naturally 0cey urrln s well es’
okos ticaly ac ureciJ r@ﬁn Fodu da %O iﬁ%tl%nen ]%% ut?éng of

can be or are synt

- aplgp %‘f?fﬁ%ﬂ%ﬂﬁ@é%&h@fﬁ %ﬁw@r&?ﬁe 54 ¢ @%hogfwﬁsee miaterials

arfyHESEpl seseds Weﬁfé@m@ﬁeé&we@wmaa@@@@mmdaxga The
eltdrairnctisedteraeprbtentfathetinaudses] Buhisnetlimitedgonfiagmeatsyirs in the

diRBRlAgS, CONGRRYALIVEIBINRD ACitk s Datitiians.andist hSHLEONSWded target,

| M&:@Hﬁﬁ!@/ qggg{gl@%?aweolé%&cwﬂ%éeseecw&%acgoﬁ?@%91&[915%9 melt by

T erm %ndu used herein to reét ammo a(:l%i :
IR ac er(fﬁlmeﬁc At 1S IACOrporata ;fo DO by fgﬁiﬁ?gg%gﬁae Theans
a KSGSEFCFP ﬁ@micﬁs are formed ﬁ"om a solutmn or melt by streaming an electrically

- charged polymer solntion or melt throngh an orifice. The term elcctreprocessmv is not lomited fo
. the specific examples set forth herein, and it includes any means of using an eiectncai field for-

_ _deposztmodmatemalandtarget S e

poly(urethanes), poly(siloxanes).orsilicanes, poly(ethylene), poly(vinyl .. .. . . ...



10 acid may be a naturally occurring amino acid or, unless otherwise
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“limited, may encompass ‘mown analogs of natural amino acids that

function in a manner similar to the naturally occurring amino acids (i.e.,
amino acid mimetics). Moreover, an amide bond mimetic includes peptide
backbone modifications well Imown to those skilled in the art.

Furthermore, one of skill will recognize that, as mentioned above,
individual 15 substitutions, deletions or additions which alter, add or
delete a single amino acid or a small percentage of amino adids (typically

~ less than S¥esmarertypicalyriessdhaty | Yohipaneneoded segieneearg@ group or
\ ,&&ﬁ&ﬁgﬁaﬂ%ﬁ&éwﬂ@@&@%@%w@@rsrﬁa%?ét@fag@ﬂ? reswbdnbeaning or afier
: %gg;sglt%téorgmof anaming aC| vg{th a.ch ‘;‘a"XP(')g‘gz'ﬁn %mln ?ag or co%tbmanong

onservall veg’subsfnturﬁon %ncbi]es pr unct y Slm ar athO acl

threetfel PRFARI A LB HE, elfﬁé“fslfBWﬁﬁ‘@ %&1 ROt 8 e AU RS0 M dh fgnd = b

Taidsthistarer ctnserpativesotmtditie nE Tbebpdhosothderialy ingmineagly; produced

Selised SynTbreanneiiictc RyAspatticiatiddDhGlitampicpacid tEyn8) any method
ﬁsﬁﬁfﬁﬁﬂ%’gﬂ)@s@%ﬁ@%@ﬁ mAASIRINEPRYdyping (K)icddR) are biologically

- Lsole \%yllne lEeucme (L), Methionine (14), Valine (V); and 6)

ey
e R M A OSSO i,

?amne

sprpTiey elgDYE- 95Mek tHwBAte dRTtPaditt satjudtteliaiedalio’ the foBiowing:

- @ijensibned) theyétireanino siticseqpelytetilarare 896 ioyl 09%-d6heen, poly(2-
K?@th? %tﬁﬂ' inermeidsegusncaoiihe SoRIae), nelynaptige espepide), poly(vinyl |
| éﬁ! Eﬁﬂ@ 63 @}lvsbiﬁ@gm&@ng %yz&%%&hﬁﬂﬁb&%@? aBiDRhylere

S0 e e e o DRALE L

- hedidgdReE Y éi?é\&‘i’é h TRORIBRETRS E&P’F&\‘F&i\ﬁ PR et e polymars
* theldivontef dvesterndifinemhintogtidlyincmpatiblpueRbe fea phaplarisally CGmpaiﬂﬂe .
- -synthetic polymers” shall also include copolymers and-blends, and any other combinations of the

forgomg either together or with other polymers ﬁeneraﬂy “The use of these polymers will

- gdepend on given apphcatmns and specifications required: A more detailed. discussion of these
polymers and types of polymers is set forth in Brannon-Peppas, Lisa, “Polymé:rs in Controfled - -

Drog Dehvary,’_’ Medical Plastics and meatenals Novamber 199’? which is mcorporated by

reference as if set forth fully herein.

“Materials” also include clectmpmcessed matenals that are capable of changmg into

different materials during or after electroprocessing. For example, the protein fibrinogen, when
combined with thrombin, forms fibrin. - Fibrinogen or thrombin that are electroprocéssed as well .

as the fibrin that later forms are mciuded within the definition of materials.- Similarly,

' “procoﬂagen will form collagen When combmed wlth procollagen peptidase. Procallagen,

procollagen peptidase, and collagen are all within the definition. - .
- Ina preferreé embodimeut the eleotroprocessed matenals form = matrix. The term

“matrix” refers to any structure comprised of electroprocessed materials. Matices are commprised o
of ﬁb'mrs, or droplets of materials, or Blends-of fibers and droplets of any size or shape. Matrices '

are single structures or groups of structores and can be formied -through one or ‘more

electroprocessing ‘methods usmc on& or more materials. ‘Matrices are engimesred fo possess
specific porosities, Substances may be deposited witlin, or anchored tt) or placed on matnces )

Cells are substances which may be depcaszted within or on mairices.

One preferred class of matanals for electroprocessing to make ’che compos:tions of the .
- present invention comprises protems " Bxiracellular mafiix pmtems are a prefermd class of
- proteins in fhe present invention. Bxamples include but are not lizmited to. collagen, fibrin,

elastin, Taminin, and fibronectin. Additional preferred materials are other components of the

: 3
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35method for the chemical synthesis of the antigenic. epitopes described ..o

herein. Techniques for solid phase synthesis are Imown to those skilled in
the art. . Alternatively, the proteins or peptides that may be
electroprocessed are synthesized using recombinant nucleic acid
methodology. Generally, this involves creating a nucleic acid sequence
that encodes the peptide or protein, placing the nucleic acid in an
expression cassette under the control of a particular promoter, expressing
the peptide or protein in a host, isolating the expressed peptide or protein

CEFRICRISBIEH, feh STAMRL HReREPHRIES o S1STe ST R BTa e SrSehiTgrebout

N fgupdeanemnpliskilbthrotgh Suckiqstobddies dFesfoarrdmiiiditaraturesach of these
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encodingéananobnbistidineisequeneeomay biagddsd etiveatorbovs, individual

- siﬁ-& t&ﬁ&%&%ﬂ&%%@%ﬁﬁ&gp&m%&cmtaﬁaat@ret&tg@m@wmh or & small

Once e

combinant peptides. Rolypeptidessand ., cnsoded
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ate precipitation, a

aohmmacidotitng rvoivitograii vrget etifcu'opHeres BRSOl pmwdmg

- fiuhstaibtialtyipurertompoditionsielldbouns th98% HEmdgBesing ate groups each

refguachantis R0 .2586ei-20pkealerhonegensityastunost preferred for

o wggﬁgg@gfa@&ggc‘(@)gg\gtémm (fyso, molecules capable of forming some
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the name %8 INS can e ixed with other polymers during
: } gﬁr(()]procc om%'taln desired propertles for uses of the formed
3%?@?]%31% e Eihout this application the term “solution” is

- dusedbioad@sctierneliguid in the .25 reservoirs of the eleetroprocessing

synetbednd (15 enriis dofinkethbraad{iio Vathed®)amdliquids that contain

~ oypatstinlsin e plestonsessedbisdewe understood that any solutions - N
- capale %f%gmge%m@&eﬂﬁé guring.electop ?&%&5@9@6@ inghed IR cludes

the scope of t cgtlon the tergt solu ion:'

r n.In. thls ap =
%be?g‘f&%tt&@’ug §§§?0%5?’%§1t EoRSE con AR atana gy ons o e

egAREAGHE été%?faaéb%stféoﬁ%éamwn@ﬂ%%fn% RO AEAR %&’ﬁ%@eﬂlﬂﬂﬂce ﬂf the. -
- pibielogichihrwainpatiderms. This broad definition is appropriate in view

of theneg e atpReretsaiventsiorotheniouids, dae carrigsamofdcutisy acids), they

o éusﬁeas998&49}{})5!9%@y%&%@%&t&m@eﬁaﬂuw&mﬁﬁ@es Solid phase

. 35'- g ESBRAATE e Ssftadrose o

yn?ftt%ttms of %St% ”gqf&%eséf &H?t%@@t%'t%%ﬂ%%%t@tﬂ&%glatlmozaﬁ@mppm. |

efers to me ydrated gels and suspensions conéalnln&ths%q@e%tgerlgla sreferred

method for the chemical synthesis ofthe anfigenic epitopes described herein. Teahmques for

“solid phase synthesis are known to those skilled in the ast.

~Alternatively, the proteins or peptides that may be elcctroprocessed are synthasmed usmg

. Tecotnbinant mmletc amd methodology. Genera]ly, this involves creating a nuclelc acid sequence

that ﬁmcodes thc peptide or protcm piamng the nuclem amci in an expression cassette tmder the



Solvents  Any solvent that will allows delivery of the materialor . o

10

substance to the orifice or tip of a syringe under such conditions that the
material or substance will be processed as desired may be used for
dissolving or suspending the material or the substance to be
electroprocessed. Solvents useful for dissolving or suspending a material
or a substance will depend on the material or substance. Electrospinning
techniques often require more specific solvent conditions. For example,
non cross-linked fibrin monomer can be electrodeposited or electrospun

fram@olvents.sisihasreac:menseahioroncetioagidovgi@tin in a host, isolating the
%x%és&@&' Q %%Q‘ngm%} éné $3henatiuniesds JRronane! (AlSOdmOWR: hinigues
Sujl.]h atfluoro IS0pr Qfaﬂfﬂ [ I‘IéF{lFé)mz%plla Ur}e%%% ar(':? m(? iﬁy RO ted asa

on or-susp en5|on In wa {I’I UOI’OG astln can

_be e|eé¥ﬂa*a3e5%@f@dd§§r§ds@fﬁffaﬁ SPETER R GIRH R EF, &md@ﬁ m the nucleotide

segupniflsroperrnbinisoprepinobrer A Fi. Dtk lswellomeiceiideliels the protein
eapeciallyhatpgenates bicahalsiemay beuseddeateiascand, geptidesle, a peptide, -
esseaiated: with-membrangs aAeoftemhymophobicandithus,£a8Neteific bislogical

dissalysn,agueou ém‘&ﬁ%%sm t#&@x @ %E%:gu%”%xc& b&sqc?g%\é?%r fo preserve some
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ﬁ’“‘ré’;? 3 @éeﬂ’af@?' ERrhpIES6ioR s RISERAC FERPORFRRE T 25 RYe Sxpreciigligach as the
higtingeriormareee diguydrebirciratp g PphisetEroteinsrarndepeptice $oardeajgoduction of

- seluble el xaspplewdarlifh Bultexaliioroncelgnasehioroalsahalsrifcin may be built
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formic acid. N-mi ideTs anot er solven
W@Wﬁﬁeﬁﬁ’ﬂ%@i%@ Y teMfEFonal terms, solvents used for _
electrdbmgﬁce@swgshévmh@lpnmp@bﬁiﬂ@op@k&@nﬁ@e@ ik tapretowth gen be pumfied

R fglaag ilie e sUeh 83206E 30030 o1 0

- - pelyia, ospalescstichs thatelastoprdeediaing ssificastileriTheluding ammionium . |
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Some preferred materials are naturally occurring extracellular matrix
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materials and 10 blends of naturally occurring extracellular matrix

materials, including but not'limited to collagen, fibrin, elastin, laminin,
fibroneetin, hyaluronic acid, chondroitin 4-sulfate, chondroitin 6-sulfate,
“den-aatan Xulfate, heparin sulfate, heparin, and keratan sulfate, and
proteoglycans. These materials may be isolated from humans or other

animals or cells or synthetically-manufactured. Some especially preferred
natural matrix materials are collagen and fibrin and 15 fibronectin. Also
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abnen-naturetissieqr exkrageluldmalsbadaleralsige extitasis@iditons. For
SAREELO, Ugsue), Al %ﬂ&bx&ﬁﬁ@%ﬂﬁ%@%{é&f&%&@é&? 19968l un from sotvents

- {aisise ndlidng but notlieq o 5ol fsples, 019 AN UM poros

may "A180 B elec rOprocesse ig€n has beenele osptm (6]

HIREPELIS Banaed vﬁf%%?%%ﬂfﬁ%ﬂ&trsﬁ herserds fi@?ﬁ&dﬂposﬂed asa
%&ﬁ@é@rp%\ﬁmﬁmy@me@mmmtﬁmb pr SEUR e8lasyitnegu e clectrodeposited
PpProcessies (keulypnded ipatder (s bostuvediined) | agpnpainendt IWFIP, Other lower

5 @aeﬂ%@@%i%}’&ﬁ!é&mﬁM&BQQ@!@%“&%;BQH%Q@ iBr6lgslrasp @é&@&smm@d

electro materi asm be com erm erlas and/o

r
pgurﬁé%ances éi?% JiREEoNnt %gﬁ ?ﬁji%r?ﬂ  griuoroethanol
@REMmpe 2@%@@%@@@@%@@ B@ﬁﬁ&é%h? zﬁef@érﬁﬁm%% be used, for
cagiplantitcienharidetrimunogenistyeswbed inpiretsuca insd dstymaegraphy.
renefhesaxRplies &8 SRAISDRIOCBS L0 ag eIrn kX Bentaeitg: Cellsroalcolols
lﬁnaanpl%&m%d ihan GIeGERPEPGRRsRE 9@&99&9&1@&9@5@@@@@ contajning 5%

l}gln i&g\% qrowth é@lc ors& stlrﬁlulate grow aglg d|\1|5|o ONtherﬁe;"So holma_
]{ e collagen matrl %1 etic materla s include any materlas prep ® :

t
FPEARE AARMSH e%ﬂ&%% %??ﬁ‘ft?&l“%%“@%ﬁé‘é’@%’ﬁ?&@@%ﬁng or .
manufaditriorph eynnteiiand fale arEqneRsraing Hois Jyicayipal role of creating
acmmﬁat_ab teifior admimstratio npisiyeivs: Osuch viskat Seletrpalyresiscineluiesiid.  The

m&tﬁéﬂ%ﬁa@%’%ﬁ?&” g&%rg}&d th\% I«tfih S%l? Q g&% t@)? ons.  such

| canesneidimited ta:he Jalewing ROlVALIHRIRARES b BONASIOX A8k hining the.type of
' Eﬁilyﬁ: §esmw@£?wggcﬁ0|%\p@éﬂ¥lg 0lidapg), 9&%“&@9&%&%@)&@& assist in.

