1 ACELLULAR BIOABSORBABLE TISSUE REGENERATION MATRICES PRODUCED BY
INCUBATING ACELLULAR BLOOD PRODUCTS Cross-Reference to Related Applications [0001]This
application is co-pending with, shares and least one common inventor with and claims priority to
United States Provisional Patent Application Numbér 60/730,614, filed October 26, 2005, the contents
of which are incorporated herein by reference in their entirety. Background [0002]The present
invention ret&fEd-¥oAB riviaBRARBERL bi 678558 rBEBTY Prote iia Me SRECHTa fROBIER e ¥ rd Nt eiiTdltissue.
The invention also relates to the usemfithismeaiksonseveuedsch functions to induce and facilitate the
growth and generation/regeneration of tissue. [0003]With the exception of blood, all other tissues in
the body are composed of cells arranged in an integrated structure which requires an extracellular

support scaffoldg¢stiifixdhce e éb @R iR dakgRRr growth differentiation and function. The field of
tissue engineering aims to provide methods of achieving the complex structure using either artificial or

natural polym ith preperties.that allow cell attachment. lon.In order to
provide repla(i@fgr?t tissxij%g ?Brr)sl%ﬁ%%s%nlloss X erflr%nﬁ]mlr%lo%g%%%%@%%peoﬁlggg@égﬁm%%b rfnaterial
would be non-irifmemdgleiits aridritiredited Staes Rioattinal Hapoit Applicetietdlimebi the body as
closely as posgihlanQne aidiesg.pilibytesds, BRliRARANOIhRE Wodearpdaile ferliow for
regenerated or restored tissue to reach its ultimate level of homeostasis and function. It'is known in the
prior art to corfStRiBRsS SnBssBaBIE Scaffolds capable of providing support structure for cellular
attachments and growth as well as delivery of biologically active chemicals, proteins, and peptides.
The most wideBaclgadwid hydrogels composed of various polymers including polysaccharides.
Biodegradable hydrogels produced from biodegradable polysaccharides either alone or in combination

with naturally d809%ting e seesrmcinnsatinn prltienie Lramiationnhgdicrabrerbaldn RRTBIBAEAYSs vehicles

for drug delivepy,{G:agepns Mnaahah BivRrtifigiahpelvaiesisonalesiais ased tRoheascharides, J.
Biomater. Sci. Polym. Ed, 12, 267-281, 2001; Jeo_n% B. et al., Drug release from biodfq%rggable

injectable therMBeSHURR BRI 1BfBe b faeH e e TRg Lk SORRHE/SERRT ase 63,

155-163, 2000;dsapnecek, J., Smart and genetically engineered biomaterials and drug 2 delivery
systems, Eur. rm.. Sci. 20, 1-16,.2003; Pepp . A. et al.. Hvdrogels in pharmaceutical
formulations, El]g?% . Pharr%ilél’%ﬁ & tl.o g(ﬁ’, Eﬁ%%,a@sﬁ%?rfﬁg%egsf ﬁ‘%or%a ﬁﬂe, ngosf'r? vitro release
behavior of insulils firomgdsibiieyr antepiatdl/srictuvcivdgel remickancikpotptiatuimipderasd&yldthetic
biodegradable YERSh &Rl A AP lodt oH0aet ARra N ARLAI KNG, SHEHR] spppor for
engineered tissues (Areyalo-Silva, C. A. et al., nternal support ofe, Arch. Otolaryngol. Head Neck
Surg. 126, 1448spaspgpeemnoasyaenidnpeindmbachieviasthe fawpienalHeEgRisticion, Cun.
Opin. Urol. 10'e%Qér'%Qﬁic?QQQh@@al%l&n@r@%ﬁ?@ﬁgﬁﬁgtﬂaﬂﬂﬂ?&ﬁ'c@f seitilagadissuedeagineering to
regenerate the zonal organization of articular cartilage, Osteoarthritis Cartilage 11,653-664, 2003;
Kojima, K. et P2HETBAABBERE Thauter inefnedrdanasemeat iy sioadiralost EROREIBIEEe®and epithelial
cells, Faseb J.dlsta&? 3r82 8dc20 O3t didiler mbtdrigitvadyl S bl diasiamugpeantaticimvititicitjectable alginate

and syngeneic fibroblasts, Plast. Reconstr. Surg, 105, 2049-2058, 2000; Sai B. l.
Engineering aﬁﬁ%@ﬁ% 8&?!%’584&%5%%%@%%13 f?l&%?égi%%ﬁﬁfﬁ;g&%%ﬁ%%f%%% tsﬁ‘cegéf‘fold,
Laryngoscope dtitbuis94ti83ie 2eH1d hehipdegradable tetlbhyHercegemzatgd draesurddissusellular
cardiomvoplasty: oye ical ar ial I tior . Coll.
Cardion 41, 19818 B R B R A e el

hydrogel foamsoGiict iealisiereble scpdiolds cagbl: ef/pisyidmesuiporistyeisaieeseldidsm osites of
bone and cartilag for mandiBle-coRfyiardeeeastiie R bbichRbIMAI G RHE s DfholdRs 1% 2001;

Zimmermann, U et al., Hggrogel-based non-autologous cell and tissue therapy, Biotectiniques 29,

564-572, 574, BrEfassihe DOsoYidebeuss armbydweels roaversel sfapurrssolmribingl g ure

capable of proyigliRecenidapeeribasnahmins KegepeRaiidguted Rbiissidedan i pentabpiiak cord
injury ("SCI") has been re Qrtedél%sai,, E.C.eta, %ntheticgédroigﬁelnggjidan%ﬁ cha nelséfalclzilitate
regeneration of IR PR ST SRR BB AEHTREY OSRIEINE iR REFH TERSLEREA SRirotrauma.

21, 789-804, 2804lagdichpredeetiemplogadast rabilleddbndatt d eli wen ifCldirupenitedalt tbm blood or

other tissue has.been described by Vacanti.and.Vacanti (Biplogical olding M jal,AJS Patent
Publication Naﬁ1 5562843768 ‘ A s g el : Jﬁ? %@é’r%%dﬁé?@é%'composed
substantially ofl 2els7-28NuP0dckiaait cedls mmrehasa mdapisdabdednis

possess a biolggical functional i eratiop ARdifRERgLwye requires
viable cells or Of ce ~M. P. et al., Identification and initial
CharacteriZatio}ﬁ@flg)éoggqmé{ogecek, J., Smart and genetically engineered biomaterials and dru

RCiat reported to




cells in adult mammals, J. Cell Biochem. 80, 455-460, 2001). Notwithstanding these achievements,
there remains a need for a non-immunogenic (or reduced-immunogenic) scaffolding material that
further possesses cellular attachment, growth promoting properties, and supports or stimulates
regenerative/restorative properties of uninjured tissties surrounding would sites. Summary of the
Invention [0004]In certain embodiments, the present invention provides methods for producing a

bioabsorbable structure that has biolggical regenerative properties (teferred to hereafter as a
"regeneration Ma@gé@%rﬁﬁﬁﬁ%lrﬂgyﬁg% ?ﬁ?@é’ﬁ@’m‘a&?&f e including,
but not limited jibaintecsehtivab foritistyormUusalel. Pharti. (Biophaas, HatTery, 00000 Zaahn e madrow,

cerebrospinal f(lﬁjliltlti,éyr(‘rjp?f1 Oene?ration matrix is
produced by procéssing ertt m - I;iailrjé -
8 ceprals first been

embodiments, einsops of J1ahysa pide gnd 6l

removed. A reggaailignIRAX T RRARIMARLI QB3P ﬁ%ﬁlé’é’i’éhtlﬁ%é‘s Bz, 80a4ing @n

autologous application, or may be tissue type matched to enable allogenic applications. In certain
embodiments, 4 fégbnisiamsh supnest of Hesiocasingared corilgen Atrds (olkemegk hleadddseiations have
utility in researghysethinom43ut 45pioai do gﬁgﬁ’tp_,tmﬁﬁeéﬂgysmppjﬁﬂ%fg[ human beings or
veterinary applications. In certain embodiments, a regeneration matrix is produced from blood, for
example, from@%ﬁ%@%\ﬂﬁrblgé’d@[%%]w’r%%lé%%%a%%qpn@fﬂx]b%dﬂ&ld%?é%%%%@{lo certain
methods of therpcesént ciimtibigt aissnasrhbRkapedtic rRipperiesha tbailibigaabiaticnioftiatienincrease,
support, and/or _direct tiss e regene tion at 3 site, of tjs damage, Joss, n%/or de eggeration such
arifage, OSg PS {’aaﬁ?ﬂ%ﬁ ﬂﬁgt%na)‘figgt@%’. %gjéer%aflﬁ S%mag fen 9?1 e present

. C
that surrounding 1 € regenerates norm o

invention providesvesatiosizedftethunistodshesr ageh ehatidroeytadnd epitheligbet|lavesehthd,
regeneration ngayioRitAIAS HRANG! INFreAsCSIRSHSICHRRRIALAGN Wit Al amhadimRNIS, damaged
tissue to be regenerafed according to methods of the present invention includes, but IS not limited to,

nerve tissue, niaggaeisEgEolows.tiflsk FrcapstisSues 1LYy Ae46Pr20andlBP&idaits e -mbrlexample, in
certain em bod@gﬁ%@d@@ﬂﬁ erevisies mathads.fer hamnesaing theatiur IRassRyative
components of blgod and/or blood clots and en?%i]neering them into a regeneration matrix that can be
delivered to a #3H8Ithd REERARSHYIGAM it 19 Makhnmestie ede ActhtbAsuaRetse while

minimizing progigiiencal peilsfunetioival casdsdetmation] R3oHHcabiai s iiodinenislia eieneration
amage,

matrix has neyro-regenerati roperties that a f r opditions that r in the d
loss and/or de%%nn%%%g%g' L@s%teé r?l ltg)(la'r%ia?frlli %%505%2% sg,?r{?\garh\%%rﬁsgée{og%zﬁ%ﬁ%nﬁ%ated
comprises nergéfiiss S[5Ms atieny bydregst doanisC RS Yrimspdataid A RHAAIMEIRS; CNS tissue

Is lost as a f%%%ﬁﬂ'&%ﬁf 1’%@5@5@%&0@@?&% 5%8@%8'8&?@?9%&%@%!& spinal cord
cancer, amyotrophit lateral ’sclerosis, Parkinson's disease, Alzheimer's disease, stroke, and/or multiple
sclerosis. The ¢egbiareaensiegiinn.df Qiaddmetofien gl 1O @ AMehcéanamestspieHetited by the
addition of one,orimare haraRewis.ageNsncluding: Byt Aok dmite bioBRAlsiRS sDeRiesp drugs,

cytoldnes, extracellular matrix molecules, and/or growth factors. In certain embodiments, one or more

therapeutic efféfts TPPrRpEIRe: djesstthe hicressthviires! serfioid asa bridsinedeméistion matrix.
[0007]In certaipapaplastipieniginhgupiesRihmeion RiRvides: 3 rgeneratio fomadteanyprising a

bioabsorbable structure that has tissue regenerative properties. In cestain embodiments, such a
regeneration rﬁ%’t?ﬁf fﬁ(@d&b‘gyo%%%i Pr%se ?81’5’%%?‘?510(510 %#ﬁp‘?é%ﬁ‘bé%ﬁ%%ﬁ%%ﬁ%# matrix may
contain one orgmdascefchransiefaiciliseeunyaiation of eduihrat taivist at; ment component
3, chalns A bemadlonin. A Jagl e e PRI, 2 PorRogie s Apgiar i protein
In certain emb ,are trix lacks substantial metabolic &ctivity. 8iin certain
embodiments affsyermesdiotermeatiixotrtsrafioklinn mipigsiatiGatsblood or other tissue has been

described by Vacanti and Vacanti (Biological Scaffolding Material, US Patent

Publication Number 20040137613, filed Oct. 17, 2003). This material is described as

being composed substantially of cells, cellular debris and cells remnants. However, this

material is not reported to possess a biological functionality that facilitates wound repair

or regeneration and furthermore requires viable cells or other structures with cell-like

properties (Vacanti, M. P. et al., Identification and initial characterization of spore-like



supplemented with one or more therapeutic agents including, but not limited to, proteins, peptides,
drugs, cytokines, extracellulaz matrix molecules, and growth factors. In certain embodiments, one or
more therapeutic effects of a therapeutic agent are increased when administered in a regeneration
matrix. In certain embodiments, a regeneration mattix may be seeded or mixed with cells including, but
not limited to, stem cells, progenitor cells, nerve cells and/or glial cells. [00091In certain embodiments,
the present inveption pravides a biogbso le tissye regenerati rix fqr inducing regeneration of
functional tissu%%ﬁ%%%ﬁgl%%%?%t?d? Frﬁ?;{'igl%s%u%lj%l(l:’[.lé §1 gﬁgﬁéﬁﬁgﬁﬁ%@@gﬁ%ﬁg}% on matrix
promotes autoreljevranatitsn thégsuwias theesitdonhapplcationo ganje (tairedmbbiimentsgeairdgeneration
matrix increases, biglagicabasi e tauipBdng s AEAIR AMRAdITENIS A generation

trix can the form of a

matrix 5 is in solid or semi-solid foun. For example, a regeneration m ein
three-dimensidheRaTiisTiRnfhseBpPRIts il TesaselapEesinEHiMsaTPPIsties wcufonitred a
suspension. BigfbeseritimeftoePsawings [0010]The foregoing features of the invention will be
more readily understood by reference to the following detailed description, taken with reference to the
accompanying drawings. In the drawings, "RMXx" refers to a regeneration matrix. [0011]Figures 1A, 1B
and 1C show tbammgtzrehthminyentiomphages into Von Willebrand factor-positive endothelial-like
cells. 2A: Macrophages (light staining) and Von Willebrand factor(+) (dark staining) cells at site'of
spinal cord injtﬁ;f))%ﬂd reéb HispiapRiEsREE YRR pYdestntsdennrrdusiae Double
staining shows bpatshieaicatacnbbawnhat Bilxeivageisatian3Rof3lack ctainiagc RerarRRhages
(light staining)agﬁressineg%}/on thlljlelgga Eﬁctor, shown at 400x ma%:ific ion, 2C: Macrophages
expressing Von WillEhtand TAcir Are foWliig A 5IooH B SR BifH 2 S Qcﬁﬁia%ﬂ?ﬁél&ﬁon.
[0012]Figures @An2Bis2@ awidDg honnthdinifed taftiegénéreat) tivnegs tixutrdativert; pandebspinal cord
tissue. A show inaleord "!g ! e of a regeneratign matrix. with healthy blood
vessels indicafﬁe%%%gpgh%{/lv%g %%R%%é% rat s’gc%rglgg(gi%% v?/lr%g]rlé({[(iat%én %l%scgﬂ%%ag\c/)ln é[rg]?rgr%% r% healthy
blood vessels &fdaptestedimatiowsogensraiomrrritsdsrptodpnsd| tooptpesategicifivr alptigéneration

matrix, where peggnaraisshealfydGNE %ﬁ&&gﬂ%@f‘lﬁ%&%ﬁﬂ%ﬁ%%ﬁl@%,‘é‘%%é@ﬁ%ﬁ&%r?vme”t- Dis

another view of the damaged spinal cord tissue of C, showing regenerated CNS tissue and a
longitudinal seRABE 8% AOdRASAdRosHALSse A ot Bnmigihich %lk%ﬁﬁ@gﬁhkﬂ?%f%@ﬁéneﬁaﬁon matrix
produced usinggeiraliiedabiaad-aid deiesn final fikipjéen conamad Wit thainaticall(r) production
cassette. [OOlg;‘lEi%ure 4 sh£W§.a paraffin section of 3-Wee%§ld r%efgrgp%:ﬁtion matrix made from whole
human blood. T FEYEARRHEH AR A0 S TSPE IR BAlPhsaileRst saltacicarpbratignRi.
Hematoxylin staicariginvasbooiingpiats ly eegattetom mitde dtidarbrd frpadabihthe nivadssirl stains strongly
with eosin. A r rly resolved when using high numerical aperture lenses
(high resolutio%&%%%%e%%#é%%%%g@é’t‘r‘%%t{grg\r/\? %ﬁae:g%%?%sééﬁgﬁ%aﬂ%@oﬂﬁ&? HPFsseﬁl(%Ssible to
observe smallthstipeisietidadine s hhmes deingsoob sateninptsarb isatiomo réncerntaiact structure.

embodiments, a regeneration matrix is produced from blood, for example, from a

subject’s own blood.

[0005] A regeneration matrix produced according to certain methods of the present
invention has therapeutic properties in that it is able to initiate, increase, support, and/or
direct tissue regeneration at a site of tissue damage, loss, and/or degeneration such that
surrounding tissue regenerates normal functional tissue. In certain embodiments, the
present invention provides methods of administering a regeneration matrix to a subject,
wherein the regeneration matrix initiates and/or increases tissue regeneration. In certain
embodiments, damaged tissue to be regenerated according to methods of the present
invention includes, but is not limited to, nerve tissue, muscle tissue, liver tissue, heart
tissue, lung tissue, and/or skin tissue. For example, in certain embodiments, the invention
provides methods for harnessing the natural regenerative components of blood and/or

blood clots and engineering them into a regeneration matrix that can be delivered to a



6 [0015]Figures 5A, 5B, 5C, and 5D show scanning electron micrographs of a regeneration matrix
produced using clotted blood and 5 pm final filtration. A - 200x, B - 1000x, C - 7500x, D - 7500x.
[0016]Figures 6A, 6B, 6C and 6D show scanning electron micrographs of a regeneration matrix
produced using clotted blood and 11 um final filtratibn (21 days). A - 200x, B - 1000x, C 7500x, D -
7500x. [0017]Figures 67A, 7B, 7C, and 7D show scanning electron micrographs of a regeneration

matrix produced usjing non-c i TA).blood and 1 Inal filtrati 1 days). A - 200x, B
- 1500x, C - 5%&%%&6 ﬁo%b%%%f%é%%%%% 8s lg\l/lvzs?éﬁfirg F e?%ég%gﬂ%?%%%é%neraﬁon matrix
produced usinginiotizihgsadusisa ahdon-Lugehisreistiter SBrEtDOOX magnification). [0019]Figure 9 shows

transmission GiRREPN MRy dhbdMa 2rday ol isarneratamAl R prknarsd from a tissue

sample passed through a 5 um filter. It is evident'in this IBM that the rounded spheres seen in the
scanning electFORHRT SR SSHYS s trptengiivnss hatrserltdn e damse R MImogensous
structure or adesegaigioh treseveplieies Id beteishdbeniancaetatsies 1002 kigetae10 shows

transmission electron microsQ oérrg% -week qald regeneration ‘I[Eﬁ ix.made from whole human blood.
The regeneraﬁ%ﬁ%ﬁ?ﬁi%e&’&ﬁlgé;ﬁ Jene R H S E Lgégfnoeegggh aggregate had less
small protrudiagmmmmtmwﬁsu@ekmtchmgm@@mmammm _d%igﬁn@%m:hchwﬁs somewhat
honeycome-sheedhe mestalegive aanasment nlon onRarielesl Mank e adaegales of

regeneration matrix formed along 101§ Strings of regeneration ratrix materia ure 11 shows
transmission disetsenrrkeisepy biscancssivelek wid/ oo guviepktisternsitixIirtadhoratipmaté Yitman blood.

The regeneraion b ainagemaospentlians dsutsideryy acadligarbagaisoare had less

small protruding spheres than a 3-week old regeneration matrix (see Figure 9) and was somewhat
honeycomb-sHFe Hh¢tRReHiiSstasHdRGR e Ry ARt Atmifethioarotqiattesgtyles, drugs, cytokines,

extracellular matrix molecules, and/or growth factors. In certain embodiments, one or
more therapeutic effects of a therapeutic agent are increased when administered in a
regeneration matrix.

[0007] In certain embodiments, the present invention provides a regeneration matrix
comprising a bioabsorbable structure that has tissue regenerative properties. In certain
embodiments, such a regeneration matrix includes one or more proteins. For example,
such a regeneration matrix may contain one or more of: transferrin, serum albumin,
serum albumin precursor, complement component 3, chains A-D hemoglobin, IgM, IgG1,
medullasin inhibitor 2, carbonic anhydrase, and/or CA1 protein. In certain embodiments,
aregeneration matrix lacks substantial metabolic activity.

[0008] In certain embodiments a regeneration matrix of the present invention is
supplemented with one or more therapeutic agents including, but not limited to, proteins,
peptides, drugs, cytokines, extracellular matrix molecules, and growth factors. In certain
embodiments, one or more therapeutic effects of a therapeutic agent are increased when
administered in a regeneration matrix. In certain embodiments, a regeneration matrix
may be seeded or mixed with cells including, but not limited to, stem cells, progenitor
cells, nerve cells and/or glial cells.

[0009] In certain embodiments, the present invention provides a bioabsorbable tissue
regeneration matrix for inducing regeneration of functional tissue at a site of application
in a subject. In certain embodiments, a regeneration matrix promotes autoregeneration of
tissue at the site of application. In certain embodiments, a regeneration matrix increases

biological activity of surrounding tissue. In certain embodiments, a regeneration matrix



[0022]Figures 12A and 12B show SDS-PAGE analysis of a regeneration matrix from 5 diﬁerent
batches. Total protein in the regeneration matrix on days 15 (A) and 21 (B) was stained Wlth.
Coomassie blue. Major protein species are numbered 1-6 and presented in respective densitometry
graphs. Molecular weight standards (K.Da) are indi¢ated on the left side of the gels. 7 [0023]Figure 13
shows total RNA content (gg) in regeneration matrix and supernatant of 21-day cultures (5 pm filtered)
that formed inyihe: RiepGas-eLammanll ENA Lok merase aiier), aphioiealn (D pomerase
inhibitor), or cyclohexamide (protein synthesis inhi f'gorr) vereus con rols. ﬁﬁfl . T ws total _
protein contertiperéigeamsion Wﬁﬁi%ﬁ@@m@@n@ﬁﬁ&l@mﬂtw%ﬁ@mmm&w formed in
the presence ptanamagitin (RNA Il polymerase inhibitor), aphidicol_in (DNA polymerase |nh|b_|tor), or
cyclohexamide (protein synthesis inhibitor) versus control. [0025]Figure 15 shows totgl protein content
in regeneration matrix and supernatant of 21-day cultures (1 pm filtered) that formed in _the presence of
a-amanitin (REwefl Desorintion o fithéRoayvimgsus control. [0026]Figure 16 shows total lipid content in

regeneration matrix and supernatat of 21-day cultures (1 gm filtered) that formed in the presence of

a-amanitin (Rj¢610]polymerasediin PR e SUs SRR IPRAT K ie %&Wﬂﬁ@é&lﬁ g}r matrix and

media comparison of cogmasie stained protein bands from 1 gm filtered to5 gm filtered ‘matrices.
[0028]Figure ¥ e§?fb‘iﬁ§°tﬁ“§ 2?#&‘?”8&@?5@#@&6%%%é@ge%a‘ﬁﬂhﬁ%ﬁ?rs%%@éhéé%amat,
separately) prrdwied.ifplacéssvings iERVEY difiesaptsepplemesiseithe up-regulation of neuronal

genes. A: NT'[EOFI:] NCWgﬁ]r'ésCl:A(?'%]?é%%' 1C show transdifferention of macrophages into Von
Willebrand factor-positive endothelial-like cells. 2A: Macrophages (light staining) and

Von Willebrand factor(+) (dark staining) cells at site of spinal cord injury and
regeneration matrix implantation at 2 weeks post-implantation in a pig. Double staining
shows up as black color. Shown at 200x magnification. 2B: Black staining =
macrophages (light staining) expressing Von Willebrand factor, shown at 400x
magnification. 2C: Macrophages expressing Von Willebrand factor are forming a blood
vessel, shown at 400x magnification.

[0012] Figures 2A, 2B, 2C and 2D show the effect of regeneration matrix treatment
on rat spinal cord tissue. A shows healthy rat spinal cord in the absence of a regeneration
matrix with healthy blood vessels indicated. B shows damaged rat spinal cord where
little CN tissue is evident and no healthy blood vessels are present. C shows view of
damaged rat spinal cord treated with a regeneration matrix, where regenerated healthy
CNS tissue and cross-sections of blood vessels are evident. D is another view of the
damaged spinal cord tissue of C, showing regenerated CNS tissue and a longitudinal
section of healthy blood vessels.

[0013] Figure 3 is a photograph of a regeneration matrix produced using non-clotted
blood and 1.2 pm final filtration contained with the Opticell® production cassette.

[0014] Figure 4 shows a paraffin section of 3-week old regeneration matrix made
from whole human blood. The regeneration matrix does not show any indication of intact
cells or nuclei. Hematoxylin staining was completely negative in all section analyzed but
the material stains strongly with eosin. A beaded structure can be clearly resolved when
using high numerical aperture lenses (high resolution). Besides the beaded structure
which comprises most of the RMx, it is possible to observe small regions of flat sheets

that seem to be composed by a more compact structure.



[0029]Figure 19 shows the fold up-regulation of genes caused by regeneration matrix and
heat-inactivated regeneration matrix on SH-SY5Y cells. SH-SY5Y cells were incubated with
regeneration matrix for 3 Jars and then analyzed for GAPDH, NT-3, NT-6, NCAM-1, FGF-9, GDNF,
Netrin-1, and GAP-43, gene expression using RT-PCR. A regeneration matrix washed in PBS 3 times
had activity similar to unwashed regeneration matrix. A regeneration matrix that had been incubated at
60C for 30 mi no egulation activity OOSOE]XII?@ure 20 shows neurite extension by
Neruoscreen(g)’ Cells T?é?gg#%éﬁgagfae%%ﬁgﬁ%%nsﬁa Aix. eﬁgpealt?lce Osrh%’\}\%ogrl%’%?eosé%tative field of
Neuroscreen{§eS8REtpoaas irbedehosinge! ightlpahehdhows fneé flestntatie fiele,d eells treated

with a regenefatipr matrixgéehnugigpare stained blue and tubulin is stained green. [0031]Figure 21
shows a comparison of neurite outgrowth of Neuroscreen(r) cells cultured in the presence or absence

of a regeneratitH thatriX 1RES 848 Spred 81y show scppibirisst ot mistagiants ofiagrowth index of
NGF treated cefimcHiivrasalii prodicman Ssabd isipapdentexpatmenissdens ingyadiuplicate.

Error bars sho e gta d deviation of the mean. Values of regeneration matrices treated and not
treated cells ét%oré]l §rér?t8l %ﬁﬁ%ﬁfﬁ@é“%ﬁ?g@qﬁerence below 0.01 (t test). [0032]Figure 22 shows a
comparison of¥i&Tlite dtiggresvdlAf T T saéeD chilw sudiitind dethiepiekessedt afggeneration
matrix producgd.yith.ay ' E.and bEGF growth fact mentation, Results are
expressed as tHe percéﬁr%g%%gg t%ﬁe%%du}lﬁlél%ﬂ%rg%ﬁ?ﬁr%sel% %ﬁg@t‘? Oaiﬁnée?%.“mz‘gi% ults are the
mean of at le&&Eafierdplichs)satnpldxTRe E5AdkbErs Izt theD8tdmdard deviation of the mean. All

values are difgsest rormigachy oihGri b Helue BRIGY.QIGH). 032 ighre 2a.shows NG

dose response curves of different concentrations of NGF on the neurite outg owth o KfénLﬁoscreeng)

cells. [0034]Fure Fed hinnd e totdundiaalddmieniolfOsvargnifigmisitive NGF control (fig. 23; 100
ng/ml NGF) goahe] meargiéotahipngiaphnessieesiaronh whsn( eriPNRALiges produced in

TR-10 process rgr%di? are a%%lfied. Thg ttregene_ration matrices were produced from either whole blood
or from the p[%l gma% Lo, fagt We@gée[ o a tissue sample passed through a 5 um filter. Itis

evident in this TEM that the rounded spheres seen in the scanning electron micrographs

(figs. 5-7) are part of a much bigger and relatively homogensous structure or aggregate of
these spheres. There is not evidence of nuclei.

[0020] Figure 10 shows transmission electron microsopy of an 8-week old
regeneration matrix made from whole human blood. The regeneration matrix stained
homogeneously and the outside surface of each aggregate had less small protruding
spheres than a 3-week old regeneration matrix (see Figure 9) and was somewhat
honeycomb-shaped (the most effective arrangement method for particles). Many new
aggregates of regeneration matrix formed along long strings of regeneration matrix
material.

[0021] Figure 11 shows transmission electron microsopy of an 8-week old
regeneration matrix made from whole human blood. The regeneration matrix stained
homogeneously and the outside surface of each aggregate had less small protruding
spheres than a 3-week old regeneration matrix (see Figure 9) and was somewhat
honeycomb-shaped (the most effective arrangement method for particles).

[0022] Figures 12A and 12B show SDS-PAGE analysis of a regeneration matrix from
5 different batches. Total protein in the regeneration matrix on days 15 (A) and 21 B)
was stained with Coomassie blue. Major protein species are numbered 1-6 and presented
in respective densitometry graphs. Molecular weight standards (KDa) are indicated on
the left side of the gels.



fraction. [0035]Figure 25 shows control primary rat embryonic spinal cord cells, labeled for neuronal
tubulin (Tujl) and glia (GFAP) six days after the start of single cell suspension culture (two exposures
to show all stained components).. On average, 4.2% of cells were Tuj-1 positive and 0.4% of cells
were GFAP positive. 100x magnification. [0036]Figtire 26 shows the effect of regeneration matrix on
primary rat embryonic spinal cord cells, labeled for neuronal tubulin (Tujl) and glia (GFAP) six days
after the start ¥gle él& ' tyre (two exposures to show all stained components). On
average, 55%[%%1"5 W%g e 1839?%%(‘;2%‘\% ian @ﬁ%%‘ﬁ@l@ %é?%%ﬁ%%%ﬁﬁ%%‘oume positive (Tuj-1

& GFAP posifive§raaiftee hdieasvaisisiipvasitterd) dhrbfemied i diks pkencmsfynifinaicin.
[0037]Figure%@A,12%@ﬂg@gﬂgﬁmmmﬂpwg@%&t&g&%ﬂgfjor 13- tubulin (A) and
[

F-actin (B) of human fibrgoblasts cultured for 5 days on a regeneration matri ’(&r& D) versus control (A

& B). The metGIANGEEHIF (Reotangitbesisibities)me proressledium used to produce the
regeneration [oezdk. Thﬁgtumﬂnsﬂbmhkﬁél%ﬂﬂémf@&i&l@ﬁ(‘%@g’éﬂ@fﬂ%ﬁ‘)ﬂ&ﬂﬁ'&ﬂ d- xﬂ&?&ﬁ'\?‘l welre
significantly le nfluent (and a red tg be undergoing apoptosis) compared fo control cultures. 9
[0038]Figure %?83;[: F%\?Gsc Yﬁé“%?r@&%?@ga@%%ﬁé%ﬂ%%‘lﬁ& B PSSR AraRRRER (RAkroBlast nuclear
area, and % Bedfipasttinhiiio)lastslinok:ayNAlistemstersustEbinti) ofRIIVLEIGHRRY shows

regeneration mqgﬁigpﬁ{gégﬁtj%g%g?’rg&g% Er()a}lrtll_soqf:tlon model (5 mm) of SCI induces motor function
recovery. Locomotor function recovety results as measured by BBB score were recorded every 2

weeks post iHif35And réigarretatibevasatit proptamcoBBB Soegedertndiviciak anisajs:trageneration
matrix - M ansranligieued A0ARMAIS R eROME R e Baddocidenan . Al BuTRIIRTON In rat
plant.

transection model of spinal cord injury for rats receiving a regeneration matrix | egeneration
matrix impIa&@ﬁ%ﬁﬁam@r)l‘@f%ﬁ%tﬁﬁ% incidence rate of cyst formation at and around the

site of SCI, wjoileéhe congintasisaissidm HphachaGRYh ReRRERFAIBAKCYS IRpmation: %Ef“”d the site

of SCI. [OO41%Figure 1 shows rei%ener tion tmatrix implantation into rat hemisection mode
1-day cultures (I um tered?that ormed in the presence of a-amanitin (RNA II

polymerase inhibitor) versus control.