V ny? a?co poly acr ac:|

acrly lat O X&N gg Iédo m):fté) %%? m?tgg }%{W?{. qlud disiniegrates |
%1’ SRR ﬁbﬁ}ﬁé’ﬂ%ﬁ@@ﬁ%ﬁd Gk erfdtniserghchat will

-.sia’gqhge W@IW@R&@@@@W%@W@%@@W@P@ Asr)tar&c:ﬁuns between molecules of
cpolyflaatide anglyecnlides)i(Rd @A) jayldasipolyarfitesfpoiyimhydtdesingly, for -

cRebSIBYienaeenvink AACORRIKENQIH) «Relveapriaclone s PaIYMEY the polymer to
p%‘%%ﬂ‘?‘&ﬁl E %&Q@Jﬁg@q ;9581’6' {QLY %?&%Sﬂ? @Lxlgl%) QD gﬁp i)D zglon of a stable

alyorthgester other sim etic mers that may
cge\%/e ped tha a?e%?%/tr afﬁfﬂ@oFﬁb%ﬁBf?%b%ggﬁ[fé‘F&?@d%%t fospraying to
3‘ﬁ?§ﬁ?ﬁlﬁ¥&f§ﬁéfl’sbfi el B PERIEEIRIgHERC oA A P ARents for polymer
S@mmmﬁpﬁy@ﬂWM?&;OEme‘t@é@tate?S(tE\ﬂ@Hésd@\aApmwdntrauon of a
p&Eer Matsites carhe formedwiolesiosmuhdibars, elesteagrasdlal concentration
aﬁ&%@ww%ﬂgz%%&s&%%a%&w Blels.0r A Camkination atibesed viscosity

ﬁr%g In embo qﬁs in which natural mat rlals are use
mateﬁe s can Pbeaﬁlerxlé’ﬁ oM b 8 natliral sg}fjrce% Sl RS rise vith

. Athetically

ORGPl T RIS By GEHERa P dHgRIE R g poly(aetide)
- sigplpphisiydnanen e cEraivefoteirseaR e Preba IR sEetifErooktield
a5

vigesitetsegquentesstiiaminpadiosdyal-diffemifomathenmatusalpptotehyseinco-vinyl
acones)linsiativeoambpdineab Wesinblaseguences Ahat OmDinding @iteses, these

- afRAeollagenipole g"laf r&ﬁﬁﬁl@f ERLARS Gam beincluded in fig I%Eatrospra;qnﬂ_m

amounts.than found in hatural collagen 10By selecting different materials,

or combinations thereof; many characteristics of electroprocessed

' material can be manlpulated The properties of the matrix comprised of

electroprocessed material and a substgnce may be adjusted. As
discussed in greater detail below, electroprocessed materials themselves
ccan provide a therapeutic effect when applied. In addition, selection of
matrix materials can affect the permanency of an implanted matrix. For 5
example, matrices made of fibrin will degrade more rapidly while matrices
made of eollanen are more diirabhld and evnthetic matriv matariale are
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anti-rejection-substances may be applied to the skin and may

subsequently dissolve into the skin. In another embodiment an implant for
delivery to bone may be constructed of materials useful for promoting

bone growth, osteoblasts and bydroxyapatite, and may be designed to

endure for a prolonged period of time, Synthetic components, such as
biocompatible substances can be used to modulate the 25 release of

materials from an electroprocessed composition. For example, a drag, or
(SeriesiBir afg orrsthermatérials to be released in a controlled fashion

can bereleetiogracesse drinteid series of layers. One layer is composed of
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peptide growth factors to the synthetic backbone. Angiogenic peptides,

genetic material, growth factors, cytoldnes, enzymes and drugs are other

non-limiting examples of substances that can be attached 25to the . .
~ backbone of an electroprocessed material to prowde functlonallty Peptlde

* side chains

fesiedesighsa. oeans,

.20 fibrin or collagen combined with healing promotersand. .

it
i
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may also be used to attacl o functional groups.on._polymeric
“backbones. Molecu es and other substance'be attached to a material to be
electroprocessed by any technique the art Another embodiment of

mamaterials that have a therapeutic effect s 30electroprocessed fibrin.

Fibrin matrix mattirial assists in arrest of bleeding. Fibrin is a - component

of the provisional matrix that is laid down during the early stages of

healing and may also promote the growth of vasculature in adjacent

regions, and in many other ways is a natural healin romoter F 0

i, Sl B ST P s BT g oo
ArplRBNLAEY WHD, 8 Woumd P@@ewamﬁecﬁbbm@@@rsﬂwﬂ |€%@5€t%ﬂﬁf%ﬁr&ﬁkﬁﬁma@mi
deseptinthe:-3phicot plasmadfionpthewdindiand taaffiaimgthereby
providing.ihesSAMme Qle‘,aﬂiag :E%{t%? wigs-afadhrisamatesiala SubstanaesAsed fom

dIS ed above,.th in1hes
|tsabroaaest blebem}lon n em o%%%%r%éﬂrl] Wh%ﬁﬁ?é%ﬁ%%ﬁﬂgﬁﬁif ¢

RSB VEROPL BEE BhE s o be prepir o

amino acids that differ from the patural proteins. In one illustrative embodiment, desirable

. soquences that form bmdmg sites on & collagen protem for cells or peptides can be included in
' h‘ighEI amounts than found m natural collagen. ‘

- By selecting dlffﬁrant maiena.’is, or combinations thereﬂf many charactenstms of the

- electroprocessed material can be mampuia,ted The properties of the matrix compmeé of
- electroprocessed material and a substance may be adjusted. ~As discussed in greater detail

below, electroprocessed materials themselves can provide & therapeutic effect when applied. In
addition, selection of matrix materials can affect the permanency of an implanted- matrix. For
example, matrices made of fibrin will degrade more rapidly while ma_ﬁices made of collagen are
more durablé and synthetic matrix materials are more durable still. Use of matrices made of -

- natural materials such as proieins also minimize rejection or :mmunological response o an
. implanted matrbe. Accordmgiy selection of materials for elsctmprocfssmg and use in substance -
" delivery is influenced by the desired nse. In one &mbodnnent 2 skin patch of electroprocessed -
~ fibrin or collagen combined with healing promoters and ann«rcjcotton substances may be applied
© to the skin and may. s&bsequenﬁy dissolve into the sicin. In anothcr embodirnent, a;u implant for
' . delivery to bone may be constructed of raterials useful for pmmotmv bone growﬂl, osteohi&si‘s; '
' and hydroxyapatite, and may be designed to endure for a prolonged period of time.

- Synthetic components, such as bmcompanble substances can be.used to modnla‘fﬁ: the

’release of materials. from an electroprocessed composition., For exampie a drag, or series of -
' .drugs or other materials to be released in a controlled. fashicn can be eiectroprocessed into a.
serjes of layers. One, layer is composed of PGA. plus a drug, the next layer: PLA plus 2 dmg,

third layer is composed of polyeaprolactone plus a drug. The 1&3’@16@ consiruct can be . .

implanted, and as the successive Jayers dissolve or breakdown the dmg (01‘ drugs) is released in
-urn as each successive layer erodes. Unlayer ed sirucmres cen also be used, and release is -
‘controlled by the relative stability of edch oomponent of the constrict. Another advantage of the
R syntbe’nc materials is that different solvents can be used. This can be unpertam for the delivery
- of some materials. For example a drug may be soluble in some organics, and usmg synthetics

.. increases the mursber of materials that can be electroprocessed. The br&alchWn of these synthetic

35

materials can be tailored and racruiated i ways that are not avaﬁable o natnra} materials. The

‘ ~Synth€tlcs are usually not subject to enzymatic breakdown, and many sponianeouséy undergo
. hydrolysis. In addition to these characteristics, substances can be réleased from electopmcfzssed

materials in response {o electrical, magnetic and Light based signals. Poi}mers that are sen,sztwe'
o such szonais can be used or the polymers may be demraiwf:d ma way to provide such -

13



more substances, substances can include any type or size of molecules,
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13

cells, objects or 5 combinations thereof, lie compositions of the present
invention may comprise one substance or any combination of substances.
In embodiments in which the substances are molecules, any molecule can
be used. Molecules may, for example, be organic orinorganic and may be
in a solid, semisolid, liquid, or gas phase. Molecules may be present in
combinations or mixtures with other molectdes, and 10. may be in
solution, suspension, or any other form. Examples of classes of molecules
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neuromuseH aghipekingRoaNts.Adreneigit.Renig: inhikitars, tﬁe:apcu&c sffect is
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itussives, histamine-blocking drugs, monoarnine.oxidase inhibitor. All
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substances listed by the US Pharmacopeia are also included within the
substances of the present invention. Antibiotics useful in the present
invention include, but arc not limited to, amoxicillin, 5 amphoteriein,
arnpicillin, bacitmein, beclornethasone; benzocaine, betamethasone,
biaxin, cephalosporins, chlorampheuicol, ciprofloxacin, clotimazole,
cyclosporin, docycline, enoxacin, erythromycin, gentamyein, miconazole, -
neomycin, norfloxacin, nystatin, ofloxacin, pefloxacin, pento,dfylfme,

* phenéxgrietrylpenicillin, polymixin, rifampicin, tetracycline, tobrmycin,

triclosanjivanear syein, dhithramh dsbdienivitives; metabalitestiem midtivés broadest
dhsrel, an 10sempesndshavingSimisisiantiaiorebiedastiviténtion «SQME: ane or
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oKbehiorphen g@*ﬁ%&%éﬂ&%g R 381 SRS uamesaats, ks,

cisapri tin it in, cl vu anic acid, cl raim
y 1
g%tfgszéﬁméa% SRSy g eg%% éic mh a% rc Y| gslfnaf éﬁﬁanek A rsr?gsgﬂi )}c materza s,

'%%*é%ﬁd@@ﬁﬁl%?ﬁﬁa"c‘ipﬁb’o’f’érﬁ?ﬁ?’)ﬂ}é’@&j’és“tr“é’lmﬁgfirﬁ%qﬁg&?ﬂ%%% foiigens, ead
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5..Growth factors.useful in the present invention.include, but are not ...

i

15

20

30

35

any

limited to, transforming growth factor-a ("TGF-oc"), transforming growth -
factor-f3 ("TOF-f3"), platelet-derived growth factors ("PDGF"), fibroblast
growth factors ("FGF"), including FGF acidic isoforms 1 and 2, FOF basic
form 2 and FOP 4, 8, 9 and 10, nerve growth factors ("NGF") including
‘MOP 2.5s, NGF 7.0s and beta NGF and neurotrophins, brain derived
neurotrophic 10factor, cartilage derived factor, bone growth factors (BGF),
basic fibroblast growth factor, insulin-like growth factor (JOE), vascular

“endothelidmgrowtufaviol (MEGF), atiniocyteacalomyrstinalasing fastoring dmgs

{&HGSSis Inssititbiieer growith dagto mitaphanckitihe patocyie growitsiaetaristed by
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Ssrived chemekiraiMDGhamelanama arenih, pstispiatory @iy, - tetracycline,

ﬁﬂ%aéa‘)l %%%%B,h %&%@@M&g%@%&@%m Easlazmﬁ]%)&m%s gx%reof or

3beta,4an 1’??%%- 11,-4,31-5, T1,-6,11-7, IL-8
“?fsfﬁ’vﬂf i S ARETY and TNF-0. Immunoglobulins -
usefuﬁaﬁﬁ él’é“ﬁéﬁé RS PIRETIRS aperolhitedsdhl gesbpances include,

| Hgﬂ\liamgmstlaﬁﬁiaﬁdmmwésmhaere@h Someinafondd grolwiadacterd nalidixic acid,
MEGR-(msculasergathebal grewth facter), NEkEBLRSHVEG geowibptagters)cebutolol, :
Qﬁ yg%wp%&yﬁﬁm QGEGA,B,aEfeF obl, FRER, angd BLEk, 2561B8Lidor, slfantoin,

present |q%ent|on mclud but are %ﬂp‘iyim@ :

cul S usgful stances

“18% rowlfﬂxﬁdrmonesn’le“iﬂn euekemla itory factor Lﬁgf fum
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- prusidoridbdrrasniorphd derdtieatrdiiis. bipmidar Q@Eé@ﬁ@]@ﬂhqgmazapaai bromhexine,

samatopriedirblikepeaptderfestencaloifipmintitr fengriralph ol fiaterferonpalphaaptopril,
cévbiﬁﬂ%ﬁf&figﬂ befa:interfesangammasiRigsierondaipha-ARaNt iewkiim 2 cefivime,

c@fo%mgnge e%ta%%é‘ Olgefltﬁa:go%elfs %ggﬁ@gﬂ;@ , sc%e@ggg'me%ramphmml :

volying amino a tides, polypeptides, and ot INS may inc
& geor c?mbln a]%o%%uc polis %écugs%a a’n s%le gmﬁ comSa &% clsplafin,
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cpeﬁgaﬁeahmmaneslbmbrezseaednmm@@dammeﬁmratvan@tylf@ﬁﬁamioﬁsxmeﬂmone :
dsppagiemilpdimentantiepal)x restepriainieptidebeqntajningciof@ae,  digoxin, X

25 'aﬁ%%@&@ﬁlﬂéat S%ﬁﬁfﬁé%%@&ﬁigne %@EWM@U@E@&QH compatitian foﬁfﬂ?enhydmme

g Sitg.In %5 applicat gﬁ%ﬂ!&“gﬁr‘.ﬁ? aggnte t%a RIS £ @z? I Cenatapri,
Ofﬁ:%e én Ee immunity can be m%orporate #]tQ a tons %ﬁ P
f::p ednna epinephrine, ergocalol erol -grgotamine, erythromyycin, estradicl, ethmylesiradm}

' stoposide, Encalyptas globulus, mmoudme, felodxpmc fenofibrate, fenoterol, fentanyl, flavin
- mononucleotide, fluconazole, ﬂv_nanzme finorouracil, fluoxetine, ﬁmbxproﬁen, furosemide,
" gallopamil, gemfibrozil, Gingko biloba, glibenclamide, glipizide, Glycyirhiza glabra, grapefiuit
- seed exiract, grape seed extiact, g;jséd’fdl?in, guaifenesm, haloperidol, héparin, hyaluronic acid,
""hydrocb}orothiazids ‘hydrocodons, hydrocortisone, hydromorphons, fprafropium - hydroxide,
3 1buprofen, mnpenem, mdomethacm, iohexol, iopamidol, iscsorbide dinitrate, ‘isoSorbi{ie
-~ mononitrate, isotretinoin, ketotifen, ketoconazole Kketoprofen,” ketorolac, labetalol; lactulose,
 lecithin, levocarnitine, levociop_a, levoglutamide, lsvonorgestrel, levothyroxine, hd{)came, lipase,

imipramine, lisinopril, loperamide,” lorazepam, lovastatin, medroxyprogesterone, * menthol,

- methotrexate, methyldopa, methylpredmsoione memciopramida “metoprolol, | nnconazole'
: _m;»:iazolam, mznoaychne minoxidil, zmsopzosioi morphme N-methylephedrine, nafudmfaryl
- yaproxen, mcardxpma moergohne mom:mamzés nicotine, nicotinic ac;xd mi‘edipme nhmodipine,
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__In substances such as nucleic acids, any nucleic acid can be present
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e AE RS HONTRG B TR Ry
- SeqRFRATURE c?ﬁp?éiﬁ‘fﬁﬁt%uﬁ@é‘ﬁ r?@n?’é@éﬂlf
- appbiptticenrerigydplagaingbed remsriiter spinkibitopaestroy candericelisyity can be

Examples include, but are not limited to deoxyrlbonuclelc acid (DNA),

~_ ent-DNA, and ribonucleic acid (RNA). Embodiments involving DNA

include, but are not limited to, cONA sequences, natural DNA sequences
from any source, and sense or anti-sense oligonucleotides. For example,
DNA can be naked (e.g., U.S. Patent Nos, 5,580,859; 5,910,488) or
complexed or encapsulated (e.g., U.S, Patent Nos. 5,908,777, 5,787,567).
DNA can be present in vectors of any kind, for-example in a 5 viral or

nRfaER Aty BT S SH B S RIGIc ETR ¥R d Wigsdive fpriiptiline,

. opromote.ortéeirhitit, thmmsgm@emmmmIsmdsmaan@imiogm@@éarbxtal

dtheglecirepraeessednmatiix sude-ompleicianis canbedaany Rk thatisred dmgs

* oPHRCIVE.IQ SBRAD Qﬁlﬂ@é@@ﬁﬁd@é%c@&g%?lﬁwéﬂaﬁﬁ%skgm and cyclo orin,

n‘tky)Piu &0 J[muted to,

embadi t in WhICh cells are a subs ance
that’ ggin eQu%;e inc u ?but E[é}%:e ﬁretg(flml edt%lo stilem ce é commltteg

“&‘éﬁf@nﬁ’ﬁ’@ SRS SIS A P TS BRI LTO R R be tisdh)- placlet
dFieRIIE B R EcHst (RIS oEeti Cuteth Suiis KORETarfolréiaF GF acidic
iscéiteiaridaubjliar dosthstem celisl Difet, éxdamplettohcalsgissthificiors (NGF)

invariavs woabodiments moluger itareroilimitachte; aste olas erived nerotrophic

o R e msske R
tlssﬁgct &e()pftﬁsecllaa[ Cé’rl%i rﬂl 131 a| fol=) ﬁr (%ﬁ;% gzamz?ocyte colony

connec? S, en

. Sﬁﬁ}ﬁiﬂﬁfﬁﬁ’ef%%‘&éﬁr%g@évl esendet meiheiRe (é%ielrﬁn%ﬁfd hewaiesers grpwih facior,

glidmerembidinmenstitison 160283aryen prB-Selec(BHE ly paaistom eativih factor -
(R, ﬁﬂﬁshmmtigrb@&ammqmmpﬁ&m&s@mwm BednBMER b2, beta3,

sidiffaronsiale AR AKIEmPRCIlR RAIAIH RIS VRIS (A3 VER A tors and

ngrg‘g(%@ e a stem 20 cell delivered to the liver can be induced to

ecome rg%ver cell simply by.placing the stem cell within the biochemical
enviroHiHeRTotTHE 119 e@éﬁf&%%&%ﬁ%@ﬁ SBREGRE JirgsdLoppardiotrophin,

SUSFBRACTY stersIdingror sebdmBl o digBiTig ceitariermpotifds, Brlieee growth :
_ stifwbrdineehtstin(WKIEA the suiptarce tomprisesrosiisintladc 8iitHatpha), 2, 3.
algial) bedled ) uitg erived flom, amaturak source. of oraguces by anym -1z, .

momemﬁ%@@ad&w r}aat% 56 8hs 2R RIOK ARG Of: %&U@%@%&ﬂ@ but are not

fag e d t Wh| h th majrix IS im, Ianted . _
tgo Ha& sni f’ro’ri[TEe re‘?zl mﬁw ceﬁs from 2 con to mfec é%)%“m factors

%?ﬁgﬁf B?ﬁ“&iﬁlﬁ%‘?8??€1é?}e%f%‘§ﬂ’o%t89reﬁ§%r R BIEr Gal/& g DOF- AR,
PW@E@W% Jtikeerame. cuftdiEl. prior to use are also included, Some -
embOdiements:uses califithatitave:bedn he patica! E;ﬁ@ngmeemcﬁeﬂuefzm ot limited

o RGARING0SE, iRl CR D GIEAIRNING $NE 68 (IO X RHRSS ARL.SE RIS alpha and
_- bele %ﬁé@éﬁﬂﬁ?%ﬁ&g &z@{eéée&@&ﬁ %m%sng%ﬂ&@h@g&%m $MEins 2 and 7,

Ie of Igenetl ered ce seful in tr} Opreﬁegt invention is.a,
il 0111(3 C% EOGR 1&, Ef GI' 61’011 P r: N A.,
ene céll englneere ce makes and secretes one or more

FORE S W@W@W&E@%@é@ma@%%ﬁ%}%‘ﬁﬁag&eﬁeﬁc&ﬁﬂ 5,9,10,11,

17éﬁgﬁr?eéﬁeé7c@1ﬂ31§re implanted in an organism, the molecules produced

.. can Emmhmﬁ@ﬂmmloeﬁﬁgtaﬁfnaaW&r@@ﬂtﬁpbc&ypdmm&smaqgcﬂl&&m tnay include
‘ anf9lRcyies idenified ahove ﬁél&ﬁﬁ&%ﬁ&'@%@ﬁlﬁ?&ﬁﬁi&%@nﬁ&ﬁ&w%ﬁ% but
arPHORRICT AL %&%1%98&&%%9%%& Which

Q(?c% %rpﬁgﬁc’c%gﬁz Sounds can .

S may UCG substances

 BEEEs! ?BH B RiGeeaining 8
EPEIEHIRN St SWdacHbrraidheln other

matrix IS to I Immune response.

_ incprporatd ted grawihycinhibit or stimulate formation of blood vessels;

augmenblissHes @@El 10 ﬁi&ﬁ&?&%ﬁ@taﬁp Eﬁﬂ@ﬁe‘a&ﬂ?c@ |9¥V;59& digs %amples mclude

‘ .bu{]%%r%ntsé\%fxgé IOO Ve%ré%fngﬂggg a%ﬂis ﬂﬂ%ﬂne # I%.r mzelem acu![e (RNA)

organs one ma W an exu acelfular matrix.

Genetic engineering can involve, for elthple adding or removmgmaterlal
.to or 5 from a cell, altering existing genetic material, or both.

Embodiments in which cells are la-ansfected or otherwise engineered to
express a.gene can use transiently or permanently transfected genes, or
both. Gene sequéences may be full or partial length, cloned or naturally =~
ocerirrinn



Substances in the electroprocessed conipositions of the present invention
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. ud inctliameternRm@olynes-encepstBiechmadetigparitie sabdif-temiated cells.

15

also comprise 10 objects. Examples of objects include, but are not limited
to, cell fragments, cell debris, organdies and other cell components,
tablets, and viruses as well as vesicles, liposomes, capsules,
nanoparticles, and other structures that serve as an enclosure for
molecules. In some embodiments, the objects constitute vesicles,

- liposomes, capsules, or other enclosures that contain compounds that are

released at a time after electroprocessing, such as at the time of 15
Amplantati @n%Wﬁrﬁ&hmwa&im&rﬂazte@&ﬁ@m@‘Iramg HhgSbREY enatural DNA
Sgrplbl%gé %pnt ’a}lr so%?c%tl %%%“t&ﬁﬂé?he%e'b%&%%ﬁ&?e%&%t%&%%ﬁ Q DA can be

t t d t Il th t locat
e et b e ﬁfﬁ? (o5, U5

Heaghhlnts SP6aN a0 e @Hn%@?ﬁt‘é‘iﬁ’ﬁﬁfénﬁﬁé VRSO E% dicegpple na
el fragmeitsistknoinstopromolatvetlinypiniserits teslisdll serve to promote or o

;RAMaginetisally: 6k slesitigaliy-saactive-materialasde alsoexamplesaf matrix. The

- Supstancesthat are-ontionally.inchuded within.compesitions:otthe present

invention Examples 0f magnetically active materials include but are not
limited to carbon black or graphite, carbon nanotubes, . tuids (colloidal
%@ﬁéﬁs?ﬁ%"ﬁﬁnagnetlc particles), and various dispersions of electrically
conduztimppbiymeré: Feivbitalisresrmifmeepar et @phrorivatélyisghat can be

Mﬁ&%&%@&%@@%@%@@mﬁ@m ‘ARSion-IRMpekER AN cells, bone
foom, temperature, ﬁlnzl%%&'ﬁu f&%@%ﬁ&hﬁ%&!ﬁﬁ?&tmg\nﬁg&y@m varions

i
ep°§ﬁT§é%%1$gmﬁﬁ@ﬁta%%§aré%taag né?eﬁﬁfé%?%?c?léan%%%%%'o%#%%x g it

 slietenenet (olydemARTITeScAPETaRIEY HEtRRRKSS SO apscle colls, cardiee

wmbodilientspscine Substafisepiththe eldstropdedidadin d@rishorscoreting cells,

cRlExsy pRiame s eLaugneaithe funetion aftathersy hskamoesedsary to pre-select

- t@( ple: %@@@éﬁ?%ﬁ@&?@@%&%&%ﬁ{é@ &l EXRERSSASPRCHS induced to

20

the composmon c r&tam ollggq EUQ}E or mu%}yﬁ%lﬂe a stem
ce‘ﬁls SR Afract Gen S%em Sion-in the ce | ron cth I tiona 1
S ot ﬁ%ﬁﬂ?&l{@l}ﬁﬁé%&éﬂ%ﬁﬁ&?’ﬁb B R adtem o

Wihpincyiedisnies Avtieeased hedstal d5dscnihe é?é‘ﬁ‘ﬁ?dﬁ?o‘t?é’é"s@%f purpose of

o pmaiﬁﬂgbﬂsﬁmﬂ@q@r@\ttﬁﬁgaptbéwpgumaafmnp?ﬁhﬁimvebmbn thus includes

25

30

35

‘ embmgaﬁaw%vmgcm@mmc@@uﬁi@g@ thesapautic eifeatthraLighoutred z}z
k SIvE {3&%“ BISHPRIPEsEREY, m[%%fa%!-,&%? R%HB&‘MEQQ&“ INGPHRRAIRGree of

€
cf)dltlon stances In the e ectroF § ?t%,m{lg, Od' enfﬁlhqplmted m
fvered as well t

TR OO TRATAY PRSI B 8 E8 35 096 inwhi
%ﬁ%ﬁ%@%ﬁé‘sw&aéra%fhﬁéeaﬁé%’itﬁﬁlﬁr@&ﬁﬁ%ﬁﬂéﬁé‘% g @ donor fiom a

difffeemti opecies, or bacteria or mwrobml cells. Cells harvested from a sourcé and cultured pnor

to use are also ncluded.

Some embodxmen‘cs use cells that. have beeri geneﬁcaliy enomeered The engmeerm,;, ‘
mvoives programmmg the cell to express one Or Mote genes, repressm g the expressmn of one or
mors genes, of both. Ong sxample of. genaucaﬂy mgmeered cells useﬁ.l in the present mvenmon

is a genetically engincered cell that makes and secretes one or more dcsxred molecules. thn

' ﬂiectropzocessed mafrices comprising geneﬁcally eﬁgmeered ceiis are Implanted in- an or cvamsm,
 the molecules produced can produce a local effeot or a systemm eﬁect, and can include the.

':molcouiss idéntified above 2s possible substanc s. Cells can also produce antxgemc materials j m

embodiments 1a which one of the parposes of the mafrix is to produce an m:mu;ae TESpOnse.
Cells mtay produce substances to aid in the followmv non—mc:luswa hst of purposes inhibit or

_' 'Lsﬂmulata mﬂammanon, facilitate heahng, Tesist 1mmuﬂ0reject1on provxde hormone

replacemcnt replace neumt:ansnuﬂers inhibit or d@stmy canoer ca}ls pmmcie cell growtly
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Methods ofidaking the Composition Eiectroprocessing __ The method of
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- making the compositions includes electroprocessing the materials and

optionally electroprocessing the substances. As defined above, one or

more elect-oprocessing techniques, such as electrospin, electrospray,

electroaerosol, electrosputter or any combination thereof may be

employed to make the electroprocessed materials and matrices in the 10

compositions of the present invention. In the most fundamental sense, the
_electroproeessing apparatus for electroprocessing material includes a
InSiEHtPS SEBBSHI GRS Kt T SHcA a3 Tt B SISt i supplement or zeplace the
f8leetrgdépositimgumechlinisayinckidésid festmoifortibsenisirstoihdidnthenuscle,
o8 OIMOKR: SOMHiONS that aretevbaelsatioprneessettor electrodeposited.

The rgseryOl- AR IRERVOIESNAKS, ahieashone Aulice praeadie %,efé{le%maaz toor
sireaming of the solufion from the reservoirs, Ane 0L ARMIAIY Qfiicy cets are

nozzles may e%or}ﬁlguﬁeg In"an electroprocessing apparatus. If there are
afeRRe 18 AR e AT S A PARITEY ToBhE 8%‘%%9%%% &7 permenently
tregstalivirRs b sahvdhor @it reanasitioAS DSifilatypatiald-aal-rdoacdiny atvrally
otwozzie. that is connected to multiple reservoirs containing the same OT

diffe rﬁﬂlsﬁ@@é@ﬁ%ﬁ@l%@ﬂ@@@&ﬁcﬁiﬁ%ﬁ%&@mﬁm&ﬁ 'ﬁiﬂﬁi@on also conmprise
otgg%%rvogxa%%figy%? different empodimentsinvalva.3ingle.af MURIE:, cont debris,

Ozdles andior 20 1gpervoirs, any [eforences fereln 10 005 OF NOZZIES O,

OYBSENIPS SO 62 cONERIETET ad Tetéring 10 embodiments involirig oo e
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PoRyaTBRMR G stirstardasstrEtiivill form the electraprocessed composition. |
" The fargétesubstratizncals. alsobenbsedcas & variafifetiepenss ol tinterial or matrix

supleatteprocesgingiohmattalsolisae torpakesih FelacumpigoeBaethe composition
coﬁﬂﬁ&@%@@ﬂﬁp%i%”ysﬁgéﬁérﬁhcﬁﬁ B&P&ition can contain oligonucleotides that

‘are talken up by the cells and affect _géiie expression in the cells, }E_’ibmneﬁm is optionally

incorporated into the mafrix to increase cellular uptake of oligonucleoﬁdes by pinocytosis.

.-As discussed in detail above, the electroprocessed material [itself can provide a
therapéutic effect. The invention '-{hus includes embodiments in_ﬁolving methods of causing a
therapeutic effect through delivery of an electroprocessed material to 2 location ‘without

. incorporating additional substances in the electroprocessed material. Embodiments in which the .
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actual substrate for the materials used to make electroprocessed matrix,
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or electroproccssed matrix itself is deposited. Alternatively, a substrate

can be disposed between the target and the nozzles. For instance, a petri

dish can be disposed between a nozzles and a target, and a matrix can be
formed in the dish. Other variations include but are not limited to non-stick
surfaces 5 between the nozzles and target and placing tissues or surgical

fields between the target and nozzles. The target can also be specifically
charged or grounded along a preselected pattern so that the solution
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optherise contralled atmasphere of OtherMAIRLHES ACRERSAIY, 0@UAM may be
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example, the two matrix materials can bg electroprocessed from a solvent
that does not allow thrombin to function.



5 Alternatively, the fibrinogen or thrombin can be packaged in a carrier
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) fllﬁn}gﬁ| nts.. This produces 20°

material. In this application the fibrinogen is electroprocessed onto the

target from one solution source (by itself or with a canier), and the

thrombin is deposited in an electroaerosol manner from a separate

source. The thrombin can be encapsulated and sprayed as a fine mist of
particles. Alternatively, thrombin and fibrinogen can be-mixed with a

carrier, such as PEG, or other synthetic or natural 10 polymers such as
collagen. -The cai-rier acts to hold the reactants in place until they are
Wittt sPHEs EribthBasare HetdifiteakoIRrBRIEFCERE fsfiNogRnekRioprocessed
aloraredisSedwithteinBodimentsy.invobsingeathercctimbindticveof tnatiiget and the
matesalBdihateambinestoifara thisdynatesiabthe ftire pradietds:, and a matrix
@@@M&i%@&&%r @ﬁﬁé}f’x%ﬁ'@&é iecf&rcﬁevan%%@m%a% 0% MO sarfaces

eria the aterla ace in a moist envir e
R A e R
?8 . The e g W%l@%}b%ﬁ%%@ewsﬁm.@@r%sgﬁ%@i patten. 5o
fﬂ%‘é@ﬁﬁ@éﬁ?@r@@@ﬁ%iﬁ@lﬁqﬁmﬁrﬁmeﬁéﬁc@ﬁﬁéﬁe rambgetiiiongcibs electric field

extizcetiuiatladdtyx pratenscancr ab. substancds; eambe et xedaithaESa desired -

© poeiher knewa-sakiersdRakdere flaments Renexamale ﬁ@fﬁ&@%@@ﬂgmpm o

&ellagen gan, m&%@&%ﬁ%@g&g&b&%ﬁ%ﬁ@ t%eé); #haélecﬁ?%'ocesssd matrix

em

ts" WII
e Qe SR GRATR T EAFSPIREG e cp BRORgEed Wit
SRESit B SHBE g Beli¥Td dhisimet erairsstatheloqurpipctRectaniec. X is to be
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. amatxdscgeiog:aalactien ibabdepnote osmpdyost FFaexamplBwifon,
157

emboﬁbﬁy%ﬁ%ﬂﬁvﬂﬁl&&@@&@é@& ek @%EME&%@LM\@'EP%@{&M ‘mvention.
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In a wet. environmen

P Heip Rkl Bmf%?f’aﬁ@@anﬂf?ﬁ%.ﬁ%é%ﬁgafﬁét?eéﬁ%@wde .

- »fdHiabsis@nuesirediresuhesiiidiytinerciottopdoessdipulitiogelatin form
negrbbesdriedrprobtain different tesnltsrikopinsialee, any sohiedronligottlcan be |

wibhighhe.materialisdissatiedssuspanded v 38 AR WisR6aMBIRe g then

e bg\@m{gggg{%gr% %ffag{é;%g&%&&pc&s&e%éh%afe use of the matrix can . .
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beu d erials or the com ounds that f}cgrm materlals can be mixed

%B?Q}haah&ggﬁgfangsgw Soluﬁons'

anspitfiferin st forthesivgriationuwh énﬁmﬂmmeh@m/masmbfm;wy as the

- mingrésients inihesedesemoiisad eletirasprirypthsepaatels or joinasiatly, such

mﬁﬂﬁc@@é&!ﬁ:@@aﬂéﬁ fS?%IQJ@QéE&E%Q é@@oiﬁ%ﬁk@%ﬁ@é@f&%%&ﬁ& %A@Q‘iﬁm a moist

. megﬁﬁxgﬂg rﬁ:ﬂlé 5 W%f? l%? Tlth Ehgﬂiséxrengo €C esc.) fz*}ekg:%déa?flﬁue O% oW %grmaﬁon of the.

electrlc fiel tiple reservows are use

TEHFSAISHES T iR Wa%a%ﬁtéﬁfﬁa%ﬁvaﬁ APPRSd o 2
' %ﬁi@é@@ﬁv&%@ﬁéa}mﬁ@% %@r@m&ﬂ@mwﬁma@léhﬁmble of forming other
- m@Enabotithent@himvolyi ﬁigoaﬂtewsbetmnwtwﬁd@ﬂteetmmmmmlMtc,matwe}y
- mbmm&%@mrse eiectrosmayed onto a target that has fibrinogen. . ‘

o In embodzments in which two oT more matrix materials are combmed to form a third (fcn: .