[0027] Figure 17 shows PAGE for matrix and media comparison of coomasie stained
protein bands from 1 pm filtered to 5 pm filtered matrices.

[0028] Figure 18 shows the effect of regeneration matrices (and their associated
supernatant, separately) produced in process media with different supplements on the up-
regulation of neuronal genes. A: NT-3, B: NCAM-1, C: GAP-43.

[0029] Figure 19 shows the fold up-regulation of genes caused by regeneration matrix
and heat-inactivated regeneration matrix on SH-SY5Y cells. SH-SY5Y cells were
incubated with regeneration matrix for 3 hrs and then analyzed for GAPDH, NT-3, NT-6,
NCAM-1, FGF-9, GDNF, Netrin-1, and GAP-43, gene expression using RT-PCR. A
regeneration matrix washed in PBS 3 times had activity similar to unwashed regenération
matrix. A regeneration matrix that had been incubated at 60°C for 30 min had no gene
up-regulation activity.

[0030] Figure 20 shows neurite extension by Neruoscreen® Cells Treated with a
regeneration matrix. Left panel shows a representative field of Neuroscreen® cells
growing in basal medium. Right panel shows a representative field of cells treated with a
regeneration matrix. Cell nuclei are stained blue and tubulin is stained green.

[0031]  Figure 21 shows a comparison of neurite outgrowth of Neuroscreen® cells
cultured in the presence or absence of a regeneration matrix. Results are expressed as the

percentage of the neurite outgrowth index of NGF treated cells. The results are the mean



(5 mm) of SCI induces motor function recovery. Locomotor function recovery results as measured by
BBB scores were recorded every 2 weeks post injury and regeneration matrix implant. BBB score for
individual animals receiving a regeneration matrix implant. Non-implanted controls did not survive to
the first evaluation time point. [00421Figure 32A: Functional recovery following regeneration matrix
implantation into spinal cord of rats that had a 5 mm full transection. Figure 32B: Functional recovery

following a regepesatl rix implantation into spinal.cord qf rats 2 weeks post contusion (50 mm)
injury. Empty contrplgl%étlégéld én%tg%%n\?g%gggﬁ%gl s%lr%ggrlyg -'\/v(grer §$?:)%§f%%v¥|ﬁ%i8tﬁl? re 32C:
Combination @efiatarseichemarr dovesiofieasosetintivatingsaffierdyand acidgenetatiinameatrix in

trealing spinaliapidsiuiy: pntal BRImAIBEHKIA SRpY GPpifalf and biologically inactivated
regeneration m@g%ix controls from both injury models. For each of Figures 32A, 32B, and 32C, the top

line represent@ i

b frofi UG eetATGha A ATRaTHFs O rareits MA oWl I@fﬂi@uﬁmtﬁ?nﬁmll‘épresents data
from control asnimadel. 0 Jfeignte S sbguMsrHidh lRERREFAINR ALK nPlaRiaticBdRdIges motor
function reco%%ré(]};n R)i%pfin%l cord '%&tzst.caurjaed hy impact and/or surgical hemisection (including
removal of 5 mm ofspinal %%P&)S?UIBPA 1BUST, PSS PrReretrssrd esdhe RTpertpas Qg resulting in
tearing and tissugttosggibsytinalen uf NRGF &@atetoativetpansitation injuridyol 4 gaoaneedle. Pigs
55-1, 53-2, 54 = | as all control pigs, recejved surgical right-side hemisection (5 mm
length of righft%-esﬁi%j%g%f%pi g%l\gﬁcéoerlgofetrﬁggdgg@%%&ﬁo éﬁf?ggﬁb 17188 %?%I%ﬂ%am%sasured by
modified nunféfciifersmine rasihatherrwitbral Bo dveyelowek QPosttisjiry and regeneration matrix

bt 1obedibia e Bl AR A L A P Rl v oo
0o

in pigs implanted with regeneration matrix or with homogenize clots. E?gure 35 shows a

comparison ﬁﬁg%%%%&%?@&@é%&e@ﬁvé@l@s in pigs implanted with regeneration matrix

or human blopi34pt aftEfgﬂg&ﬂ%Bﬂ@&@ﬂié%mi%&w(ﬁéeﬁ&iF S g e A ReipRbaar removed)
spinal cord mge%lrlef}[?ggfgg@ﬁ%? shows a comparison of [pcomotor recovery in pigs treated with
. p

human regeneration m HOABRAPSAR QL KA deratheqt aemsiis AMfgret e asae (served as an
internal contriiyswesitive smmiednbodhcgdanER Woiedhesinjyiedarghiside. resovasasighificantly more
(p = 0.03) with, [ frix than with the blgod ¢lot. [0047]Figure 37 shows newly forming
neurons (browé?gcté g%&%%@éﬁ%@%%nﬁ@ﬁg%a%p%lr?g é)ér%ofgr#%\}’a{ﬁ fﬂgépbﬁ&]ﬁf‘ﬁf%ﬁﬂ?tpost
regeneration #3gt#Rimplantation. Light color = nuclei of cells. Dark color = Tuj-1 positive cells. Black

color = doublpgianing pMagEcRERR é%x%gﬁ)fmmary rat embryonic spinal cord cells, labeled for
neuronal tubulin (Tuj1) and glia (GFAP) six days after the start of single cell suspension
culture (two exposures to show all stained components).. On average, 4.2% of cells were
Tuj-1 positive and 0.4% of cells were GFAP positive. 100x magnification.
[0036] Figure 26 shows the effect of regeneration matrix on primary rat embryonic
spinal cord cells, labeled for neuronal tubulin (Tuj1) and glia (GF AP) six days after the
start of single cell suspension culture (two exposures to show all stained components).
On average, 55% of cells were Tuj-1 positive and 92% of cells were GFAP poéitive.
Double positive (Tuj-1 & GFAP positive) cells are indicative of triphasic neuroprogenitor
cells. 100x magnification.
[0037] Figures 27A, 27B, 27C and 27D show immunocytochemistry staining for -
tubulin (A) and F-actin (B) of human fibroblasts cultured for 5 days on a regeneration
matrix (C & D) versus control (A & B). The medium used in the control cultures was the
process medium used to produce the regeneration matrix. The human fibroblasts cultured
in contact with the regeneration matrix were significantly less confluent (and appeared to

be undergoing apoptosis) compared to control cultures.



[0048]Figure 38 shows microscopic evaluation of a longitudinal section from a rat spinal cord
regeneration study. 38A: Primitive cells associated with the regeneration matrix are filling in the spinal
cord defect. Taken at 10x magnification. 38B: Primitive cells at the site of new neural tissue formation
10 days after the regeneration matrix was implante8 into a 10 mm spinal cord defect. Taken at 40x
magnification. Detailed Description of Certain Embodiments Definitions [0049]"Acellular sample™: The
term "acellulagagiple” A ised WRIGIEBIR.2 biolodical sample generajed by remoying cells from
an isolated tissue sample. In certain embodiments, an acefular sample’is useu &hte an
acellular bioabS&PBlastaureerarey and fatind thaositivirfibrailastr is 2ndpiecolinrbevgans kateitofrom any of

a variety of tigggggampie:Hees Jrehe ¥R AGRIK IRLSATRISMAY ke @ﬁqgr%lg% Jrom any of the

four basic animal tissue types tissue, connective tissue, epithelial tissue, and nerve tissue),

muscle ) L
any of the thr8¥ g B Pfi§é5é“%€§ RSt fnsiden Eecaseyal kresuRotan Bmeticutaeaisstie), any of a

variety of otheessiiecifimbssuedypBBE GorblRer adiveEdisnsio) IRARLEAMARY £RMDbINation of these
or other tissuer:estéljél)leers.tln cer ajn.emggﬂgirﬂaﬁgs, an 11,faé%iléijlar sample is generated from placental
tissue, from tiSeue of the URBTICAPE8td, HHaSPTINT (REvid e SrEmsis s ResraHe aIRiFgMrgan
systems: cardindasuttds -cif)estive, endocrine, excretory, immune, integumentary, lymphatic,
muscular, nenaug; repigguictiv iratory, and/or skeletal. One of ordinary skill in.the art will be
aware of othe[rﬂgss]ue typggﬁﬁor(ﬁ_s\}/{y%?&d%%)egéee%u ar gg%p e Sg)f/% eagtlé)rlllenrlartaeyél.’aﬁf%%}?ﬁin
embodimentsitafcheé ipieg! sardpnivey derrstateckiving aigsuerammpletdsingrsing two or more distinct
tissue types. laegeitaimSMbatimaRisnRa %ﬁl&i%éﬁ[@ﬁ?ﬁtﬁﬁﬂ‘%ﬁ%&%}é&%ﬁ% EYEFSUG sample

through a filter with a filtration diameter small enough t0 exclude cells from passing through such a

filter. In certafErABRIAHEM eropnd dasitsof b e hd g tsentel syimalidetne) Aaks68%ample to

centrifugationi@ndetsingither sypesnatainh Lo@mafkrrdinasy skill in the art will be aware of other methods
sue sample It is understood that in generating an acellular sample

useful for rem@&ﬁ cells.from ?ati:;:g _ r

from a tissue Samile, soifE G A P SRARSAHRR ALEX i Blatiatoanio s hemiseaiioadandehr sample
comprises ong armofeSChindonsnts foofurstion lgsekoellsobatettaifamboeicaents raniacs]lular
sample exhibj tantial metabolic activity (see definition of 'substantial metabolic activity",
infra). [0050]'%%(%%%&%%%?%%% gfgrﬁfggfgﬁ%ﬁg e%rr%vge(i:(ﬁ 3 %%ﬂ%%géﬁnﬁ%@ébsorbable" as
used herein réRifitoitdasha iR Esistie B éxdévidgalominiphitedetiving mrtizereoatiex haftesbiological
environment. jjpgatai SR PHREN S AL YEDREALGR AL invention, and/or produced
according to one or more me%hods ofI%he present %%%%%ﬁg%%%%g%%gmgpgﬁ%orbable" in the
context of a H¥BdorbdBr e den cFaneronmdfscayHsielipwing eceenenteatoatndmplentaidmo longer be

recognizable iaseyistingoia 5 iiiakionn i phsenadatadine efieritvasnlacechin e sqytext of a

biological en\éjﬁament. In certain embodiments, a bioabsorbable regeneration matrix may”exist for

NSRS TR B e BB BIBBICAr AL ISh AEpRk EBRExample, a

days, weeks 0

bioabsorbableors¢gene (Al ammatjixymBynexisioiarol rats Jidnst wé sSc8niQuider;t 3 A3vebls 15, 16, 17,
18, 19, 20, 2 0, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120,

23. 24 30, 30440, 45, 50 , ,
130, 140, 15%)10%%66)11%17 ?ﬁé@%gf/s;%@ ';n‘%hr%gw 8%?{%&%%?&%08%%%‘%% Biedflenvironment. A
bioabsorbabledingéne eftiorcimef A xagrngiotidn omts v ipdcbiting nyiodlavariefyref Keahsinisms. In certain
embodiments,&,birahsarmableegensiation maldemayhe Rigabsorbed through the action of cellular
activity. For example, a bioabs%grf)able regenera_ti%%r% m%trlr%%ig i%%af)&s%%aéal an%é‘%Xt céngrg ion of
macrophage&thabte s medpls. tisasadiodBigumes 324, 32B, and 32C, the top line represents

data from regeneration matrix implanted animals, while the bottom line represents data
from control animals.

[0043] Figure 33 shows that regeneration matrix implantation induces motor function
recovery in pig spinal cord injuries caused by impact and/or surgical hemisection
(including removal of 5 mm of spinal cord). Pigs 00-6-5 and 113-1 received severe
impact injuries resulting in tearing and tissue loss of spinal cord. Pig 80-1 received
penetration injury by 14 gauge needle. Pigs 55-1, 53-2, 54-5 and 54-2, as well as all

control pigs, received surgical right-side hemisection (5 mm length of right-side of spinal



regeneration matrix. In certain embodiments, a bioabsorbable regeneration matrix is bioabsorbed after
being broken down via mechanical, chemical, metabolic and/or enzymatic degradation. It will be
understood by those of ordinary skill in the art that the precise mechanism of bioabsorbability is not
critical, so long as the break down products of the ﬂ@generation matrix can be absorbed by and/or
excreted from the body. [0051]"Incubating": The term "incubating” as used herein, in the context of
producing 2 regeneratan Al {E e RIocess ol AEUNiting tng seqeneration matrx to form
over a period of time. In certain embodiments, a regenération MaLIX 15 pro uced %ﬁﬁ%g ing an
aeellular sampielih SATRsCHIatToePEdRaraiRy (Yeek definttionyoftdmegbmiativoeatibeithpilig). In certain
embodimentsiiaoeuiaisepifon o eRRae RS RLAPMBNIAC iR ARAGERRDRE G |ing

incubation. In certain embodiments, a regeneration matrix is produced by incubating an acellular

sample at any'§F5 VA RS Blartisbrathiegcngatior matteonrauhonmassired lnafeatsa liquid state.

For example, [p0dF]incubigiien3mahohs pesiapaiadRber-ierpasaiefkdl rdobveicd ovef75, 6, 7, 8, 9, 10,
11, 12, 13, 14 9, 30, 31, 32, 33, 34, 35, 36, 37,

W%é{slg 1175,.1811%3%1, 22,23, 24, 25, 26, 27, 28, 2

38, 39, 40, 41, dlegbrgesuﬁpe SIUS, 0 ’f&%%’ﬁ%%%ﬁ&%’%‘ﬂe'h&@éﬁ| 3?%%&%?%5??%% a liquid state
at these tempemaisresoin(entaiergiibotiiglerite tbesienapesat usmovay) spiint wwadagwid/or decreased
during the incigagiipn Peting. sychdhatin 10N occurs over a range of temperatures. In certain

em bodiments&g re%energ%%en r%atP:;g’?saErc%%%tlesgrb?/%%)gﬁggttﬁrgr?r? ‘é%glmlgltggagr%ap%éj ‘e’tvt@ny of a variety

of atmospherpiEsEgeasTationaReiniphs, eod cétdb7 seaeksloasteSWBe Tineuipinpuest | Shavidard
Atmosphere (AR hsam4REE SSHER B HALGHRTRBION ’Sb%vl;hés%féé}meeﬂm;ﬂ@&ﬁ £ ﬁeatmosphe”c
ple. 0sp

pressure is changed during_ incubation of an acellular sam or example, the at eric pressure
may be raised SN ISRREFSIEL RETHEUB A Witk b ars@rembompait hyeyébahetidaohatrix is

produced by iletibating an acellular sample at any of a variety of ambient oxygen concentrations. In

certain embod] ts, the ambjent oxygen cqncentration is lower than standard atmospheric oxygen
concentration?d ﬁ]ﬁexamﬁ'&etae%&%¥ W&?&%‘H%ﬂ%ﬂﬂ%%ﬂmrﬁﬁﬁ%eﬁ5%}&6}10%59%@3’

approximatelya2d spdal&yrd Serhdydlpinl Hpikdat 13ndth pbsl R gBn&atloBnhirik SnRadien. less. In certain
embodiments; : ie n tration during incubatign is,nearly.or exactly 0%. In certain
em bodiment}lg_hﬁe%g%?era%}gr@ r%gﬁ?@?g%%ﬁ%gﬁ Syuﬂwncl? 53 #{r‘(ge ‘é% %c?%??ﬁ?a?%égﬁpﬁg% %my of a variety
of ambient hutaiginasVisgedieativeinBOBiments, ambient humidity is kept low during incubation such
that evaporagns 1K) - 56l A RBle. S AGIERSES BN Al . ERUMeS nev

solute-containing liquid (including, but not limited to, e.g., a "process medium™ or "physiological

solution”, sec’BIBRHEEhECHREPHOB S Ry Rripinsdelsipsaeriaiadavith theatigsaersiimple that has
undergone eviaparedierillisucthespaediprdsrdtwvithemdersinad thakihe aspolafifyRhthe acellular

sample increasges over time as a resulf of evaporation and addition of new solute-containing liquid. In
certain embo‘é%%e%&ef}‘é@ﬁ%?’aﬁﬂ tﬁ%%’%ﬁ%ég Ry Sl A S LN BRERR S in any of a
variety of efféntplentgrdisitatiottahiielesisbagthdefcertaiemidibegnicaisggeneration matrix is
produced by incubating an acellular sample at an effective gravitational field strength approximately
equal to that of earth's gravity (e.g., at sea level and/or at one or more discrete elevations above sea
level). In certfiailed Description of Certain Fmbedimonts produced by incubating an acellular sample at
an effective gravitational field strength greater than that of earth's gravity at sea level. For example, an
effective graJReffieitighsield strength greater than that of earth's gravity may be generated by incubation
below sea leygh@in acemiifi.BIona s sush el ddes Molpiaduse apyshaing. In certain
embodiments, a régeneration matrix Is produced by Incu atlng an acellular sample atan effective

gravitational RISHSEdrgmPIseeRaTas thatesnuirgcs iy Siany an selited Bsskosasxalendlecentaffective
gravitational giglsbatrenmionarnihandhaiofsans geavlemay ke aanasaiedybinsrbation at high

altitudes or in space.,[OOSZJ"_Incubation chamber”: The term "incubation chamber" as used herein

refers to any SEHVEHER B ESn A arelinat sARp s SRR HiGH Aemsny et NS T fistubate”,
supra) an acedilsle saew|E sluskachinsaatios i sagerRAmYM Q&Uﬂ&emﬂ%ﬁﬁtﬁ{z gmhodments, an
incubation ci%amcper.c%ﬂin&@srise a smdaﬁd Iaboratolgﬁconta[ner, such as a flask, culture dish, beaker,
etc. One of ordinany Skl T the At Wil BE tare SPRIREFSUSH shithab fitsemapdAFShoratory
containers. ltisseeiaineofibethreatssanpiactiiationypha(alrendaiykEsésabeaiad andemi-sealed
container. In | d ani ion chamber is a sealed or semi-sealed container that is
permeable ofas?e&r%%p%%npéeaé f‘c])}%ﬁ%ng?}%ggrgeﬁj seﬂgg%glr%eés.s %?yg)e(: eﬁ'é,g %"g;?faﬁﬁ% ffﬁsgghments, an
incubation ciafdeiclreBrmpricen kinsiomirdhasmen other tirsublypes aiinarediin gabedisentsleaules. In
certain embodiments, an incubation chamber comprises an Opticen cassette (BioCrystal Ltd.,
Westerville, OH). In certain embodiments, a sealed or semi-sealed incubation chamber is designed
such that material may be added and/or removed to the container after the incubation process has
begun. For example, an incubation chamber that is permeable or semi-permeable to air and/or
gaseous molecules 14 may be designed such that liquid and/or solid material may be added and/or

removed from the chamber at one or more times during and/or after incubation. In certain
ambodimente a cealed or cemi-cealed inciribatinn chamber ie deciaoned <i1ich that matarial mav he




concentrations of one or more particular ions, and/or any of a variety of other solution properties. In
certain embodiments, a process medium includes one or more therapeutic agents (see definition of
"therapeutic agent", infra). In certain embodiments, a process medium is added to a tissue sample
prior to, during and/or after isolation. In certain emBbdiments, a process medium is added to an
acellular sample prior to, during and/or after removal of cells. In certain embodiments, a process
medium is adglg ?gl lar sa during the process.of incubation. In certain embodiments, a
process mediun%q%é?%gd%]gg) at%nﬁj t%ge%%rerflré’én leg?fr?a%ﬁ?({elsﬁlrl&%soén g it gﬁf%n. C}ﬁlli ‘éaxﬁﬂ?&embodiments,
one or more capohentéisia prosess mudiofthedolédvingiengtheygenaratiarvasatiix, production
brocess becoggs il Al RIcducad eaRnrIlian Al IIBRIENRRIgIcRL Rlton™: The
IS

term "physiological sojution” as used herein refers to a solution that is similar or identical to one or
more physiol SEREIESHEIISHPERtP: sad ArkalsatnOpnyErsigreskillia dreateridihpryaiolbical

environment. dihe ek S RRYwal ol tieRlhas UsedibereybalsthEsirrs thhaseliion that is capable
of supporting growth of cells %i;]f%ﬁing, btj)'% not limited to, mammalian, vertebrate, and/or other cells).

In certain embSHPTERTE AP iSO T SFPEEHISH AU 4 RSHR SIS GRIPTIRSHTHA She
concentrationmdreatitindtttiesmegtasn bocepeinantdidikrawn-andiinbertiapedisefinedmsdia typically
contain all the nutrien cess Q suppott cell gro including, but nat limited to, salts, amino
acid, vitamins? ehslé%%%a :?g%geg%nn?ag%@ogﬁ% aeﬁiet%ygé&\;gie%a{s}ﬁ%#ggg%gw steye @nqﬁ%ﬁﬁﬁg
examples of dellnédmpasiina chuolegD e, Biesallredis Eagbte dBME), Mediiild9amipid 2 (Ham)
Nutrient Mixtuyg,E#LQ it j D ' ia ( illiams| Media E, and
RPMI 1640. gf%e%‘éorgag@} g%#ﬁ%? ?rgeg%é;t wil %Qaﬁéﬁ%%%%%%‘g% mge %Et %l[tign{g%% used in

accordance WifiPifiagrekdhintbe aronill hearrmaseibeumsthods el S lsmesinptetiofreomprises a
mixture of ong gEsRABEESINEMEdiRbCaHAR RbANSNR ADLIRINgiEaLSILIAR is a complex

medium, in which at least one of the medium components is neither known nor controlled. Although
physiological SR AR ORI SUa g P serelfesraiait SrRdimenis R ars drniamilas of the
present inventianprisewilider eleas franpdhenerfisetyehthiscdetailedidesaipiahoamaeasluar sample that
is incubated to produce a regeneration matrix.does not contain cells (see.definition of "acellular
sample", suprag)aﬁxfsjms%aé?ﬁfg\)g&u ﬁ%%&é’r?‘%%ﬁ%ég‘p%%%%% lr(ﬁ%%ifﬁ’ﬂ?’rég@%fl I&%‘Bﬁtﬂé 8?‘%33?}38%@ cell
growth, it is uprdtatstbodctivity®egmwth is not a necessary component of regeneration matrix
production. Hgyyeyfer. 'mﬁ%@@_é&ﬁ%@?‘@%@%&%ﬁl@?ﬂ@t%ﬂ%?%ﬁ%a%%ﬂ@&o‘i@at")&“ hamber at a

specific time point or ti[pe points during the regeneration matrix forming process'fu?n these cases it is
understood tRREPERAPIBY SrorsepcirebaeiGh lRdbi chrhr eoitisinbavisting Hote aded siatdm theatrix
solution, can gypparstheMRRI afvhemrals agdadin thaipeshation cambes.0z0lRegeneration”,

"Regenerate”, "Regenerative”: These terms as used herein refer to any process or quality that
initiates, incré%%@?s%ﬂm%ﬂgg?p%%@@ﬂdéﬁﬁf)8??@?%8@%‘?&@%%‘3?&%5,‘}%Fd%?ﬁe,%pair,

functionality, petetivings sioabesbuble. StBiogihabibl: vitahy canekobihaabdeabyymind healing process
of weak, dama%edlrégst and/or dege era;ttkiln tissue,. These terms ?Iso refer to any process or

an
quality that initiates. Ol SitX mcans (o tes,ep.?&ﬁ%@%?%%%ﬁ&%% I GReTRHee le16
strengtheningisferistiimgalitts, ivitaltforoufbirese: date tiay afet/arviaalticed inahk ctineskt afid/or normal
tissue. In cerigin erphadimshtz.hepiesan! UeIHaL RoYIdeacompgeiions.and mefhads useful in the
regeneration of damaged, lost andlor degenerated tissue. For example, e Réds and compositions of
the present iAV@hEAL MR yaye. sraghe yeenanihstiaben iploced e thappext pforbotgigadi/or direct the
regeneration @{%m@gﬁquﬂﬁgiaraqﬁg%%ggg_iggéﬁgre{gogleﬁ | iments, te pyesent

invention provides a res?eneration matrix (see definition of "motrix", supra) that exhibits éne or more

regenerative Propedied br dedduits. It dartfin ldmiSodtntthdlrégcierdian &Orbridls4hithing,
increafing, rrgﬂﬂalﬁmgmrm@tim,?mpsrtm?, m_r,i/pz?girw,timppﬁ),orqur@ogi gocufoliwing processes:
natural wound healing, tissue.growth, tissue functionality, patterning, connectivity, angiogenesis,
proliferation é?ﬂ‘gfowg%gqiegfsglgf%?ﬁé’@%P%B’f ?%@ﬁ%ﬁbﬁfﬂ?@ﬁﬂ%ﬁpﬂﬂm&mecell specialization
and/or elongatpmecitidifieraritationtertdiabstifterchyiatipofof eetlsy wteghlation ofcelilan genes
related to re ' rinhibition of scar.formation. However, regengration is, not limited to
these proces%%?,({%rgﬁ?gg g!%%gggleftlgté?%ﬁe %nneéagf) %%g?ntma}r{yms%\%n %ﬂ%bg?%ﬁv%fﬁ{ &3 a%lbee of other
processes, qéditieefeelidayayityat Breesempldeadicatsgdreblatiegeh e paneaais ior "regenerative” in
the field. (005 SusianiiRhelabal Al b HiSdeMasyBsiania) meiabale, gty as used
herein refers to metabolic activity typically exhibited by intact cells in vitro or in vivo. In certain
embodiments, acellular samples and/or regeneration matrices of the present invention lack cells and
therefore do not exhibit substantial metabolic activity. A variety of techniques are known to those
skilled in the art by which metabolic activity may be detected and/or measured. For example, intact
cells produce significant quantities of ATP by aerobic and/or anaerobic breakdown of macromolecules
(e.g., sugars, amino acids, lipids, etc.) Thus, the production of significant ATP levels is typically

indicative of the presence of intact cells in a sample It will be understood by those of ordinary skill in
+the art that certain nhenomena indicativve of the nrecence of intact celle mav bhe detected in an acealliilar



extracellular matrix molecules, and/or growth factors. One of ordinary skill in the art will be aware of
other suitable and/or advantageous therapeutic agents that may be used in accordance with the
present invention. In certain embodiments, the magnitude(s) of one or more beneficial therapeutic
effects of a therapeutic agent are increased when i%lministered in a regeneration matrix. In certain
embodiments, the activity of one or more beneficial therapeutic effects of a therapeutic agent is

prolonged wheen %%En'pgst%ra d)gnf}lE;((eetlgég:{negat‘i)og.mat{ixél lce?rggrlgag bodimergts one.or.more beneficial
therapeutic effeers of & erapeutic agelrlft are relessau ovar ime w eerﬁgga?ﬁ?nﬁ%’%épggjfﬁlg regeneration
matrix. In certhipabsntisdiafientsionbroken drevbeneficichaafifadt shehzdtenagpebilc agéft are protected
from substantially decreRsing.aue" WasH S AdmIYISIY LD & (RERNEI AWAMMAL B BlEaHAIn

embodiments, two or more thera lD(?utlc agents are administered in a regeneration matrix.
Foreh biesdert

[0059]" TissuePseFiss iaecksid ahilpleis astsitigdlere lonefs thecbeethclogic aredusisle that

comprises cells MRGHQERFHRRSHNAL BAIBEIZhs5BEEXIRRIBrRLTeHA BIMRIR BiRY.comprise any of the
four basic animal tissue types (muscle tissue, connective tissue, epithelial tissue, and nerve tissue),

any of the thré®BAkic piafthesing tyJds @TBGH&%H’@(?@HF\%G h@?ﬂfé,‘%ﬁ@\?&gﬁﬁ%\?ﬁiswe), any of a
variety of otherrspegificatisgeetynes ievgix, ool o divericsy of rnsMeim fcaphination of these or
other tissue ty gt?ixl? %ertain embodime S, 8 ti}ar'lsue sam%lg %grtises tissue from placental tissue,
from tissue of the UmMbiNcal Cor ,%eﬁg)of’ rOMh tisS Or Hore of ﬁ?gefbelf%&ﬁﬁ 8%§\ﬁssystems:

RORs
cardiovasculapr@ig@ﬂvyeimda!&n@m ecdletorygriminims imdze‘g_mxinn ntm'ryll)ehyfsqmm&'q;iﬁmsrﬁjlar,
Nervous, fepmﬂ%ﬁﬂX&oﬁ%ﬁ%@Q‘Yf @’.%%%?l&ﬁﬁ'e%%%ﬁiﬁfeﬁ{g'B*’f‘@ée%hﬂ%ﬂé&%%r%s‘gﬂéé%%%‘ﬁare of other
tissue types that may be used in accordance with the present invention. In certain embodiments, a
tissue sample2Béieipiobeliarg it aspsaticmedivis sisingpeenbatipgs ukn serisinembodisecidslated from any
of a variety of,g5eRIIHS nieRAS HRUlBI BEMRKRIR URSKeIRBPRIgPIAY: iRy e'aiedidfpara human, a

pig, a rat, a salamander, a cow, a dog, a cat, a mouse, and/or a rabbit. One of ordinary skill in the art

will be aware GFRFERESHSP OB GRHERRS YRS el rrediieadipid st d ASEREnsU certain
embodimentsimdiztisa sANPEpiSisaLRS sififganaieiabio RmAUce R 4egeseragion rpatnix. In certain

bodiment ' I ' iX_is isol f t f
organism i WHch e e R A e BePS b Fof e o2 Hoshetnon et t be
used in humabs, %98)(39p#@d4|b,e¢2fdegneass(falsing, tish@&amd@@&hgdﬁeﬁniahammﬁ. In.ce.rtzlslin
embo.d'm?”tsre%l%ﬁ%‘iﬁ Eﬁgl&bes{é%gt‘tﬂe%qg&r%@ %&?&?Eﬁ@%ﬂn@%ﬁ&ﬁ%&%a&% {rona the individual
organism in which the regeéneration matrix is be used: For example, a reg’enera%’n matrix to be

used in an indhAEbalirwpsse /s elgsrsaiedetivtienrih Biewtipidot s Sareghl éhigicremeitioom that
individual hurgag,\n,c&rtainemadimenitné rageRRIANIORIPATIXIR B pdael darmlaedsof the

individual human _in which the regeneration matrix is to be used. Overview [0060]In certain
embodimentsPiPeRd 88 ApgHbatiD Ansesinies seraleplcratishavane B RIBReTS PIRMMESNCrease,

support, and/pegiseshjissue Jeyeneraionlahaysieintiiztuedsmaued AemexHBR!IE: ATMeEgngration
matrix accord%glg to the %Esenti ventio y.be used to.re eneratmerve tissye, muscle, tissue, liver
tissue, heart fESIECHIAYG HRUF S SRt H B & D ey AP RHRIERIS A X to repair

injuries and/ocldegedhduaiterttiasheiomoliingelhuarsahlphbtcfbtextiagle didhencepliralnapsons system
(CNS), is based upon the science of wound heali nd development of tissue. Although the process
of wound hea%ﬁgﬁ%s 138% Blé%?ﬁ%%wgé lﬂ?c#aré{lgdl ,ntcﬁr}a%rt)airoéls’eqn Clﬁr\%?rrllt%rrglh 8?%%%&%%%%6{1%%%&@ that a
regeneration itk ikspagdeces ibitiarubatore aseceilgpostnamel i auiref e thaxistgehandtion of damaged

andlor degengiied UssusANGRIGReALNORGR IRISRE RN AIReS B bR RIRSRY! invention i

that they are able to suppress certain wound healing processes that do not enhance tissue

regeneration WHifE Bk aHefEIARBrSPRsEESE LR sPBM AHenp dirsrsamrigdhe ambiBEue. The body is
remarkable inotatit isRiadeisarmbiisaltasiskhmiowespr&eHARIAIPests of the Yoypdisealing

process do ncit allow for ori%inal regener?:ve functionality found in lower animal species such as

salamanders ' By'reddciy teufidbdrabfe trats 4Hf SiifraHbrTeBr ARbedimmh e SEhuEM traits of the

wound healingzgpehtizssuendetiotohiriapiproeeises, ma4tgeneatiBnvatiix dsraiieitbagihirwe superior

results. In oy gl g QAT A HR85LEE B S ARl I A0CIR R N SR ALY PE P process in
ambient humidities. In certain embodiments, ambient humidity is kept low during

incubation such that evaporation of liquid in the acellular sample is increased. In certain



19 programmed for generating the quickest recovery from injury by isolating the injury site from the
rest of the body with scar tissue which, in the case of spinal cord or other CNS injury, results in a lack
of recovery of function due to the limited effect of or lack of other, parallel wound healing processes.
The same is true to injuries and degeneration of other parts of the central nervous system, as well as
other tissues of the body. [0063]In certain embodiments, methods and/or regeneration matrices of the

present invention are useful for t trea;iment f dama ‘-?ﬁ! Ios%and/o .de gr,‘[\erated nerve tissue, e.g.,
central nervo&™ 9@%&33&3 IStorea W’fﬂéﬁéqﬁ‘égﬁlgg By \%t&f’ggﬁllf%:ar?f BifoyteSE°8RY treatment
available for ceediahien/tplyspsierelspligeninstadicfinttioseinf thésspimtaiwmdy The major reason for
the lack regenerative tre Lt j ' f the . ner ystem, is due to
ﬁa{cagafp%@e%n&?ﬁa éﬁﬂ%sﬁﬁé}i%%%éfiﬁ%&o{@ e%ﬁ}[&&é&&% YRUSR

. C
the vital and tﬁg y CO ex nature of these tis € present invention encompasses the

finding that thenthigéippeds plailbisivedenitoeditbatibersinaktitecd thraenbiniar sorpledncRasestored in
SCI patients vef'thrm@u&%&ﬁa&ﬁ%@e{all'gb;Qﬁo%uaaaﬁme}p&mmmg%ﬁ%ﬁ@mﬁth@ restoration of

this complex biological and structural nature as well as promoting the correct patterning and

reconnectivityCBRAHECEHAGIREHY; o FREQSHEGE Al SIRdresLhY BrmhatigrrassEn e Lem.
Regenerationimaifics o4ibe BrestrtinvantinnioraldrsiDnradharecHiese ansbeihengdvantageous
characteristics. Furthermore, .additional functionalities can be added tq regeneration matrices of the
present g\\é(esngﬁﬂﬁrgl%ﬁlgiﬁgcfg ﬁmﬁﬁgﬁﬁeéﬁyﬁw& fo;);nntélati(r)]n for
treating e ah traidnipirasibaehydeuel opdchtvi amvatli siveca ach to
restoring the cmple funclignally otineSaiEaOLS.SYSIE AUEHAR e SaiRabeor in SCI
patients. Wounép Hreeﬁlng ﬁfd%%‘]?)unng the wound eaﬁng procggs, several types of cells are involved
at different stagesporhtiva wetriditerelngegrocexybeting anidsehelnr saiple sortebators to regenerating
and restoring JHRGIERANINGIRAEHAMBAGHIIBSHENNE é&ﬁhl@%afiﬁ%sg@m@"r&p&%?@ the blood

he site of damage to create room for

stream, and include macrophages whose job it is to clean ué)é“ . )
new cell growdh &iferty e erexiiatigrahiicichstisreth aregtanthee tatoficarthre Haulicdd We next stage of

the wound hegling 4 ¢8SHcisHioH BRIRASELRRR065iA P Benhavea J&latiy alysaonalkeétast asespinal cord
regeneration, it is befter than n thinglﬁ]t all. However, combined with, other mechangisms %f action, 20

activated maciBpHagRe & £ o ThETEARRROSHPEHSC IR TRe FHOR MBS BIPSESEL P certain
embodimentsimeubganemtiosl lnat aagflthe prefeot vayemtionitesd Hektnbsghied totinerdase the rate at
which activated macrophages enter the site of spinal corg injury in large n rs. within days after
implantation, ﬁ%uesa%ﬁai%ﬁvl %%nsgéeéresvsegr? © ?ﬁiaelgp %hja/n a%%?/%!t‘é% a%?c%;?ﬁ%%%@?n%%&%%& tissue
damage. It withbe thatief swibds igyatiyseat @m&sﬁkiﬁb’i ﬁlﬂﬂé?&i@ph@%@b@lﬁtﬁéﬁe@ﬂi@lighcmve ntive
regeneration mgies PAMAEBIANARDASE MHASIAN-AASIHALHSIE JaNAE HmaT RRER0eS may

e a

nevertheless ministered at or near the site of injury in conjunction with, or in addition to, a

regeneration FAMKBANEISHESE semveatidhalopedT hehisd i (e {rBeiiea 6f natural wound

healing is the +ggiiipeentpf neyabloamvesssls Rt folifGasefof Aasibatieniies. the recruitment
of fibroblasts that create a scar that encloses the site of traymatic inj%rg io that the surrounding
undamaged tESATCSRROSHHAS AR ARERFIPR AACURLRS R HRBd HpRITEIPE¥HE damaged
tissue while itdachlevdylegpadiahd Highy taalktbrfactoBneldassiddy thidl dactivatedwilbbeaphages promote
the recruitment,of these new,bload vessels -and fibroblasts. Unfqortunately, the central nervous system
is enclosed b)?%%l%%tcsf- l?aa}lﬁ %ﬁ%glr St%g ?Iéﬁsf?%%a%{ya%?gﬁaglﬁrrsﬁggrg%%aéﬁgg%%ﬁrﬁ%ﬁéigﬁon of
recruitment ofimevablmochuedse iptisbitasedbct orseuiisaledingnthmélobucbriaim barrier, especially in
CNS injury o egensialionyaiiclingnaleod Kesselind amanleing bealiePHENS damage,
resulting in fibroblasts and glial cells forming scars without the simultaneous formation of new blood
vessel. The resumierplScarscromsireadptomier eifadr pebrianssie, Eos @xpanit inaterail blood vessels
means that theg,aiteief dRILry-CARNOLRE FaRL: EompiiaaleaaHtishes gemalinn @ lasions (hollow

structures enclosed by thick, impenetrable scars) and long-term (chronic) CNS damage - and in the
case of spinaPEEIeF #sRSYs Erlslesa g er i PEMAdiR e T B RFURRLOR SRR SHEATINERFR 2R of the
present inventiph &N@ainsywas (BibEAling PiopavEasring, shoty. deveramnd dmbikiiaeats farsedtion, while
simultaneously promoting.new blood yessel formation, Since the lack of blood vessels results in
lesions (fluid éa@éﬁﬁ%% FSRRRY IR i’gﬁéﬁ ,ggsllgdlvséﬂ’a%’ torlﬁlgt%}aggl\ﬁiyb%gged\?gs@sne %o form in and
around these tesiovtsl anthocareasvdfierdale sionsating atmatdbdobrpil/ithautsaishiagto be bound by
theory, it is hypothesized that regeneration matri f f t inventio I blood
vessels by a d%?é%ae%%t%v%%:e ﬁ)gﬁa{?l gﬁlgﬁen?iglﬁ%gn ?tipans o%%ﬁgﬁ%aﬁgéoﬁ\%%e%gu r%rgl?gg%@]%%es into

von Willebrand factor-positive endothelial-like cells that naturally form new blood vessels (see Figures
1A, 1B,



21 and | C). Thus, according to this hypothesis, after the activated macrophages that were attracted to
the site of CNS injury by such a regeneration matrix have done their job of cleaning up the site of
damage and have released growth factors, they are transformed into a new, specialized types of cells
that form new blood vessels. The end result is an éftensive new network of blood vessels that provide
the nutrients and oxygen for new cells and for new CNS tissue. In animal models of CNS injury, an
implanted regeneration matrix been fqund to have already started,creating a network of new blood
vessels (this BISSQ %§§§§P ﬁéﬁ%@%&%@%"ﬁ%ﬁ Qéﬁ@g%e %Vaé%g%gs BRE{GASHH ERen in tumors,
but instead refemittesHambypeisoot largesiziekbhathy asdélr diw drksbptiese ihicegabryonic
development) I% e éll R iQn with limited presence. 5 inhibitory scars (see e.g.,
Fiaures 2 28 D R R o e i

the wound he@IRypp asided snglfsie samanicd eeghthn igranba wedly s niin instimeottthetsite of injury.
These cells ”E%%?et@f;f&&ggi&é bR QHRLIALRRA IR IbRaleshrsimpbnl RuliRBisKed oxygen
ormed blo

provided by the newly- od vessels. Unfortunately, in the case of nerve tissue damage, nerve

cells are the JhR) F0i761%19h EaNS R ademsadstivmepnbst thaginrensitistd aiue tesdiasrythter they have
differentiated {fikansienntddresadsttierliiandlthaycdidbwe Murild losa il sempiydrherent in these
cells every time they. mi%gat or divide, in eajre t 'forgett%\r?lg?'}ihose memories (whether somatic or
autonomic) thACHREYS R FRFRReR TR &F 1S eﬂca?ﬁ HIHS 7% is known to those of ordinary skill in
the field, nervid@83k are‘Mynatile Théaemirignaein; additidriekeneraferics angphyecilansidhieugh the
formation andil iRy SIP RIS A0 SRRGTIES: 1 A8 NRILEIRARYMSR B SgenpIateR matrix
promotes a several- 51d increase in the expression of one or more genes tlhsgfare résponsﬁlolile for the
formation andeathedngisidhaintgentiivvemisntnioyidesueitticestlvt havetiegradratiesve cells surrounding
the site of injuuyafaee: ks Bt dnt L CREAR STINALINSOLR ArépaRhRIAUAN AR causes

nerve cells to extend into the site of injury an ma.k(’a, effective and intelligent new connections, such as
those that ard' HEHESIREBSNBT 2XsFH- ARMABENRd the Netrin family of genes, which are

;Jpregulatlt_ed byodlse) regeilfaaé@wgaéﬁbfﬁsmt&%g}ﬁww%ﬁ@aﬁl?ﬁ%@ese@%gaﬂ@eﬁ%@%atfe new c:|\||_s
unctionality that can pe harnessed by training and/or teaching, leadjng to advantageous functionality
of the new C@Q‘Hféﬁgftﬁ%égﬁa{}ﬁ%ﬁ?ﬁégaﬁﬁé%?st}sfHEﬁ f&ﬁ(ﬁ%ﬂ%ﬁ&rgm&@%ﬂ%ﬁp&r&%rt period of
time, for exantideravitkirofgeappting maigdycZativanttatixe wictaam. tbodienss; pitagexample, in the
case of spinal cord injury, 22 this would entail training/teaching the nerves haw to mave muscles in a
coordinated f%%%£g0§$§ﬁ? %@l\gﬁﬁ% l.céss%lg n&%?oﬁ% flrinlﬁlr{lgogxgn%]l%,oﬁ%les Ocliglggn f Broca's area
(the speech cétte)) In médm&mbﬂﬁmma Bm@ﬁnamﬁng#mhﬁﬂgshems'mebﬁhbwwioreaﬁemoherent
speech. [0068}in, cadan, ARetinGHS. RIS S DaHIceR.AY NaIPIE BRNAWAMBIOR,Jydhgr enhance

the formation of new CNS tissue by recruiting and increasing thé proliferation of triphasic
neuroprogenifShEanitimabpaisrelHEons Hhalgemitbe vatd iarcertdpree i dhrpasre i igERHMBbile young

cell that neurgsgigatissechane Jmplicaiekas being desnansibivaferdhesposianroma sanshsof new CNS
tissue, especial%{{n the brzﬁrf],, observed in several human cases where the person's damaged CNS

tissue at leasPFaRiARY POILFNRG Uil ok QI AR A ATH R R P\ e BREBIF SHREAR to studly in
vitro (in a dishprfiecaesmdydingibaahiotdithRyddifeiendiabe ity Yoffaingtenpasivg cells or glial cells
(neuronal supporting cells: astrocytes and oligodendrocytes) the moment they realize that their
surroundings %Ifg%rf(%r%olﬂsé) ne ot %3}505 ec%ﬁfg}((%?aér)} oanﬁ p"élgér@(r) %ﬂ¥n°£1] o 1é1¥y°p%¥tc§’te 55ﬂa?ﬁgfltheir
surroundings psolpezkiery ) [Hew@nemtiodipress it imvessi orednooingladsesher finainth¢rateirtithe presence
of a regenerayi X1 16 i itor.cells. cont If il the regeneration
matrix is re m%\%%ﬂ%éggg%%%%gﬁg%ﬁﬁg %go%il)’, )é{? \%/?ué{‘w %%?%%nfﬁr‘g‘& %{éﬂn;g lct)g;n% é%)g éc%% ate an
extensive neuPsARERHIRA 08 st Fmplo B beu Adring endéry aBerdiainheSiscistaiat as the last
step of the preg@saitfatNa RS RMIENSstisrNE (Y IRhASIGNE WRRIRAS AL CellsHgantiphy fill in the
missing portions of the new CNS tissue being created that other surrounding nerve and glial cells did
not fill in duriﬁ&?ﬁéﬁ?’ﬁﬁ%%fﬁﬂﬁe%ﬁ%ﬁé?ﬁg??ﬂﬁ%r@&mf&% : Féje@a%%gg‘éﬁ‘fhe precise
mechanism, thenphoitebigths fratdsiifasiunaionproganiaatisithrhare ptooelateeiionpigliferate by
inventive reg%ggégti n rqgtiicgs grgducet%ew nerve ClLiissug. OOGi!ﬂI[n%tI?rms of the other approaches in
the field of wdGhd KealhgP priBt prodites A HppT Sadhat REFFEMBFHIERERLES Forderline
significant improresroeptsentexp e proectahedioa lsddve dmdns tigategbncantiah aritrialsofustiiermore,
clinical trials ve n strat ignificant improvement over placebo due to these
single-appro cr(?‘%%% l%:%eggéﬁ%?ﬁ %gfg?,@%?%a%%%?%&%ﬁ%m problems relating to adverse
immunological responses in human implants have been insurmountable. Other difficulties have
included the inability to deliver a product to a human patient without it either being washed away by the
cerebrospinal fluid (which typically moves at a speed of approximately 5 mm/min at a pressure of 120
mm H20 in a human) and/or causing 23 significant additional injury during implantation. Regeneration
matrices of the present invention overcome these and other difficulties. In certain embodiments,

administering regeneration matrices of the present invention results in significant improvement in
avnerimental animale ovver non-treated control animale with no ohearvved tovieoloaical effecte




[0070]The present invention encompasses the finding that regeneration matrices may be produced by
any of a variety of methods. In certain embodiments, different production methods lead to regeneration
matrices that exhibit different physical characteristics, biological properties and/or therapeutic
activities. Furthermore, in certain embodiments, thé5physical characteristics, biological properties
and/or therapeutic activities of regeneration matrices produced according to methods of the present

invention are d by the providing one or,mare exogenous factors during the production process.
[0071]In certaf’(rllh‘ér bodime}ﬁ{%so,? 1é:é!ln %éi%’ﬂ M g??ctggrbf ?ﬁ@sbqjé)&‘f‘# ‘éth?fbnaﬁpéeﬂ%?fﬁgbd by
incubating antafel ther SAwtiptethet & peritd afitienticih toanaior emixophiysviteic aselititar gample is

isolated from g. i lul le may be generated.from any of the four basic tissue
types (muscle&%%g%%%gg%%gﬁ\%%%éﬁé %%?tﬁg i%fﬁgguggl,n %’Sﬁg%%%gﬁ‘é ,Oﬁ%r%n%r?lﬁ‘ gft%rr\?ariety of
other non-basiehysitlegigpkselwiqrormsangddmisinrasiore bt tte sedntinhshaids gapapiest In certain
embodimentsqapagaliuarsamplels Grasiaiediomamfthe furbask animaltissuepgpes (muscle

tissue, connective tissue, epithelial tissue, and nerve tissue), any of the three basic plant tissue types
(ground tissué’f}%féﬁﬁ%ﬂ)tiggtféft%mmm selpsiedd selHear sewirises eefretssue types (e.g.,

blood or liver iiggiie), andiaeroecanyeaanidinatienpbiaseneniah b eI kn b & AHIS
embodiments(J art1 aﬁfgclluBr ary&ledis %,ener ted from placental tissue, from tissue of the umbilical cord,
S S AP SR e i B AR s B S ARSI PR Gellve, endocrine,

and/or from tissue
excretory, imrguomehjmebpdimg ritairpotyimpitetio, saltsculdn neidodsniaprdiidi) veceesaitetary, and/or
skeletal. [0072]A £ jol g m, r e,for from any animal within the animal kingdom,

and/or from any pgnga/%lt{ﬁ}lg ﬁt%e o ant %ﬁ%%gﬁ%%i)&%ﬁ%%ﬁgﬁ%@ (haes? 3ngeg£‘}leﬁlﬂrf né,l.al—lowever, in

certain embodiiaded)MFdgdprseaddedindiaild SHYEal dbettivar Hobel Aitho)Nuiskindistiecbound by
theory, it is hypethesizsdinabAe NARRIARRANALICESAfig MlAASHRRNR K IRIMRNRYELERgRENtS of

cells that are undergoing or are in the vicinity of tissue damage, especially massive tissue damage.

Such a mechSARHh e Seetsfivadiparsyledl weths astinillibe avirre ohather defiaed megisdaite damaged

tissue. A simitasypbé distinebpheaabenan Wapehsaveddshnah idhatndesstierddpy Becker et at in
1974 (Becker, R. 0. et.al,, Iﬁ;generation of the ventri%ular myoca\r(%gm in amphibians, Nature 248,

145-147, 19785 ISHRELHI AT SRS PRRIRS TF FERHES BEORS POBSEJeHFhMAHEN BEFEiB00s of the
newt's heart wabalitreuts.thelsusiobegicihspteidohl sadcoelisdy saetiaimg theihieleased: vuelef aggregated to

form new my lal tissue. allowing.the,newt heart tq be regenerated in abput 4. hours, and thus
alowing man oy L I R b SO e,
regeneration #auiets of ndpresaciganeriom anatdis doctiting tamaethodsaibthicpeesaetichanism different
from the phenamgaan sbsarved ik Betkarlatanas RoRnEAIRAMANRes R present invention

are produced from an acellular sample and do not on their own become a cell based living tissue.

NeverthelessStelsrtah s ipiishbineredusoregrasation st dnes présentaineiis deeare seeded or
mixed with Cei&“ﬁufbﬁgapﬁa%@ﬁﬁlﬁﬂ%ﬁ@@ﬁ;%%dp CIYREBSAMHARLE BRMefisialcRakagtgkistics or

functions on the rﬁgener tion matrix, As will be understoqd, however, such cells are not required for
formation of rEgSR&SR3RIAR rﬂ@é’é’%’l‘%‘é‘\;ﬁr%@éﬁ?ih’iﬂéﬁ??&ﬁﬂ@@%}%lﬂ?&%ﬂvﬁff%{%ﬂ%al regeneration
matrix may bedgeessiugedifnameanyfoé genatitiy af-iss yesdhicuill. bEMneeisiaeerthiat the exact
composition qf eneration matrix is,ipfluenced b ong other things,.the tissue type from which
the acellular %é%%g?g?gngséﬁgqr%t%‘é?k% %dézr:i- li{r(r)u |ﬁdn§>¥g?n18fé%nr%§égﬁgfgﬁ81 1%5%?%‘&{/8& produced
from liver tisstiaewbiole Glviod tadégedroati anaatrixrerbip pebtrastidnshdse thrsesdts where a
regeneration gty i5 PHORYRESHIO AN JURGS MAIOL ATPLSIRCOMBONRRLS, f the tegeneration

matrix are typically albumin and hemoglobins. In the case where a regeneration matrix Is produced

from the plasHzitpia@itionusapr supparhtioriabilinoetiths palliorddedttarthednsybriéon dfamberegeneration
matrix is typiqaise}loumitediayanifieloss. deaensrationaticas pragieed ffom hethmuhgle blood and

from the plasma-platelethuffy coat fractign each function to initiate, increase, support, and/or direct

tissue regendfatiold ALARIRESE WAl AR GRS BtheeadgetrriatoR IR AeR AP RAHBodiments, a
regeneration anétsbdiscprothe geehvithregibaae helais amplio Gene s Hiar) whaetieed. 25 In certain

embodiments, a regeneratign matrix is produced from an acellular sample generated from one or more
blood fractions ?ﬁgfﬁﬁ?ﬁ%g,’ B’tl(}?l Aot ﬁﬂé(t%roﬁfs % ryfﬁ?%‘?l%ei’fglﬁim,cﬁsﬁ BEV%%%FGWB%%% ,?%Fblatelet
fraction, and/arddopkegerefaticg tissusuFhésactions aralse wénesatey pfoseaxamplditpyttaiowing whole
blood to settl Vi [ty. In iments, blood fractions are generated by
centrifugatior?fﬂz})ﬂrl?g%ﬁfR gﬁ%ﬁy sﬁ}?\éjﬁ%ﬁg} gﬁ%%’gg@\%%%’eagfgg hdelf %?:rt]{%ﬁ(ﬁﬁ%‘s%?‘dr separating blood into
fractions, which fractions may be used to produce a regeneration matrix of the present invention. In
certain embodiments, a regeneration matrix is produced from blood or other tissue that has been
frozen. In certain embodiments, such tissue has been frozen for a period of days, weeks, months or
years. In certain embodiments, better yields and development of regeneration matrices are obtained
when the blood or other tissue is subjected to multiple freeze-thaw cycles at a temperature range that

is close to the freezing-melting point of the sample. In certain embodiments, a regeneration matrix is
nrodiiced from blond or other ticeciie that ic ienlated from cadavvere (e A4 cadaverce that are caveral



[00751In certain embodiments, an acellular sample is generated by removing cells from a tissue
sample. Any of a variety of techniques may be used to remove such cells. For example, a tissue
sample may be subjected to centrifugation to separate the tissue sample into cell-containing and
non-cell-containing fractions, which non-cell-contaﬂ“ﬁng fraction is then isolated. In certain
embodiments, cells are removed from a tissue sample by passing the tissue sample through a Eller
with a pore size small enough to exclude cells. For example, cells may be removed from a tissue
sample by pagi‘lenr@?hegjﬁgs%%%%?ﬁéﬂéy thvéﬁcb‘ﬁrat‘ﬁﬂ%ip\ﬁﬁfhpé’tﬁlc}%’ g‘}%"gf}%’cﬂﬁﬁf’ Wefifn iAdhor 0.8 pm. In
certain 26 endddiments! tiswortsiatant thibdfierealte thdhpecpinsivantbarmotddsiics, biological
p“’pert'es.a“g/‘@?]%@o%%%ﬁ %%?P(é%@%é% GiRfedueed reacn @%ﬁ%@%‘%&-% Sraae RO pSize can
be determined by'the practitioner depending on expgerimen al and/o ‘[aboratory constraints, the desired
characteristic$igsugheF s gepamsionathad aahepomasifiotsof drawessnb inseftiotorsigibemed important by
the IOraCtitiOneémmﬁéﬂ%mﬁﬂéi@%‘éﬁésﬂﬁbﬁﬁg%&?ﬁg@?ﬁﬁ}ﬁﬁ%@@&@ﬁg&@}ﬁﬁgﬂ and/or diluted prior
0

to removing cells. For example, a tissue sample may be suspended, solubilized and/or diluted in a

process medidArasforstrng&s et tisiprib ¢ ipeRhag sE s Bin Rrrssns dueesipnple. [0076]A

regeneration matided @B rarnGaskiy iaeuatingoanasaliviar sapledar amwat anssiety of
incubation times. For example an acellular sample may be ir;%{)bg edfor3,4,5,6,7,8,9, 10, 11, 12,

13, 14, 15, 1670% FEIGBY BPPFHH T 35 UES, gns5riay! BISAEERRCTBH0% 5 60 or more
days. Functionain@ises aratitingniattisaiing witrdubssay ploastiegnigiatier indegdiecdtigriipatrix
produced after 6 s. 15 days. 21 days and 28.days, and has remained functional with
longer incubaégﬁlqgggéof_él%g gﬁ\llc\)/‘é%%gér?S%Sélse'r?ag{y?ig&%q&%%%ﬁﬁ%% rgﬁ%glqﬁsasflaemeters and/or a
process medilinctisagliiy.thettprodgctomerdcessinginetiors, regbfreatiioanair miyaamioé produced in

a shorter perige,ofAifBecdil EXPIRRIRn BYHSCHRARIGIRE QYgRRIEARSSIIAlIoN W ABRIRKImately 0%
and/or by increasing the agg%g/atlr;‘g %%g;rtles or effecfs of the process medium by, for example,

increasing its SditEarrEtPRRY/ I0AH g AEraloPsaatoaf erllplaasaesialpish thinutes,
hours, or a fevegaysatircaniat ambasimenisatheAstivly BbadcrIeRetatnm MalhoPradueed by

incubating ant cellular sample increases . as.the period of incubation increases. In certain
embodiments" S ¥R e oA ATLERCP ASHYIIES B ifRupherrar skiindhearhpill hsactrse of maximal or
near-maximalogietivity afiers aqpeliite of deduhiiahatlirs uehsRisbd dispentsatiorgaResaAtiaRERLNX
increases in actigit%{ oql¥ mcr%}m?niglly, if at all, as a result of further incubation. In such embodiments,
. . Ie erative™ in e Iield. - . .. . .

it is possible tha the regeneration matrix may lose activity as a result of further incubation.

[0071Applicak®®A discGubrtahtiabmstebiiig astivity&riibe tdistivirmptiialavetibiolicaniply taring the

initial formatiqqof ﬁ@feiﬁle&?a@&atiﬁam@égw%&ﬂé%%mg%%gggg{g&ﬁ£%ti¥%%9? jeration

matrix and/or lack of a produced regeneration matrix altogeth as a corresponding decrease

in the biologicdPactiks i cebedtnmiiciecEigrorawlet a0/ veasaesiinm matrieess)f fhecertain
embodimentspRBeacalidalsARRIBE:iRGY BRIRELRUEH that thn s ampisinnekehakenaranesvise

disturbed for a period 27 of time while the regeneration matrix is_forming. For example, an acellular
sample may BETTE0BEEERANSS HBLaRuR i BiosklglisA stdhr arbhyrb: fapolic aCtiyity 5 7, 8.9, 10,
11, 12, 13, 14ndpbd Qetbdied Bnd Br 2ibadired2 FeseXAnpb, Btnc el BSrd:30 siali s @nhipeatitiesertain

embodiments llular sam is incuhated such that.the sample is not shaken or qQtherwise
disturbed for &%ﬂéﬁé ?Frﬁ%g%%?ﬁoé fegendra %ﬁﬂ r%%vf'rlilxoforpr%c§9f6(g7‘§j%% %a%‘f HEdBafti Conditions
and/or additiorridb dirdsy ety elbuagbepusifatitorsitigindine piRilestibn prgiesityrindycaties e

incubation timﬁeq&gseﬁﬁ@ryffﬁfam%éﬁyﬁ&eéa&kggmﬂﬁmt&%ﬁi& '

alo }‘{%&1‘% %%8% ISVSIRL AT 34\s one
non-Ilmltlng example, decreasmg the ambient concentration o oxygen decreases the amount of time

necessary to BerfiEbah esircphravarsrriagissanstiiihaateasceraiofintintesHamasrhbdelieatedtin the

ambient oxygei£eneRAYAHNR. dHHREACYRAIONIARRIRAINE I R AR atdybfoalif oblerdRd 14 13, 12,
11,10,9,8,7,6,5, 4, 3, 2, 1% or less. In certain embodiments, the ambient oxygen concentration

during incubatdAvEl¥angesitadesdliptcus e ptirieran Serrrard ioha frrrd AnmasRitndsghen
environment ggshilihdnomeageneiainnatbuwish hdasiedderebnt aThvllyrin aadithe,as 3 days. In
certain embodi ts, incubation in a low axygen environment results in a nergtion matrix with a
desired level B A RPLE N8 6 TSRO T RS P B S Bl L A TS eR
concentrationwduechnipwabsubea tiobsismaktyddwerdharatse tberisthat loveieby phodngethedrecnbation process.
One of o SHILILNE B YIRS 0160 SHARRS Q0R-BL 01, Appropriate amblent 0xygen
concentrations ée en(ﬂng on the hme constramts in rming the regeneration matrix, the type of tissue
damage for which the regeneration matrix will be used, experimental and/or laboratory constraints,
and/or any of a variety of other factors deemed important by the practitioner. [0079]In certain
embodiments, the ambient humidity is adjusted or controlled during incubation. For example, a
regeneration matrix is produced by incubating an acellular sample at any of a variety of ambient
humidities. In certain embodiments, ambient humidity is kept low during incubation such that

evaporation of liquid in the acellular sample is increased. In certain embodiments, new
cenlite-containina liciid (e a a3 "nrocece meditim® and/or "nhve<iolaaical ealiition™) ie contintiotricehs or



28 properties and/or therapeutic activities of the produced regeneration matrix. As one non-limiting
example, it has been shown that increasing the osmolarity of a solution and/or suspension containing
the acellular sample during the incubation process results in a regeneration matrix with a more solid
physical consistency relative to a regeneration matix produced by a process in which the osmolarity is
not increased, or is increased by a lesser amount. Such a regeneration matrix may be used as an
implantable composition when it is desirgd that the regeneration matrix retajn a.certain physical shape
for an extendd¥¥58kod O%Fﬁ@eﬂt’r%ﬁ%%réﬁ ﬁtﬁﬁﬁ’trig‘?ﬁaﬁeﬁgg %\%@%s?&?&%ﬁyﬁﬁl‘aﬁfﬁg’g&ﬂcy (e.g.,

such as a regeferailiefy oRigxngy deteshibly @mpracass bleficiiidiesmolsiktyfsdreichennstdrih or

increased by a lesser.amount) are of use when it is.desired to, for.exa ect a regeneration
matrix into a s(qurr)lj‘élgﬁ &Y a%%grﬁ&%?mgﬁ gjg?ﬂ%r%}% %r%ﬁﬁ?nqg%? 'rgrg%f%?éé %é%.),n'raised and/or
lowered) durirdgxtnelecobtopprocesents tharmmey treusstevafichanryévinragensstiotariairi®ne of ordinary
skill in the art il heqable 10.6LROSRRE BLMAK JRBIARUYE,AaIbIARIAULditigs.depending on the

time constraints in forming the regeneration matrix, the type ‘of tissue damage for which the

regeneration wEtAselHppBgEBInelesE i ardAZraaR RSB oORPe SR SN, kildiBrtisgrorilvariety of

other factors deeried BPBRARRY MBI iieRelsousthRimREicthe AL IBmBPIRSIRsdand/or level of
hydration of the formed regeneration matrix can be changed by centrifugation Qr lyophilization of the
formed regen@fSRBITHRILE gl?r%?(?ﬁ’?ﬁf@@fﬁ@%ﬁﬂ@%@&ﬁ%ﬁﬁﬂﬁaﬁi% ﬂflrﬂﬂiﬁ%ed at 5000
X g to increaseriadlensityrn tharanesis tafdcnpidatakapanti adeansa ciziaended stpporting the
regeneration oflle hone, {0080lin.ceriain sbodiments, reqenaration maticas,ofhe present
invention are Sréndﬂléeeé yllncu alillng an acellular sampf}a or a period of time i an ncubation
chamber. Anynoira beréisial thecsationitivsmifertherme i aged. irpudnedadewiisodidnenisierd incubation
chamber compiizes, &8RS gL EPEAIRH CABBIRRLIALI BEHBRARISAIcAR MERRUgADIe 1o one or

f . )
more substances, e€.g., air anlﬁlgor gaseous molecules. For example, an Opticell(r) cassette (BioCrystal

Ltd., WestervifiEees-pf miipisnaytie asestic rrlapedony eHimmwhes phoirisierad dye rraenfsriATatrix from
an acellular sappig. ) ceHBINAMBHAREN a0 eRRIRhSEMI seRlAINS Uhaliheharehesrts designed

such that material may be added to and/or removed from the contajner after the incubation process
has begun. FFRRsiHbiEm bRt eriEATIg ek 15 SYhTB AF B BISEERiEp arfrrsnstati®lair and/or
gaseous moleguteis. Mayhedesigoaisue)) thabliguweandipesatidgnateriakiayibrredded to and/or
removed from the chamber at one or more times during and/or after 29 incubation. Such incubation
chambers are SREHAGR S hen it is desirable to increase the osmolarity of the acellular sample
during the inc{0ifn protesse FonExaniile tahe Gl axinpbf treusatlieteingafersieomay be increased
during the inc i [151] Eq; 9{ a.ligLy | jop containing
the acellular s%%é%eﬁv%%gﬁ?o@ﬁgﬁﬁggggéﬁﬁ rf%%/y e ge%aggg%%%%&?%g nggl:gr? Q%Bg%bgess medium
or physiologictsisistivnlecnhe cesarisa esnnfihe fon/brss enimslissemimestBmsapiéiithe acellular

sample is gengiated) o AP URAIBPUERINE AR SO0 tIBHRY SH s MEEadicalys RS AeWe
solute-containing liquid to the acellular sample. Such a solute-containing liquid may comprise a

process medilRSEAEINS HRTHGoNSHRA tsoHsBR HRIFEaE ASE R amE oA AREIR L SIRShRPFF e heen

solubilized or guspangad#ba FtecassimedisinRaddsapnysithigitah soliies othaiaatamerocess
medium and/o{gé%? 'olog‘ical sojution may be added tP the ac.ellu{ar sagl | iurin the incubation
o1y b

process. Addi B SRR P AP EHC ST CR S S R TEr éﬁ&?or%ﬂey WRGES S ution may be
added to the deslitiansarfifile wnbitigalheidcdiatiohoprdcess oAdditiomadhye of titciiktwialy, a

solute-containing liquid to be added to the,acellular is. nei S | ra
physiological gg%ﬁ%ﬁsgfé%%fﬁrrﬁ &Xe?tsa%%aéi?%%egf}#é’nﬁ@%gb%&%%%g %?ﬁ%)%ﬁtlg%ﬁﬁﬁﬁer!e’nt physical
characteristicdyichettc sty tiesvansl spthevaes fesaizatatie Subpesidhstib el wrdéssimedium
and/or physiolggira] $ILHQR BE dwiE g JHRPEAMIGHBE RECESS HE AKX AMAPIBraR &R dik Example

Il, a regeneration matrix produced using TR-10 media exhibits an increased biological activity as
compared to PTEEBHEMSHGAIM alfh e PR AENTY D MENHE IRl EREIEIRS BYQRIRQF skill in the art

will be able to fefaemismeBp@PrRigRkOGRsS B bandlalch Misilegicnh Madis 6f achiekema

regeneration matrix that exhibits one or more desjred sjcal characterjstics, biolpgical properties
and/or theraptROGRIHLS ﬁﬁﬁ?ﬂﬂl%gh ﬁ&ﬁéugiﬁwjﬁ é]?ﬁ%}l%ﬁsc[ R %%%%H}Eﬁ Hrcfor a

physiological salutiandensy doevagides] tocte issuse, sadipte: aatibior Opelbflardimmpikititianyeata variety of
time points dugig,ihe reqeneration majcx productisn progess, Incetain embodiments, 2 process
medium is add&d to the tssue sample an for acellular sample durlng IZOSIER Of the tissue sample,
prior to removing the cells from the tissue sample, prior to incubating the acellular sample, and/or
during the incubating process. [0083]In certain embodiments, a regeneration matrix is produced by
incubating an acellular sample in the presence of one or more exogenous factors. For example, an



30 acellular sample may be incubated in the presence of one or more therapeutic agents, one or more
cell types, or both. In certain embodiments, such exogenous factors alter the physical characteristics
and/or augment the biological and/or therapeutic activities of a regeneration matrix. For example, as
shown in Example 9, a regeneration matrix suppleﬁ?ented by the addition of ITS, EGF, and bFGF
during production of the regeneration matrix results in an increased effect of the regeneration matrix
on neurite outgrowth activity. [0084]Any of a variety of therapeutic agents may be used to increase
and/or supple%gﬁﬁﬁrg%éocq}\%é%f e}elgs(S-':}%\gesraarﬂglr(;’ %ﬁg%'gédg %?F‘ﬁ-ugégﬁ%geé%? itr?\})erﬁ%%ef ?Examples of
therapeutic agegfsetationmagttie. Usedigithembertivents geimratiamphatiied sogirddmethods include,
without mitatiop. il ARSIl ad- YR ies Sxliarellulnt, Mal i nolesuizR,andior growth
factors. One of %?Qinary skill in the art will be awar o?c%ﬁ%r S%J(llta le and{}éff agglgﬁ?gggous therapeutic
agents that mayHE fdedfiterd oFanfEETRIEn 2 HREpREtEon; ALY & berneedt iaihusmapoisndts, the

magnitude(s) gbane@raareseenslidalheraprutic aliedtsRhahatarsuliciadentye dnsrgased when

administered in a regeneratio matrg« In certain embodiments, the activity of one or more beneficial

therapeutic effStY SFAPIRARSH&BEOLY 7 TESSRIIBHER PR isdsntated derayths indégerdration matrix. In
certain embodirgenim bneldchios echaneficial iherarewiseiieatsrk a:thappeuicageiare released
over time whemna%%min{)sét%g%g iina%gg%[%néarz jon matrix..In cer ainéfe%bodiments, opne or maqre beneficial
effects of a therapeutic agent are protectad Tom s%gt%%ﬂlﬁé)‘%e CPORAhfBUBR HIFESAHBR S dministered
in a regeneratitatedfriom| thagndividialiooiare nis ctwa nemtartitivats pavtienageiois maaiadministered in a
regeneration RiglfiXe AR ATARLIMADIS.A MIBTAPAHIAAIRN Is,added suno e prcess of
producing a regeneration matrix. For example, a therapeutic agent %nay e added at one or more step
of the producﬁé‘?flprocess including, but not limited to, during isolation of the tissue sample, prior to the
removing the cells from the tissue sample, prior to incubating the acellular sample, and/or during the
incubating process, [0085]In certain embodiments, a therapeutic agent is distributed evenly throughout
the regenerat X. In certain embodiments, a therapeutic agent is distributed heterogeneously

throughout thf008gEneraiioaraiatiMbédimexamperastheiaralivn pasnidayddernansLaaeentrated at or
near the coretgfta reglener.ation matrix. This could bge achieved, for example, by introducing the

therapeutic agiht durng the Frst TS Sy 8P e FYPR A ST HSURTserRstaHon MasteRkHisHBN period,
followed by refaroegd-oF mestopl8 b atefi¢int sotutivix sucrodingditigtthefeumingveageneiagiba matrix in
the incubation chamber, addi ore of t initial acellular. sample or solutign to the incubation
chamber until a desire%c%?eve%rl}s%%{le\%%% Hglnégf %%Srgl%jrlftwgf fﬁséﬂ a?r@llg{ fsgugéi&?égrs Ssuaef‘naﬂfgoarnd
regeneration skifiRs¥eorder to continue the process of formation of the regeneration matrix. The

additional acqtiyta sample grigluiansGenisaliedha AddedIagaihelWillRRlR, tigtapeutic agent

that would then become heterogeneously concentrated closer to the outside surface of the forming

regeneration HISHixSHE RS il dimdted foatistre atitieirkBiied Remernvigne (aShitdmsedan the first
therapeutic agpen wibecidhe: ieRienai@tiofinpinx Riocdaarssiast akdsedearadss this,rosthagrcould be
used in applicatior&}wfiere it is detgire t@gt ﬂllgéhera eutic agents are delivered at different time points
(e.g., one aftdV IR AFiabas Dpksnn Tl shcidash i ERYSIEOR e omRRasSTeheous distribution
affects the prépéniethairdiegehmationoftihveitwiape it agantimsdyaupportexainpléirsichea
heterogeneo istributi esultin an alteratign.in the magnitude(s) of one or more beneficial
therapeutic e?%g%%sfg %He%t%&e%%%éﬁ%ngg)énf 50 gglega,?ﬁsgﬁf'of activity of one or more beneficial
therapeutic effété2] of tHengheduabrgrcodgegencantiahanatitresofithe timesent foasatiohasabeetistjcs of one or
more beneficgt by efeclnl tnlielaney i Aasal ANCUBLBIOIRIoR Akope or more benefica

effects of the therapeutic agent from substantially decreasing over time. [0086]Any of a variety of cell
types may be'tEE8a i s sHRarRSibpTaRnsaterchaalony trrpajiont fanesrperiodissust the present

invention. HowevesdeieRthekdleGaltaAeys AelbseebiaiNeaagaiand/ abweralepenh theagivity of
regeneration matrices oér he present invention, it will be understood that such, cells are not required to
form a regené? RE &%@%ﬁ?%ﬂ?ﬂ%iﬂ@?ﬁ@%@ﬂglﬁ?yﬁ%ﬂﬁﬁﬁ’ & FacdraEr SR &¥orm which
cells have belerweenmivabisgecizerdaih assbiadinndais, Bslledfonpy/pe diffiesenblemiealig present in the
tissue sample_from.which the acellular sample is generated are used. Examples of cell types that may
be used in ac%élc{lr ance With t a?ei(l:1 géee% Sfﬁg\}jgﬁttfg%\ .r?gﬁ’&é’,“ (\)Nui?ﬁ%fa}ﬂ%l%ﬁﬁ 5 gfeaﬁv g?%r,ng‘ﬁ)f)genitor
cells, and/or perersiesceltsg@eratomordimiis skik o tebiewt wildniomanasiles ofwtoatrsstitatidbevand/or
advantageoumﬂﬂy&%ﬁ%&%%ﬁm- ASSRIHARGE With.ths present invention. In certain
embodiments, cells are added during the process of proé’ucmg a re%gnerafion matix. For example,
cells may be added at one or more step of the production process including, but not limited to, during
isolation of the tissue sample, prior to removing the cells from the tissue sample, prior to incubating the
acellular sample, and/or during the incubating process. In certain embodiments, cells 32 are
distributed evenly throughout the regeneration matrix. In certain embodiments, cells are distributed
heterogeneously throughout the regeneration matrix. For example, cells may be more concentrated at

or near the core of a regeneration matrix. In certain embodiments, such a heterogeneous distribution
affacte the nronertiece and/ar fiinectinn of the celle in vvivvo




[0087jOne of the most effective ways to produce a promising regeneration matrix for implantation into
a patient without triggering a significant immune response is to derive the regeneration matrix from the
patient's own blood and/or tissue. However, regeneration matrices of the present invention are not
limited to such autologous regeneration matrices. IWcertain embodiments, ready-made regeneration
matrices for immediate implantation are made using allogenic blood or other tissue. In such
embodiments, it may be desirable to administer such an allogenic regeneration matrix in conjunction
with one or m%rr%glrfarlu}r{xnrfjer?(%ssﬁgﬁrrl(eersa&%ataﬁé‘r"ulfé.(eé%‘?%%‘fgg AR M h%iﬁﬁt%&‘?sﬂ}wg%ﬁts are
known to thoseoot thelinsirgf sheél bierliheitrschy Gevtaiwlsrhbodiheents, o spapeherationothat GAN®r use in on
species is derael irameelip1m arallsien! MEFSR Rl AAIR A LBRIAALORMA X produced
using tissue derived from an animal (e.g., pigs) Is administered to human. In Certain embodiments,
regeneration RiBtfdRsadet o prd SeptinguEatesscarcllsshmmsris/sre in dtiprippiiedtiogmesatoroofepair
damaged andigfefgaieneraiedaiaauapidvesiack anARNRRISHARIIR ceHRIBRRbodiments, the

physical characteristics, biological properties and/or therapeutic activities of a regeneration matrix are

altered after t l)ducjdb?%?ﬁb LG PERGDRAS AR SRR BRBIesR R e AISRERY instances
it will be desirablatoistosaefitdentiationmatiof lonag-axiended/ pedas - imemfer diisgdnade. As is

known in the art, hydrolysis is one cause of shortened storage lifespan for a variety of biological and
non-biologica‘f'gﬁt% a{ﬁaéélse.wf)ﬁﬁg?’?ﬁe%letrl Siite lﬁg’&ﬂ?ﬂﬂt@efﬁgg@%ﬁ%&ﬂﬁéﬁgﬁ%? §&heration
matrices of therqgrseandriveattiont mayldidei fioreased hyrvemcyingrsmuesst altlafithe thasddpresent in
such a regengralpamastix. AbuRha Yarlsiviaf Ieehniokss manhs usedip emoye guch liquid. For
example, a regeneration matrix mély be centrifuged to ¢ naense the proteinaceous dnd/or other
biological magtBerisibE tirsee ehiboeritital rerepuskisten.de sive doaheovital efd digtilisoenpdved from the
centrifuged sample o\ @didiqnRallysor alternatively, liquid may be removed from a regeneration matrix by
subjecting the rellgeneration matrix to a filtration step (e.é%%; by gravity or low-speed centrifugation) using

a filter with a P9%kize HIGEEH8LENTBISAS SRR Sndmding dept tasshighbnaeapliesgeneration matrix
material doesbiudbgiasati sigituALclitias aliyHersplieinalivehn bewssraiRs cemeivad kom a

regeneration maitrix by dehydrating the regeneration matrix oyer a period of time, either in the
presence Of gﬁ%%lr?&seﬁé% %?%@gn?sr.e ﬁ%ngglé’?aﬁ]iﬁ’?ﬂgmﬁ’ﬁstﬁ(@ataﬁ’f‘%ﬂﬁtﬁéhﬁ\ﬁﬁf@%?%ﬁérﬂ&ﬁpropriate
and/or usefulawmmtiexbiofogeabaid gtigetid onmecregeelé ratiponodirgxtio énpsoveattesitiagadifespan. It
will be under fliquid fro regeneration matrix may also alter one or more of its
biological pro%%?tfﬂgg@%%ﬁ@rg%é%t?g %ﬁgti%?es'ﬁr?ﬁ Cet aﬁnoé%} odimen g Such" ria(%olIéeéri‘{:%ﬁSproperties
and/or therap®itiéadicasasiaiiandugiiestetithy mesept deestion reeripsigyelicpoitiaje dgstrandhermore,
such removalgfdiguichmatsestitia anaddieuahadigntage hy.alisina e ysisalclipiapteristcs of
a

a regeneration matrix such that the remﬁfﬁeneratlon matrix more closely matches the physic

environment iR TF&TEATRUCR G pEicH Al areen B estienine leizalsistnple Fybsasightrevel of the
regeneration i mayH@sulb idafe 0 SERIXIRUNAGIX Wi theariiEales deRsity .Rugh A dense
regeneration m{'atrix dll'ga adv%nta}lggo§sl, be ilsed, for g@a_mple, In the regeneration of bone and/or
cartilage. OnBSFBIHIRE AP AT REQANTYSE AR AdNBYSHY SPIRSIHIOSETISNEHS, BF Gomuplex
advantageouSagplicitipos ter enohldenseisegsarraiioh anais spinsndrwith IS Bpdedadise such
regeneration matrices in such applications without undue experimentation. Regeneration Matrix
Composition and Characteristics [0090]Regeneration matrices of the present invention comprise a
heterogeneoWbawndibiealiioroteins, lipids, carbohydrates, salts, and nucleic acid. Furthennore,
regeneration jyggsices Iﬁﬂﬁlgg{%nﬁ%t& 58%&515@55%%&?%&?&3? &'5?%%1}5@?&'5‘}11'9&%% a{ynlctlon for up to

3 months. Presumably, a re%eneratlon matrix could be stored'indefinitely using appropriate conditions.
For example diffsr6rassmbthe sramddeatingmspcasataschuaiibtheie sriguseprgutisasdentrifugation,

dehydration, iyepfalizaiiomdgieh iR gercavadhe Bnathiaklipee imry Presipsethd Baaiain
embodiments, the ﬁ‘g,imary tmripconsists mostly of aggregates of spherical structures

approximatel§”2¥8 4 5 teond stiremh ErsedhdemectarbassmaResigbiiie HERsts mostly of
aggregates ofistiediealfstatcizy &s appeasinafehnd0QANyisvaisme R rdRcerkadw enhaskiments, the
primary structure consists.maqstly of aggregates of spherical structur ceg.at least approximately 100
tun in diameﬁ%ﬁ%cé\éﬁgﬁwdggm aé ﬁ%%%s?%g‘éégr?er%% ?Os# ea(f%gsées“{:oo %ﬁ% Wa&R°SPiTerical structures
with fibers intliousbada@apimgrsgiiond hawe dastrilyely ahalle fiacessponhditid negasadtionfdrm the
starting matqg%leﬁgpd{gﬂqﬁ%ﬁ g? Iti %{e 8&1@3 ical struct For ex le, if the starting
material is filtered through a S%mﬁfe??gtﬁ% pré&oming?ﬁ%%%%%gg s%ﬁﬁlj%rrgg %%C%{/(T)E)Ig:ally about2to 4
pm in diameter. If the starting material is filtered through a 1.2 gm filter, the predominant structures are
typically about 1 to 2 nm in diameter.



[00911In certain embodiments, antibodies to CD56 recognize the surface of the spheres indicating the
presence of neural cell adhesion molecule (NCAM). Without wishing to be bound by theory, it is
hypothesized that NCAM-mediated stimulation is one mechanism by which the regeneration matrix
engages neural cells and stimulates regeneration f%ﬂlowing damage In certain embodiments, during
tissue repair, tissue regeneration, and/or tissue formation, the regeneration matrix acts as an
extracellular grgwih @ﬂ%&@f %q,%%g\/p hen a regeneration mafrix is formed from blood, the physical
and fiinctional propgyties ar n uer?g\é%lﬁﬁﬁén methea: %g?aﬁ’l%%%e% O e G B SRS r absence
of anticoaguldftecaaty smipsbiniinticsaguisatiyamenst aStheeporat siventsechts filer sbeetysate prior to
the incubation,pfids SHUGIN S SRRIALIR IARER AOKMRE W bgsd glsFLEd thopt anticoagulant are
ant

formed when plood is collected with the anticoagul parin. The regeneration matrix 1ormed from
this whole bloBFEGEHERS WHAHEY 1 Rerimpleraiomtbiameins iHaprexeaton tisitene.g.,

Opticelle) withaiskightyditphesSianas R irafSHUGHES O Wal IRSRRRIVE GUHRRRS, [dpwever,
when blood is (i(})lIe(:te%e}/}\/};'%l1 Tt%ge&ﬁ%\rgicoaﬁ;ulau}ggas EDTA or citrate, the regeneration"matrix formed from

this whole bloSd 15 1838 ed VW R probEcharEh dTERt R dessRgRianE dpsesPpIRetand
consistency. [0892}ihage itaiasiemboalviteofsissag daskailo havaipieas OhensieaBlkiwNtion comprise
water as their gy ' lent. In certain embodiments, the non-wager composition of a regeneration
BRI
matrix compriases prlmaé}ﬁé?g?{(%%%ﬁ ?lsétgr a?ilrllljeuﬂbné e stl(ﬁ’i@' ggof)éif?ég thoR i3 regeneration
matrix ranges¢esHeabon B EBxIEHhGpresessnmierer, this percentage can be manipulated by using
different ratiogogb§psuersrmple A PrRAGRILIRL SAMRIET edia in the prodyction process. In
certain embodiments, by employing suctﬁ%lifferent ra%lfg,%ﬁg_e&é&r%t%egilnm golrsw?gﬁ %%roae&lt%:géoregeneration
matrix is apprSRihAReRVessslsand, in Gerage of tpmaticripju@sithe reragment ARiOpRSIsI4122, 23, 24,

25, 26, 27, 28r8fc 300 ARANEHE 0FRITHPSTCVHATLAT Hfgﬁ%h%&hﬁ@g%ﬂm}gﬂﬂ&% fiydration
level of the pl%oduced re@leneratio matrix. In certain embodiments, by_e%yingp%;c aﬁerations in
the hydration fével GFtR %?é%éﬁ%‘ﬁbﬂ%%ﬁmeﬂ%tbfﬁém Lshiupetimpliyedthedamogehatrix could
be less than &isproxihiletizlis Sldwbyarpaied.thare grpraximesaly 0% dIpythe aagewiere a regeneration
matrix is pro hole blood, major protein components of the regeneration matrix are typically
albumin andq#gr(%%g{lgg%ﬁ\%ﬁ% ﬁ%%gzslée(\;/v igr}leg % Pgéﬂeeﬁgfé{)%ﬁfﬁ? ﬁ?@?&%ﬁ?g@a&%ﬁ the
plasma-platelétdstitpatelat thectiokadhblvod, 9/srajds proleieddpnidaehbefitienegengration matrix is
typically albuifi HOueURn 99 ALAIBINALY S b8 At LUDgEI a0 hatioler prgfein or peplide
constituents of blood are also present in these regeneration matrices. Fur ermore, one of ordinary
skill in the art¥iPlipRssrFHIRaTBdiag fohlaedbraphasiconspircieHisim@) Hapresant when the
regeneration dagiirdsOdueR{EAIADRRANA SATBAIE AEIRIRA T PRISISEHE Qb fian blood.

i fid potential.

[0093]A regenetatign matrix has important regenerative and tissue formation pr perties a

It can serve as é%&?lagﬁﬂ?grgf@é forRESHRTO R hestimybarasusdosmation gEsaw formation. In
certain emboblivné vssebgEeraitinmadfices @b aseset AnVeniirn-alowN, calisie aliaeh, proliferate
and/or differepti or arpund the, regeneration matrices. In certain embodiments, regeneration
matrices of t%{e&srggg%%?’ ?rsleee%%ﬁn és’tlmag%i%sh&??dﬂg% %%F?ﬂé%ll&}tpr&%ggggafﬁé?%éh to the
regenerationthesfaaovigblestins (oo assapsitsingohesddctliskh avpetembnsitaterhiiat a
regenerationjgiatii selectivelstia ge ‘are associated with neural cell adhesion, neuron
survival, axon%%?owthznd reg%nera%%%}?%eatté}ﬁﬁﬁﬁ%&g ér‘f S(e:é%sé C ?vﬁ?f%vrlln\]ﬁ]trr% céff%rﬂfﬁure assays using
human fibroa&ysisada ersisiasahadiments, scesyerativatioatricesri thopieset hyditiationntith a 5 pm
fter has an ibIHOR.AHE GG RIBNRIARMALINERRER IS  BEMAGH WHg.Or such fibroblast

inhibiting activity can be Influenced by the processintg conditions used for formation of the regeneration

matrix. A regSHEHARSRUT LRI BrGBE CSY hltedcrstrskipraidoaniBinssitholseisohhiitd retisriamore than a

regeneratiommamﬁhﬂssmeéﬂlff@mlblpﬁiri@féﬂ@&éﬁﬁhéﬂﬁ*&ﬁypé%%‘fisq‘fd%ﬂﬂﬁ%@&ﬂ%}tﬁew certain

embodimentg1 otg\&svdégfeqr%n%e IS adv?wta%%%gtg since, fibroblasts secrete collagen in wounded tissue
which is necessary to some degreadtohr SEppERS AR CHUVRPIR fsiQnsices drsbiere tissue
damage, thefeiefe Ciitboohveshimmaiitytilted Wttheopgriniedtiyettissiiedstar répsiengivg connective tissue
scaring is inhjhi eration process and contributes to permanent loss of function in
damages tis@ﬁﬁégﬁ?g?ggeﬁ%g% lﬁ%‘f%ﬁﬁgg}fgﬁ\ Erboc %E'}n %C,?fﬁés Fi%p%%ﬁ&aéq%? P@H’é’??é’f fon matrix
activity is 3étAssdififeratigingtitoiteaning) shicketbptied ahaecophe desatitogroh avalitbristicichased on the
severity of i iaguesiemeans Ak e 0094 HSINg o e merelsi st spinl opd Injury,
regeneration matrices of the present invention have been demonstrated to exibit M tiple beneficial
effects including, but not limited to, angiogenie properties, axon growth, reduced lesion size and
number, as well as an inhibitory function on formation of astrocyte glial scars. In vivo, a regeneration
matrix is typically degraded over time (e.g., usually about 4-8 weeks), primarily by macrophage
ingestion, although regeneration matrices of the present invention are not limited to such degradation
times or mechanisms. As is clear from the present description, such degradation may occur through

any of a variety of mechanisms including, but not limited to, cellular activity (e.g., through the action of
macronhanecl mechanical chemical metabholic and/or enzvmatic dearadation In certain



implanted with or without cells such as, for example, neural stem cells, neural progenitor cells, and/or
differentiated neural cells, into the damaged, degenerated, missing, or cut out portion of the spinal
cord. The functionality of a regeneration matrix can be further expanded or manipulated by the addition
of one or more therapeutic agents including, but natllimited to, growth factors, cytokines, drugs, and/or
other components. In certain embodiments, when a regeneration matrix is produced without the
addition of exggene sﬁlﬁga&)% &; $§§n&ﬁ R tial functionality is.ohserved in.terms of neural process
extension and neur I'gene’q[g-reygu tlpr_l.sin%(gcﬂ%eglrsﬁ&{%ﬂ%ﬂéyn %?,“ffq?ee&rn%%fﬁ?tﬂ%aé%sf a({aévee%nctions IS
enhanced by féatiedipdhatsn of ENSJaiey biisechpangenagtintsarind iverdatiotheif fobegfeneration
matrix. Non-llmga&aglgﬁ%m{eleﬁeqmﬁﬁa Ignadaiionalher aReHHGRARN ey IR GHAG JrQWth factors

such as bFGF, EGF, BDNF, and/or NGF. In certain embodiments, regeneration matrix implantation

into injured spMAIAYsRESRlIEs G irRITactscboeRrarrrBtblorthersplfo dhfead Rudtds anweeks after

implantation. [3@a6]¥heacionpatiak of Bodoias e dearadahimbiglosicalisafild mithipherent and
multifaceted regienerﬁjve grogi éies, Whi_grg scaffolds %re ncompassed by certain embodiments of the
S and 1o e @r

present invention, 18 comp RSP E R e AL A SO M e SR Aroduced simple
extracellular megricesicunhanatrisésappead to heebReattyistattall RaatiaconietMalosenaas ever
reported the pidyqiion. ol salf:assemaling matrior sqaffolding aterial faat siructurally and
biologically facilitates, sup?aorts an alng in the regeneration and gro o new’ ISstie: which matrix or
scaffolding m&terA Feanaomperssbut bystset zéscarblos thimanes of brggpssdiilaodantissl. Examples

Example 1. DRV ALRACREIBRA MR 10l 9UehPload 100371 SaR Bipgd was

2
procured from healthy donors (Research Blood Components, Brighton, MA) in 12 ml vaccutainers(r),

allowed to cloPSPHReiRE 30| ddubBerviraE{EeR 6T igure 8RR e am 8Bssing was initiated by

subjecting thejdbepy to Afiaare foRRsebn bravméR bldaciRssel RerrentemisRkinG N ehitalagheontaining
10 ml of bloo%e\:/v re emé)tie(?lwigto sterile mé?gqtar._ The clot was disrupted by manuag?(inding using a

sterile pestle With the adaiti YoRXeL 7R S e A SHErading seilsiorihasis of Bivem
(Mediatech, Herr@a]lvjgnid fdain 'site b2 ifiiediatenty suppiemehtetledith3)y b8 mupaiement