" exaruple; combmmg fibrinogen. and thrombin to form fibrin) the _mamx materials. can be

21



within the scope of the present invention. Some materials can be directly ...~

10

s

altered, for example, by altering their carbohydrate profile. Also, other

materials can be attached to the matrix materials before, during or after
electroprocessing using known techniques such as chemical cross-linking

or through specific binding interactimis (e.g. ROOF binds to collagen at a
specific 10 binding site). Further, the- temperature and other physical

properties of the process can be modified to obtain different results. The

matrix may be compressed or stretched to produce novel material

feopgritessied mStlbfuther eh@nicalpsaniatidhsrasechasspeyfilatin ufater conditions
ﬁéﬁﬁ&pﬁ@i&&”ﬂ@jﬂ%dﬁ&@ﬁky\@sfa%ﬁ”ﬂ@%@@ glegtippracessaghnatits can be
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: @G@Qﬁdﬁﬂﬁﬁé@itﬁﬂ@Qh@@ﬁ&lﬁﬁiﬁ“@@'&i@&r&@é\fhbﬁlm&b@@ﬂa@& Je5eHbeEm a separate

Helow. %Hetﬁk‘?oﬁﬁa%?c% %Le&‘i(«,% QH&J& 5}9@2 £130% @&'Eﬁk‘é%%#ﬁﬁé@!e Bfi8Qativety.
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itibsarigs abdiemdietiad o rapit:seraenibghSUcibraneSare desieiyrial. The
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o hg Hie-coMmpasitionssand methodaohthe presentiinventiomORene, fibrinogen
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" gpigfered-methie; other protedblgeantoe dollopedicabhitvethasanien o specific
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- cWﬁgeiZahﬁmaﬁﬁﬁdﬁhIh&%ﬁE@ﬁawcﬁﬂﬁfﬁﬁ dhasolutiondn fashpipetteciPmaterials

k3 dgh &g ¥ aliage, Atdispesificolage deisrmingd JRLERED SRR ronmént to
algond apparatus %ratgggmep e solution suspended in-each pipette tipis - -
rected towards the roun%ied target.. This stream 14 of materials may

" form F GORHTA0L T AFHEIC T A AR OB ATHETh S Bidpade to

obiprirshehingpiie grownd cha steorsreses antrgrestoforvargdSo obtain different
retfige-dionénsional auytie b, m@mmmmmirmmmmmmsmpme@ or
oteiapesdingrsd Repandinig:4en reaetinnicoRdiiiens arsi Bl REBHMIQHS X can be

' u&l@m%m@f ke fQr m@gp%ﬂgdgqﬁﬁsﬁgﬂ%&é}% W&V%Q %@( with ()Atﬁer moieculﬁ:s

noted abov combi onso ele hro ocessin te ues anc1 :
- P&bstances a?r%aust%e ?’f#somé{ em 1|C1)r1rr1en errlng 5 ToPE eésﬁmaddedw_

- mﬁﬁ%}’oﬁ%&f&ﬂﬁﬁé &%ﬂéﬁé‘&%‘i’flcoﬂh%ﬂ WFCFBB?&B@{@@%W% Fsgryolrs are

usgitféhe prgrrdierials drsabstaress. aﬂm@mesamp@tmm@bu@pmmd@bwem@ so
a grounded target 11. Again, fine WII‘GS;%Z are used to charge the - . '
solutions. One micrapipette produces a stream of collagen fibers 14. ,
Another micropipette produces a steam of electrospun PLA fibers 16. A

. third micropipette produces an electroaerosol of cells 17. A fourth .
micropipette produces an electrospray of PLA droplets 18. Although the -

microninettace are attached tn the ecame voltane crinnivy 15 Pl A i



90Similarly, referring now to Figure 8, the same material can be applied
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b plstdet der gEBcRy Pt aseidan BdstiseiiTo B

aselectrospun. fibers 19 from one of the two mieropipettes and
electrosprayed droplets 20 from the other micropipette disposed at a
different angles with respect to the grounded substrate 11. Again, the
micropipette tips 13 are attached to micropipettes 10 that contain varying
concentrations of materials and thus produce different types of
electroprocessed streams despite using the same voltage supply 15
through fine wires 12. Minimal electrical current is involved in this process,
th R HRSTORB! a6 PBICES SERE W S EtrbEpIRTIAG, et S oY gy vith the
stivermagtefidgls thatiformithBeBetiopfrtésddarMheri it sige ehe are used, the
dﬁﬁw@mhﬁgﬂseﬁthtﬂediﬁ‘ﬁmtempﬁmmmnn@r@mdnﬁhmhaﬂpnﬁuﬁhglﬂg thecessing
oPregeayrs. y;ggg@l{gﬁﬁgi inning,4here’ is some temperature increase :

. asso%a%‘?d W'E:héhe %9\?]11%'“«}] Qéé!ﬂseé&“%@%&a&k&%&&&ﬁ‘?z?‘ﬂéﬁh‘?é‘ﬁe&%éﬁzes are

IS eXGI’CISG 0 assure t

e materjals or substanc S
T EATER I EEA R G AT REA AR SR8 NS . o gl
_ kv T Herieohte- e metrix
et df-alectibpiracerssibn dioplats ofssiiatesial Thewldothomerosslings chemical
cRERGESSHIS @ Mediicatiomoeflithels3aelettiosRIRNHIERTPREs SolBALHE - specific
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- HB’F%@ i’ﬁ?ﬁﬂ@c%mall droplets are formed These droplets then travel from :

the chtifgluthip anisyrovitiens subpesaldeo Farnduoagaltide fermerin different

wegm pBsidiaf ﬁwsefdzﬂtmndeeesdm some ambnebmeﬁﬁmmeﬂﬂmﬁiet,smeﬁesshﬁarmt N
wt:ﬂ%rbf bringing the molecules capable of forming fibrin, such as fibrinogen and thrombin,

together through electmpmccssmg methods. Electroprocessed materials and matnces c:m also
be mampulated aﬁer they are formed with the eiectlopr(}cc‘;smg methods..
A matrix of electmpmcessed {ibers, in accordance With the present mvenhon, can be

| produced as described below. In the case of electrosptm ﬁbrm, while any molecules capable of
-forming fibrin can be used, zt is preferable to c:lectroprecess fibrinogen or mrombm to make .

ﬁbml fibers. S : : ‘ : .
E}ectmprocessmg usmg mulnple Jets of chffarent polymer solutions and/or tbe same

‘ 'solu‘aons with different types aad amounts of substanﬂes (e.g., growih factors) can be used fo

prepare 11brancs of bmmatenals for rapid sos:eemng Such libraries ars desired by those in the .

'pharmaocuhcal advanced matenals and oaiaiysf industries using combmatonal SYIlﬂlES*S A

techniques for the rapid preparation of large mimbers (e.g-, libraries) of csmpeunds that can be-
screened. For example, the nnmmum amount .of growth factor to be released and the optzmal‘

telease rate ﬁom a fibrous polymer scaffoid to promote the d:ffereﬂtzatmn of a- certam type of
cell can be mvesﬁg&ted using the composﬂmns and methods of the present mvenuon Other _:

variables include fiber diameter and. ﬁber COMpOSHion. Elscu'oprocessmg permits access to an

array of samples on whxch ceﬂs cam be. cuitured in paralle]l and studied to detmmns selecied

compositions which serve as promising cell growth substrates. ' _
Various effective conditions can be nsed to elactroprocess a maiix. While the followmg

isa descnptmn ofz preferred methoci other proiocols can be followed to achieve the same resnit. -
.'Reff:mng to Figwe 1 in slcctzospmmng nbe:s nucropipettcs 10 are ﬁlled with matenais and
_‘ suspended above a grounded target 11, for instance, a metal around scresn placed msu:tc the
. central oylinder of the RCCS bloreactor Although this embodiment fnvolves two nncroplpettes ‘

acting ag sources of matsrmis the present mvenuon ineludes embodiments mvaivmg only oune

‘M SOUICE Or More than two sources, " A fine Wﬁ‘e 12 18 pia{:ed in the solution to charge the sslutmﬂ
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10 microns in diameter, In other embodiments a construct composed of

10

fibrils with droplets, like "beads on a string" may be produced. Draplets
‘may range in size from 100 nanometers to 10 microns depending on .the
polymer and solvents. As with the electrospinning process described
earlier, the ele,ctroaeroso process 'can be 5 carried out using various
effective conditions. The same apparatus that is used in the
electrospinning process, for instance as shown in Figure 1, is utilized in

- the electroaerosol process. The differences from electrospinning include
| ttted@%g%at@tp mabth elattatet@ts ofisubsianees ihal fermymatri-atetaigion and
' % %é%%%ﬁ‘c% 0:p: é il 99'@& %x{c?%etﬁogaé’tt“%!?eéé‘%"o 1896 USF 4 R ards the

é e stréam of ets ? of or |nar% In th art recognizes

H“é%%‘f in %W&ﬁ%&ﬁtt’éﬁﬁﬁ&‘%ﬁ“ ffafertas’s “é’ﬁ‘%%‘ﬂﬁﬁ%@%‘ﬁ?’thé"f example when
%@Fé‘n@ féguteisTitlo i BBOh Bt IHESs B WeA jEETo WA e dries to form a
formdtiomsmthktrelminbiof dropistscitetn thetip of achigettercessed hellagen fibers:

BIReHOREQGRSSIEE AN ConE CAR herprnipulaletdameet eySRatiited and deposited

fequirements for any given appllcatlon of the electroprocessed-

 compasiions made wihhese metiode,none, 10 SIbOdIMEN e o wotin

ona oves

mieropipéeties can be moun
Sﬁf&ﬁe’?\ﬁﬁﬂt@@%ﬁecmfﬂﬁ‘é‘%P@ﬂ'ntﬂ’egﬁ@ﬁﬁs%rdfeﬂ?ﬁ’é’%‘?c%b|b%ﬁ@seéélh fgmesied to

TounterPirR LY Biroondad Eifbet ansitseinstanubuatatulaThtantesidipetos are

" shisewny, dhevmatgriaisar mplecules ghial forenwhatertals: strepmebkferththe lutions.
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@W@E&%&%&@&@P@%@&H%?W&{ paterned. ARRHIAIE:pette produces a

refera ont

J S@&OCEIQ@&?S Cx%[‘éiA'ﬁ%é’g%“?géﬂ%&ym} %] [§£R§ }%?aac\%%laigh‘geaemsol of cells 17

Btglpettes re mounte

(OLELREE SIS ?Wﬁ%ﬁ%@’ Er&tr@‘i‘??t?f t%a‘%t‘ Bdifig gaigropipettes
K B%Hﬁtea&éhﬁaﬁte& g Liagser gl rhakihd: dsspleeimensatr reibtichan clectrospun from.
- theicfoptocessogsiatid mistoks argainowin ttroneufeataiital) o§KHLMA the thet solutions. .
- Kemiastancacmattxfiass o iop|eis:caidbe) e e diacRe8PeCilieh ‘micropipetts to
a‘ﬁgﬁpu%ﬂgeéf&%pt%@e@iﬁ%r%ﬁdghﬁy&aa@spg ﬁﬁggéﬁ%ﬁ&ﬁgrpgf different voltage

: gmpletely random and not ariented 25In the electrospinning process, the :
. stream or.streams can branch_qut to form fibers. The degree of branchin

' can bETAREN U ERG R CRSTRRidind bRO PHIRHEL T8, VoRaRieIgrdGHRgtrosPun -

Thesniétrifonistance flentwricrépipaitdaipans thlediontized, drpnistép dfom the other

- mincrpipipettistipsaind ammmgmmma@moﬂmmmmammu Again, the |
darmpiheel ek opr acesseshmaletialsofisnaters Mok Albiaactien 6endilieRgtons of
n%@%&@'%ﬁ%@?%&f@ed ‘E%r%n?%%é?%‘f‘@i@éﬁ%ﬁ%&é@%@rsﬁ%% &s%ﬂ@%ﬁ@sthe same |

duced. Materials and various

smgqle C Slgt}ﬁ fgl%%‘uent IS {)
Abington ais e\‘é[e?s\/ered to the electric field of-the-system b
in Jectmﬁélrﬁ%ﬁﬁkcfﬁtﬂﬂelﬁ‘é‘lﬂf iten} @ﬂ%&@%ﬁ%@v@ﬁ%&ﬁ%@ﬁféﬁ%’fﬂwsmgﬁ m:

- thieroswl. dtisprooess, Stan betvadistitsy tranyatacdr stiacifuinglibuterdtoprocessed

- niteekitos, oliage (ferexamplRsRNBiRG M ARRaBR:008 Mol $)lutions during the | "

- pelistance fﬁ?tnid&tc ERRiPGHEHR gtotﬁé% Sil.s' bR Lg-exam Bl@réﬁ?é”'h& A with the

30
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_the rela ositi o%the 35 M ette tip_and target (i.e. ahove -
Irbg 1L Ec)usc 130251 Sﬁdh Mo BT QRRS e IR rcxs%e 0 sureq tgfe ‘812&61‘1315 or

\‘R/ aside etc

VRIS 755 A TR A TR P Sy B

metero ?nlcrce)ﬁ\/petetlp approxima

: ustoml rticul lication. For instance, a ground dtar e
e B Rl e R B of

PYRENEIS TR TSGR direcisi Hmeghatifgetiamo@ %ﬁwe@mﬁ@mm are

- TompeidrThasnakamets bl die o prseedvisstpfefamabiyictheloyado form 2

Sﬂsr@#ﬁﬁa’bl&tﬁﬂI’fﬁé}@dk‘ﬂ'[dfaﬁshﬁdmpiets, In some embodiments, the droplets are less than

c24

ATEHHGSE BPERHISHh ‘t?t@“‘&ﬁ or ijure
, tbf?Pfelectrosplnnlng naiaofiber textile fabrics. - The geometry ofthe _
grounttectartgetcoamribe modified:4o brodsige fa gesired mam;Kf:,Byattaﬂy&negmm of

- clhe-grauBsgrarmely, foninstanceriauRerR NIRREHO Reak oF MRl ation of the
, e@@ﬁ%&&%@ﬂr&@sé@?tﬂé{%'&@c%g%gf ARG MU IASLAARENMIRY: o matrix

S . .
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_...5.controlled by a microprocessor that dictates a.specific_ ground.geometry

. COﬂStBﬂ%tgP

that is programmed into it. Alternatively, for instance, the ground can be
mounted on a frame that moves in the X, y, and z planes with respect to a
stationary micropipette tip atteaming collagen. The substrate onto which

the materials are streamed, sprayed or sputtered can be the grounded

target itself or it can be placed between the micropipette tip and the

grounded target. 10- The substrate can be specifically shaped, for

instance in the shape of a nerve guide, skin patch, fascial sheath, or a
\oAsraP §raFTRsTSy %e&&m‘z&@wﬁwm@@%&%@ég@@& with droplets, like
“‘bomipositichsgiandyéshapedsto fitabdefesyorsiteitlobe Hithed Examples:s o 10
iedegsitediemnichadtumpihastbeen removed, an injury site in the

skin (§§%&tﬁt9@ﬁ§éﬁé&ﬁnﬁmgogxsg%&gﬁfﬁQQI@Qqlfé gu%!ﬁ.gr@goi rocess can be

shaeger%g iece 9&{10&96 Ge eectr EI’OCES COI’T'IpOSItI ns %aiyls sed in ﬁ}e
é?ape% INto mﬁapes usetu 1‘? for substance ef;very %r examp e, F(

BEERP RIS RBE T fp &t ot |ﬁ‘%P§ﬁe??t§h%‘§P|ﬁadFa}ﬁ?1%f’§Lﬁ9d@ﬁw Hpctzozeros
piiensRant, ke deterioedinfrgrotlacsentarsareliigadha ernpalrationtof dom mepterials or
sigamentthat éntabpresthesis i phisdle: isplant iotha nervgigiielesservoir and/or the
Va@gymﬁgmlﬁlwwgga@,@ggbility and allows for customizing the-- = -
Inplxanyshang 9&%&%&9\6—.«%@&4@@&ﬁ%@&&%ﬁ&&éﬁgﬂyf materiats.

flexgale to al?owt g?to e formed to ég g ?3411 a e.Ins b th -
At B AtidHs BYRE A i Ao BhaPsRGIEP %‘%F" obain the
f@%@ﬁﬂ@ﬁé‘é@%’éﬁﬁﬁé%ﬁ’&%@&% IW famipsiplication of mechanical - ,

presslire decirepnvhiratonothes sof, Wrnexaniple! 6f heat beatinglis thenirsments for 7
a0f grosslipkingiecbniguesdisprssedhespibiaitenimatosalinking behuean In one

' eﬁ‘ﬁﬂgdﬁﬁ@@ Qﬁeo&i%ﬂ%‘@g&‘ <IERURCL RN 359 Reldsed 1R.51958 AR }?@Hﬁgz planes
0

13213050 e ing e #30.be used o SUBEAQIONE O o cround

matrl es tO one not er or to close: - ening in a matnx |

S ol BN A T STHINER e JBierCerTaAtie b oaRiigraes tat fom

et rahrs Heoat Seaiderondneiss garibtiorrsiSrele ciresroceairrmngd. Alfhough the

nartiduacy celebirespinringeiy cleciroacrosolinigin fludesloptparesnot mounted is

 phimitag tedhedipdowing microprocestsingadifferant solubNS t0-PpOlEEINcaming

LIS ggrﬁ@d&e%ﬁ@d@fy%%@@ﬁ ghgéilﬁ@"é! %&Mﬁp eﬁﬁh%@&b%tmoessors and .
a{rag/gr In thls case, thfa-O gg%e c&rﬂpoeent s tlonz?fﬂgan b talne glets can

separa e reservo I’S Ing mlxed:z solutions (for éxam ple, maf)erla

. ;b%ﬁ»}mm%ab%%{fﬁ%@ey can be anered ar they can be programmed to be .