(Gibco/Invit ith ,MD), 20 ng/ml bipant EGF (R&D t Mi lis,
VN, and 40 T e e B e o e e R el Srotature. tiqurc
containing ligoefisdisshokebkgsdrsiveast pnscbs onheingrtaas elépinatecbirdyrtthslmastar using a
sterile 25 ml %ﬁf%ljﬁg 63l BIReHR AR IR GRS A A0 Lﬁfﬁgé&%?ﬂtgg?&Xiﬂ@%@n@ﬁﬁt‘%’ggﬂ S Were

allowed to filter by gravity into a sterile 50 ml conical centrifuge tube. Fresh process medium was

added to the F@H?ﬁmiﬁ&l%ﬁéder@? soyidhlossrBeassmeprinkararhin theseatile eoniiardigerfied and a final

volume of 20enigtatasr @aRlcth e tudaswREe GBRHUERE & R XE Mn3RiNIP AT dRG puPernatant
filtered thougpégﬁq&t}@gm g{sgvringe filter (Pall/Gelman) directly intg Opticell(r) cassettes, The Oﬁticell(r)

cassettes we G PR S 1 0peE B85 HRVRYEEr%5 1 imemp soohere s andinesy wiiblf fresh
process medinnhwhsdddect ie:kask Qptibklf)fcassetievAleditiatl himvekiesbpesss medium
was added eygry alternate day until.the regeneration matrix was harvested for further analysis. The
regenerationﬁ%?%%ﬁﬁ%?ﬁ%’ﬁgaﬂ%}é)ﬁé S hds %X(ﬂ%lésall\llé%l e HHHAEPIE™ éﬁ’@%ﬁrvested by
removing theaaogeeneraivamenisixpeo@ptisellfey oasselldrmnchsciatiec fromdoa bbdienomembrane.
Example 2. Dgrivation 9f [ I f llected using anticoagulant.
100981Ven0§§ill blood v%/}as%grgp%%%lﬁ%mﬁég%o\%{g%%@g%s&%#%%%y ggﬁggﬁ%ﬁiﬁrighton, MA)
in 12 ml vacctHehis¥cosasesnnminnar coissurneundingrihetsitod winivuses Readdguing WWas initiated by
subjecting the dlondcia5iSurrRIBINEeR 78 indRG0x thavk BINGYAIES: THR RPDIRRS Rl il vaccutainer

containing 10 ml of blood was emptied into a sterile container and process medium (see Example 1)
added to a fitde of injury and make effective and intelligent new connections, such as those that are

controlled by, for example, GAP-43 and the Netrin family of genes, which are
upregulated by the regeneration matrix. Such new connections can be utilized to generate
new CNS functionality that can be harnessed by training and/or teaching, leading to
advantageous functionality of the new CNS tissue. In certain embodiments, such new
functionality is achieved in a short period of time, for example, within an approximately

2-month time window. As one non-limiting example, in the case of spinal cord injury,



volume of 200 ml and the solution mixed gently. This starting material was gravity filtered through a 40
gm mesh strainer. The filtrate was collected and centrifuged at 500 xg for 30 min and the supernatant
passed through a 5 p.m syringe filter directly into Opticell(r) cassettes at 10 ml each. The Opticelle
cassettes were incubated at 37C and 7.5% CO2 infair. After 6 to 8 days of incubation, 3 ml of fresh
process medium was added to each Opticell(r) cassette. After that, 1.5 ml of fresh process medium
was added ev, It until the regeneration maitrix was harvested for further analysis.
[0099]In anoth&eﬁrx gop%g‘:%ggaﬁ%%aéxﬁlgéé%afégoﬂéwaesnﬁ%%surg‘g %Ponrhoﬁeerﬂ%g% onarsY élgg’%e?éh Blood
Components, BHgprdA eRthleimagementachsitaintbes () edintitingekMepl& DT hcrddeBondte. The
contents of the-AagUHALHCARAN AL SALOHNQP AN G RIaH NG 2SS WS FQRIAIRSHAR process
medium (see Example 1) added t0 a final volume of 200 nil and the solution mixed gently. This starting
material was FREHESMFERIERSSGH syringe filters. The filtrate was collected and centrifuged at 500 xg

for 30 min anq#es pupernaianinanBeaivALERR AN S ke dinetbninik Qrbrellfgassettes at
10 ml each. TQ@_}Optic lI(r) cassettes V{/x?r incubated at 37C and 7.5% CO2. After 6 to 8 days of
uréz\/\rlg

incubation, 3 MY 8P fre g USSHA0Y TerBulResplidatesis s kiRt 5 mil of
fresh processtripgdiiemevaspacithaii@vetis alfeptaticdryropid gottte gehesationypadfivnias hadvested for
further analysj 001001 The.r. eration matrix.formed using these methods. weak adhesive
propertes ant B B P L e B e Y S R W e
ports of the OpitdHiervassetits Exsm§lelS iBureporidhRe denemtiorbMateikifrsenandiole blood

fractions prodygediusing areuahditadion, JO0TH dhe ALty REIhsraaRPeIAtion Masx was further
refined by passmgﬂg{? supernatant from the centrifugation step (as listed in Examples 1 and 2) through

5 pm and 1.2 biPias satopmgsitrissistercisrnstdiqdnievaslyayeriadinadishidrrcansestairting
material whichhegshiieriBéeaegdensiRNALRIRRAI RS AlhR@MPle githergysngtalion matrix structure

within the Opticell%%.cas%ﬁtte is shown (Figure 3). Figure 4 shows that a regeneration matrix produced

from whole bISBPYEE A1 ASHPSHES ARftRM Srntie D e Brmseidheriaralts it & Hining was
completely negativedingl iséationgrinalyz edthesetbesmdieyiapstains sironalythdtyrasincihgaded
structure can R%icls%%rl rgsnolsv%q ahen,u I %hi h umerica%l.agertture lenses ghiggrre]?so ution). Besides
the beaded struc{ure \?\Bllmch omprise %os Of the Tegenaration ma ri&?cl?%pﬁoss?si & 186B&erve small
regions of flattbiidatheiraessoearic begeasratiosauatimpiphesimpacostogetiies:cExatatiniaf tRegeneration
Matrix.. [0010 I ' ] e scribed in
E@&ﬁkﬂ&ﬁ&%{@&%@%ﬁ%ﬁm&&gﬁ@?fae&hgyogg]g{ bioRtdiieaddy M éﬁﬁogédgg 5

Examples 1, 2, and 3 were fixed with 2.5% glutarald acodylate er (Electron

Microscopy Stieisbaenithey trmsompand;giabnin psientivnacyin avparkh VO hess Miygedabstituting

the culturing mesbuay withdorilak the frrtine salitiom s beyAaethe fativewessgmoved and
PBS (10 ml) was added to the, Opticellt. The Op,ticell(%was_o ened with a scalpel and the Opticell(r)

membrane willitHe 8 JENErHBhasia A pRgsad b ot m?%fﬁléﬂ%ﬁ prissivg puiiens At theie pieces
were placed inewv CN®ifismierbeiapicitigeal ihbeoang pesiuhivad willvel S6dQsmivsTed axidalimwater for 2

hr. The sample was then immegjately placed in a 50% ethanal solution far 2 mjn and. serially
dehydrated inae%}?% ,eélb? f@gea%ﬁogggnee aaltﬂ%fns%ﬂﬁif)eﬁsep%ﬁ%?rfﬁéoﬁgf ‘e(#%ﬁ%ﬁl%f [5% esamples were
kept at -20C mnimmgé@ntsnhg@eendrqummmmmmmm@mm taiibvewsityeofl Massachusetts
fmherst. TheaaipRies were rllise Ak AR CHEd A0 SRR G tr%(au%é%&F@Vé%reis'}mr%?gge&wehrg

JEOL JSM-5400 Scanning electron microscope at magnifications from 100x to

acquired via d¥@filal inferterses of he ithputepreachexpoite dield TiPppYodrhealinesn0rnBO dictds
resolution. [0G3@3p5aaEned Haecrrenaraion-aiiods Welded . Adeaenaiatn iR IR different

microstructure (Figures 5, 6, and 7). The lower porosity filtration yieélded a similar overall morphology,

however, the SPEBRIARIBHRAL QWEENRVERASH SRutiob animgle afHEheRorey AhRIRAHERIE trigure 6) that
that of the 5. Qlaghirestmealdindnsttateddiameiars CHguiiedvanadener plieup atib¢pHiagiiced using
coagulated blood1 went thr u‘t}%h a rtnat gﬁ?}ionn(%ﬁwase from?j;\bout 21Q 3,VéFek of incybation where there
was an appeArsHEa SRR AR st AdiPe IR SpiEY Saescls Brify RIER AT ation matrix
produced withdwrseiotteehblogidad oesp ok slmeinmthia ppe Assn techowevesuiitebkph@dieal structures
aggregate to InueUS structure has approximately 100.nm fibers, interspersed
traughout (o A P 50
glutaraldehydatherbemeseribed seapdyltte decsbapsiEnat floid Ktibids capyeyimoveshiat si€efbofl 6 hrs.
Fixations wer. M thy i ' Tt ] ' ith 10 ml of the
fixative solutiflr)l. The ngg gﬂ@%&% v%%lggﬂigggﬁﬁg%%éi i%ﬁ ﬁ@g év%/}glsg g%%lgjg o the Opticelle.
The Opticellci was opened with a scalpel and the Opticell(r) membrane with the regeneration matrix
attached to it was cut into small pieces 2x2 cm, and mounted in between sponges in a tissue histology
cassette. The samples were placed in 70% ethanol and sent for standard histological processing by
Mass Histology (Worcester, MA). The samples were dehydrated in an ethanol series, embedded in
paraffin, oriented and sectioned. Sections were stained for hematoxylin eosin using conventional

fixation conditions. Images were acquired with dark field optics using a modified Leica Microscope,
ontimized with Richardeon technolnaiec for contract enhancement and noice rediiction lmanec were




analysis reveals that the sphere-like particles are part of a continuous material since under the TEM
they do not show boundaries between them. The spheres are solid and not hollow and they do not
have a membrane or any other type of structure surrounding them. The interior of this material is
homogenous. The very dark spots in Figure 9 are Béckground from staining. Example 5. Biochemical
Characterization of Regeneration Matrix. [00106] Regeneration matrices made from whole blood were

analyzed for protem.,. lipi ¢ acl e gontent and for, metabglic activities as a
sensitive indi%%%%%%%%@&%@%ﬂ%g %%%%%gc 'egn%%%%%gign\l/v%%nﬁgsfr%a |zeé’(§etsoet}#lass in grams
of wet regenePR{fOHIALRECARERew. antheider diffietlitess forcquaintifichodimortteredoimiBitiagRNA, and
pid were used et iie:camaeaiisnial sexarahdistantloti oh tasRerA o Malib dgjermined a

multiple time points in tt;g regeneration matrix manufacturing process (detailed methods are given in

the individual SREFHEa5301RAls QX e AR RAtSH ioTBRARPIB AL ITED RRAR TV L0 19xTvlogieat abundant
biological conefitesntruireregesregatiaativatixitqrorehr f2eibg iBReseniedatd8 1.2% by mass

with the remaini ss being regeneratign, matrix associated fluid. Normalized protein content in the
regeneration r%f%ﬁ?rgw%én e?oerrﬂrqnﬁllge%ﬁ/ se(%ﬁgﬁ?f?ﬁ%toa m%gfi‘ta‘ﬁﬁg%‘f%?%gf%@neraﬂon matrix in
SDS lysis buffem{is@agivtNe@les8 mM Tris-HCI (pH. 7.5), 10 mM EDTA, 1% SDS, and Complete(c)
mini protease inhibitor cocktail (Cat. # 11-836-153, Roche). The protein concentration in the lysate was
determined using a Lowry based protein assay kit (Cat. # 500-0112, Bio-Rad) according to the
manufacturersIggieia apcizt Brodaedi

Bio-Rad). OpjeRlpensid FAR ATk WA oA HAR S A SRS AT BlUS MO A8 Molecular

Devices) spectrophotometer and sample protein concentration was determined by interpolation of the

standard cun¥ iedicedyernEinfASaHAtE R TPRS eda AP eririteanhadmesate diffiuertos] The total protein

content (per regeanetiatianthedsyadas datasmninachinrits tegeneiatianatrisisiaring material (0) for
samples harvehsétled at.days,0 15.ar1d 21 from the initial seeding of OptiCell cassettes. 42 [00109]

Regeneration Thatrix pro o RIRRER é’f%%?ﬁ‘f%ﬂré AP S G ot RS BIFSEaTh SDS
buffer and toteinpraigiants ribenthysitadminecdt:dttien thotvpie 4 pinp ttRpiicticheapseaties were sampled
and analyzed, Bestlis QL4 | ?r tsbs)a hes.of regeneration,matrix production are reported as
mean standa?d deviatio%@%?r%%gggi%% %/S ré%rig g%a&%)n ar gomras%og% (1){ PR 721

invention are altered by the providing one or more exogenous factors during the

production process.

[0071] In certain embodiments, regeneration matrices of the present invention are
produced by incubating an acellular sample for a period of time. In certain embodiments,
an acellular sample is isolated from a tissue sample. An acellular sample may be
generated from any of the four basic tissue types (muscle tissue, connective tissue,
epithelial tissue, and nerve tissue), from any of a variety of other non-basic tissue types,
of from any combination of these or other tissue types. In certain embodiments, an
acellular sample is generated from any of the four basic animal tissue types (muscle
tissue, connective tissue, epithelial tissue, and nerve tissue), any of the three basic plant
tissue types (ground tissue, dermal tissue, and vascular tissue), any of a variety of other
specific tissue types (e.g., blood or liver tissue), and/or from any combination of these or
other tissue types. In certain embodiments, an acellular sample is generated from
placental tissue, from tissue of the umbilical cord, and/or from tissue of one or more of
the following organ systems: cardiovascular, digestive, endocrine, excretory, immune,
integumentary, lymphatic, muscular, nervous, reproductive, respiratory, and/or skeletal.
[0072] A regeneration matrix can be formed from any animal within the animal

kingdom, and/or from any plant within the plant kingdom, in practically all tissues and



51112 5.2. SDS Page Analysis of Regeneration Matrix [00110] The major species of proteins
present in the regeneration matrix were determined by mass spectroscopy on all visible Coomassie
bands excised from a reducing SDS-PAGE gel. For SDS-PAGE, the samples were prepared and
guantified as above and loaded into pre-cast polya%‘fylamide gradient gels (PAGE 4-20% gradient, Cat
# 345- 0033, Bio-Rad) at 10 fig per well. The major protein bands were visualized by staining with
Simply Blue(r Stain(Seal- vitrogen). [00111] .Th cised protei anc% were sent to
Midwest Bio Shegr{\%/iisz:'egf (Overlh%ldl:%gd?lsg@?m%ia\gﬁg efégg?\%é%e%{}éésn?ﬁgﬁﬁ%#ﬁﬁ% E%loé) . Briefly;

reduction, alkytatheut sidinede bepesrdlatibeonadtisllowedidsized fridecestrantionmatdsspagation on a
microcapillanaiauaissains el Sepidesyire.aliied ApdRissksniXRt AiRdiIy an LCQ

Deca XP Plus ion-trap mass spectrometer. Full MS spectra as well as MS/MS spectra were acquired,

and the data WhSSSHafas by SPaFIS EHesivs fisspedpmansiSuehaiarbanita ApPpsrs tosesathe mass of
peptides to referefuectiaok induse suiomniRgUallve bt efrpretide fexmeants Akkhowngroteins, the
presence of par iaIl_Y q]egraded roteirﬁi Woﬁtgllg also 2@ deteé;ged E??jsheﬁ;el bands. The major protein
species identiiad i e Ty Srar St PIETRE LM Rt A einderHian P Hc ke ehalB ih, serum
albumin precyBsskecoffleateht Regaponton 3f tHeaiaseiahemosiatiimn, 16 MnjgbianeNatasin inhibitor
2, carbonic anhjydrgse I ein. 10011.2] A consistent protein banding.pattern was gbserved in
samples from@%’bﬁgt%ﬁﬁ? (?5919@6@%3%%1@3%}%5‘%%@? fn?wtés.m]%?gfﬁ%% ﬁ1r‘ég8rto eiﬁv%\%gﬁg%olved at
low 43 moleculranditistaebphsritiaeubros theGrbandipprosibiendisellsissed 38K beimnd the
remaining appsRxiRRieMd 9% ' g t ph of the
%%_ gmqs'flﬁﬁq"ﬁ@w M%&g}wm&%,%mﬁ% ﬁ@ﬁ@%@%ﬁ&}g

SDS gel is shown in Fi(?ure .3. Regeneration Matrix Nucleic Acid DNA was

purified and JEEFRATBEH SRR fdyane by abex ey o6 ithe aevdtostaring mMateilhbeo) for time

points 0, 15, 2lead$r6a1 kOkEhiAIEASATMELTE R %@ﬁ@ﬁ@m&}m%m@g%éwf Proteinace K
0 mM EDTA, 200 mM NaCl, 2% SDS, and 6 pi. Proteinase K

lysis buffer (40mM Tris-1 CJB_[ El§§.01, ) J

stock (20 mg/MITERE. #”ﬁéég % TR SRS A FREH RN JLHTGH: Zendke BhsagpsaRwas
extracted witlvbseregdid \Revkaeeo b1 ridackGegateration mheied-ehihsgfessriseamibalaehol (PCI, 25:24:1,
pH 8.0), adr k Gel (PLG, Cat. #955 15 403-7, Eppendorf). leg.were centrifuged
at 14,000 g f r%%ignéﬁgtnkgg t%c%‘g%%as?én 81% %%di&s)oe%(.) net%e(ﬁﬁ%‘g{fs? % a%e vﬁgig [?Tégﬁajéﬂ% toanew 2.0
ml microcentiiisge tilsEerhelPds. O aatainemkodiototsarngaentiingatviveepbiktepkefdne aqueous phase
was ransferrgg SN ZQuEIJPIEIRGERIIGRUBEY I MG AR SxARE b Wil satal volume of

chloroform and centrifuged at 12,000 x g for 10 minutes at 4C. The aqueous phase was Hransferred to

a fresh 1.5 mimfeRsEsHERL gatarerisHes ONBnsHOE AR tbE tsgeaaaifenomwiFume willbepropanol (Cat.
#3032-06, Maitinektest) aek& Uaalvengan Hortd tRAG138300LRecheLanddsiting standat RT for
15 min. The %ﬁm&%s were centrifuged for 20 minutes at 14,000 x g at 4C. The pellets were washed 2X
with 0.5 ml 70% Sﬂolfl(@%\tf%lEXOZSQ-l, EM Science), air dried, and re-suspended in 30 p.1 TB

buffer, pH 8.40TT8 conaéhtnation foh@Ralvagetetaton natnEaesirREcteMR I MmEasHrement

(Spectra Ma | 38 ecular Devices) of the gptical density (OD) at 260 nm. The OD

260/280 rati())gv \%g%%’al\ggg eteesiﬁil‘ﬁl\gg{)t%lfﬁ |£Satff)é) #Cﬁ?éalee%gIeé?%r%(f@ﬂoéghﬁéﬁﬁé? STHH DNA isolation.

The total DNA@sénnfpangrdbtheregendnatibimgsathix s 1S tapetfinakihvs scsitgiared to that in the

starting mategig) b ime QA ead-nhatah e é%&ﬂ]igféts of g&%%%?é@l gﬁ%gr%(aig {he Opficee cassette.
and the

[00114] Regeneration matrix production fluid was remove regeneratio matrix solubilized in

SDS buffer afQTARTReIHRsk: bletshAndienfirar @sw taks plind fackstse ly freasseties were
sampled andvanag/z esheheaids HomhAdPHeRRBISRLPAie D18 ECARNSG BLRB A RAEEustion are

reported as rHlean standard deviation. 44 Time Paint (days)
€ regeneration matrix are typically albumin and hemoglobins. In the case where a

regeneration matrix is produced from the plasma-platelet-buffy coat fraction of blood, a
major protein component of the regeneration matrix is typically albumin. Nevertheless,
regeneration matrices produced from both whole blood and from the plasma-platelet-
buffy coat fraction each function to initiate, increase, support, and/or direct tissue
regeneration at a site of tissue damage, loss and/or degeneration. In certain embodiments,

a regeneration matrix is produced from an acellular sample generated from whole blood.



DNA Content (11g) 08 18 157.8 2.0 21 6.6 3.3 [00115] RNA was isolated from the regeneration
matrix (M) and compared to that from starting material (0) for time point 0, 15, and 21 using Trizol.
reagent (Cat. # 15596- 018, Invitrogen). One 1.0 ml of Trizol was added to a predetermined gquantity
mass and allowed to stand at RT until solubilized (i@-zo min). The samples were centrifuged at 12,000
x g for 10 minutes at 4C and the aqueous layer was transferred to a new 1.5 ml microcentrifuge tube.

The soluion s IAGRA AN 200 HALSRIEIO (Gal 4444904, Malljcktody apd centrfuged

12,000 x g for 20 minutes at 4C. The aqueous phase was transterred {0 a fiew 1. Fnicrocentrifuge

tube and RN/ASRES SRR aferh kst é doations insprdipgl hitololiftittdt80a2:G6Matkinckrodt) and

centrifugationsak#20@urg I BRAMBHIES B4 ALRERNARS! gﬁ{:ﬂ&ﬁaw;a%ggﬂ i%&%"/ﬁaef%ﬁoh

centrifuged at 7,500 x g for 5 min at 4C, air dried, and re-suspended in 25 gl of RNase free water by

heating the sSATIE SRUSERC o o S FARRP R NIR Alg e ine arrie dley LD satipend snamtryvia gravity.
spectrophotoineiat(bpetisamaxtsVineel &84idMoles Halecheiasediie it R NACONgRh4NM) of the

regeneration rix at 15 and 21 days was compared to.that in the regeneration matrix starting
material at tirﬁqé1 ! nl.t%l%r%\y o?&%ﬁ]&%ﬁ%%@ﬁf%ﬁ@ﬂ@ﬁ%ﬁ%ﬁ?%ﬁ&? ﬂqémémﬁq‘ggé‘é’tte. [00116]
Regenerationfiariivns prey betisedftuiprodis e envgenetativ theriegeks lieRmaivbasetaiized in SDS |
buffer and tot term] Far each time point, 4 Opticell cassettes were sampled an
analyzed. Re%%%ﬁngﬁﬁﬁ%%%E%‘%‘%ﬁ%ﬁ%goﬁ){eg nera |%dnﬁrﬁa rfln)f(%) Broo uocﬁ}%tlg%er brted as mean
th standard de¥ideen fipree Pofrigings)R&imatnsuoh t$Ge has been frozen for a period of

days, weeks, months or years. In certain embodiments, better yields and development of
regeneration matrices are obtained when the blood or other tissue is subjected to multiple
freeze-thaw cycles at a temperature range that is close to the freezing-melting point of the
sample. In certain embodiments, a regeneration matrix is produced from blood or other
tissue that is isolated from cadavers (e.g., cadavers that are several weeks old). In certain
embodiments, a regeneration matrix is produced from placental or umbilical cord blood.
One of ordinary skill in the art will be aware of other sources of blood, bodily fluids (e.g.,
cerebrospinal fluid and lymph) and tissues that can be used for producing a regeneration
matrix.

[0074] Furthermore, in the case of whole blood, as shown in Examples 1 and 2, the
presence of an anticoagulant in the blood sample results in regeneration matrices with
different adhesive properties. Any of a variety of anticoagulants may be used including,
but not limited to, heparin, EDTA, and/or citrate. One of ordinary skill in the art will be
aware of other known anticoagulants, as well as coagulants, that can be used to produce
regeneration matrices with different physical characteristics, biological properties and/or
therapeutic activities.

[0075] In certain embodiments, an acellular sample is generated by removing cells
from a tissue sample. Any of a variety of techniques may be used to remove such cells.
For example, a tissue sample may be subjected to centrifugation to separate the tissue
sample into cell-containing and non-cell-containing fractions, which non-cell-containing
fraction is then isolated. In certain embodiments, cells are removed from a tissue sample
by passing the tissue sample through a filter with a pore size small enough to exclude
cells. For example, cells may be removed from a tissue sample by passing the tissue

sample though a filter with a pore size of 5 um, 1.2 pm and/or 0.8 pm. In certain



01551 1145 15 184 th 29 45 2196 43 5.4. Regeneration Matrix Lipid Content [00117] Total lipid
content in the regeneration matrix (M) was compared to that in starting material (0) for time points O,
15, and 21 using the Bligh and Dyer method (Bligh, E. G., and Dyer, W. J., A rapid method of total lipid
extraction and purification, Can. J. Biochem. Physi%ﬁ. 37,911-917, 1959). Prior to analysis samples
were stored frozen at -85C and thawed at RT at the time of analysis. For the regeneration matrix,

375121 of me : -1 viv) was.added to the, pre-wejghed sample .and incubated at RI for
15minina Vé@)?g!:%{%ﬁ%’ mf(%/%%rzt%?(étrgeg% %&aﬁﬁﬁgg%%&s W%Xﬁ@rftcrﬁ%%?ﬁgm é%%%ﬁ)aiThen, 475 pl of
methanol:chldvofesiiiosamed pCheare BOBaeivititB bSthelmniwnid trecneastmddedandihcabated at RT 15
min In a vortesia,abay 8. dbeamaley melecantitiordAlERd SdUAmInMaRAt RT. The liquid

phase (both chloroform and water phase) was transferred into a fresh’ 1.5 ml microcentrifuge tube
leaving only tHY BRSNS e JetErd chracispatiorrs fagtssersmsioniaaptpakevay of

re-suspendecitafiély gkefl%klf&ﬁﬂ@@éaﬂe@bﬁﬁ&[%PW%ﬁ@f%dﬁﬂﬁ%@ %@&iﬁfﬁ@%@oﬁﬂﬁéﬁt@,y vortexing
for 15 minutes ?t mediungégeed. 1 5§gl of ﬁ loroform was added and the samples vortexed for 2

minutes, 125 §iatei atded SHEHeE® & @?ﬂcﬁﬁ@?@ FRAGYL thls E¥trifuged at 250
x g for 10 mirextasHe,RFisTikestiopid phase susscpoaicshinbilithd aadnpldifuas the sigéeal extraction and
centrifuged a r 10 minutes gt RT.. The chlproform.pha as transferred to a fresh 1.5 ml
microcentrifuélié %%%%gdgg r?e%l ﬁl%% %ﬁusr?ﬁuélr?/rép for f r?nnllr?t‘ﬂlg %%?ﬁ\r%ﬂ%{gecﬂ%%f%w as completely
evaporated. J0&516bf chidrsksimarelins sudidtoive dridudadidpeikebain: ireaseliuiie savgrkefed for 15 to

Mmin {0 solubilgg; e, NaideEoORRIRIA B rRAMPIES a1 B ALED MR HINAL ADRLES'S: A

dilution series_of standard lipid (L4646, Sigma) was constructed and the samples hydrolyzed by adding

10 gl of extra&&d-Ibicr Safte’td $dd giedRebhiidietd sliphdrkdadld 36 22423X2R 24.66EM))

Chemicals) aps| bojl3ug 3besnags Sor 55) svisr FResaipRles B AQRIRAR W aISLRAALRS for 2 min
ed to 600 gl of phosphor-vanillic reagent (0.6 g Vanillin (Cat. # VX0045- 1,

and 40. gl of sam%%wa\is ad ) - ”g?fiéﬂg'@é

EM Science) 21HPRI"8F hE0bABRSH P (Es il By ix e P G int 43S dnadars mi
Phosphoric a2idd@atnid PXO885afq hd Pekihiand Cais)iotixestridipaibatodrinRepoteeed from light
for 45 min The lipi ncentration .determined by measuring the OD at 525 nm (Spectra Max 384,
Molecular D(Q&%egcséiogﬁo ﬁrérpglan%%rlﬁllﬁ% e 48 %?lzi{r?(l[%lr %aﬁf\r}et%r i%‘%?iﬂl@lrﬁfeﬁﬁoréﬁ&%ith the
spectrophotom‘é@én fhh@ﬂ@ﬂ&fﬂipﬁtpm@nf%r@@baﬂt@mgeﬁenaﬁ@d@m bt pvdmdPih day§ was
compared to (akin 1ogHARIRGMRlRIgLA _i%%ell%%‘ﬁl?ﬂ%%%kjé%%%%@ﬁ?ﬁﬁ%E generation matrix in

the Opticell(r) cassette. [00118] Regeneration matrix production‘filid was removed and the
regeneration $REAPERsSH O apdRsidessesing tha seaserming grensstasiechisnis, of Doticell(r) cassettes

were samplegrapssanahiathResuiaR) &é@ﬁﬁ%ﬂ&%&%@éﬁ&ﬁf&&%@&r@ﬁ%ﬁ'}ége?féiét%?dUC“O'“

are reported as mean Jr standard deviation. Time Point (days) )
matrices can be produced within minutes, hours, or a few days. In certain embodiments,

the activity of a regeneration matrix produced by incubating an acellular sample increases
as the period of incubation increases. In certain embodiments, a regeneration matrix
produced by incubating an acellular sample reaches a maximal or near-maximal activity
after a period of incubation. In such embodiments, a regeneration matrix increases in
activity only incrementally, if at all, as a result of further incubation. In such
embodiments, it is possible that the regeneration matrix may lose activity as a result of
further incubation.

[0077] Applicant has discovered that shaking or otherwise disturbing the acellular
sample during the initial formation of the regeneration matrix results in an incomplete
and/or defective regeneration matrix and/or lack of a produced regeneration matrix
altogether (as well as a corresponding decrease in the biological activity of such
incomplete and/or defective regeneration matrices). In certain embodiments, an acellular

sample is incubated such that the sample is not shaken or otherwise disturbed for a period



Lipid Content (jig) 0 1.9 0.4 15 0.02 0.01 21 0.03 0.01 [00119] The results of the analyses for
nucleic acids and lipids suggest that these materials are present in the starting material and are
degraded over time. The initial degradation rate seems to be variable with the high degree of variation
in the amount of DNA and RNA detected in the sta%ﬁng material at time zero. This variability among
different samples decreased with time by days 15 and 21. In no case was there an increase in any of

these compongnis WhIGh aived ﬁ@?r‘ vigilence.t t cellular activity js not present. Example 5.5.
Radiolabel Substrate for Protgr%éangtﬁac CIEAC PEYhthesy ﬁ?{%i‘?zg%ﬁg ‘hFang &heFation Matrix.

[00120] To estaimetPFiehindranbsroanafighnishther rsbentisatibaneabrid irdSlvess Actiy8,pakic cellular
processes (DNA,1RNA, pgo;gﬁiqayﬁbpgs}i@) Qs_(»ggnp’eﬁ:[@g] mayix %aivyn g’n%e%l d/XPgssoirncubated with

tritiated substrates for DNA, RNA, and protein synthesis. Five Opticells(f) cdntaining strg?trl%g material

were incubated A PRl pu St real b srmrls In R Dpisdameh thrtdhe rasutieisanet The substrates

used were 3Hizlamioaeiehisbdisarbtd a6 ctiat 29063::WR ﬁg@m&:&ﬁé%mﬁ%%%%fN(&ao-Zo
rnmol, Cat.