completely random and not oriented.
In the eiectrospummg process, the sﬁream or streams can branc:h out 10 form ﬁbers 'I‘he _

degres of branchmg can be varied by many factors mcludmg, but not limited to, Voltage, glound

- geamaﬁjr distance fiom m}(:rcpipcﬁ;e tip to the substrate, dizmeter of micropipstte hp, and
concentration of materials or-compounds that will form fhe electroprocessed materials. As noted,

not all reaction. conditions and polymers may produce a true multlﬁlament under some

. conditions a smgle contingous filament is prociuced Materials and various combmamms can.

also be delivered to the electric field of the-systern by mjectmg the materials mto the field from a

: device that will cause them to aarosol This process can be varied by many: faciors mc}.udmg, bat
-not Yimited to, voltage (for exampla ranging from about 0 1o 30,000 volts) digtance from
, m}cropipette tip ‘to the substrate {far e‘iample from 0-40 cm), the relative posﬂ}an of the

micropipetie tip and target (i.e. above, below, amde etc;} and the diameter of: n:ucmpzpette trp
{approximately 0-2 mm) Several of these variables are Wall-}mown io those of slqll m the art of

_ eiec‘tmspmnmg maicrofiber textile fabncs '

The geometry of the grounded target can be modzﬁed to produce 2 ées;.red matrix. By

'Varymw the ground geomelry, for instance having z planar or linear or maltiple points ground,
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cells, growth factors, or both) in the same reservoir(s) to produce fibers or

1

15

20

25

droplets composed of electroproeessed materials as well as one or more
substances (fiber composition "blends"). 35Nonbiological but biologically
compatible-material can be mixed with a biological molecule. 3.
Utilizing multiple potentials applied for the different solutions or the same
solutions. 4. Providing large mesh screens). Placing the mold or
mandrel or other ungrounded target in front of the grounded target. . 6.
Applying agents such as Teflon onto the target to facilitate the removal of
ipleGtopincessesmaterals fom tae target| adeakedthematesiatmarepplication.
1RiPRen:S0 that theielectinprocesses:malgrials fo, é}gﬁéﬂﬁﬁ%mlea@%%@ 1o orient
c{@a oraln%‘%n eal‘ectroproces Geﬂd rpatem%! trégt mcri:lgq%%mgte%glg g’}’gd{]ﬁa{ andrel
nul or

USII’] ec?ro IPOCGSSIn example,-electros

&WB&E&&@%#&&@&% @gﬁfﬁf@%&w&ﬁw%ﬁﬁafﬁaﬁéﬁﬁ%ﬂ%@ﬁ oz be
@@W@dﬁflem@éﬁ@mﬁh@ Grtave prrerRcbifarstr ey fd isTHRgrammed into

- icombrinaticiofdidessuarditrgplets canbberohifited byrusidhecsanie hox, v, and
- Apigrepipatte-apd soluisnandvanneibeelacticabehargs: varying the

 distange from the &{%u u%?% %Héﬂﬁis.@&%ﬁg/%{x'gga%@ro gacapgaﬁ%%ﬁ% be the

in the reservair; sm petnl ropipettes, same ming fibers
St T B S5P P UAPIRR TR T8 RS MethBgacd et

TeRvidhsiiEs By ﬂrro@éc&f@m aﬂﬁ% &, i%%@rglaﬁeaa%mét%ewe skin patch,

frayiet ebbathmixedatogettmrifsamedmyet ostimppticAtorscrmptirgsniumlpsitions
caicropigriies dhedmmicapipeiiededildie Bispgsadiniiie ssmean diffetentumor has

b@gﬁé@&%@@ﬂ Q %Wﬁ@sf&ﬁ%ﬁ%ﬁ% tRothe takg %018 oﬁotyér@&aa%alg missing

tal’}%g se \'% atl can e ane seaarat bination
e ded zece a n:)ne ec o rocess Cf 8 into's pes useful
0 produce a wide varlety 0 roprocess materia S and sppbstances.

: %Wé%ﬁo‘i?%‘%pé?ﬁ%ﬁéﬂ e %%%&Wbcé%%ﬂlgﬁa@rﬁ%eﬁ?ﬁ’b%‘ infraperitoneal

imd]esftedsibdoomdandet, the interior jining of a stent, a cardiovascular valve, a tendon, 2

' ligament a dental prosthesis, a muscle implant, or a nerve: guide. Electroprocessing allows great

" fleadbility -and allows for custcir_nizing the . construct to virtually any shape needed. Many
" matrices are sufficiently flexible to allow them to be formed to virtually ény shape,' In shaping
- matrices, portions of the matrix may ‘be sealed 0 one another by, for example, heat sealing,
- chemical sealing, and .appliéatien of mechanical pressure or a combination thereof.” An example

of heat sealing is the use of crosslinking techniques discussed herein to form crosslinking

between two portions of the matrix. Sealing may also be used o close an opening in a shaped
. matrx. Suﬁmﬂg may also be used to attach portions of matrices o one anather or to- close an'

opening in a mam It has been observcd that mcluszon of synthetw polymers enhances {he

" ahility of matrices to be héat sealed.

_‘35

Othar Vanations of elcctropmccsamg, parmulaﬂy ele:utmspmmng aud electmaerosohng
molude but are not limited to the following: ° ‘ ‘ o fo '

'1.‘ " Using different solutions to produce two- of more dlfferant fibers or dmplets
snnultaneously (fiber or &op}et array) In thls case, "tha smgle component seiu‘txons can be

‘maintained in separate reservairs.

2. | Using mixed solutions (for example, maienals along. vmh substances such as

- cells, growth factors, or both) in the same resewoxr(s) to produce fibers or droplets compased of
'eleciroprocessad materials as well as one or more¢ substances (ﬁber compos;tmn ‘blends”) :

Nonbiological but biologically compatible material can be mixed with a biclogical molecule!

3. Utilizing multiple poténﬁais" applicd for the différcnt solutidns or the same
solutions. : S . S ' -
' 4. Pmmdmg two or more gaomemcaﬁy dszerent grou;aded targets (1 e, smaﬂ and

- Iarga mesh scwens}
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needs and specifications of the cells to be suspended and grown within

10

them. The porosity, for instance, can be varied in accordance with the

method of making the electroprocessed materials or matrix.

Electroprocessing a particular matrix, for instance, can be varied by fiber
(droplet) size and density. If the cells to be grown in the matrix require a

great 25 deal of nutrient flow and waste expulsion, then a loose matrix

can be created. On the other hand, if the tissue to be made requires a

very dense environment, then a dense matrix can be designed. Porosity

can bg mariiusiatetiopahixingsaits or ofrernexwantiableragentiont of the grounded
«Removing the salt will leave holes of defined sizesin the matrix. One

emboghmen}}_ %y%ﬁg,p %ﬁ@t&%@g't@?’%i{o&%e%@\%%&?%'%ﬁi%% removzi of
gresented 30 "belo)

or electroprocessing fibrin b bining fibrinoge
AP RATS I?ﬁtf% propna% mp ?f Ima e%‘r:an%es A vc agethﬁg thai the

- AP FY Bt Eé?cﬁ’ﬁfﬁt@lf °1%erﬁ‘ﬁﬂ6f?emperature 20 to 40C; ionic
- strength 0. Bvioi6ReuVktarontbiseed tomtetalrihet pereambRbalogpplial using

15

25

w025 d aglmipfooeelegiepiaressing: i, rienomen therphictartsathandroplets
11'1”@1'@9&%@§ é&i ghiledbe danic-gtrength Stastsnexe & %Meﬁ&ﬂﬁ@&@éﬁ%ﬁcﬂm
q%ué%me'\é Oiher 00”9'%%% ¢:5im '&nﬁ%?o% Slategwiihindhis, fhe same

paragrap lectroprocesse rln m%rlces 0 varyln% propertle§ can

e .
%@m&%m% B SRR HE ofR SOt Eatlrfig e om the
seaitah cobréeF T ateHIST BdRRpRRitReIBHA e henstansinprusing multiple
zmatda@metmatmwdsfd%mmMQpﬁb@es&udgmbﬁagbn diverajpgrairides; or any other

vaRRIaWRate Eﬁ@%@%z&'@&&@&&%@@ﬁﬂﬁﬂ%@ﬁ‘ﬂ Q0% and droplets canbe |
'14?&%8%@55&%@8 AT ?@L@geﬂl Q&&@aﬁ&%@ﬁvﬁlﬁﬁé@ﬁiﬁﬁﬁ%ﬁﬁ%m ctes, the

nﬁ%&% esnegnggrgl %}Ofc}/ %&yzll? gup emedsl e e% hgeede acxj Shl e erenca io
. anging t IC strengt e .g. a |on 0 organic sa S), OI‘ a :

#ehal polymerlc substrates or cationic materials. Shapes of
ElectfoprocEssaduvitindsiatgesnd Matrices 5Electroprocessed materials-can-
- be elegtraeepositachinsitivea apecificattyyshapechivialdok ar pastarcewale variety of
e@@ﬁ@gﬁ@&&g@%%m@a@@um&ghat to be replaced has a specific shape, o
such 85,3, 3KI0P3lS J)@rg? Jl%@@&ogéyu%%s@em?eﬁg@%@9&@%@@4&9 Boordance -

area removed after discoverin a malignant melan -
3 W%ﬁtkgé%qcee PodlcERTS %fé%%f’gﬁns%s olau%égne ? imic T tg?‘ Hom. The

Pesipe. WIS%@W%aﬁaBe?ﬁlé&We%cﬁﬁ&é??&%ﬁuﬁ&%é%a?é%ﬂnﬁ ifmggne the

elmithizowenysdrestrridihoeraoily. rilnvicepthesshibiteghiietn sofris, for instance, can be
vatapoedimentsrdplaiyices hatwilhedohe elrackd wawnhiteesaid thatire a great

. RYe RSRECHIGShARE AL ) e, GrealionAiaaew. orean. Hollew ane hand,

. Lf%?elglssu gcan Q%e@u?‘rgeav Qi% lsL%iW éﬂlﬁhﬁ r&l%}ze Igé:%gﬁé%%nﬁcaﬂ be designed.

ctrospraylng orms cens wj |n r|x o) ihatt ey

PORRGrAE TS ITHAN A NSRS 6t ?56’ Bﬁﬁh‘?ﬁ‘%%%?ﬁﬁ‘gés 0‘”‘1" o s wil

: 1‘3!%’@@@}%5&@@@6%?@%%6 maBibstances can be combiried with the

30

33

so(ive CATSrS of

eIeetﬁhmrwﬁs@uﬂmamnaﬁmbymma@@@lmﬁan@ﬂﬂmmb@ﬁmem@fésemed _

bﬂ@ﬁxsup&mwéﬁﬁgs meleaylesinhe selnasedl omi theombin, the appropriate
%&59&5 '@Wd@otk}@ﬁ.@‘gf@ﬁ@%eﬂ4%aamg%rapf@%mm@mﬁeram8 |

X Of ect%[i)po%%agsg aI Suaslt?n?%s ¢an b be mlxa%g] %ﬁmge}l Sto

ns of ?naterla'fé or electropro%essm

St TSR A P BRI SBIWRIPO BT US D St e AR Bty to 74 while
ﬂ‘lél@@tﬁcﬁ@m@ésw W&éﬁﬂﬁw&%@@ﬁ@ﬁé&ﬁp%ﬁ@b&hcm@mﬂ are similar as.”

steleCtrapioceBsedapatiix afiecsupstanse dinihetapiealkyf apphed tocaertics can be

osheciie siteanddhe sebstanses eigeseddtapnihamateritag aldneianation, or

bednalen &9&%&%&%&%@9@%&% Ihg.su O%Qp%ﬁ\fbr&gﬁﬁ%%ﬁagen the

_ iap&%Ubs‘ta%Q Caesrox% IS?m%gSrealg a‘sm fro% ﬁOSIeCLéO%CFg 0 OﬁTm%?ratture 20 to

OSItI mven sion.

. 4%%%%@@&%8&&%@&%@#%@5%% %@%ﬁﬁ&%&%&%@%&)ﬁ%@%ﬁs can

is dictated and can be controlled by thgychemistry of the system and

varies based on the selection of matrix materials, solvent(s) used, and
solubility of the matrix materials in those solvents. These parameters can
be manipulated to control the release of the substances (or other
elements into the: |
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eIectroprocessed material are not miscible with the materlal separate
solvent reservoirs for the different components can be used. Mixing in
such an embodiment.occurs prior to, during, and/or after deposition on the
target, or a combination thereof. It is to be understood that substances
may be entrapped or entangled within an electroprocessed material,
bonded to a material before the material 35undergoes electroprocessing,
or bound to specific sites within the matrix material.. In a variation of .

Hhiangibodinestithe sishnbenisa farficle oragdrégateditnprsingsaic salts), or

AR A EOMPOMDSS A HOAEY Sreush-asaiginate that, in turn, contain
one or more compounds that will be released from the electroprocessed

material. Drugs can b mt&?ﬁ&fg th alglnate by, for example, comblnlng'
%%wﬁ afﬁ“f?fe alginate in the presence of -

' calciuffetigirRiesiadaredrBalyaFh i (At RIS HEE rogkfcs mieiekodend mold.

- Hordedtiur, dhesiggre gatesicagrherusee: thar&ptdreghcihboag gregétedupe, such as

Aisselyeaver ime, yieleasing the tappetkpUbsATCRS BYCH REiCeHEapROR afier
dnaldinate, The paricles.which-alg Wen. Cernok Qﬂé’é@ﬁﬁ&*@&%@%ﬁdc 2 mold
RS ngmccefmssle S D B SR R B o i

In SOMe cIrcums

BB BESSah AL RIS TSN oPeaR SR e p Ryl Tt vill

‘baspectotivelblectropiooessinbptihke palyrifer denearmratdriighowsation of a new

T oef@atrogpsaying:od hetdsoeesrsad hpalutier cahdentiationvintreasesierial - during

15

C 20

- apfiffsbsithemdre Halsdy feontieifferenpesifiiccie SubStarebyangrr arkedsé from the - - |

Jhetepreseme-heads andin sametibarsmé fliher ABCrease mlgame;a rateix.

concentration leads to predominantly or all fibers. Therefore, the

ap earance of the pearls on a string is a transitj hase. 10If a drug (for
MESEARTSIZ] BTN A& Bt Wit féﬁﬂfhff@%féﬁeﬁﬁ”ﬁ% é?Zfetrospun matrix

materfBiPiHBEFUGTEhN WerbiehPpedln BB PERGBIfkEaY by 2 varisty of means.

Lelestnoaerobolioh¢uiprobicenpeiiets indheistectrodpuniematertal, Fiesed from the -

cpRliisafelectiaashosaled drapleinrontaiaing the Aodgbagin wigisselvenariz of
LRL @aa{r%eag@ deu\s@a&@e %@H%@%&éﬁ%@@@é §%}ﬁ agents GABARions of
C ex?a?s ) c?%c%hetlc? eosrng] a g n{sri@er b terl valegt bond XG0 %%rvta%gés sithstances.
er splnﬁlng 17 othe tgembo ents 1 su%s?nnce IS '

3% Tl HOTES SR St & andes ?&H’B%G%??%B%%%ﬂﬂﬁ%#ﬁ?%ﬁ%mé WA

- nsubjetteddd teisanidior madifisrenitypirpheteciropricebsingrasthiey enviroument.
- shatesiak Aneliacsiegan-hebandeddadheeleciiopracansed m&egﬂm mventlon 3
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ectroprocessed material These embodiments can be used to incorporate
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within a matrix substances that are not soluble and/or are too large to

form a suspension in the solvent used for the production of the material.