Ci/mmol, Cat. 44, NIP Biomedical), 3H-Thyrnidine (60-90 Ci

Biomedica|s),@§§:loH-u E‘@%E%%Peﬁﬂﬂ%‘h%’ﬁ%é‘@/% A2 9 S RO OL IBPTS AUCSFM dine (35-50
Ci/mrnol, Catfatter0d6ing FrxBjoodediival pyobes intipaiiation iactbatopticell (deassetieshas ul of isotope
was diluted i f ‘E-12 medium, then injected. into,each Opticell(r) and rotated to
facilitate mix%%%n%n%}j)%%gﬁ Ef%g)rai%%gﬁgr% ?ashlr(f ﬁ%ﬁlg?]%%&% a‘ﬁfq%%etwg's'hfgﬁ Sﬁ%f’sﬁe Opticell(r)
(10 ml total veRsHEay A thp Asekissbepfiserimting 8 rxygrmtdsicfserhbloaolite Optic absésrarere

incubated at 7keiidie aualrasehais: Wi GRRINALAIN S PARS S AR LIRS 1.0 M

aliquots were taken for analysis. The samples were kept on ice in 1.5 ml microcentrifuge tubes and

100 gl (0.1 vaiPBIePO 88%aFR FRBcsREatiendvaineacabatendnanpretimeslinybrdd 19 Afixlthd 6ontents.

Samples weresnpyliatec on joe for &0 6irs (@, precipiaie ruc!eicanids anddRERigiRs he precipitate
was added to a GF/C filter (Whatman) in 0.1% TCA g,ice cold) using a Pasteur pipette. The contents of

the microcenf?ﬁ?&f;%1 OB RIS 8 (R RR &I HRE RS A R R acy B dTBIHEA. The filters
were placed emboiliaredtsjimbetior mrelhovkybhe dilteronasHasetsinia Amhahisiilation Coctail

(ScintiSafe, Figher scientific) an-added to a 5.ml plastic scintillation vial. The vials were.counted using
a Beckman liquid s%%%ﬁ%t%%g%%ﬁ%ﬁg’nl aesi}ﬁ?ﬁgnsagrég?’gsy %h%e et F(S?a{?)(?’iiénfﬁﬂ%fé‘.c%%sults (counts
per minute) ofPAEYIrErEshsritenmans rietudiccirepegtaditithentatie WitlondSudditedhsfman fibroblasts

were used asaipasiive sRAl forhe assavl ehlb R alRl sRUNIR RS el sachofihe
radio-labeled supstrates at time zero, | day, 3 days, and one week arter Initral see Ing oﬁ)egeneratlon
matrix formin@uﬁ‘f’c’&é‘?f&baﬁ‘)n is altered (e.g., raised and/or lowered) during the incubation process.

One of ordinary skill in the art will be able to choose one or more appropriate ambient

oxygen concentrations depending on the time constraints in forming the regeneration

matrix, the type of tissue damage for which the regeneration matrix will be used,

experimental and/or laboratory constraints, and/or any of a variety of other factors

deemed important by the practitioner.

[0079] In certain embodiments, the ambient humidity is adjusted or controlled during

incubation. For example, a regeneration matrix is produced by incubating an acellular

sample at any of a variety of ambient humidities. In certain embodiments, ambient

humidity is kept low during incubation such that evaporation of liquid in the acellular

sample is increased. In certain embodiments, new solute-containing liquid (e.g., a

“process medium” and/or “physiélogical solution™) is continuously or periodically added

to an acellular sample that has undergone evaporation. In such embodiments, it will be

understood that the osmolarity of the acellular sample increases over time as a result of

evaporation and addition of new solute-containing liquid. In certain embodiments, such

an increase in osmolarity results in a change in the physical characteristics, biological



Time 3H-TTP DNA 3H- Thymidine DNA 3H-UTP RNA 3H- Uridine RNA 3H-AA Mix Protein Total
28

properties and/or therapeutic activities of the produced regeneration matrix. As one non-
limiting example, it has been shown that increasing the osmolarity of a solution and/or
suspension containing the acellular sample during the incubation process results in a
regeneration matrix with a more solid physical consistency relative to a regeneration
matrix produced by a process in which the osmolarity is not increased, or is increased by
a lesser amount. Such a regeneration matrix may be used as an implantable composition
when it is desired that the regeneration matrix retain a certain physical shape for an
extended period of time. A regeneration matrix that has a less solid physical consistency
(e.g., such as a regeneration matrix produced by a process where the osmolarity is held
constant or increased by a lesser amount) are of use when it is desired to, for example,
inject a regeneration matrix into a subject. In certain embodiments, the ambient humidity
is altered (e.g., raised and/or lowered) during the incubation process to control the rate of
change in the osmolarity. One of ordinary skill in the art will be able to choose one or
more appropriate ambient humidities depending on the time constraints in forming the
regeneration matrix, the type of tissue damage for which the regeneration matrix will be
used, experimental and/or laboratory constraints, and/or any of a variety of other factors
deemed important by the practitioner. Furthermore, the density, porosity, and/or level of
hydration of the formed regeneration matrix can be changed by centrifugation or
lyophilization of the formed regeneration matrix. For example, the formed regeneration
matrix could be centrifuged at 5000 x g to increase its density and hardness for
implantation into a bone defect for supporting the regeneration of the bone.

[0080] In certain embodiments, regeneration matrices of the present invention are
produced by incubating an acellular sample for a period of time in an incubation
chamber. Any of a variety of incubation chambers may be used. In certain embodiments,
an incubation chamber comprises a sealed or semi-sealed container that is permeable or
semi-permeable to one or more substances, e.g., air and/or gaseous molecules. For
example, an Opticell® cassette (BioCrystal Ltd., Westerville, OH) may be used as an
incubation chamber to produce a regeneration matrix from an acellular sample. In certain
embodiments, a sealed or semi-sealed incubation chamber is designed such that material
may be added to and/or removed from the container after the incubation process has
begun. For example, an incubation chamber that is permeable or semi-permeable to air
and/or gaseous molecules may be designed such that liquid and/or solid material may be

added to and/or removed from the chamber at one or more times during and/or after
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incubation. Such incubation chambers are advantageous when it is desirable to increase
the osmolarity of the acellular sample during the incubation process. For example, the
osmolarity of the acellular sample may be increased during the incubation process by
permitting the solvent ofa liquid solution or suspension containing the acellular sample
(which solution or solvent may be generated, e.g., by adding a process medium or
physiological solution to the acellular sample and/or to a tissue sample from which the
acellular sample is generated) to evaporate over time, and continuously or periodically
added new solute-containing liquid to the acellular sample. Such a solute-containing
liquid may comprise a process medium and/or a physiological solution. In the case where
an acellular sample has been solubilized or suspended in a process medium and/or a
physiological solution, that same process medium and/or physiological solution may be
added to the acellular sample during the incubation process. Additionally or
alternatively, a different process medium and/or physiological solution may be added to
the acellular sample during the incubation process. Additionally or alternatively, a
solute-containing liquid to be added to the acellular sample is neither a process medium
nor a physiological solution.

[0081] In certain embodiments, a regeneration matrix exhibits different physical
characteristics, biological properties and/or therapeutic activities depending on the
process medium and/or physiological solution used during the production process. For
example, as shown in Example 11, a regeneration matrix produced using TR-10 media
exhibits an increased biological activity as compared to a regeneration matrix produced
using DMEM/F-12 medié. One of ordinary skill in the art will be able to determine
appropriate process media and/or physiological media to achieve a regeneration matrix
that exhibits one or more desired physical characteristics, biological prépeﬁies aﬁd/or ‘
therapeutic activities without undue experimentation.

[0082] A process medium and/or a physiological solution may be added to the tissue
sample and/or acellular sample at any of a variety of time points during the regeneration
matrix production process. In certain embodiments, a process medium is added to the
tissue sample and/or acellular sample during isolation of the tissue sample, prior to
removing the cells from the tissue sample, prior to incubating the acellular sample, and/or
during the incubating process.

[0083]  In certain embodiments, a regeneration matrix is produced by incubating an

acellular sample in the presence of one or more exogenous factors. For example, an



127 11595 1 Day 236 277 356 387 499 3 Days 301 286 346 354
30

acellular sample may be incubated in the presence of one or more therapeutic agents, one
or more cell types, or both. In certain embodiments, such exogenous factors alter the
physical characteristics and/or augment the biological and/or therapeutic activities of a
regeneration matrix. For example, as shown in Example 9, a regeneration matrix
supplemented by the addition of ITS, EGF, and bFGF during production of the
regeneration matrix results in an increased effect of the regeneration matrix on neurite
outgrowth activity.

[0084] Any of a variety of therapeutic agents may be used to increase and/or
supplement the activity of regeneration matrices of the present invention. Examples of
therapeutic agents that may be used with inventive regeneration matrices and methods
include, without limitation, proteins, peptides, drugs, cytokines, extracellular matrix
molecules, and/or growth factors. One of ordinary skill in the art will be aware of other
suitable and/or advantageous therapeutic agents that may be used in accordance with the
present invention. In certain embodiments, the magnitude(s) of one or more beneficial
therapeutic effects of a therapeutic agent are increased when administered in a
regeneration matrix. In certain embodiments, the activity of one or more beneficial
therapeutic effects of a therapeutic agent is prolonged when administered in a
regeneration matrix. In certain embodiments, one or more beneficial therapeutic effects
of a therapeutic agent are released over time when administered in a regeneration matrix.
In certain embodiments, one or more beneficial effects of a therapeutic agent are
protected from substantially decreasing over time when administered in a regeneration
matrix. In certain embodiments, two or more therapeutic agents are administered in a
regeneration matrix. In certain embodiments, a therapeutic agent is added during the
process of producing a regeneration matrix. For example, a therapeutic agent may be
added at one or more step of the production process inciuding, but not limited to, during
isolation of the tissue sample, prior to the removing the cells from the tissue sample, prior
to incubating the acellular sample, and/or during the incubating process.

[0085] In certain embodiments, a therapeutic agent is distributed evenly throughout
the regeneration matrix. In certain embodiments, a therapeutic agent is distributed
heterogeneously throughout the regeneration matrix. For example, a therapeutic agent
may be more concentrated at or near the core of a regeneration matrix. This could be
achieved, for example, by introducing the therapeutic agent during the first few days or

the first half of the regeneration matrix formation period, followed by removal of most or
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all of the solution surrounding the forming regeneration matrix in the incubation
chamber, adding more of the initial acellular sample or solution to the incubation
chamber until a desired level is achieved, and then further incubating the acellular sample
and regeneration matrix in order to continue the process of formation of the regeneration
matrix. The additional acellular sample or solution could also be added together with
another therapeutic agent that would then become heterogeneously concentrated closer to
the outside surface of the forming regeneration matrix, and would thus be released earlier
into its surrounding environment than the first therapeutic agent when the regeneration
matrix bio-degrades or is degraded; this method could be used in applications where it is
desired that the therapeutic agents are delivered at different time points (e.g., one after the
other) to a specific site. In certain embodiments, such a heterogeneous distribution
affects the properties and/or function of the therapeutic agent in vivo. For example, such
a heterogeneous distribution may result in an alteration in the magnitude(s) of one or
more beneficial therapeutic effects of the therapeutic agent, prolongment of activity of
one or more beneficial therapeutic effects of the therapeutic agent, an alteration in the
time-release characteristics of one or more beneficial therapeutic effects of the
therapeutic agent, and/or protection of one or more beneficial effects of the therapeutic
agent from substantially decreasing over time.

[0086] Any of a variety of cell types may be used to increase and/or supplement the
activity of regeneration matrices of the present invention. However, even though cells
may be used to increase and/or supplement the activity of regeneration matrices of the
present invention, it will be understood that such cells are not required to form a
regeneration matrix. In certain embodiments, cells are added to an acellular sample form
which cells have been removed. In certain embodiments, cells of a type different from
cells present in the tissue sample from which the acellular sample is generated are used.
Examples of cell types that may be used in accordance with the present invention include,
without limitation, stem cells, progenitor cells, and/or somatic cells. One of ordinary skill
in the art will be aware of other suitable and/or advantageous cell types that may be used
in accordance with the present invention. In certain embodiments, cells are added during
the process of producing a regeneration matrix. For example, cells may be added at one
or more step of the production process including, but not limited to, during isolation of
the tissue sample, prior to removing the cells from the tissue sample, prior to incubating

the acellular sample, and/or during the incubating process. In certain embodiments, cells



1 Day 14,643 12,473 27,943 25,784 69,285 48 [00121] These results indicate that there is no
detectable cellular activity during the process of regeneration matrix formation. Example 5.6. Metabolic
Inhibition Studies. [00122] In the first set of experiments (see Figures 13 and 14), aphidicolin
(dissolved in DMSO, final concentration 10 pg/ml)?'%l-ampnitin (dissolved in water, final concentration
10 pg/m1) and cyclohexamide (dissolved in ethanol, final concentration 10 pg/m1) were used to inhibit

DNA polymergse;gNAK PV IRSS otein synthesis activity, respectively, in regeneration
matrix produced frlom whole bllqg}gd. T%@{}Slﬁ%’i?fé 6\:/verrae&gfc]i(I]nea on %&’/66? lg&né\%ﬁgpiﬁgé’ﬁsé %ér]lF%e day of

first feeding (48§ Esttteyed heftsagmecushufuoughputithe withnegiitarmatilia Fonenptepléeailthe
respective treafipapthaRdaiRlEnaroclleHREN daY R1andanazed. [ROA23kResults for these

ihibition studies are presented in Figures 13-16. Fibroblast control cultures containing 0, 10, 30 and
100 nM of a-aMRIiE e L RSEFrorBisauR dikimb parEsesswhaoropariise anslarfapstianadre confluent
by day 7. Cultihires:toniaiming 10, 30 and 100 nM a-amanitin exhibited about 60-70%, 80-90% and

100% mortali ectivel day 7 124] In another set of experiments, addition of apyrase
(dissolved in \%)a{;tge?ffinaﬁsggﬁ?:)é%etraﬂ%tn %Ocﬁg‘]’ SR W?E’S'é%ealﬂf?%@,g ﬁ‘f&ﬁ?gféﬂ%g’taimgérable to
partially preveniphatatiofointredi patienbvpithdiiteri samriptessignifiase inastadsmetionsiomethe one hand it
has an ATPasglARRRseRGHBNE A1 Neaibet s ananficoaguiant actuly. ILis possible that

components present in 5 pm filtered samples are susceptible to the anﬁcoé)gu%%rf activity of apyrase
resulting in thE*gSaviHeh fafiBIeHPEER B Sentinsmtoare soThaiskbereloitedeimsntation” in 1 pm

filtered samplegsammassiniyche duedetnealininatian péaﬁ}@ﬁ&&@gge%@m%@&q Rythe
small-pore size of the filter, Example 5.7. Fatty Acid Anal\%sns. [00125] Mass spectrometry analysis

was performePHBSdits Fmlantrton flF seadeceing liosante hined erprasdiseratid s¥itrix cultures made

from whole bleatdtiatchadibean fitaesrbeayalmiRinem il arnifilenbssanhescendien Table 6, a
number of th% é%t{}{l&?d %p%;:ies detected were absent jn the supernatant and present exclusively in

i
the matrix. THe Broportion GrFat) 4B NG INRPIG S AR n e RleH Hitddd sample compared to
5 pm filtered fomiusanmpixssivis gty artdmovastoekessefl datithey skill in the art. In certain

embodiments, a regeneration matrix for use in on species is derived from cells from a
different species. For example, a regeneration matrix produced using tissue derived from
an animal (e.g., pigs) is administered to human. In certain embodiments, regeneration
matrices of the present invention are useful in veterinary applications, e.g. to repair
damaged and/or degenerated tissue of livestock and/or pets.

[0088]  In certain embodiments, the physical characteristics, biological properties
and/or therapeutic activities of a regeneration matrix are altered after the production
process is substantially of fully complete. For example, in many instances it will be
desirable to store a regeneration matrix for an extended period of time after it is made.
As is known in the art, hydrolysis is one cause of shortened storage lifespan for a variety
of biological and non-biological substances. Thus, in certain embodiments, the storage
lifespan of regeneration matrices of the present invention may be increased by removing
some or all of the liquid present in such a regeneration matrix. Any of a variety of
techniques may be used to remove such liquid. For example, a regeneration matrix may
be centrifuged to condense the proteinaceous and/or other biological macromolecular
components, after which a desired amount of liquid is removed from the centrifuged
sample. Additionally or alternatively, liquid may be removed from a regeneration matrix
by subjecting the regeneration matrix to a filtration step (e.g., by gravity or low-speed

centrifugation) using a filter with a pore size large enough to pass liquid but small enough



49 supernatant. Since the presented data is based only on one sample and one analysis, no
conclusion could be drawn at this stage. Table 6. Results offatty acid analysis on 3-week old
regeneration matrix (made from whole blood) and supernatant by Folch patrtition, representeq as
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such that regeneration matrix material does not pass through. Additionally or
alternatively, liquid may be removed from a regeneration matrix by dehydrating the
regeneration mafrix over a period of time, either in the presence or absence of desiccants.
One of ordinary skill in the art will be aware of other appropriate and/or useful methods
of removing liquid from a regeneration matrix to improve it storage lifespan. It will be
understood that removal of liquid from a regeneration matrix may also alter one or more
of its biological properties and/or therapeutic activities. In certain embodiments, such
biological properties and/or therapeutic activities are augmented by the process of
removing liquid.

[0089] Furthermore, such removal of liquid may result in an additional advantage by
altering the physical characteristics of a regeneration matrix such that the regeneration
matrix more closely matches the physical environment in which it is to be administered.
For example, decreasing the hydration level of the regeneration matrix may result ina
regeneration matrix with a greater density. Such a dense regeneration matrix may
advantageously be used, for example, in the regeneration of bone and/or cartilage. One
of ordinary skill in the art will be aware, based on this description, of other advantageous
applications for such dense regeneration matrices and will be able to use such

regeneration matrices in such applications without undue experimentation.

Regeneration Matrix Composition and Characteristics

[0090] Regeneration matrices of the present invention comprise a heterogeneous
mixture of proteins, lipids, carbohydrates, salts, and nucleic acid. Furthermore,
regeneration matrices have been stored at refrigerated temperatures without loss of
function for up to 3 months. Presumably, a regeneration matrix could be stored
indefinitely using appropriate conditions. For example, the water content of a
regeneration matrix may be decreased (e.g., via centrifugation, dehydration,
lyophilization, etc.) to increase the length of time it may be stored. In certain
embodiments, the primary structure consists mostly of aggregates of spherical structures
approximately 1 to 4 um in diameter. In certain embodiments, the primary structure
consists mostly of aggregates of spherical structures approximately 100 nm in diameter.
In certain embodiments, the primary structure consists mostly of aggregates of spherical
structures of at least approximately 100 nm in diameter. In certain embodiments,

regeneration matrices comprise such spherical structures with fibers interspersed
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throughout. As described above, process conditions used to form the starting material
can influence the ultimate size of the spherical structures. For example, if the starting
material is filtered through a 5 um filter, the predominant spherical structures are
typically about 2 to 4 um in diameter. If the starting material is filtered through a 1.2 pm
filter, the predominant structures are typically about 1 to 2 pm in diameter.

[0091]  In certain embodiments, antibodies to CD56 recognize the surface of the
spheres indicating the presence of neural cell adhesion molecule NCAM). Without
wishing to be bound by theory, it is hypothesized that NCAM-mediated stimulation is one
mechanism by which the regeneration matrix engages neural cells and stimulates
regeneration following damage. In certain embodiments, during tissue repair, tissue
regeneration, and/or tissue formation, the regeneration matrix acts as an extracellular
growth matrix (ECGM). When a regeneration matrix is formed from blood, the physical
and functional properties are influenced by the method of blood collection (e.g., presence
or absence of anticoagulants and/or type of anticoagulant) as well as the pore size used to
filter the lysate prior to the incubation period. Structures similar to those formed with
blood collected without anticoagulant are formed when blood is collected with the
anticoagulant heparin. The regeneration matrix formed from this whole blood generally
attaches to both the bottom and top of the production device (e.g., Opticell®) with a
slightly different arrangement of structures on the respective surfaces. However, when
blood is collected with the anticoagulants EDTA or citrate, the regeneration matrix
formed from this whole blood is loosely attached to the production device and has gel-
like appearance and consistency.

[0092] In certain embodiments, regeneration matrices of the present invention
comprise water as their primary ingredient. In certain embodiments, the non-water
composition of a regeneration matrix comprises primarily pfotein. In certain
embodiments, the protein content of a regeneration matrix ranges from about 5 to 15% by
mass. However, this percentage can be manipulated by using different ratios of tissue
sample and/or acellular sample to process media in the production process. In certain
embodiments, by employing such different ratios, the protein content of produced
regeneration matrix is approximately 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30% or more. This percentage can be
further changed by altering the hydration level of the produced regeneration matrix. In

certain embodiments, by employing such alterations in the hydration level of the
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regeneration matrix, the protein content of the regeneration matrix could be less than
approximately 0.1% or more than approximately 90%. In the case where a regeneration
matrix is produced from whole blood, major protein components of the regeneration
matrix are typically albumin and hemoglobins. In the case where a regeneration matrix is
produced from the plasma-platelet-buffy coat fraction of blood, a major protein
component of the regeneration matrix is typically albumin. However, one of ordinary
skill in the art will understand that other protein or peptide constituents of blood are also
present in these regeneration matrices. Furthermore, one of ordinary skill in the art will
understand that other protein or peptide constituents may be present when the
regeneration matrix is produced from an acellular sample generated from a tissue other
than blood.

[0093] A regeneration matrix has important regenerative and tissue formation
properties and potential. It can serve as an aid and/or scaffold for cells involved in tissue
regeneration and tissue formation. In certain embodiments, regeneration matrices of the
present invention allow cells to attach, proliferate and/or differentiate on or around the
regeneration matrices. In certain embodiments, regeneration matrices of the present
invention stimulate neurons to extend neural processes that attach to the regeneration
matrix. In vitro cell culture assays using neural cells have demonstrated that a
regeneration matrix selectively stimulates genes that are associated with neural cell
adhesion, neuron survival, axon growth and regeneration, patterning, and connectivity.
vitro cell culture assays using human fibroblasts, have demonstrated that a regeneration
matrix produced by filtration with a 5 pm filter has an inhibitory effect on the
proliferation of these cells. The magnitude of such fibroblast inhibiting activity can be
influenced by the processing conditions used for formation of the regeneration matrix. A
regeneration matrix produced from clotted blood inhibits fibroblast proliferation more
than a regeneration matrix produced from blood collected in the presence of
anticoagulants. In certain embodiments, this difference is advantageous since fibroblasts
secrete collagen in wounded tissue which is necessary to some degree to provide support
structure, but in most cases of severe tissue damage, the defect becomes primarily filled
with a connective tissue scar. Extensive connective tissue scaring is inhibitory to the
regeneration process and contributes to permanent loss of function in damages tissues and

organs. Thus, in certain embodiments, the magnitude of regeneration matrix activity is
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modulated or controlled to provide optimal wound healing characteristics, based on the
severity of the tissue damage at the wound site.

[0094]  Using in vivo models of spinal cord injury, regeneration matrices of the
present invention have been demonstrated to exhibit multiple beneficial effects including,
but not limited to, angiogenic properties, axon growth, reduced lesion size and number, as
well as an inhibitory function on formation of astrocyte glial scars. [n vivo, a
regeneration matrix is typically degraded over time (e.g., usually about 4-8 weeks),
primarily by macrophage ingestion, although regeneration matrices of the presentA
invention are not limited to such degradation times or mechanisms. As is clear from the
present description, such degradation may occur through any of a variety of mechanisms
including, but not limited to, cellular activity (e.g., through the action of macrophages),
mechanical, chemical, metabolic and/or enzymatic. degradation. In certain embodiments,
such degradation of the regeneration matrix stimulates macrophages to display further
regenerative properties themselves (e.g., through their transdifferentiation into von
Willebrand factor-positive endothelial-like cells). When implanted into damaged,
missing, or cut out portions of tissue or organs, regeneration matrices of the present
invention support the regeneration and formation of new tissue and helps restore the
functionality of the damaged or missing portion of the tissue or organ. Non-limiting
examples of tissues into which the a regeneration matrix may be implanted to initiate,
increase, support, and/or direct tissue regeneration and tissue formation include damaged,
missing or cut out portions of the liver, kidneys, pancreas, heart, ovaries, thyroid gland,
brain, spinal cord, and other neural tissue.

[0095] In the context of spinal cord regeneration, a regeneration matrix may be
implanted with or without cells such as, for example, neural stem cells, neural progenitor
cells, and/or differentiated neural cells, into the damaged, degenerated, missing, or cut out
portion of the spinal cord. The functionality of a regeneration matrix can be further
expanded or manipulated by the addition of one or more therapeutic agents including, but
not limited to, growth factors, cytokines, drugs, and/or other components. In certain
embodiments, when a regeneration matrix is produced without the addition of exogenous
therapeutic agents, partial functionality is observed in terms of neural process extension
and neural gene up-regulation. In such embodiments, the magnitude of these functions is
enhanced by the incorporation of exogenous therapeutic agents during formation of a

regeneration matrix. Non-limiting examples of desirable additional therapeutic agents
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include growth factors such as bFGF, EGF, BDNF, and/or NGF. In certain embodiments,
regeneration matrix implantation into injured spinal cords leads to functional recovery of
motor function loss in as little as 4 weeks after implantation.

[0096] The formation of an implantable degradable biological scaffold with inherent
and multifaceted regenerative properties, which scaffolds are encompassed by certain
embodiments of the present invention, is completely unprecedented. Although some cell
types have produced simple extracellular matrices, such matrices appear to be of a
structural nature only. No one has ever reported the production of a self-assembling
matrix or scaffolding material that structurally and biologically facilitates, supports and
aids in the regeneration and growth of new tissue, which matrix or scaffolding material is

encompassed by certain embodiments of the present invention.

Examples

Example 1. Derivation of Regeneration Matrix from whole clotted blood.

[0097] Venous blood was procured from healthy donors (Research Blood
Components, Brighton, MA) in 12 ml vaccutainers®, allowed to clot at RT for at least 30
min and frozen at -20C until use. Processing was initiated by subjecting the blood to 5
freeze (-20C) - thaw (RT) cycles. The contents of the vaccutainer containing 10 mi of
blood were emptied into a sterile mortar. The clot was disrupted by manual grinding
using a sterile pestle with the addition of process medium which consisted of a 1:1
mixture of DMEM (Mediatech, Herndon, VA) and Ham’s F12 (Mediatech) supplemented
with 2X ITS supplement (Gibco/Invitrogen, Gaithersburg, MD), 20 ng/ml recombinant
human EGF (R&D Systems, Minneapolis, MN), and 40 ng/m] recombinant human bFGF
(R&D Systems). During the grinding procedure, liquid containing liquefied whole blood
clot and process medium was aspirated from the mortar using a sterile 25 ml serological
pipette and transferred to a 40 pm mesh filter where the contents were allowed to filter by
gravity into a sterile 50 ml conical centrifuge tube. Fresh process medium was added to
the remaining solid clot and the process repeated until the entire clot was liquefied and a
final volume of 200 ml was reached. The tubes were centrifuged at 500 xg for 30 min,
and the supernatant filtered though a 5 pm syringe filter (Pall/Gelman) directly into
Opticell® cassettes. The Opticell® cassettes were incubated at 37C and 7.5% CO,.
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After 6 to 8 days of incubation, 3 ml of fresh process medium was added to each
Opticell® cassette. After that, 1.5 ml of fresh process medium was added every alternate
day until the regeneration matrix was harvested for further analysis. The regeneration
matrix formed using this method has adhesive properties in that it must be harvested by
removing the top membrane of the Opticell® cassette and scraped from the bottom

membrane.

Example 2. Derivation of Regeneration Matrix from whole blood collected using
anticoagulant.

[0098] Venous blood was procured from healthy donors (Research Blood
Components, Brighton, MA) in 12 ml vaccutainers® containing Nas-EDTA and frozen at
-20°C until use. Processing was initiated by subjecting the blood to 5 successive freeze (-
20°C) - thaw (RT) cycles. The contents of the vaccutainer containing 10 ml of blood was
emptied into a sterile container and process medium (see Example 1) added to a final
volume of 200 ml and the solution mixed gently. This starting material was gravity
filtered through a 40 pm mesh strainer. The filtrate was collected and centrifuged at 500
xg for 30 min and the supernatant passed through a 5 pm syringe filter directly into
Opticell® cassettes at 10 ml each. The Opticell® cassettes were incubated at 37°C and
7.5% CO, in air. After 6 to 8 days of incubation, 3 ml of fresh process medium was
added to each Opticell® cassette. After that, 1.5 ml of fresh process medium was added
every alternate day until the regeneration matrix was harvested for further analysis.
[0099] In another experiment, venous blood was procured from healthy donors
(Research Blood Components, Brighton, MA) in 12 ml vaccutainers® containing Nay-
EDTA and kept on ice. The contents of the vaccutainer containing 10 ml of blood was
emptied into a sterile container and process medium (see Example 1) added to a final
volume of 200 ml and the solution mixed gently. This starting material was filtered
through 5 pm syringe filters. The filtrate was collected and centrifuged at 500 xg for 30
min and the supernatant passed through a 5 um syringe filter directly into Opticell®
cassettes at 10 ml each. The Opticell® cassettes were incubated at 37°C and 7.5% CO..
After 6 to 8 days of incubation, 3 ml of fresh process medium was added to each
Opticell® cassette. After that, 1.5 ml of fresh process medium was added every alternate

day until the regeneration matrix was harvested for further analysis.
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[00100] The regeneration matrix formed using these methods has weak adhesive
properties and can be harvested by aspiration through an 18 gauge needle using one of the

access ports of the Opticell® cassette.

Example 3. Derivation of Regeneration Matrix from whole blood fractions produced

using a serial filtration.

[00101]  The activity of the regeneration matrix was further refined by passing the
supernatant from the centrifugation step (as listed in Examples 1 and 2) through 5 pm and
1.2 um filter sets coupled together. This step removes larger particles from the starting
material which results in altered functional properties. An example of the regeneration
matrix structure within the Opticell® cassette is shown (Figure 3). Figure 4 shows that a
regeneration matrix produced from whole blood does not show any indication of intact
cells or nuclei. Hematoxylin staining was completely negative in all section analyzed but
the material stains strongly with eosin. A beaded structure can be clearly resolved when
using high numerical aperture lenses (high resolution). Besides the beaded structure
which comprises most of the regeneration matrix, it is possible to observe small regions

of flat sheets that seem to be composed of more compact structures.

Example 4.1. Scanning Electron Microscopy (SEM) of Regeneration Matrix..

[00102]  For electron microscopy, a regeneration matrix produced by methods
described in Examples 1, 2, and 3 were fixed with 2.5% glutaraldehyde in 0.1M sodium
cacodylate buffer (Electron Microscopy Sciences) at 4C for 16 hrs. Fixaﬁons were done
directly in the Opticell® by substituting the culturing medium with 10 ml of the fixative
solution. The next day the fixative was removed and PBS (10 ml) was added to the
Opticell®. The Opticell® was opened with a scalpel and the Opticell® membrane with
the regeneration matrix attached to it was cut into small pieces 0.5x1 cm. The pieces
were placed in a 1.5 ml microcentrifuge tube and post-fixed with 1% Osmium Tetroxide
in water for 2 hr. The sample was then immediately placed in a 50% ethanol solution for
2 min and serially dehydrated in 70, 80, 90, 95 and 100% ethanol solutions. After the last
ethanol step the samples were kept at -20°C until shipped to the Central Microscopy Core
Facility at the University of Massachusetts Amherst. The samples were critical point



1.76 5.14 -- 24:1 Nervonic acid 1.20 3.76 -- Total fatty acid in the sample 92.13m/mg 244.33 ng/mg
19.59 jig/mg 1.92 tighng

40

dried and sputter coated. Samples were imaged with a JEOL JSM-5400 Scanning
electron microscope at magnifications from 100x to 7500x. Images were acquired via a
digital interface to a computer and exported as TIFF format at 640x480 pixels resolution.
[00103] Each of the preparation methods yielded a regeneration matrix with different
microstructure (Figures 5, 6, and 7). The lower porosity filtration yielded a similar
overall morphology, however, the size of the spheres was lower for the 1.2 um treatment
(1-2 pm diameter, Figure 6) that that of the 5.0 pm treatment (2-3 um diameter, Figure 5).
A regeneration matrix produced using coagulated blood went through a maturation phase
from about 2 to 3 weeks of incubation where there was an appearance of a wave-like
structure on the upper surface of the matrix. A regeneration matrix produced with non-
clotted blood does not develop this appearance, however, the spherical structures
aggregate together to form a continuous structure that has approximately 100 nm fibers
interspersed throughout (Figure 7).

[00104]  For histology, the regeneration matrix was fixed with 2.5% glutaraldehyde in
0.1M sodium cacodylate buffer (Electron Microscopy Sciences) at 4°C for 16 hrs.
Fixations were done directly in the Opticell® by substituting the culturing medium with
10 ml of the fixative solution. The next day the fixative was removed and PBS (10 ml)
was added to the Opticell®. The Opticell® was opened with a scalpel and the Opticell®
membrane with the regeneration matrix attached to it was cut into small pieces 2x2 cm,
and mounted in between sponges in a tissue histology cassette. The samples were placed
in 70% ethanol and sent for standard histological processing by Mass Histology
(Worcester, MA). The samples were dehydrated in an ethanol series, embedded in
paraffin, oriented and sectioned. Sections were stained for he;matoxylin eosin using
conventional fixation c.onditionsl Images were acquired with dark field optics using a :
modified Leica Microscope, optimized with Richardson technologies for contrast
enhancement and noise reduction. Images were collected with 20, 40 and 100x with a
video camera 640x480 pixels resolution. A sample image collected at 100x -
magnification is shown (Figure 8). The regeneration matrix stains with eosin and not

hematoxylin.

Example 4.2. Transmission Electron Microscopy (TEM) of Regeneration Matrix.

[00105] A 21 day old regeneration matrix prepared from a tissue sample that was
passed through a 5 pm filter was sectioned and scanned by TEM (Figures 9-11). TEM



Example 5.8. Osmolarity. [00126] Osmolarity of frozen samples from supernatants of two different
cultures were analyzed for different time periods. It is evident from Table 7 below that there is a
dramatic increase in the osmolarity as the cultures age. Table 7. Ostnolarity measurements of
regeneration matrix cultures. Sample IDTime 0 14 ‘Blays 21 days 28 days 42 days 56 days
1314420437532528 2311406440 50 [00127] Regeneration matrix and its associated production fluid
were assayed,{af Gels ol eAENARUS DIRSANAIBATE V8l 21 3 A a0k Sueskinladaand

compared these levels with levels of ATP in the starting material. ENLITEN ATP Assay system was

used for rapidmERddhexsproteteviRmpdaarrbelrmmihestchee sistes AP wldgpEakiracted and
precipitated Wilh)1§6AnPthsy 88 astae R the mad s e bilBragisitimutasence alre tatmetabolic

enzymes was_examined in same sanlples using Western blotting. For ATP . level, the detection
reactions werd RcHiSTRE A% BECHA AhBoREsDeHSor! RS S HEF SRPEAD L 1S gt%fﬁing material of
thee batches bidlegensddlian stadihgcontained picomolar amounts (1x10-12 ml) of ATP, while ATP
became undetectable at day six of culture and remained undetectable for all the subsequent culture
time points. [00128] The presence the metabolic enzymes glucose-6-phosphate dehydrogenase,
aldolase, pyrusdmpletdyddoophamseabibhbradierizatioreofdiiegemsration Mateikiiated using Western blotting.
Aldolase, an epgyfee catalyzing@HeRa dedasaHon NIRHON SSSEaSPIGSERLR the starting
material and was detected at decreasing levels between 21 and 28 days of incubation and was not
detectable at Bpigiapslanaciskend srbrlpihete sentpat 9 fesagisbplisssibrtspratcsiHvy) was
detected in the, iaféngomRtepialane ¥asOMetdiRI eSS IRce d Rl OAREBARNY AN hedageneration
matrix associated production fluid, The levels in the regeneration matrix dropped by day 28 and
remained low SBYHA QL BG4 ERFIBH N MALXFBNERRS:, ﬁ?@ﬁ%{ﬁd@{bﬂ@g 18 e e was a lower
molecular weigttsn DBt iIrRNAabahlipal degeaged ddnhsvasmetttiachiByvenaidftebpwdmgehase (Krebs
cycle) was detectablet.in the tstacrlti matﬁri | aﬂd 1e¥els did rtlot qg%)ear to crtlan e 1ntiI day 28. Again,
the band was'a830wer Tolecular Sveeig it 3nr%ﬁafpp?eﬁlgt38%ﬁg%es iﬁeé?ﬂ%r a{oélegrarcfétion product was
being detectethaihfscammgpeocess (dntilbe detewiedragarey latthetindevpbiatse@yptogluome reductase
(Oxidative phosphorylation) was detected in the starting material and a faster migrating protein (absent
in the starting material) was recognized at all the subsequent time points suggesting a degradation

product beingxdbtettgenghaien Mabne B 1R 081D 9] Absence of detectable levels of ATP in the

regeneration RS ARdRSGIAGATRIINA SeReing RS daR-ranslusianthakthese enzymes

are not functignal Both, pyruvate dehg/dgo enase and cytochrome reductase catalyze reactions that
produce masSTREFABIHELIEE AT 36-APP¥ PerTRAlils rem BT s RE 636BF AT dRalysis of the
matrix indicatesathergdscr-avitien CNdangetid pesnaialoatis anttityrdgdha degenatatiomatrix. The pH
of the culture medium remains, constant throughout the culture, thus indicating vegy.low or no
etabolic act T AU e BT e BB AN 2 Nt iy over the
culture periodtugikirftSthebbNditipne mdh TresHiSk{pel fGroell0mM ENEA., [061313 . Arcbmparison of
coomasie stai PAG r Inor.di 224R. r Sgmand1
gm filtered sa%%%a@&éi?ﬁ%%i%%%%%%@%@& %E?g%%%?f?:??’a@e %ga% %@eﬂst%rr:g{%gﬁqsg%%&ue represent
bands that wetenpeaipasipsyndesmiiield pysdesseiped isinttrove treod beoteid ararydEdGH-the red circle
(M7 and M8) 3t lanssaiak have Qrbilastelsened:nde ihamfilsred malixdheerpgarance of

these bands may be due to enrichment of certain bands resulting from removal of other-proteins.
constructed using BSA standard (Cat. # 500-0007, Bio-Rad). Optical Density (750 nm)

was measured using a Spectramax Plus (Model 384, Molecular Devices)
spectrophotometer and sample protein concentration was determined by interpolation of
the standard curve linear range using Softmax Pro software (Molecular Devices).
[00108] The total protein content (per regeneration matrix) was determined for the
regeneration matrix starting material (0) for samples harvested at days 0, 15 and 21 from

the initial seeding of OptiCell® cassettes.

Table 1. Total protein content of regeneration matrix in the Opticell® cassette.



The sensitivity of regeneration matrix to different proteases and nucleases were tested. Nucleases
such as DNase and RNase had no effect on the regeneration matrix. Proteolytic enzymes such as
pepsin, trypsin, papain, Proteinase K were able to digest the matrix. Exam le 6 Activation of
Neurotro'Mc Genes in Vitro Usin Re eneration Matftk [00132] Human neuroblastoma cells (Cell Line
SH-SY51/, Cat. # CRL-2266, American Type Tissue Culture Collection, Manassas, VA) were used to

characterize t rot v he neration matrix. Cells red. using the
following basal medium ﬁ%%@’% Kﬁﬁ%& A%%é]gv aﬁ\lfe(tf@) s%p\qgﬁrr%eﬁl%égemtﬁrm% FCS (Cat.
426140-079, mﬁﬁ&g%ﬁlhmﬂyq@nﬁlb@@mandycmlm‘umtm@at dsteEmirgde A oneAtiotia), and were
amplified andﬂ&lﬂ%'ﬂﬁb pRAITINGERY RaRsaae RHCONTIAGRSE L SGuIIZR HT UR RIHEEHasks. [00133]

For analysis of gene mductlon cells were trypsinized and ‘'seeded into T75 flasks at 105 cells/ml, 3
days before aRiftisR WERSAARIATIMEE NRAUFHY feateRoHed @ DREAN s {BRN HoRrix medium
(R), OptiCell(r) startlng material (0) and regeneration matrix (M). To inactivate liquid test material,
OptiCell(r) startingzmateria(0) - was-placedinta-15-ml-conical polystyrene culture tubes and heated to
60C for 30 min. ﬁg 2 Rt rege %F%‘ﬁ&h‘?ﬂ%w the regeneration matrix associated fluid was
removed from thn OptiCell(r) and the rggsneration matrix washed three times (10 ml each) with PBS
(Cat. 21-030-CM; i . H(3- rmaldehyde, Cat. 4 52 2106-01, JT Baker in
PBS) was added to the OptiCell contajning the regenergtion matrix and incubated for 30 minutes. The
regeneration magrbdwas washed 3X W|#9EEBZS and stored in PBS until harvested for experiments.
[00134] For regemgrationrmatrix-treatment ed), the entire contents of the OptiCelle' was
added to a T75 qulture flask containing70% confluent SH-SY5Y netnoblastoma cells. After 3 hours,
cells were washed with PBS and harvested by scraping the cells and pipetting into a 2.0 ml
microcetritlige tube. Cells were centrifuged at 12,000 RPM and supernatant discarded. Total cellular
RNA was |solated usm an Atlas Total RNA Isolatlon kit (Cat. # K1036-1, BD Biosciences, formerly

Clontech) ac BNEETRNA pellets were dissolved in RNase-free 1120

and quantlfleCEdD}Iﬂ@%@hBﬂia?& Ep&ﬁa% Bﬁﬁf@f@ﬂ%%k@éiﬁ ﬁ%?@g@{éﬁﬁém&ﬁ Ki£Cat. #1710,
Asnbion, Austn TX)a ording to the manufactﬁlrers instructions usmg jig of RNA template. Primers

specific for h 8 %Ri‘@ SO OTHEEN AR A dEHR Ggamastic BIRSTSNG SRR 2dedisHed protein
43 (GAP-43),SsrPAG el aFoe b RS HeSER mekamﬂﬁ:{N%Mép)arB@Ufﬂt@hiﬂrﬁeﬁ\ﬁ&b\fm@trophm -6
(NT-6), glial neurotro |c facto r-9 (F were used for
RT-PCR. GA CLOSiX-?waS @se& as a o oaf“%mcér Hl?r RS t%?%gh{ “EO éaé% y the type of
stimulation ué&ﬁ%ﬁkﬂsf%ay 1The peirmets J&@dmm@thembanmgce@A(Bm}lEéd by staining
CCTGCACCAGK ﬁ%%%&QJ&%&QGTGT GAP-435'

AAAGTGCCCGGCA ACGA%GGGTAAAGA 5 GAAAGT CTCCACAGGGCCACACG NT-35'
AAGGAGTTTEHA G Alle micipedaprotanpadores erda it Bicenite O rraciRGGcGCGG

NT-65" CCCGEAG R mldntsbisserlitiaedmFor igehhfinich] BHeMs Rhfehda &R A and

in-gel trypsinization was followed by peptide extraction and separation on a

microcapillary reverse-phase column. Peptides were eluted and electrosprayed directly
into an LCQ Deca XP Plus ion trap mass spectrometer. Full MS spectré aswellas .
MS/MS spectra were acquired, and the data was analyzed by TurboSEQUEST software.
Since this type of analysis uses the mass of peptides to reference back the known
molecular weight of peptide fragments of known proteins, the presence of partially
degraded proteins would also be detected in the gel bands. The major protein species
identified in the regeneration matrix are listed below: transferrin, serum albumin, serum
albumin precursor, complement component 3, chains A-D hemoglobin, IgM, IgGl,
medullasin inhibitor 2, carbonic anhydrase, and CA1 protein.

[00112] A consistent protein banding pattern was observed in samples from all batches

(51-56) at both, day 15 and 21. The majority of the protein was resolved at low



Netrin-15' GCAGTCTGCCACTTGGAAGGA 5 GCCATATTGCGTAGGCGAGGT NCAM5'
CACAGCCATCCCAGCAACCTTGGG 5 GGGCAAACTCCTTATGAAGTGGCACAAA GDNF5'
AAATGTCACTGACTTGGGTCTGGG 5 GACAGGTCATCATCAAAGGCGATGGG FGF-95
CGCCTAATATCTCCTGGGTTGACACC 5' AATGEGEAAATCGGCTGTGGTCTTTCC 53 [00135] For
PCR, 5 pl of RT reaction product was added to 45 p1 of PCR reaction cocktail (5 ul of 10X PCR Buffer,
100 mIM Tris-H . 2. 2.5 pi vl d X, 3 Etl d H20
(nuclease-fretgsl %&%Bgfg”agé %fo(s%ﬁgsogl %ﬁ%ﬁﬁ%%@%ﬁl&’l ’Qﬁ?p gor}lgntflé%rt% g}:ﬁ% 0%%?@%36%%%%

Polymerase (GanairPusapmenbiglyPCR parmisentasweightsdetvesn 34and (ARiKIRRenAturation), followed

by 30 Cycles gﬁ%g(;dgﬁr(,}qhg%§ G [oLRRsas: o725 for 40 sec, with a fmal polishing step of 72C
for 5 mm. PCR products were resolved using 10 nl of PCR product per well on 2.5% agarose gels run

for 2 hrs at 58 V and stained with ethidium bromide at 0.5 jig/m1. Digital images of the gels were

analyzed for fglg. RegaguiatiaMsiBONDeleR Imapeanalysis software (Scion, Frederick, MD). The band
intensity of the | ontaining the RT-PCT. product of RNA produced.from adding medium alone was
5ot 10 normaTTale SON A RO e R S Pt BT SN A PR RT SR
analyses showedgenktis foark i ddei i) 1folNiHe, (AN 15 A0id £43AR#dtane dctvatedeh response to
incubation with r ' X, > acivati he radi | elective as
transcription fg?l &%ﬁgg%s?%?%g%%e‘%?@%}%gﬁﬁ %ﬁ%&%ﬁrﬁ%@g&q}ﬁt I(;elrélg?éq)?g?eriments.
These data intita801ha0 thdHilah 2eUro Atcna e S erd -8 PEttaissgrohargkigétively to the
regeneration mgirx with4be agtivasian.ef-9enssdeRied R duetiopradditerantiayon. Rraduction

medium supplemented with growth factors alone gave a marglna?mcrease in gene u -reg;lation
activity comp&retreinatitan ersple pivmese-risrld (N safiated e rplrsbloreenms! K¢A8Pkhe gene
up-regulation gatiying ofithepreganeiation sNatkxs.sikedel b erantipyeperiegand not merely the
presence of growth factors. [00137] Activation of NT-3, NCAM-1, Netrin-1, GAP-43, and FGF-9, gene
expression by & é&é%e%{fb“geﬁn‘é{%ﬁ&‘iﬁ“g@%“@ﬁ lée%)lgoc%f‘lobé%lﬁ%}&ﬂé[e 1B HBE R the matrix at
60C for 30 miphiess.(Aibe repik)shihaldywireatnsént«af tthe negen@ rat microednikifuigh tidwenatih or with high
energy gammg iptadiation (30kGy, 30 min) .alsg.inactivates the regeneration:matrix (data npt shown).
001581 For T e A B REE L (conton,
GAP-43, NCARanesing NIl njgeereitéinadrivberoitiobl Gomsewtitate g roti eticqushicieme Afregeneration

matrix from eagh,hatch, was samplsdak 423620821 ARtherRarad teibg9eRs indietion activity of
starting material (Table 8). Fold up- 54 ) ) .

transferred to a fresh 1.5 ml microcentrifuge tube and DNA precipitated by adding 0.7

volume of Isopropanol (Cat. # 3032-06, Mallinckrodt) and 10 pg glycogen (Cat #

10901393001, Roche) and letting stand at RT for 15 min. The samples were centrifuged

for 20 minutes at 14,000 x g at 4°C. The pellets were washed 2X with 0.5 ml 70%

ethanol (Cat # EX0289-1, EM Science), air dried, and re-suspended in 30 pl TE buffer,

pH 8.0. The concentration of DNA was determined by spectrophotometric measurement
(Spectra Max Plus, Model 384, Molecular Devices) of the optical density (OD) at 260
nm. The OD 260/280 ratio was also determined to indicate the level of protein
contamination in the DNA isolation. The total DNA content (jg) of the regeneration

matrix at 15 and 21 days was compared to that in the starting material at time 0.

Table 2. Total DNA content of regeneration matrix in the Opticell® cassette.

[00114] Regeneration matrix production fluid was removed and the R regeneration
matrix solubilized in SDS buffer and total DNA content determined. For each time point,
4 Opticell® cassettes were sampled and analyzed. Results from 4 independent batches of

regeneration matrix production are reported as mean =+ standard deviation.



regulation was determined by RT-PCR from 4 production runs (2 Opticell(r) cassettes per time point).
Results are reported as mean standard deviation. Table 8. Average fold up-regulation of GAPDH,
NT-3, NCAM-1, and GAP-43 in SHSY5Y neuroblastoma cells following incubation with regeneration
matrix at days O (starting material), 15, and 21 of p‘l‘éduction. Time (days) GAPDH NT-3 NCAM-1
GAP-4301.10.1250.22.9 0.33.00.31509th0.13.91.14.41.7

Time Point (days) DNA Content
(ne)

0 8+18

15 7.8+2.0

21 6.6 £3.3

[00115] RNA was isolated from the regeneration matrix (M) and compared to that
from starting material (O) for time point 0, 15, and 21 using Trizol reagent (Cat. # 15596-
018, Invitrogen). One 1.0 ml of Trizol was added to a predetermined quantity mass and
allowed to stand at RT until solubilized (10-20 min). The samples were centrifuged at
12,000 x g for 10 minutes at 4°C and the aqueous layer was transferred to a new 1.5 ml

" microcentrifuge tube. The solution was extracted with 200 ul of chloroform (Cat. # 4440-
04, Mallinckrodt) and centrifuged at 12,000 x g for 20 minutes at 4°C. The aqueous
phase was transferred to a new 1.5 ml microcentrifuge tube and RNA was precipitated by
adding 500 pl of isopropyl alcohol (Cat #3032-06, Mallinckrodt) and centrifugation at
12,000 x g for 30 minutes at 4°C. The RNA pellet was washed in 75% ethanol,
centrifuged at 7,500 x g for 5 min at 4°C, air dried, and re-suspended in 25 pl of RNase
free water by heating the sample at 65°C for 15 min. RNA was quantified by OD at 260
nm using a spectrophotometer (Spectramax, Model 384, Molecular Devices). The total
RNA content (ng) of the regeneration matrix at 15 and 21 days was corhpared to that in

the regeneration matrix starting material at time 0.

Table 3. Total RNA content of regeneration matrix in the Opticell® cassette.

[00116] Regeneration matrix production fluid was removed and the regeneration
matrix solubilized in SDS buffer and total RNA content determined. For each time point,
4 Opticell® cassettes were sampled and analyzed. Results from 4 independent batches of

regeneration matrix production are reported as mean + standard deviation.

Time Point (days) RNA Content

(ng)
0 1551 + 1145

15 184 +29




4718211.0th0.245 1.94.7 2.25.6 3.0 Example 6.1. Effect of Regeneration Matrix Produced
Without Growth Factor Supplements on Gene Induction in Human Neuroblastoma Cells. [00139] A
regeneration matrix was produced using DMEM:F12 medium alone without any growth factor
supplementation. The gene up-regulation responséqn SH-SY5Y neuroblastoma cells for GAPDH,
NT-3, NCAM-1, and GAP-43 was compared to a regeneration matrix produced with ITS (2X), EGF (20
ng/ml), and bFG-‘-M%g%mJ—)—s&pﬁleﬁmﬁhe—rege' . neration matrix produced without growth
factors contains %he up-regulation a '[IVI'[):/{:W ich is not altered appreciably when it is produced in
production medium with growth factor supplements (data not shown). Example 62. ReMatrixActivity.
[00140] R_egeglﬁr_ '8&]5%%[{{%(11':%9 i%ia_%:g%s has_ neuronal gene up-regulation activity,_ while it_s
surrounding sofution(CMj as well as the mitial solution (day 0) that would form regeneration matrix
(Rep) has lim{@ Kdurohetehbpid egntetitatisncgetiviafionimates (FAWBCoshRAReAdouhstd® RT-PCR on
SHSY Human ey ahlasiome fel srtiarieik ol clanaaliap Maikefod humfalyes presented as

fold up-regulation over standard control. Regeneration matrices were produced in parallel from

non-coagulatéBHERF ACeatBy Fntie’bibgarid mathedalia linid s amsarnead DWEAOR base media
with supplemenis (apssundardPrgsionSAIN et opsgdeeiipormedials MSiptinaeltistoteansterrin +
selenium supplement added to DMEM/FE12 base media. EGF.= epidermal growth factor supplement
e o DMBIHFYS Chek AOEEE L BlOBTAT VT i1t SSSHIERCHITES to
DMEM/F12 ba3s mhefliactAiinolldifoto otk (2: F &) suppidded nistizdpiedste dhbiEhMible2ibdse media. None
= no supplements adde M/E12 base media. Feed = no addjtio dj ded after
start (day 0) of ?élsaagﬁgraa |o‘fnEf))ﬁ'\{altlltﬂzsri>][%[1 %ﬁ%gﬁgﬁeggﬂ i?i‘lg%%ﬂ]f]l &%45’%%2%5 ?\%@5??2%%8 -18C refer to
the following régesdévatispreedntibes; 475 pl of methanol:chloroform:water (Cat. # IB05174, IBI

Shelton) mixture was added and incubated at RT 15 min in a vortexer as above. The

samples were centrifuged at 250 x g for 10 minutes at RT. The liquid phase (both
chloroform and water phase) was transferred into a fresh 1.5 ml microcentrifuge tube
leaving only the regeneration matrix pellet in the tube. The regeneration matrix pellet
was re-suspended in 475 pl of 2:1:0.8 methanol:chloroform:water mixture and extracted
again by vortexing for 15 minutes at medium speed. 125 pl of chloroform was added and
the samples vortexed for 2 minutes, 125 pl water added and the samples vortexed for
another 2 minutes, then centrifuged at 250 x g for 10 minutes at RT. The liquid phase
was pooled into the sample from the original extraction and centrifuged at 1,000 x g for
10 minutes at RT. The chloroform phase was transferred to a fresh 1.5 ml
microcentrifuge tube and dried in a vacuum dryer for 45 minutes or until the chloroform
was.completely evaporated. 50 pl of chloroform was added to the dried lipid pellet and
the samples vortexed for 15 to min to solubilize the lipid conipletely. The samples were
stored at -85°C until the final analysis. A dilution series of standard lipid (L4646, Sigma)
was constructed and the samples hydrolyzed by adding 10 pl of extracted lipid sample to
500 pl concentrated sulphuric acid (Cat # SX1244-6, EMD Chemicals) and boiling the
tubes for 10 min. The samples were cooled in a water bath at RT for 2 min and 40 pl of
sample was added to 600 pl of phosphor-vanillic reagent (0.6 g Vanillin (Cat. # VX0045-
1, EM Science), 10 ml of 100% ethanol (Cat. # EX0289-1, EM Science), 90 ml dH,O and
400 ml Phosphoric acid (Cat. # PX0995-6, EMD Chemicals) mixed and incubated at RT
protected from light for 45 min. The lipid concentration was determined by measuring

the OD at 525 nm (Spectra Max 384, Molecular Devices) and interpolation with the



[00142] A = Complete regeneration matrix production medium; [00143] B = Day-12, All, RM-1; [00144]
C = Day-12, All, CM-1; [00145] D = Day-12, ITS, RM-1; [00146] E = Day-12, ITS, CM-1; [00147] F =
Day-12, EGF-ITS, RM-1; [00148] G = Day-12, EGF-ITS, CM-1; [00149] H = Day-12, FGF-ITS, RM-1,
[00150] | = Day-12, FGF-ITS, CM-1; [00151] .1= D&%-12, None, RM-1; [00152] K = Day-12, None,
CM-1; [00153] L = Day-12, No Feed, RM-1; [00154] M = Day-12, No Feed, CM-1; [00155] N = Day-0,
EGF-ITS, Rep:1; [00156] 0 =.Day- E-ITS. . Rep:2; = Day-0, TS, Rep-1; [00158] Q
= Day-0, FG F%Hré, e‘%%? R)S(BE:L)%TP% E:;"gDpéar 3‘}-3%%0%?3? ggggf?%gﬁl%%?%é{igoiﬁi@%@ﬁ%%ep-2. [00161]
As can be seéaritemiGigel1ByremRachiieyantixcthhe anfd rdgeneratompatanfodhabip (e exhibited
increased neyoRRlaRRHR-FE@MIagoN activity compared to its starting solution (day 0). The
surrounding solution at day 21 continued to exhibit the limited activity as observed in the starting
solution (day 0). Thus, only the formed regeneration matrix exhibited increased activity, and its
formation did nghresultimprdserensest ackibnatitesuaruning sputar? dbweardhe total neuronal

gene up-regulati ctiyity of the cultures incr, ased{(ilr atically over time as the regeneration
matrices form (@9%‘@ Eﬁg%%fﬂlgr %ﬁ%%%%‘ﬁ% e |8?1C{nm%strri§<n(})/°r¥ aatné%%r{)e %%f%%?r) Cells
(Induction of Merite Eaittipisi coptefddiePhhed msireen (Focelsh dme phiamceOmtidetiBresseties rat PC-12
pheochromoc Is,(Tsuji a I | | I .alpha
-phenyI-Ntert—%h%?%ﬁ%Latih%sdjg %%g‘\i)ati% r%gg[fgj g%ﬁﬁi?%géggéﬁé%%ﬁgéﬁgﬁu a%¥1§
signal-regulatbedidieizmeaparhbesipd RsBieanGndargles&fipg-32785, 2001; Wu, Y. Y. and Bradshaw,
R. A., Synergistic induction of neurite outgrowth by nerve growth factor or epidermal growth factor and
interleukin-6 in PC12 cells, J Biol Chem 271, 13033-13039, 1996), were obtained from Cellomics (Cat.
# R04-0001-C1) phtmEaBRIEaRIth a [rEGEALIRRISA matrix. The Neuroscreen(r) cells responded by
extending neuritq*s. In addition, the mqgrghglogy, of Neuroscreen(r) cells change and flatten and
become more elongated-in-the-presence of the regenergtion matrix (Figure 20). [00163] For the
Neurosereen(r) qells- regeneration maltrixX it&faction studies, cells and the regeneration matrix sample
materials were prgpared using the followiom=noeihod. Neprosereen(r) cells were maintained prior to the
interaction assay-hy+eutine-culture-en-collagen-cpatedglastic and subcultured at confluence using
basal medium cor?s sting of RPMI (Ca 'QQ%H?CQ‘ V, Mediatech), 4.0 m1\4 Glutamine (CAT #
25-005-Cl, Mediatech) supplemented with 20% Horse Serum (Cat # 35-030-CV, Mediatech), 10%
Fetal Bovine (Cat,#35-010 diatech). The day befare the.regenerati trix interactions
were establisi@di,chélls?/fvlé?éetsrlf/ﬂf)ss,?rﬁélz% , gef ﬁr%%egéréﬁl ?%fl% 6 %%‘%Qg%‘%éﬁégﬁé%ag in 96- well cell
culture platesitBRriBiostiamessit GuthesuTiasssidrpdan drgadptivetifiineaddetiagisbntaining the
regeneration matthyere gpeNet A0 ddhaLagen ke esHansIRMEH i atRilef 00 um
nylon cell strainer (Cat. #352360, BD Falcon), sieved and dispersed into 1 ml of PBS (Cat. #
MT21-030-CNPYeandiBAH). detegliedripibisstadipeapaptrhRbing 2612 sLRISaRERMIINAYIed to each well
containing Negiaserranitesisseadadvinaiie wousyday. 492641 as eashvrsqpkietian batch, samples
were taken for the abpve analyses at 0, 15 and 21 days after initigtion. Neur reengr), cells were

assayed for tHRFSA GO U R EPPBLREL LYIUAL BN e RS SRahaS 4B Ufn as follows.
Cells were fixadtafiesedt days in culture by adding 10% v/v of 37% formaldehyde (Cat. #2106-01, J.T.
Baker) directly to the culture medium in the well. The plates were incubated at 37C for 30 min, washed
2X with PBS, permeabilized and blocked with blocking buffer (10% Normal goat 57 serum Cat. #
S26-100M, C gy 5 52oR8iklahel Sipetae GmBiptaie add Muden dind SpnthesBRERg
MP-Biochemiﬁ}__ﬁﬁ[ﬁ&g&ﬁg&rll1 rﬁff%iﬂ‘ Q1 16 hrs at 4C using anti-p-tubulin antibody (mouse

monoclonal, cell culture supernatant, Cal. # E7, Developmental Studies Hybridoma Bank) diluted

1:100 in blockif@LBOkfer Ic eneblisharfeibpedofommatins ofiep|Eagsnsaatiom sty B8el s astyfi-mouse

secondary anfibadydfAlr Brécle}%?ﬂm,tm%ﬁﬂteiﬁgyﬁﬁ%w@&ﬁ%&ﬁﬁdﬁuﬁ%&%&&m@r?
counterstained with Hoechst 33342 (Cat. # H1399, Invitro egn{)éat 2 tg/m1 in PBS for 30 min then
washed 1X witifisEa vsiiuhatid ?ﬁﬁﬂ@ﬁ?ﬂiﬂ?@%ﬁéﬁ%@g eBpErREERSHILEs 52 2 0.0 Build

19) using neuriec@tgHelth Bit-applicatianat:1A0%6R] iutpiidattnialiRisaeiediddlsdcluded, total

cells, neurite outgrowth ind %N?ii% hich s the percent of cells in a well wi total neurite length
ahove 10 o ST S5 HEHTARAHG CEDar RaTeEAn i s sacd S “HEL B i
mixture (1 mCi/ml, Cat. 20063, MP Biomedicals), SH-dTTP (10-20 Ci/mmol, Cat. #
24044, MP Biomedical), *H-Thymidine (60-90 Ci/mmol, Cat. # 24060 MP Biomedicals),