For substances in a mist or vapor form, controlling distribution and

composition of substances in the space between the source and target

can be used to alter the physical and chemical properties of the
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are suspended throughout the three-dimens onal matrix. In embodiments
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in which the electroprocessed material comprises fibrin formed by

combining thrombin and fibrinogen, the cells are typically included in the

mixture that contains the fibrinogen (whether it is plasma or purified

fibrinogen). Whenever materials comprise two or more separate materials

that combine 5 to form a different material (such as fibrinogen and

thrombin) bringing the materials together immediately prior to'insertion

into a mold, or immediately prior to the streaming step in the -
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..electroprocessed material that.is. forming by.an electroprocessing

technique. The electroaerosol 350f cells can be delivered in parallel (i.e.
alongside) the electroprocessing material or from a separate site The cells
can be delivered to the storm of filaments or particles produced within the
air gap in the electrodeposition process or directed at the target. The cells

~and eleetroprocessed material also can be delivered in an alternating

sequence to the target, i.e. electrodeposit the material, aerosol the cells,
electrodeposit the material, aerosol the cells This aIIows for the discrete
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Cells can be éehverad usmg aerosol and ciecimaemsol techmques onfo an
electmpmcessad matenal that is forming by an eiectropmcessma technique. The electroacrosol
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compound or compounds intended to have complex release kinetics,
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although such combinations 25are not limited to those embodiments.
Magnetically and electrically active materials can be etectroprocessed,
including, for pie; preparing conducting polymer -fibers produced by
electrospirming. In addition, conducting polymers can be prepared in-situ
in the matrix by, for example, incorporation of a monomer (e.g., pyrrole)

- followed by treatment with polymerization initiator and oxidant (e.g., 30
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20 can be prepared along the long axis of a construct (left to right) or the
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perpendicular axis (inside to out). This configuration is used to provide a

chemoattractant gradient to guide the movement of' cells within a

specified site Thus, for example, in some embodiments in which

neovaseular agents are prepared in a perpendlcular gradient along a

collagen-based construct, the agents can be concentrated on the dorsal
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~is one in which the substance is covalently bonded to the
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electroprocessed material. For a substance is trapped withinan =~

electrospun aggregate or filament, release kinetics would be determined

by the rate at which the surrounding material degrades or disintegrates.

Still other 15examples are substances that are coupled to the

electroprocessed material by a light sensitive bond. Exposing such a

bond to light releases the substance from the electroprocessed material.
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The release kinetics of the substance is also controlled by manipulating.
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the physical and chemical composition of the electroprocessed material,

For example, small fibers of PGA are 30 more susceptible to hydrolysis

-than larger diameter fibers of PGA. An agent delivered within an
electroprocessed material composed of smaller PGA fibers is released

more quickly than when prepared within a material composed of larger
diameter PGA fibers. In some embodiments substances such as peptides

can be released in a controlled manner in a localized domain. Examples
disshlidiere ribbdimentpmoeskic rtherisl b Slarioepiscekremivaliyalr 88 be formed in the
Eexalenty berdedadhe gleciraprosessed meaietalwithedorrationofagents  after
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polymers heat can be nsed to alter the matrix and cross link elements of the matrix by fusing
adjacent components of the construet. Polymers may also be partially soiublhzed to alter the
structime of the matenal, for example brief exposure of some synthetics fo alcohols or bases can

Ately or is s&ored

partially dissolve and anneal adjacent filaments fogether.  Some polymers may be cross-linked

nsing chermcal fusion or heat fusion tschniques. Syniheﬁc polymers generally can be cross-

,hnlced usmg high energy radmtwﬂ (e.g., electron beams, gamnma rays). These typically work by |
. the creation of free radicals _on the p{)}ymsr backbones which then couvple, affording cross Tinks.

Backbone free radicals can alse be generated via peroxides, azo compounds, aryl ketones and

'other radical—pmduoing éompoumis n the- piesence of heat or- Eight Reduction-oxidation,
. reactions that produce radicals (e.g., peroxides in the presence of transition metal salis) can alse
.. be used. In many cases, ﬁmcﬂonal groups on polymer backbones or side chains can be reacted

to form cross-links. For. example poiysacchmdas can be treated with dlacylch}omdeﬁ to form
diester crogs-links. Cross-linking may also occur after application of & matix where desirable,
For example, a matrix applied to a wound may be cross-linked aficr apphcatmn to enhance ‘
adhesion of the matrlx to the wound. A : : o ‘
The release ]anetzcs of the substance is also canirolked by mampuia’ﬂng the physmafﬁ and

| chemical composition of the electroprocessed matenal For example, small fibers of PGA are

more qusceptible to hydrolysis then larger dlameter fibers of PGA. An agent d&hvered within an

- electroprocessed material composed of smaller PGA. fibers is released more quickly than when '

prepared within a material composed of larger daameter PGA fibers.”

' In some embodiments substances such as peptides can be released in a controlled manner
i1 2 localized domain. Examples mclude emhod.unents in which the substance is chemically or.-
covalently bonded fo the eiectroprocessc:d material. The formation of peptide gradients is a~
critical regulatory component of many biological processes, for exampls in neovasculogenesis.,
n surgical appiicatidns, anti-vascular peptides or anti-sense ofigonucieotides can be incorporated

' into an electroprocessed material that is then wrapped around or placed within a tumor thaf is
. jnacc:sssibie to conventional trc.airi;ents to allow for locahized release and effect. Release of the
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pH of blood or other fluids released from a wound. The matrix is placed
over a wound and releases fluids upon discharge of fluids from the wound.
Incorporating constituents that are magnetically sensitive or electritally
sensitive into the electroprocessed material provides another means of

- controlling the release profile. A magnetic 10or electric field can then

be-subsequently applied to some or all of the matrix- to alter the shape, ,
porosity and/or density of the electroprocessed material. For example, a
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15 Substances may perform a function at a desired site. For example, in
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some embodiments, antibodies for a specific molecule are immobilized on
an electroprocessed matrix and the composition is placed at a desired
site. hi this embodiment, the antibodies acts to bind the molecules in the
-vicinity of the composition. This embodiment is useful for isolating
molecules that bind to an antibody. Another example is an
electroprocessed matrix containing immobilized 20substrates that will bind

“irreversibly to an undesirable énzyme and thereby inactivate the enzyme.
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preferably in a particular location, possibly over a period of time. Such
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combinations provide yet a further mechanism for controlllng release

kinetics. The coatings, envelopes, and protective 15 matrices may be

made, for example, from polymeric substances or waxes. Methods of in

vivo administration of the compositions of the present invention, or of
formulations comprising such compositions and other materials such as
carriers of the present invention that are particularly suitable for various

forms include; but are not limited to, oral administration (e .g. buccal or
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- Preferred unit dosage formulations are;those containing a dose-or unit, or

“an appropriate fraction thereof, of the administered ingredient. It should be
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. _above, formulations.comprising the compositions-of the present-invention R
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or animals to provide substances in any dose range that will produce
desired physiological or pharmacological 25 results. Dosage will depend
upon the substance or substances administered, the therapeutic endpoint
desired, the desired effective concentration at the site of action or in a
body fluid, and the type of administration. 'Information regarding
appropriate doses of substances are known to persons of erdinary skill in

. the art and may be found in references such as LS Goodman and A.
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to position an electroprocessed material containing substances by
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relatively non-invasive means, for example by directing the movement of

the material within the peritoneum. In other embodiments, a composition -
containing electrically active compounds is used to produce electric

field-driven cell migration. This approach accelerates the healing process

and minimize the risk 35 of bacterial colonization. In one example, an
orthopedic implant is coated with a very thin (< 100 microns) layer of an
electrically active polymer. With a very thin electrode attached to the
adoatisigytigpomqdost-inplantatidimited dlegtiic fiskicsaniesapplidesyigiars, and gels.
sextenahplectodosuchiizatihe eleatriddfieldderenteelbmighationrision nclude but
&9%{%&&&'%" M‘:aﬁnﬁ[ﬁ %&Q@i@&ti%ﬁ_@é}, b_ﬁld et pelgsived. wigldiations
sgrighuation depenls on, e 0SOMEI. o) 15 RIaL AN PIRDA wg nor-agueons
e%c rode’ gse’ gene?herapy lgl(cionjlposmon_s of the present invention are
sisfl RGO LLHTY MG, IR V5B FeHE theraptes PRy RTRIRG™ sores
wiieh thredeoip@siislesan wesioiridrdin WisdobiigdnentrdEsiping and agueous and
nonanjpuiatior:danbe-achieveddyringerting presetedter@NA imd thickening agents.
FRUSRRRSIORS: Offelen NeaterialSxel Gulhayampls, BoRviRHedhRituRsle powders,
-ﬁ%&k@&ﬁ'a%&&qygﬁﬁl%g@{geﬁ%%ag;5&%%%@9&%@ pyior to insertion - -

Into the matrix of the present invention. In other embodiments, cells.are .. .
treategdTL Wilisite tﬁe%}e&fig Before the-comp oé?i olﬁ‘?%%losne fted %ﬁ%&g e'c,? _'Wl.ﬂ%’ for
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RrgRlemof findinggrenginrerBayital Sopls:I3MeAAKOR QRCEEPbIaigicni(s).
hgenn%%§%g %%Q?at?@ﬂes 13:1% Fi%%%';i Ll ori%ii‘{%‘c? %{%@&gﬁ%\%ﬁg %ESOGiatiou

n‘F’?o_ge_he therapy Is acc p,|sf1e ?/r}so e .15 embodimgnts by, for . .
R R OO A B ATHD BT R E6S e RLTaRE g o containng

2 dresatet] ¥hio g RERETEE O SIS R i 6 GBS GREHE e ffighoid be

undaerely somenDMA vl e incongorditet intotihdaily viventetisdinebormagumulations-

cMiithithe:eRapasitisnalier applicatiomohe:campaditiptethgdecipientonly used

by mﬁa igfeétﬁﬁﬁjﬂ) lykiue, of Small-BeNG, SRUENLESiSUESs-AMISEYRpending on the

rc?lltlg oF gc%f&é%%%én. For example, intramuscular injé(:tions may fange in volume from aboi;t

0.1 mmlto 1.0 mL o T
Thf_; compbsiﬁcms of the present invention may be _admix;';ister@d fo persons or amma_ls o

_provide substances in any dose range-that will producé desired phyéioiagical or Ijharmacdiog'ibal' ‘

results. Diosage will depend upon the substance or substances administered, the therﬁpauﬁc
andfmint‘ desired, the desired Bﬁ'eéti\re ‘c‘onménﬁraﬁon at the site of action Qi'. in a body fluid, and
the type of administration; Information regarding appropriate doses of substances are lmown to
PErsons of ordinary skill in the art and may be found in refereﬁces such as LS. Goodman and A.
Gilman, eds, The Pharmacological Basis of Therapeutics, Macmillan Pu%]ishing,'NeW York, and -

- Katzung, Basic & Clinical Pharmaceiogy, Appleton & Lang, qu_w‘alk; Comecticut, (6™ Ed.
- 1995). One desirable dosage range is°0.01 ug to 100 mg. Apother desirable dosage range is 0.1
. pgto50mg Another desirable dosege range is 0.1 pg to 1.0 pg. A clinician skilled in the art of
the. desired therapy may choss specific dosages and dose ranges, and fséquency of

administration, as required by the circu;nétanccé and the substances to be .administered.  For
example, a clinician skifled in the art of hormone replacement therapy may chose specific -
dosages and dose ranges, and frequency of adminisiration, for.a substance such as progesterone,

‘ 1o be administered in combination with the estrogenic and Tesﬁ*ogenic_ modulatory molecules as

required by the circumstances. For example, progesterone, and other progestins known to one of

skill in the art may be administered in amounts ranging from about 50 pg to 300 mg, preferably
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replacement " The ability to combine cells in an eIectroprocesscd
raaterial provides the ability to use the compositions of the present
invention to build tissue, organs, or organ-like tissue Cells included in
such tissues or organs can include cells that serve a function of delivering
a substance, seeded 25 cells that will provide the beginnings of
replacement tissue, or both. Many types of cells can be used to create

~ tissue or organs. Stem cells, committed stem cells, and/or differentiated
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Q%g@esnts that use differentiated cells include fibroblasts in a matrix -
used Tor a patch, for example a hernia patch, endothelial cells for skin,
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Cl1e
nat as a 0 Or re’placement for routine liver

ifthe Pa

. transoRhndRS W@Jar o RAFLCRE GBIP IR RIS RSB RGrTig is used fo

Coer@mr@pr@eesse@hmmwwawwe tsag. ¢ progenplstrisstirelthat vaimistitients can

res and then mIXI gt emt get f‘rﬁlg\, ectrqQprocesse materials.
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7 en'gwé};;@ﬁ{@m composition containing electrically active compoumds is used fo produce electric o

field-driven cell migration. This a_ppmash accelerates the healing process and minimize the risk

of basterial colonization. T dne éxample, an orthopedic implant is coated with a very thin (<

100 microns) layef of an electrically active polymer. With a very thin electrode attached to the

 “ coaling, upon past—:rmplamatmn an eleciric field can be. apphed via an external electrode such

_that the electric field- dnven cell nugeﬁon is towarés the nnplant surfaca “The. direction canbe | -
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crone or estrogen levels. Specially designed combinations are usefil in

10

15

~ hormone replacement therapy in post and perimenopausal women, Or in

men following decline in 20 endogenous testosterone secretion.

Dopamine-producing neurons are used and implanted in a matrix to

supplement defective or damaged dopamine cells in the substantia nigra.

In some embodiments, stem cells from the recipient or a donor can be

mixed with slightly damaged cells, for example pancreatic islet cells, or

hepatocytes, and placed in an electroprocessed matrix and later
rhemvedtéddaleantiol thil differentiatioreodsthe Steyroslisyimiotz degiret @ellexiernal

. di¥peadEhis 25 procedure is performed in vitro or in vivo. The newly formed

differentiated cells are introduced into the patient. - The ability to use
Icetro ro?essed materials and matrices to bloenglneer tissue or organs

Se 1 geng i
Cretes s WidéVariety of bioengineered tissue replacement applications.

ExamS‘f@%t*Bﬂ?éﬁﬁi é}@aeebmwﬁéﬂ&fwﬁﬁd@eﬂﬁﬁ%@ﬁ%mﬁﬁéa%mg various
gske beatpingsdly, wardiac wib skfeconaraiioRn guides, BigippEbRstrotesesiiprapy and

- rfdtepiotidamaged kéinedcl dreasigf thedbrainl thhtate doptdiwingAceldemeiterials,

ol dﬁ%%ﬁ%@l@”%ﬁ@ﬁ@&%&ﬂaﬁ%%&s@i esceariags seatialdinos:Sheetsed cells
95698 8&%&@' gaﬁﬁfﬂ%?%%tar&&ﬁ S5 %??9&%@%&%% celis are treated

nt SCU ar S anqQ CcqQ one ereof; and sheets for
%%*ﬁ&ﬁega G LB I b PRI AR I AT fod ster svoics
TheerB6dife ﬁ%z;*s%ﬁomaﬁlu EEHE . 5B é&%ﬁﬁ%@%@%ﬁé GipBtdpvdual viral
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At Mt?ﬂem@taﬂr%sft&ea' angsthelics:preambinations thete gl CaMBRR.d in some
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pI’OCGSS an I’e uce emet preparing |

SRIHRRS oY EFEPCET S R ISR bl G LB g e DNA

| vldvidecerpovaishénp, thigh vivtrieHs persnisimahvhormmentiionafiresanitpion of the

congetsdfcthe avaitabiiéioBaciospadititained tellslipsuspansics,anch as antisense

ofglivenestinuirients and oxygen by sparging, through the use of impellers,
~ or other means of stirring. The RCCS bioreactor (Synthecon) is a rotating
: Dwzl a'f% e%ggr I{t:eS‘geapnssts of a small inner c c}/lmd?r the substrate forte

pinni process}pposl%irzlgs heide & ’rge ouFer cyllnder 5 o
Altho’&afhatﬁgﬁémmwaﬁl%ré&trt}a%@awﬁ%f?%%%&ﬂm%ﬁ%%ww the

| chrmesitphn déihothercr datrotsvitthinldie hioraaetoramsedich Ssese ddls inciuded:
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n{&ademams@ﬁ aupal vefdndeetliads. tfﬁineegapalfatweamfhelwmegamdb@mb seeded

AWindersiservenaamihesuiuee yassrtapacafonceliso@u Mi@ﬂ}%@élﬂ?ﬂo@& can be
ué%)@/tgec@tgt%qu&%e% SZSSI@ aé@é—?'&@ﬁ? M%ng%pgﬂi—g%&%y differentiated ceﬂs are’ ; :

o “used In various embodzmcnts Also, depfmdmg on the type of tissue or. organ bemg made,

30

Spectﬁc types of comm_ttted stcm cc—:lis are used. For instance, myoblast cells are used to build

various muscle stmctures, newobiasts are employed to bmid nerves and osteoblasts are ahosen o

o bmid bc}na - Examples of stem. cells usad in these embodnnents inclnde but are not iJ_mmd o

ﬂ;embryomc stem ceils, bone maxmw steri cells anci umbﬂical cord ster cells used io make organs
or organ-iike tissue such as hvers iﬂdneys gitc, Examplf:s of tissue embodmlen’es that use

differentiated cells mciud& ﬁbroblasts in a matrix used for.a patch, for example a hernia paich,

 éndothelial cells for skm, osteoolasts far bone, and dtfferenﬂated cells like cadﬁver donorr'

pancrﬁzattc ialet ca}}ts for a dehvery device to place thfsse cells in a spactﬁa: site, for axample the
hver. Insome embodiments the shape of the electmprocessed composmon helps send signals o

the cells o grow and reproduce ina spe:ctﬁc type of desired way. Other substances (for egxample, _
_ -d1ﬁerentxanou inducers) can be added to thf: eiecizoprocessed matrix o promo‘:e Spe(:lftc types of
- celi growth. . Farther, different mixtures of cell types are incorporated info the composition in
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10 shear environment of the Synthecon RCCS bioreactor promotes

10

~ fifferentshaped wmap digls gg&&s&%r%&g \lf-‘é'ﬁ%éhﬁo

15

Lt

cell-cell and cell-extracellular matrix (ECM) interactions without the
damage or "washing away" of nutrients that occurs with active stirring or
spanging. Typically, the RCCS device is operated at rotation rates of 8 up
to 60 RPM, as required to maintain cells in suspension, and at less than
.S RPM (preferably 2-3 RPM) for cultures immobilized along the center
shaft of the vessel. The Synthecon bioreactor can be 15 used in a
standard tissue culture incubator. These values for spin rates and other

, Mé‘&lﬁ}&f&%&@ be varied depending on the specific tissue created.

Electr ssed materlals such as mat |ce% are us%ful in formation of

prosth sg oo S e e SLr S B SRR TR fpriqgal. 4 classic
TorrHRE Wﬁ%.%ﬁ%%ﬁ%ﬁf@%@%@@é%@@@%@% of scar tissue.
Ireferredotiaterials for thiswinbdbiniient ardqollayembindietastitls are obtained then

aspecially sollzgeniypestand solagen ipedidlaomaexanmplesielutdfige o or
Qﬂgggﬁegpﬁ&%getgﬁgmyaﬂﬁggggs for bypass or graft, femoral artery

‘ popllt@ﬁartery brac}gtl Aarig% tlblalﬁ%ery radlal | arter rcorresp can be

- .veins

e‘é ectroprocesse material 1S usertu espeC|a VAU en com

Riith '8 OtHEt AT REHLs T ORI Thtiar Srosthuals; B B glncazon
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- shbrollastisonr thenbirgidesdhithe ol sgenitubtaMorec amplidatedshapegher with

dﬁ@ﬂ@mgewr@ﬂeaag/%@@a%&%ﬁ%@%a%mﬁﬁa@ URGIRisA is oreated.
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0 orj t the electrospu omblnatlo .

e t#ﬁ 0aeroso %
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Lbhisdacilinias cethaiashment@ROHIBSHUCHIrahyRal xRS, among
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o tng%t[!al cues forﬁt&e ceIIIs Jn arbaTte aﬂat(}/e fab f{lca'qun sgateg%, e sefil éﬂ hommomne
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rlcal constrtﬁ’ IS electros un OX’[O a Sultal ar et or example
ﬁﬁ%’?‘éﬁl W?é?ﬁa’réfl @?ﬁbﬁ%ﬁa%%%aww%s‘gwaegﬁém@%as@alﬂ'ﬁ&ﬁ {fgline in
egﬁ%ﬁfeo@ﬁ tﬁ@@i@qm@wmeﬁ%@mmmﬁmlae@mﬂatﬁc@gdmﬁ|§apianted ina
wmmlmptmtddﬁmeohﬁdmam&ni@mﬁﬂeﬁﬁmmo&emdtmm nigra.  In'some

7 Jibdnngen/finin o exanpiedomprareptaesculasizaion GalWRsky damaged cells,
| fé?'i%%%tg Addipfi 'tIEEtd%”QﬁIOJEP t@;@a@%giggslu @%ma%éﬁqg)m%@&t&%g;s&megam and
- glagende promols SEY Ao and B e L T e, o

25

er components, 10r exam

PPy BB BRI P ‘F’eﬂ?éﬁﬁ)’é’ rais mwﬂvefmﬁ@%ﬁem%%@m@omd .
| iigeitmadiis tailored to specific applications (e.g. more fibrin, less collagen . A
. for eﬁfﬁa%ﬁﬁwmsmdla‘i‘&zﬁﬂma&@&tﬂﬁeﬁmfh):dﬁﬁafﬂbémﬁimaeﬁﬁwIﬂﬁue or organs g

ciniiscle thersonsteuet is fillsdhwith-ravsela.or siem-arlis %Qﬁ@%&ﬁ" YBGamples of

wfegeihe.diptal e f AUR SORBIICIR IR AU 00T RIRE AU D SOMRse, porve
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ments are wit various matrix materialsto enhance - .

R RS ORAT R AR R o R R BRI DA B bt during

st ecisirscadiia fisrrber BitRpispitorwiilsemaiiadinmestonsfucosmetic
r@Fﬁ@d@edﬂW@Mﬁlsc@Ma@@ydsctmgic@mﬂm:a@mwaaﬂ)memmlgalfsmnp@nmponcnts _

- thedhe cansistettangpravideibaicaliswitha dhre eime RsiRNa Al just & patch).
| znvvmaﬁaw@as@m;au&t tQ onagic:.aroywth cEm&gﬁomp%m%"ﬂﬁt%%é%ce delivery
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s |n an even dlstrlby%on WIthI{‘I the thc]:onstruct -[111"{8

R R i g g6 of e

m?ﬁ%n al c?én%%‘%}(’fr aaaasmtms anti-inflammatories, local anesthefics or combmatlons

" thereof, can be added to the matriy of a bmengneered ergan to speed the heaimg process ami

' _raduw discomfort o o : . -

) One_meth.od oF prepar’mg lmpiali’is of the prssent invenﬁon is u'se of bioreactor. ‘There

44



directly into the Cylindrical construct, as the filling is extruded, alignment
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15

20

25

30

occurs. Mixing endothelial cells witli the other cells inserted into the

construct (or other cell types) can be done accelerate
neovascularization.Another method to accomplish this objective is to
electrodeposit endothelial cells directly into the electroprocessed
collagen-matrix that aids in 15formation of the cylindrical sheath. The
alignment of the fibers within the electroprocessed matrix-that comprises

the construct are optionally controlled by controlling the relative -
FRQvemerinal Hiedargatangd SeliER soluliasyibiespreaktedneanahe ow-shear,

hercell %Pﬁa,aﬁ%g%%ﬁ%ﬁg%&b{&@@@%@g@om%ﬁﬂm%ﬁf&%wﬂgmalnfmed
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G
e-an specific_ niaterials used to fa rlcate the ou

SN SR B T BTG SR i & %.é?ﬁ@t’&é&%ﬁ%@&gg ameters can

- bneprisd eepend Blap Securaiishispeeveriidays after surgery. In'some ‘
. embadimentsicnecd ascuializatibreomhaniengineese! cofistnitivoofitaisthgses. One.
 «Bimclivirecessedimaiaidalis enhansad aymixnendothebabeciisdisiotheiameter
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|n|n
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efgsm P:'ﬂquyal%'ﬂlrl ﬁl%n nto t e oment rn L?%e ofnen
i edekon %&%Sﬁ&%ﬁ%ﬂmﬂat RO R R AT ablal artry,

rifielilszirey for aprecsengan @P@ﬁglﬁ%@?&ﬁt{%ﬁ@ﬂq@é@ﬁﬁﬁﬁe@réﬁ%§&@?§ﬂy when
- crefiavedvirorenackietienctils, aurappesidn diehermeniisn aneisupperfeshivpth muscle

cthe ﬂ&ﬁ%&g@%@aﬂa@@ﬂ%@%@%yg@wﬁ@%ﬁaﬁmr{@tmmwﬁ@ iRetb@side of the

c&ﬁgg&}legee [RatySlY. QLN QHS&J&&EE&PH%%: %QH&@@(%Q:;&E%‘AE also be

SIS cong Ceg eCtt hot e en [e] lesn%ges vas ular %ip% e omen 1,‘0 orient
: C%f’ﬁ'b‘%a e%:cann"f) af@é ) pen%ratgegyor cu SseC{eaY re ]];
hp el SRR R ST R S B tissue - -

Combination. of electroprocessed matrix mate:ma}s and wound poiymer ﬁbsrs can m'ovlde

. oi:timal growth conditions for cells. The polymer forms a basic structural matrix and the -

electroprocessed matrix is used to deliver the cells. This facilitates cell attachment onto the
structural matrix.  Furfhermore the- stréss in tha polymer _a}srj orients ﬁber‘s, in_t}m-mat{ix_

N providing further spatial cues for the cells.

In an alternative fabncatlon strategy, a cyiméncal consiruct is elacirospun t:xnto a suatable h
target, for emmple a cylmdncai mandrei Other shapes can be used if desirable pased npon the

5 shdpe of the site into which the fmplant wiil be placed. Matnces in ﬁ:us embodiment are:

composed, for example, of a}ecuﬁprocesscd fibrimogen/fibrin (:for exampie o pmm{}ta

| negvascularization, cellular mtegratmn and, infiltrations  from - the smeﬂndmg nssue)-

electroprocessed collagan {to promote cell infiltration and lend- mechamcai mteg,nty} and other

| components, for example PGA, PLA, and PGA-PLA blends, PEC, FVA or- other blends. Thﬁ_%
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containing electroprocessed collagen, fibrin, or other materials, depending

| mgnt%mn elect

upon the construct, is wrapped around the vessel. The engineered tissue
is supported by nutrients leaking from the perforated vessel or by the
simple diffusion of nutrients if the vessel is left intact Regardless of
5strategy, the engineered tissue is surrounded by the omentam and its
rich vascular supply. Tissue containing electroprocessed material can
be engineered with an endogenous vascular system_ This vascular
system can-be composed of artificial vessels or blood vessels excised
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oSG SPIRMGENIE AT TReRbL e T a ARG SepERgE A zation of an
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) m@{‘ﬂtgmo ?HQQ&@M%%%%%&Q@%%&%@ HE-AOPQEAIeAr e nsed ke

'aﬁ ells. .In Eome empod |ments the, matric es of the present invention include

o inc

UBSAITEBL TR fHe™ HWRP SIS e ?ﬁ%‘%@gﬁ S plaREE e o 2

i bl@t@ﬁwpmggéalﬁtﬁwem RIOEEH M%gpegé%wg*@aﬂd oxygen from

- thingludengptideegrowile factorsnadtisiogysamoyon aditiieidetise dugesh, enginecred

tiAlietnativelyicaaliscthigt i eaginearad mmm&t@@ﬁwefd&s tedeampauesd vassel

~ can be 5included. The entire construct js for example, cultured in a-

bioreactor or conventional culture or placed directly in vivo. For example,
neovascularization can be stimulated by angiogenic and growth promoting .
factors, administered, as peptides, proteins or as gene therapy. ‘

Angiogenic agents can be incorporated into the electroprocessed matrix.:
Nerve arowth factaore fcan bhe alectroeniin intn the Mmatriv t0 nromote arowth

5 Jr%po?ﬁlte%? mneregigggtgefro a%%%ngf %iﬁ Ct 8&@%EQ§ mﬁ‘fﬁx material will
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10degradable matrix, the gradual degradation/breakdown of the matrix will

10

15

- UpseRitndnePStsih é%é‘é@?‘&? ﬁ%ﬁ%W@%ﬁ‘t@”@uﬁ‘fﬁ@P ‘él%lé‘hqr isreradsagrporaied

release these factors and accelerate growth of desired tissues.

Electroprocegsed matrices can also be used in connection with other

matrix building processes. In other words, an extruded tube can have an

outside layer electrospun onto it wherein the different layers complement

each other and provide an appropriate matrix to 15 promote a specific

type of cell growth. As an example, a vascular graft comprised primarily of

a collagert tube can have an electrospun layer of both other materials
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In some eimbodiments, the stem cells or other cells usad to construct- the mplant are
isolated from the subject, or other conpatible donor requiring tissue Teconstruction.  This
provides the advanmge of usmg cells that will not induce an immune response, because they :
originated with the subject (azltolo_gous tissue) roquiring the reconstruction. Relatively small _
biopsies can be used to 'obtam a ‘sufficient number of cells To construct the implant, This -

-, minimijzes finctional deﬁcﬂs and damage to endogenous tissues- that Serve as the donor site for: -
the ceﬂs ‘ '
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Formulations comprising the compositions of the present invention may be
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anapules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier, for
example, water for injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared from sterile
powders, granules and tablets commonly used by one of ordinary skill in
the art. Preferred unit dosage formulations are those containing a dose or
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_5 construct was then surgically implanted within the vastus lateralis
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muscle of a rat. The construct was left in place for seven days and
recovered for inspection. EVE in the matrix accelerated muscle fomiation
within the electrospun matrix by promoting muscle formation within the
wall of the electrospun cylinder. 10EXAMPLE 2  Vascular endothelial
growth factor (VEGF, obtained from Chernicon, Temecula, CA) was
dissolved in a slob:Mon of matrix material comprised of type | collagen

. (80%), PGA (10%) and PLA (10%) as described in EXAMPLE L These
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depstidnintgonatie manitb§tasetl fat QT pniBEtasemposition. Generally, an article for.

distribution fnchudes a container which contains the composition er a formulation comprising the -

‘composition in an appropriate form. Suitable containers are well-known to those skilled in the art

and include materials such-as bottles (plaslic and glass), sachets, ampulss, “piasﬁc bags, metal

“eylinders, and the like. The container may also include 2 tamper-proof assemblage to prevent

indiscreet access to the contents of the package. In addition, the container has deposited thereon
a label -which descnbes the conients of the container: The label’ may also include appropriate

The present mvenﬁon is ﬁm:l:ler illustrated by the foﬂowmg exampies whmh are not to be

o constmad ip any way as imposing limitations upon the scope. tnareaf On the contrary, it isto be
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., - clearly understood that resort can be had to various other embediments modﬂcatmns and
30

equivalents thereof, Whmh affer reading the descnptmn herein, can suggest themselves to those
skifled in the art without dﬁpartmg from the. spirit of the preseni mvc:n.tmn ‘ '

- | | BXAMPLE1 | -
Fxbrobiast growth factor (FGI‘ obtmned from Chesnicon, Temeczﬂa CA) was dissolved

- 1o asolution of matnx materlal comprised of type I coliagen (80%} PGA {(10%) and PLA. (10%). -

The percentages refer to tha waxght of the materials with respect o one another. These materials
were dlsseived m HFIP ata ﬁnai concentration of 0.08 gm per ml. Sufficient FGF was added to

~boml of solution o prov1de an FGF coneentration of 50 ng/ml of the co]lageanGA/PLA

.‘ electrospinning sahmsn The material was electrospun into the ghape of a cylinder onto 1}113‘ _
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‘ contalnlng

_An identical construct was subjected.to.crosslinking.by. exposing.it.to

glutaraldehyde  vapor at room temperature and subjected to an

identical ELISA assay. A sample of the 35 electroprocessed construct was
placed in a 100 mm tissue culture dish A 35 ram tissue culture dish

containing 1 ml of 50% glutamldehyde was placed inside the 100 mm

tissue culture dish_ The lid of the 100 mm tissue culture dish was

replaced and the sample was allowed to sit for 15 minutes at 100111
temperature. The sample was rinsed in sterile water or culture media. The
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gyﬂg&g& %ﬁg@ [elease from the fibers electrospun from a solution
LA copolymer and collagen.to which 50 ng of VEGF

were added. The open triangles represent release from the fibers
eleztrospun from a solition contalr%m A copolymer and collagen -
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Qysoatlatide {JizmagRddG1) and trlshydroxyrnethylamlnomethane
(TrlzmaT) base) were supplled by Sigma. . S

‘ EXAMPLB 3-

Constricts of eiectmplocessed collagaﬂ and PGA: PLA copolymer with VEGF spun into

o ‘the matrm were prepared using 80% collagen and 20% FGA PLA. The collagen and PGA:PLA

' 25

" were dissolved n HFIP at a final’ coinbined- concenh‘atmn of 0.08 gm per ml. Soluhons were
" preparad in which different amounts of VEGF were added to 1 ml of the sohition of caﬂagen and

PGA:PLA copolymer. Separate soluiions were prepared containing 0 ng, 25 ng, 50 ng; and 100

° Dgeach in 1 mi Constructs were préﬁarﬁ;d for each solution by electrospinning one mi. The

30
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‘consiructs were cut into smaller sections and placed in'a phosphate buffer solution (PBS).
" Reloase of VEGF into the PBS was measured as a function of time by the ELISA method. The . -
"BLISA kit for VEGF was purchased from Chemicon International {paﬁ namnei cyt214) and the B j
directions provided in the kit were Followed o perform the BLISA Samples were cenmﬁzged o

remove particulate matter and stared at—20 °C prior to use.

An identical construct was subjected to erosslinking by exposing it to giutaraldehyde -
' -'ifapor at room temperature and subjected to an’ identical ELISA assay. A sample of the
" electroprocessed construct was placed in a 100 mm fissue culfure dish. A 35 mm tissus culture

‘dish containing 1 ml of 50% ghutaraldehyds was placed inside the 100 mm tissue culfure dish.
* The 1id of the 100 inm tissue culture dish was replaced and the sample was allowed to sit for 15

. minutes at Toom temperatmre. The sample was rinsed in sterile water or culture media. - The

'a'mount of VEGF (expressed in picograms per 1 mg of elecirospun material) for the non cross-
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20 and were used without further purification to prepare buffer solutions of

410 .

pli 7.35. Tetracycline hydrochioride was also obtained from Sigma.

Actisite(r) periodontal fiber (0.5rrim PEVA) containing 25wt% tetracycline
hydrochloride was a gift from Alza Corporation (Palo Alto, CA).

Electrospinning was carried out using 14 % wt/v solutions of 100% PENA,
100% PLA, or mixtures of the two in chloroform. The mixtures used were

25% PEVA/75% PLA, 50%/50% 25 of each, and 75% PEVA/25% PLA,

with percentages by weight Tetracycline hydrochloride, Inch is insoluble’in
chierolpinrowamseluhitizre nansanalled ntatifitefmiettane|perrdradde dFipures 3 and
;pg Iéﬂq;g solutions prior to electrospinning. The resulting solutions were
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-~ which ranged from 10-18 ml/h. The resulting electrically charged fibers .
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3 heu EBwibets|epse pietracyslins aydiaeh @’pg@rf{i@fﬁ HETHS TGP copper sheet

&rg VA)eBg&I Oc%? g%’?lggber e ﬁlé%:ﬁ&'é@ %EFQ ‘Speliman CZElOOOR high voltage supply.

A positive voltage (15 V) was applied through the copper wire to the pc-lymcr solutmn ipside -
the glass pipstie. The solutions Were defiversd via syringe pumps o contrel the mass flow rate '

which ranged from 10-18 ml/h. Mare conve:menﬂy, the solution can be held in a plasmc syxmgc

_ Wﬂ.h the high voltage supply connecied fo thc ‘metal syringe nesdie ‘The solufions were

delivered via syringe pumps io ¢control the mass flow rate, which rangcd ﬁom 10-18 mi!h The

. resulting elsc%ncaﬂy charged fibers were collecied on a. roiaﬁng moetal plaie o0 produce a shee.t of

HOD-WOVER fabric.
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Release of tetracycline hydrochloride was determined using UV-VIS

measurements d out at Perkin-Elmer TIV/VIS Lambda 40
Spectrophotometer. The molar extinction 20 coefficient for tetracycline
hydrochloride in Tris buffer was found to be 15,800 from a linear

- Beer-Lambert plot of absorbance at 360 urn vs. concentration. Release of

tetracycline ' hydrochloride was determined by placing a known mass of
polymer and drug in tits buffer and monitoring the absorbance at 360 nm
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Figure 7 shows release profiles of three eleetrospun PEVA samples, two
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fror the safe 15 batch of mat and another from a different preparation

under identical conditions. The release amounts of each sample are

denoted by solid diamonds, solid squares, and open triangles,

respectively. The profiles are quite sinailax indicating very good

reproducibility. In general, the initial rate of release of all formulations

including ACTISITE(r) (denoted as Alza) is high during the first 10-12

hours, most likely due to release of drug sequestered on the sample
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25 incorporated into the electrospun matrix. Thematrix assists in growth of

10

 SerRET PaCHfts

new bone, and the BGE or BMP in the matrix promotes bone growth.
Optionally, the collagen used is produced in vitro by genetically

engineered cells that express a collagen polymer with more 13-15 sites

than in normal collagen. The excess of P-15 sites promotes osteoblasts to
produce and secretes hydroxyapatite and further aid bone growth. 30
Optionally, the matrix is further electroprocessed with polypyiroles, which
are electrically active materials. Eleeteodes are attached to each end of

- the 'm@ﬁﬁﬁ%%’?”%&ém%@&@e&zﬂ%‘f&?"%&%%'a@gﬁ@&é‘&%&%ﬁ% SRR fom o
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Bidrordedtt dnsrisnriagrierdhie o dsirsite @ﬁ%ﬁﬁ?ﬁtﬂ&% prYaGzehe Tecipient’s

iglentriesgiseharges that 35 promote healing. EXAMPLE 8 - In another

~ example, similar to that described for skeletal muscle a- cardiac patch-is

prepared. A sheet of eIectroprocesgnggr@l is prepared with aligned
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Spread in parallel with-the underlying fibrils of the sheet _
formlng a muscle construct of cells arrayed and.layered in an in vivo-like
pattern of organization. The constri&#edRBe directly implanted or placed
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_ EXAMPLESR - . S _
In another example, similar to that described for skeletal muscle a-cardiac _patch is

prepared. A shest of electroprocessed material is prepared with aligned filaments of collagen.
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250f die present invention and that numerous modifications or alterations

10

can be made therein without departing from the spirit and the scope of the
present invention as defined in the following claims. WHAT IS CLAIMED
IS 1. A composition comprising: an electroprocessed material and a
substance, wherein the electroprocessed material is made by a -
process comprising the step of simultaneously electroprocessing a
solution comprising one or more natural materials and two or more

. ‘synthetic polymers; and, wherein the substance comprises a molecule,

‘nellsiebjgeti de@ sombnatien dherepfi. JhpLompesition Acandling 19 cylinder. A

&daimcnwherainithe natural M@Eﬁh‘%ﬂ%@%‘?%ﬁﬂﬁﬂ%ra%%&gfé”?ﬁgg&éﬁ%ﬁ sheet

iﬂw{'ﬂnx maégh ria ino ackgg nat g‘ .
eptg lﬁrigtaér?n car %gg ates Hipi (I:F“'s enuc e|c aci msesgfi%ﬁ?%mn ular

ﬁHB‘p “Eéiﬁ?%&l‘?p? WH&W@%&H@%&%@% rﬁm*%% or direetly i st
Romigivegion Harsof @@ﬂﬁ@@@ﬁﬁ%@ﬁi@n Hecoedimgitot lmime2plhateithtieng axis -
dfialie kalten ateriagisahexfracetity mmatstimateriatsalostedhftoNthe Qralap tssue
iansisting m@@i@g@ Bl G1aREY, JaBHRR. IRIORRGIHY RYAIEANG ACEiehty off
a%ﬂ%‘ﬂ{?ﬁté%é‘e& ’E'ﬁ{ Hg 1%;5%1 ke ’s%ﬁéﬁﬁl%t%'}n “éfartgmsré Alcved by the
lHlfa " Fbgr%[] eratln roteO%%ﬁani £ c;orTg Slltlgrn N
TAccoramg” ah q"i’/\fﬁe‘?’ taPHAteTNS & 8f8lflfr% ¥ GIOCHOPIOCESSE
dribbled or sprayed onto the mam as ut is prepared. Cells in contact with the fibrils that arc
arayed along the fong axzs_oi' the sheet spread m parallel with the underlying fibrils of the gheet,

forming a rouscle soristruct of cells arrayed and layered in an in vivoslike pattem of organization.

_ Theconstruct can be directly implanted or placed within 2 RCCS bioreactor. Rates of yotation to

15

20

- 25

- ‘maintain this type of construct n suspension range from 4-20 rpm, depending upon the mass of
 the tissue and the specific materials vsed to fabricate the outer cylinder. Variations of this design

include the addition of angiogenic factors in the matrix, gene sequences, and agents fo suppress .

_-inﬂammaﬁbn and/or rejection. Other cell types may be added fo the construct, for example

microvasculer endothelial cells, to accelerate the formation of a capillary system within the
construct. Other variations in this design principle: can be u_sed.' For example, cells may be
elsctroprocessed into the matrix a5 it is deposited on the ground target. By verying the pitch of
the fibers during spinning and spraying, dribbling or electroprocessing cells onte the fibers as
they are deposited very precisely controls the positioning of the cells within the construct.

Al patents, publications and abstracts cited above are mcorpora?;ed herein by reference in :
their cﬂnrety It should be undersiood that the foregoing relates ouly to preferred embodiments
of the present invention and that numerous modifications or alterations can be made therein -

- wn:hout dcg;artmg ﬁom 'the spmt and the scope of the present invention as deﬁned in the

foﬂowmg cieums



5. The composition according to claim 4, wherein the protein is selected
from the group consisting of collagen, fibrin, fibrinogen, thrombin, elastin,
lamini a, and fibronectin. 6. The composition according to claim 5, wherein
the protein is collagen. 7. A composition according to any one of the
preceding claims, wherein the two or more polymers are selected from the

Vgroup toR<ISHT AF polyurethanes), poly(siloxanesb silicones,
polyethylene,) polyNinyl pyrrolidoney poly(2-hydroxy ethyl methacrylate),

1 poly(N-vinuhRysielidoney:Relyimethyl metbacrylate). poly( vinyl alcohol),
polyiacrylic acid), polyacrylamide, poly(ethylene-co-vinyl acetate).
poly(ethylene glycol), polytmethacrylicpolya ides (PLA)" polyglycohdes
(PGAY! s ractieRsEs-glyoidesy (b pplyanhvdrides, and
polyorthoesters. 8. A composition according to claim 4, wherein the
e'eC”%—HE?&%%ﬁ@@]E&%t@;S&%lcl%&@%m{%&%t_&%’%QHQEEEQ%@@&%&&?E%QHQ ihe
wherein the two or more synthetic polymers are selected from the group

SIERRSISHHY BIEBITULERANES LSO RS IBXEAR C WilidBfas, eIy ietyend)iral

mBRE RV RV HAARR) s Pal-(R-Pydraxy eihy! inethacrylatet, poly(Nvinyl
pyrrolidone), poly( methyl methacrylate), poly(vinyl alcohol), polytacrylic
polyacrylamide, poly(ethylene-co-vinyl acetate), poly( ethylene glycol),
polytriBERgErif AETIINpR KtEsHSS (PLAYCPslyicohties (P@aymbination

ihe@iyflactide-coglycolides) (111.,GA), polyanhydrides, and polyorthoesters.
9. The composition according to claim I, wherein the molecule, cell, object
or combination thereof is therapeutic. 10. The composition according to

2.claimewRarRGE HYE AsIEelne 18 SereBtdd TRt thEigrsty donsistingeefmprises

ordPBraREUIICS, SOIMEHES, PUlACEUTICAISVIRMING, PURGIAIS AR red peptides,

humectants. ~ The composition according to claim 10, wherein the .
PRhSREMEGHITS BiGro R PACIHE SBld BBl frofialie¢jeiu Bl Eeriitigs ofipoproteins,
g1gr@<n§£9£@m39c9591\m&@%&@ LGakdx), ransfaraaing:growthifactors-fl

(TOF-13), platelet-derived growth factors (PDGF), fibroblast growth

factors (FOP), nerve growth factors (NGF), bone growth factors (BGF),

3. prain derkistnssiiiotspriciaster cearihge asivdeefastsil pagritioioblast
ex@rQWih faGion: 1nsHliR-ikesgrwdh fﬁ%‘ﬁ{%é‘ @Bﬁp@%&'ﬁ%g pd Q&Wﬁg@hgfﬁ%ﬁﬂ
factor (VEGL), granulocyte colony stimulating factor (G-CSF), hepatocyte
el v iA ARt IGHapFEUrOR GBI G GWth ?ﬁ@fb%r%@mfsw&t@m@n Hetay o-
sul e hekeratinocyie-grewih fachor (KGE) - apsfosming growth a8y cans.

LIGE). skeletal growth factor, bone matrix derived growth factor, and bone

derived growth factors. 12. The composition ccord ng to claim 11 wherein
“-the thefapetifesd copcpdpsoaEar L rherpe Somisstmonaetsriing to
prélgims |. wherein the cell is selected from the group consisting of
~ osteoblasts, keratinocyles and hormone-secreting cells.

5. The composition according to claim 4, wherein the protein is selected from the

group consisting of collagen, fibrin, fibrinogen, thrombin, elastin, laminin, and

fibronectin.
6. The composition according to claim 5, wherein the protein is collagen.
7. A composition according to any one of the preceding claims, wherein the two

or more polymers are selected from the group consisting of poly(urethanes),
poly(siloxanes), silicones, poly({ethylene,) poly(vinyl pvrrolidone). poly{2-hydroxy
ethvl methacrylate), poly(N-vinyl pyrrolidone). poly(methyl methacrylate). polyv(vinyl

alcohol). poly(acryvlic acid), polyacrylamide, poly(ethylene-co-vinyl acetate),
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14. A method of delivering a substance or an electroprocessed material to
a desired location, comprising placing any of the compositions according
to any one of the preceding claims at the desired location (excluding
treating human beings). 15. A method of manufacturing a composition,
comprising electrodepositing one or more electrically-charged solutions
@@mﬁﬁ%ﬁaﬁ}a JHEh RIGHOREAIA Hrat Al B AGLETIAE leApdbIb Bhiditidiy
(FOPaWEL Matetalc anghiwa Rk meresynthatie PRYMRLS Mo & eiaHpRded .
substrate under conditions effective to electrodeposit the natural material
or the molecules capable of forming the natural material, and two or mare
B.gynthethOPERHIES B FEsUBtate b Torrithd eleroporssssd matainliis a
camelnadeing the.aubsianssito.theialectradenosited material fenfarm, hgmers

composition. 16. Use of any of the electroprocessed compositions
arg sglidigltora shevsraamns e f PeiHaERvES) S EabStaneD o lirones.
pdlestropioessed natesial taxeiuding treatingiiurna beingshed TalbS@ol v (N-
.according to claim 16, wherein the molecule, cell, object. or combination
"”Etﬁ%@‘6?‘?5‘%H%‘?&;&&%ﬁ@%ﬁéﬁ*ﬁ%&ﬁyﬁiﬁW@W@é@@gmE’;Om%R’B@amd)r
pdPREVERY AN CELENGARSYLATIQN Jhe ventienisdirected to
novel compositions comprising an electroprocessed material and a
PAUYIBREATESY HSeir bralidRr diier (8B Thee SlgbirapfsedsSed nialshartidfreo-

giﬁ%ﬁ&@mg‘@@@)%@}%zﬁ}%ﬁ@@m{ﬁ' ﬁﬂ%t@!@ﬂl%s%‘ﬁ or more synthetic
materials, or a combination thereof. The substance can be one or more

thera%egutic or cosmetic substances or other compounds, molecules, cells,
Y- vesicld¥. AHaPEBIHPARTOHE BRI LB THStBEIERCE YervEry: hcilitingor

cottumalaliyatywithinianorganism by, for example, releasing substances or
containing cells that release substances, The compositions can be used

for other purposes, such as prostheses or similar implants. Figure 3
10 The composition according to claim 1, wherein the molecule 157selected from

the group consisting of therapeutics, cosmetics, nutraceuticals, vitamins, minerals and

humectanis.

11, The composition according to claim 10, wherein the therapetuic is a growth
transforming growth factors-B (TGF-B), platelet-derived growth factors (PDGF).
fibroblast growth factors (FGF), nerve growth factors (NGF), bone growth factors
(BGF). brain derived neurotrophic factor. cartilage derived factor, basic fibroblast
growth factor, insulin-like growth factor (1GF), vascular endotheiial growth factor
(VEGE), granulocyie colony stimulating factor (G-CSF). hepatocyte growth factor,
clial neurotrophic growth factor (GDNF), stem cell factor (SCF). keratinocyte growth
factor (KGF), transforming growth factors (TGF). skeietal growth factor, bone mairix

derived growth factor, and bone derived growth factors.

12, The composition according to claim 11, wherein the therapeutic is FGF. BGF
or VEGF.
[3. The composttion according 1o claims 1. wherein the cell is selected from the

group consisting of osteoblasts, keratinocytes and hormone-secreting celis.
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14, A method of delivering a substance or an electroprocessed material to a
desired location, comprising placing any of the compositions according to any one of

the preceding claims at the desired {ocation (excluding treating human beings).

15, A method of manufacturing a composition, comprising electrodepositing one
or more electrically-charged solutions comprising one or more natural material or |
molecules capable of forming a natural material, and two or more synthetic polymers
onto a grounded substrate under conditions effective to electrodeposit the natural
material or the molecules capable of forming the natural material, and two or more
synthetic polymers on the substrate to form the electroprocessed material; and, adding

the substance 1o the electrodeposiled material to form the composition.

16, Use of any of the electroprocessed compositions according to any one of
claims I to 13 for delivery of a substance or an electroprocessed material (excluding

freating human beings).

17. Use according to claim 16, wherein the molecule, cell, object, or combination

thereof is therapeutic.
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ABSTRACT
ELECTROPROCESSING IN DRUG DELIVERY AND CELL ENCAPSULATION

The invention is directed to novel compositions comprising an electroprocessed
material and a substance, their formation and use. The electraprocessed material
can, for example, be one or more natural materials, one or more synthetic materials,
or a combination thereof. The substance can be one or more therapeutic or cosmetic
substances or other compounds, molecules, cells, vesicies. The compositions can be
used in substance delivery, including drug delivery within an organism by, for
aexample, releasing substances or containing cells that release substances. The
campositions can be used for other purposss, such as prostheses or similar implants.

Figure 3
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