[00166] The positive control for this assay was the addition of nerve growth factor (NGF, Cat. #
13257-019, Invitrogen) at 100 ng/ml. In summary, the treatments used were as follows, each with and
without NGF: regeneration matrix, Neuroscreen-Basal Medium, Neuroscreen-Basal Medium + 100
ng/m1NGF, regeneration matrix made without grovﬁWh factors. [00167] Only wells with cell counts
above 100 cells per field were analyzed. The average NOI per well was divided by the average NOI

alue from theg tral well ntaining N screen(r) bas [ I 0 ng/ml NGF.
¥hi§ valueisr %?r@d%%%be‘r%évr\: 8?’!3%&%2@%%5%& %é?glﬁ(géﬁh iiral‘aaég%?lgdlrelijn]tngg%%%ents testing for
the gtimuIatio@ﬁﬂmlr@b#@ﬁwmmmm)e&ﬁm&wmwhﬁiﬁ)ﬁigd@zassﬁh@sﬁnulation of
neurlte outgroyiy B e@%eaﬂéﬂq%ggygfgﬁﬂwmwmﬁ%@ gk ponlaTiepi,gempared (o

that with them'Is shown in Figure 22. [00168] These results indicate that the regeneration matrix has
significant nel@REck iR errataikdtovnalitatesaiging Neunssirtebn affedniechgwadapizagnatydo the
results from gﬁﬂ"ﬁlﬂjﬂﬂ?@ﬂéﬁﬂ%M?&W@Bﬁ&ﬂ@'@i@%ﬁ%ﬁﬂ&rﬂ%ﬁ’dﬁ@{g&%&%@%Wéﬁiﬁ{éﬂVity of the

regeneration matrix can be significantly increased by the addition of ITS, EGF, and bFGF supplements
during regenefeidiP RSSO oA DE CRHSILS® et dgiiiad at e Ara AR atBeBhstHPEFactor
Activity by Regepetiom Matrix tih8 pdumast peyipheraldiqaccallestgetinietenim fovacutainerTM
tubes containing ICEDTA was shipped.overnight.on ice and then placed vertically into, a +4C fridge for
6 hours in ord&F 1S Ailo ﬁwS@IBP(? i Srfj}%e@l ﬁr}s%cﬁé?g[eg W?Wé%ﬁ%l e rﬁu\i’u glsldc)é%%}lnmgl the
gravity-separateldl dfl d 60wviziehttwen cetiveduilly via e ddbd extictitytibts mv20&l reerethfocsitrdge. Two days

ater Tour of e BRI B akER. o s et FRaesC ELRAINATIR A b stefand alowed

to thaw at 20 ce thawe e plasmaplatele raction of two o es was removed

and placed intereeipiia wesrddedibe, GHE thisee fifeatiorndind PN rb tiedrvivlg turna b Basivere placed
into another 50 conical duRe AR RAMAR ARG ALECARtRAtE B eask: sapisalys; 5m1 of

each conical tube were placed into separate 50m1 conical tubes along with 10m1 of 1R-10 media
containing 10@%%%@@@&%&%58? e yvenesrd oty iddontecditiniherable 9.
After thoroughtimixing eidhel centems af asiilieanicabbiibSkia it enshayswditigg dihidisgh a Sum
syringe filter, followe a 1.2um,.syringe filter and then placed jntq new 50m1 canical tubes. Enough
TR-10 media E%%gﬁﬁ?i%ﬁﬁ%%&%%af‘?&d%a Y‘ée‘i%)ﬁﬂ'énfﬁé 1@61?,%&\3(%30 %c%ng%ical tube equal
50m1. After thoeintiligtipmixint:tioa terténis eheagtoonichfdoube, homtt. gllntiseiofcthmisgertions were
injected into se e f icellsT then pl izontally into %.C0O2, 2%
03, mon-hum g e B F A e oA W e e s e
untouched forfbdiastaneravsidrsapostiTReagmidaidhwassarided to each OpticellTm. An additional
Iml of TR-10 media was added to each OpticellTM on days 8, 10 and 12. On day 13, the contents of
each OpticellTM were placed into separate 15ml conical tubes and spun at 500 x g. The supernatant
was removed HfleshvEerebFIxter BAHINEE e THe eelntdifie Brded e st elsticss Wiiankéstlien washed

with PBS, spugihpt A GndbRethe-sUpRIRiant svas e oyeveshant aiscarted . his wasiapeated two
more times in order to remove all the original solution that each of the Regeneration Matrices were

surrounded in (when they were in the OpticellsTm). Each Regeneration Matrix (‘- Ig in mass and -1m1

in volume) wgs then saved for later analysis. Each Regeneratgsi-Matrix contained approxingiel/omg
of protein. ThE level of hydration of the regeneratii TiRricEsyeaididdoe FMGEP halWedinhen cafitifuged
at 5,000 x g for 30 min (and the resultirifitguid suderatant rédhoved) TARIA9. TRRIVACompPrsitedm.
INORGANIC S mg/L AMINO ACIDS mg/L| 250,781 248,971 252,367 253,674 249,875
Regeneration Matrix
Seed Material 0 Hr 103 113 127 115 95
1 Day 236 277 356 387 499
3 Days 301 286 346 354 524
1 Week 289 275 321 289 426
Human Fibroblasts Oh 526 487 512 426 458
1 Day 14,643 12,473 27,943 25,784 69,285
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[00121] These results indicate that there is no detectable cellular activity during the

process of regeneration matrix formation.

Example 5.6. Metabolic Inhibition Studies.
[00122] Inthe first set of experiments (see Figures 13 and 14), aphidicolin (dissolved

in DMSO, final concentration 10 pg/ml), a-amanitin (dissolved in water, final
concentration 10 pg/ml) and cyclohexamide (dissolved in ethanol, final concentration 10
ng/ml) were used to inhibit DNA polymerase, RNA II polymerase and protein synthesis
activity, respectively, in regeneration matrix produced from whole blood. The inhibitors
were added on day 0 to the Opticells® on the day of first feeding (day 5 or 6). Thereafter,
cultures were fed with regular media. Samples from the respective treatments and
controls were collected on day 21 and analyzed.

[00123] Results for these ihibition studies are presented in Figures 13-16. Fibroblast
control cultures containing 0, 10, 30 and 100 nM of a-amanitin were cultured for one
week. Fibroblasts without added o-amanitin were confluent by day 7. Cultures
containing 10, 30 and 100 nM a-amanitin exhibited about 60-70%, 80-90% and 100%
mortality respectively by day 7.

[00124]  In another set of experiments, addition of apyrase (dissolved in water, final
concentration 10 pg/ml), an ATPase/ADPase, indicated that it was able to partially
prevent matrix formation in 5 um filter samples. Apyrase has two functions: on the one
hand it has an ATPase/ADPase activity, while on the other, it has an anticoagulant
activity. It is possible that components present in 5 um filtered samples are susceptible to
the anticoagulant activity of apyrase resulting in the “sedimentation” observed in those
cultures. The absence of “sedimentation” in 1 pm filtered samples may possibly be due

to the elimination of these components retained by the small-pore size of the filter.

Example 5.7. Fatty Acid Analysis.

[00125] Mass spectrometry analysis was performed to determine the fatty acid content

in a 3 week old regeneration matrix cultures made from whole blood that had been
filtered through a 5 pm or 1 pm filter. As can be seen from Table 6, a number of the fatty
acid species detected were absent in the supernatant and present exclusively in the matrix.
The proportion of fatty acid per mg lipid was higher in the 1 pm filtered sample

compared to 5 pm filtered for the matrix. This proportion was reversed for the
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supernatant. Since the presented data is based only on one sample and one analysis, no

conclusion could be drawn at this stage.

Table 6. Results of fatty acid analysis on 3-week old regeneration matrix (made from

whole blood) and supernatant by Folch partition, represented as pg/mg lipid.

Structure Name Matrix Supernatant
5p filtered | 1p filtered 002S 003S
14:0 Miyristic acid 16.32 24.80 1.69 -
15:0 Pentodecyclic acid 1.27 3.19 0.81 0.03
16:0 Palmitic acid 29.33 82.65 7.82 0.44
16:1 Palmitoleic acid 1.62 18.92 -- -
17:0 Margaric acid 1.64 2.38 0.56 0.29
18:0 Stearic acid 15.24 44.00 1.76 --
18:1 Oleic acid 15.21 38.38 475 0.69
18:2 a~linoleic acid 3.41 10.40 1.62 0.38
18:3 a-~linolenic acid 144 -- -- 0.08
20:0 Arachidic acid 0.5 1.34 -- -
20:1 Gadoleic acid 0.48 0.75 - -
20:4 Arachidonic acid - 3.02 - -
21:0 Heneicosanoid acid -- 0.17 -- -
22:0 Behenic acid 0.81 2.10 - -
22:6 Nisinic acid 1.79 2.49 - -
23:0 Tricosanoic acid 0.31 0.84 0.58 -
24:0 Tertracosanoic acid 1.76 5.14 - -
24:1 Nervonic acid 1.20 3.76 - --
Total fatty acid in the 92.13 pg/mg | 244.33 pg/mg | 19.59 pg/mg | 1.92 pg/mg
sample

Example 5.8. Osmolarity.

[00126]

Osmolarity of frozen samples from supernatants of two different cultures were

analyzed for different time periods. It is evident from Table 7 below that there is a

dramatic increase in the osmolarity as the cultures age.

Table 7. Osmolarity measurements of regeneration matrix cultures.

Sample
ID

1
2

Time0 14days 21days 28days 42days 56 days

314 -
311 406

437 532

528

Example 5.9. Analysis of Regeneration Matrix for ATP Driven Metabolic Activity.
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[00127] Regeneration matrix and its associated production fluid were assayed for
levels of adenosine triphosphate (ATP) at 2, 3, 4, 6 and 8 weeks of age and compared
these levels with levels of ATP in the starting material. ENLITEN ATP Assay system
was used for rapid and quantitative detection of ATP by luminescence. Material was
SDS extracted and precipitated with TCA, as suggested by the manufacturer. In addition,
presence of several metabolic enzymes was examined in same samples using Western
blotting. For ATP level, the detection reactions were performed in triplicate and assayed
on three different days. The starting material of thee batches of regeneration matrix
contained picomolar amounts (1x1072™") of ATP, while ATP became undetectable at
day six of culture and remained undetectable for all the subsequent culture time points.
[00128] The presence the metabolic enzymes glucose-6-phosphate dehydrogenase,
aldolase, pyruvate dehydrogenase and cytochrome reductase was evaluated using
Western blotting. Aldolase, an enzyme catalyzing glucose degradation through
glycolysis, was present in the starting material and was detected at decreasing levels
between 21 and 28 days of incubation and was not detectable at 60 days. Glucose-6
phosphate dehydrogenase (pentose phosphate pathway) was detected in the starting
material and was over time be detected predominantly in the regeneration matrix
associated production fluid. The levels in the regeneration matrix dropped by day 28 and
remained low for the remainder of culture. However, the band on the gel for this enzyme
was a lower molecular weight suggesting that only a degraded from was detected.
Pyruvate dehydrogenase (Krebs cycle) was detectable in the starting material and levels
did not appear to change until day 28. Again, the band was a lower molecular weight
than that predicted suggesting that a degradation product was being detected. This
enzyme could not be detected at any later time points. Cytochrome reductase (Oxidative
phosphorylation) was detected in the starting material and a faster migraﬁng protein
(absent in the starting material) was recognized at all the subsequent time points
suggesting a degradation product being detected in the regeneration matrix.

[00129] Absence of detectable levels of ATP in the regeneration matrix as early as 6
days after initial seeding supports the conclusion that these enzymes are not functional.
Both, pyruvate dehydrogenase and cytochrome reductase catalyze reactions that produce

massive amounts of ATP (36 ATPs per reaction).

Example 5.10. Other analysis.
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[00130] Compositional analysis of the matrix indicates there is no evidence for cellular
metabolic activity in the regeneration matrix. The pH of the culture medium remains
constant throughout the culture, thus indicating very low or no metabolic activity.
Furthermore, the osmolarity of the culture medium increases dramatically over the culture
period making the conditions non-permissive for cellular growth.

[00131] A comparison of coomasie stained SDS-PAGE gels revealed minor
differences in band patterns between 5 pm and 1 um filtered samples. Gel images are
presented in Figure 17. The band designations in blue represent bands that were
previously identified by mass spectrometry. The new bands indicated by the red circle
(M7 and M8) are bands that have only been observed in the 1 yum filtered matrix. The
appearance of these bands may be due to enrichment of certain bands resulting from
removal of other proteins.

The sensitivity of regeneration matrix to different proteases and nucleases were tested.
Nucleases such as DNase and RNase had no effect on the regeneration matrix.

Proteolytic enzymes such as pepsin, trypsin, papain, Proteinase K were able to digest the

matrix,

Example 6. Activation of Neurotrophic Genes in Vitro Using Regeneration Matrix
[00132] Human neuroblastoma cells (Cell Line SH-SY5Y, Cat. # CRL-2266,

American Type Tissue Culture Collection, Manassas, VA) were used to characterize the

neurotrophic activity of the regeneration matrix. Cells were cultured using the following
basal medium (BM): DMEM:F12 (Cat. #30-2006, ATCC) supplemented with 10% FCS
(Cat. #26140-079, Invitrogen), and 5 pg/ml Gentamycin antibiotic (Cat. #15710064,
Invitrogen), and were amplified and routinely maintained by passage at confluence using
T125 tissue culture flasks.

[00133] For analysis of gene induction, cells vvére trypsinized and seeded into T75
flasks at 10° cells/ml, 3 days before addition of starting material. Materials tested were
basal medium (BM), matrix medium (R), OptiCell® starting material (O) and
regeneration matrix (M). To inactivate liquid test material, OptiCell® starting material
(O) was placed into 15 ml conical polystyrene culture tubes and heated to 60°C for 30
min. To inactivate the regeneration matrix, the regeneration matrix associated fluid was
removed from the OptiCell® and the regeneration matrix washed three times (10 ml each)
with PBS (Cat. # 21-030-CM, Mediatech). 10 ml of formalin (3.7% formaldehyde, Cat. #
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2106-01, JT Baker in PBS) was added to the OptiCe11® containing the regeneration matrix
and incubated for 30 minutes. The regeneration matrix was washed 3X with PBS and
stored in PBS until harvested for experiments.
[00134] For regeneration matrix treatments (active or fixed), the entire contents of the
OptiCell® was added to a T75 culture flask containing 70% confluent SH-SY5Y
neuroblastoma cells. After 3 hours, cells were washed with PBS and harvested by
scraping the cells and pipetting into a 2.0 ml microcetrifuge tube. Cells were centrifuged
at 12,000 RPM and supernatant discarded. Total cellular RNA was isolated using an
Atlas Total RNA Isolation kit (Cat. # K1036-1, BD Biosciences, formerly Clontech)
according to the manufacturers instructions. RNA pellets were dissolved in RNase-free
H,0 and quantified by OD,49. RT-PCR was performed using an Ambion Retroscript Kit
(Cat. #1710, Ambion, Austin, TX) according to the manufacturers instructions using 2 pg
of RNA template. Primers specific for human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), growth associated protein 43 (GAP-43), netrin-1, neural cell
adhesion molecule (NCAM-1), neurotrphin-3 (NT-3), neurotrophin-6 (NT-6), glial
derived neurotrophic factor (GDNF), and fibroblast growth factor-9 (FGF-9) were used
for RT-PCR. GAPDH was used as a control since its transcription should not be affected
by the type of stimulation used in this assay. The primers used were the following:

GAPDH 5 CCTGCACCACCAACTGCTTAG

5> AGACCACCTGGTGCTCAGTGT

GAP-43 5" AAAGTGCCCGGCAGGACGAGGGTAAAGA
5> GAAAGTGGACTCCACAGGGCCACACG

NT-3 5 AAGGAGTTTGCCAGAAGACTCGCTCAATTCC
5° CACGTAATCCTCCATGAGATACAAGGGCGG

NT-6 5° CCCGGACCGCTGTGGACTTGGTTG
5° GTATAAGTCTCAGGCCCGGCCAGTC

Netrin-1 5° GCAGTCTGCCACTTGGAAGGA
5’ GCCATATTGCGTAGGCGAGGT

NCAM 5* CACAGCCATCCCAGCAACCTTGGG
5° GGGCAAACTCCTTATGAAGTGGCACAAA

GDNF 5> AAATGTCACTGACTTGGGTCTGGG
5” GACAGGTCATCATCAAAGGCGATGGG

FGF-9 5> CGCCTAATATCTCCTGGGTTGACACC
5" AATGCCAAATCGGCTGTGGTCTTTCC
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[00135] For PCR, 5 pl of RT reaction product was added to 45 pl of PCR reaction
cocktail (5 pl of 10X PCR Buffer, 100 mM Tris-HCI pH 8.3, 500 mM KCl, 15 mM
MgCl,, 2.5 pl of 2.5 mM dNTP mix, 32.1 ul d H,0O (nuclease;free), 2.5 pl each of sense
and anti-sense 10 pM primer stock, 0.4 pl of 5 U/ul Taq Polymerase (Cat. # 2052,
Ambion). PCR parameters were: 94°C for 2 min (initial denaturation), followed by 30
Cycles of 94 C for 30 sec, 55°C for 30 sec, and 72°C for 40 sec, with a final polishing
step of 72°C for 5 min. PCR products were resolved using 10 pl of PCR product per well
on 2.5% agarose gels run for 2 hrs at 58 V and stained with ethidium bromide at 0.5
pg/ml. Digital images of the gels were analyzed for fold up-regulation using Scion image
analysis software (Scion, Frederick, MD). The band intensity of the lane containing the
RT-PCT product of RNA produced from adding medium alone was used to normalize the
signals from the other treatments (data not shown).

[00136] The RT-PCR analyses showed genes for FGF-9, Netrin-1, NT-3, NCAM-1,
and GAP-43 are activated in response to incubation with regeneration matrix. Gene
activation by the regeneration matrix appears selective as transcription for the genes for
GAPDH, NT-6 and GDNF were not stimulated in these experiments. These data indicate
that the human neuroblastoma cell line SH-SY5Y responds selectively to the regeneration
matrix with the activation of genes related to function and differentiation. Production
medium supplemented with growth factors alqne gave a marginal increase in gene up-
regulation activity compared to medium alone for FGF-9 and Netrin-1 only. These
results suggest that the gene up-regulation activity of the regeneration matrix is due to its
inherent properties and not merely the presence of growth factors.

[00137] Activation of NT-3, NCAM-1, Netrin-1, GAP-43, and FGF-9, gene expression
by the regeneration matrix in SH-SYS5Y cells can be inactivated by treating the matrix at
60°C for 30 minutes (Figure 19). Finally, treatment of the regeneration matrix with
formalin or with high energy gamma irradiation (30kGy, 30 min) also inactivates the
regeneration matrix (data not shown). ' '

[00138] For routine analysis, the effect of the regeneration matrix on up-regulation of
GAPDH (control), GAP-43, NCAM-1, and NT-3 was determined for four consecutive
production batches. A regeneration matrix from each batch was sampled at day 15 and

21 and compared to the gene induction activity of starting material (Table 8). Fold up-
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regulation was determined by RT-PCR from 4 production runs (2 Opticell® cassettes per

time point). Results are reported as mean =+ standard deviation.

Table 8. Average fold up-regulation of GAPDH, NT-3, NCAM-1, and GAP-43 in SH-
SY5Y neuroblastoma cells following incubation with regeneration matrix at days 0

(starting material), 15, and 21 of production.

Time (days) | GAPDH NT-3 NCAM-1 GAP-43
0 1101 25402 2.9+023 3.0+023
15 0.9+0.1 3.9+1.1 4417 47+1.8
21 1.0+£02 45+19 47+22 5.6=3.0

Example 6.1. Effect of Regeneration Matrix Produced Without Growth Factor

Supplements on Gene Induction in Human Neuroblastoma Cells.
[00139]
any growth factor supplementation. The gene up-regulation response in SH-SY5Y
neuroblastoma cells for GAPDH, NT-3, NCAM-1, and GAP-43 was compared to a
regeneration matrix produced with ITS (2X), EGF (20 ng/ml), and bFGF (40 ng/ml)

A regeneration matrix was produced using DMEM:F12 medium alone without

supplementation. The regeneration matrix produced without growth factors contains
gene up-regulation activity which is not altered appreciably when it is produced in

production medium with growth factor supplements (data not shown).

Example 6.2. Regeneration Matrix Neuronal Gene Up-regulation Activity.
[00140]

activity, while its surrounding solution (CM) as well as the initial solution (day 0) that

Regeneration matrix formed for 12 days has neuronal gene up-regulation

would form regeneration matrix (Rep) has limited neuronal gene up-regulation activity.
Figures 18A-18C show results of RT-PCR on SHSY Human Neuroblastoma Cells
Treated with regeneration matrix for 3 hours. Values presented as fold up-regulation over
standard control. Regeneration matrices were produced in parallel from non-coagulated
(EDTA-treated) whole blood from the same human donor. A =DMEM/F12 base media
with supplements (a standard regeneration matrix production media). ITS = insulin +
transferrin + selenium supplement added to DMEM/F12 base media. EGF = epidermal
growth factor supplement added to DMEM/F12 base media. FGF = fibroblast growth
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factor 2 supplement added to DMEM/F12 base media. All=ITS + EGF + FGF
supplements added to DMEM/F12 base media. None = no supplements added to
DMEM/F12 base media. No Feed = no additional media was added after start (day 0) of
regeneration matrix formation period.

[00141] Columns A-S in Figures 18 A-18C refer to the following regeneration
matrices:

[00142] A = Complete regeneration matrix production medium;

[00143] B =Day-12, All, RM-1;

[00144] C=Day-12, All, CM-1;

[00145] D =Day-12,ITS, RM-1;

[00146] E =Day-12, ITS, CM-1;

[00147] F =Day-12, EGF-ITS, RM-1;

[00148] G =Day-12, EGF-ITS, CM-1;

[00149] H=Day-12, FGF-ITS, RM-1;

[00150] I =Day-12, FGF-ITS, CM-1;

[00151] J=Day-12, None, RM-1;

[00152] K =Day-12, None, CM-1;

[00153] L =Day-12, No Feed, RM-1;

[00154] M =Day-12, No Feed, CM-1;

[00155] N = Day-0, EGF-ITS, Rep-1;

[00156] O =Day-0, EGF-ITS, Rep-2;

[00157] P =Day-0, FGF-ITS, Rep-1;

[00158] Q =Day-0, FGF-ITS, Rep-2;

[00159] R = Day-0, None, Rep-1;

[00160] S =Day-0, None, Rep-2.

[00161] As can be seen in Figures 18A-18C, in every instance the regeneration matrix
at day 21 exhibited increased neuronal gene up-regulation activity compared to its
starting solution (day 0). The surrounding solution at day 21 continued to exhibit the
limited activity as observed in the starting solution (day 0). Thus, only the formed
regeneration matrix exhibited increased activity, and its formation did not result in a
decreased activity of its surrounding solution. Thus, the total neuronal gene up-regulation
activity of the cultures increased dramatically over time as the regeneration matrices

formed.
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Example 7. Effect of Regeneration Matrix on Rat Neuroscreen-1® Cells (Induction of

Neurite Extension).

[00162] Neuroscreen® cells, an enhanced subclone from rat PC-12 pheochromocytoma

cells (Tsuji, M. et al., Induction of neurite outgrowth in PC12 cells by alpha -phenyl-N-

tert-butylnitron through activation of protein kinase C and the Ras-extracellular signal-
regulated kinase pathway, J. Biol. Chem. 276, 32779-32785, 2001; Wu, Y. Y. and
Bradshaw, R. A., Synergistic induction of neurite outgrowth by nerve growth factor or
epidermal growth factor and interleukin-6 in PC12 cells, J Biol Chem 271, 13033-13039,
1996), were obtained from Cellomics (Cat. # R04-0001-C1) and incubated with a

regeneration matrix. The Neuroscreen® cells responded by extending neurites. In

addition, the morphology, of Neuroscreen® cells change and flatten and become more
elongated in the presence of the regeneration matrix (Figure 20).

[00163]  For the Neuroscreen® cells- regeneration matrix interaction studies, cells and
the regeneration matrix sample materials weré prepared using the following method.
Neuroscreen® cells were maintained prior to the interaction assay by routine culture on
collagen coated plastic and subcultured at confluence using basal medium consisting of
RPMI (Cat # 10-040-CV, Mediatech), 4.0 mM Glutamine (CAT # 25-005-CI, Mediatech)
supplemented with 20% Horse Serum (Cat # 35-030-CV, Mediatech), 10% Fetal Bovine
Serum (Cat #35-010, Mediatech). The day before the regeneration matrix interactions
were established, cells were trypsinized, counted and plated at 2,000 cells per well in 96-
well cell culture plates (BD Biosciences, Cat. # 47743-953, Axygen). The Opticell®
cassettes containing the regeneration matrix were opened and the regeneration matrix was
transferred to a sterile 100 um nylon cell strainer (Cat. # 352360, BD Falcon), sieved and
dispersed into 1 ml of PBS (Cat. # MT21-030-CM, Mediatech). 10 pl of dispersed
regeneration matrix suspension was added to each well containing Neuroscreen® cells
seeded the previous day.

[00164] For each production batch, samples were taken for the above analyses at 0, 15
and 21 days after initiation. Neuroscreen® cells were assayed for the formation of neurite
process extension using immuno-staining for B-tubulin as follows. Cells were fixed after
4 days in culture by adding 10% v/v of 37% formaldehyde (Cat. # 2106-01, J.T. Baker)
directly to the culture medium in the well. The plates were incubated at 37°C for 30 min,
washed 2X with PBS, permeabilized and blocked with blocking buffer (10% Normal goat
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serum Cat. # S26-100M, Chemicon, 5% BSA Cat. # 2910, Omnipure, 0.1% Saponin Cat.
#102855, MP-Biochemicals) for 2.5 hr and stained for 16 hrs at 4°C using anti-B-tubulin
antibody (mouse monoclonal, cell culture supernatant, Cat. # E7, Developmental Studies
Hybridoma Bank) diluted 1:100 in blocking buffer. Cells were washed 2X in PBS and
labeled with alexa 488 Goat anti-mouse secondary antibody (Cat. # A11029, Invitrogen)
diluted 1:200 in blocking buffer. Cells were counterstained with Hoechst 33342 (Cat. #
H1399, Invitrogen) at 2 pg/ml in PBS for 30 min then washed 1X with PBS. Plates were
scanned with a KineticScan microscope (Cellomics, V2.2.0.0 Build 19) using neurite
Outgrowth Bio-application V2.0.

[00165] Output parameters selected included, total cells, neurite outgrowth index
(NOI) which is the percent of cells in a well with a total neurite length above 10 pm, and
average neurite length per cell (ANL) in pm.

[00166] The positive control for this assay was the addition of nerve growth factor
(NGF, Cat. # 13257-019, Invitrogen) at 100 ng/ml. In summary, the treatments used
were as follows, each with and without NGF: regeneration matrix, Neuroscreen-Basal
Medium, Neuroscreen-Basal Medium -+ 100 ng/ml NGF, regeneration matrix made
without growth factors.

[00167] Only wells with cell counts above 100 cells per field were analyzed. The
average NOI per well was divided by the average NOI value from the positive control
wells containing Neuroscreen® basal medium plus 100 ng/ml NGF. This value is
reported as percent of NGF response. Data from 4 independent experiments testing for
the stimulation of neurite outgrowth from Neuroscreen® cells is shown in Figure 21. The
stimulation of neurite outgrowth by the regeneration matrix made without growth factor
supplements compared to that with them is shown in Figure 22.

[00168] These results indicate that the regeneration matrix has significant neurite
inducing activity when tested in Neuroscreen® cells. However, contrary to the results
from gene up-regulation studies with neuroblastoma cells, the neurite outgrowth activity
of the regeneration matrix can be significantly increased by the addition of ITS, EGF, and

bFGF supplements during regeneration matrix production.

Example 8. Protection and Enhancement of Growth Factor Activity by Regeneration

Matrix,




Pyridoxel 1101 10.181 Thiamine HCI 16.864 Ascorbic Acid 2 Phos mg 28.954 [00169] Two weeks
later Neuroscreen(r) assays were prepared as described in Example 9. Nerve growth factor (MOP)
response curves were developed (see Figure 23). Since each well in the 96-well plate of the
Neuroscreen(r) assay receives 200ul of solution, the wells with a 100ng/m1 concentration of NGF
received a total of 20ng of NGF.

Human peripheral blood collected into ten 8ml Vacutainer™ tubes containing K2EDTA
was shipped overnight on ice and then placed vertically into a +4°C fridge for 6 hours in
order to allow the blood to gravity separate. The Vacutainer™ tubes containing the
gravity-separated blood were then carefully placed vertically into a -20°C freezer for
storage. Two days later, four of the tubes were taken out of the freezer and placed
vertically into a tube stand and allowed to thaw at 20°C. Once thawed, the plasma-
platelet-buffy coat fraction of two of the tubes was removed and placed into a 50ml
conical tube, and the entire contents of the remaining two tubes were placed into another
50ml conical tube. After thorough mixing of the contents of each conical tube, Sml of
each conical tube were placed into separate 50m! conical tubes along with 10ml of TR-10
media containing 100ng/ml nerve growth factor (NGF). The TR-10 media composition is
shown in Table 9. After thorough mixing of the contents of each conical tube, the
solutions were filtered through a Spm syringe filter, followed by a 1.2um syringe filter
and then placed into new 50ml conical tubes. Enough TR-10 media containing 100ng/ml
NGF was added to make the contents of each conical tube equal 50ml. After thoroughly
mixing the contents of each conical tube, 10ml quantities of the solutions were injected
into separate sets of 5 Opticells™, and then placed horizontally into a 37°C, 20% CO2,
2% 02, non-humidified incubator. Thus each Opticell™ received 1pug of NGF. The
samples were left untouched for 6 days, after which 3ml of TR-10 media was added to
each Opticell™. An additional 1ml of TR-10 media was added to each Opticell™ on
days 8, 10 and 12. On day 13, the contents of each Opticell™ were placed into separate
15ml conical tubes and spun at 500 x g. The supernatant was removed and saved for later
analysis. The contents of each 15ml conical tube were then washed with PBS, spun at 500
x g, and the supernatant was removed and discarded. This was repeated two more times
in order to remove all the original solution that each of the Regeneration Matrices were
surrounded in (when they were in the Opticells™). Each Regeneration Matrix (~1g in
mass and ~1ml in volume) was then saved for later analysis. Each Regeneration Matrix
contained approximately 5mg of protein. The level of hydration of the regeneration
matrices could be almost halved when centrifuged at 5,000 x g for 30 min (and the

resulting liquid supernatant removed)

Table 9. TR-10 Composition.

| INORGANIC SALTS L mg/L | , AMINO ACIDS mgll.




[00170] Since earlier studies had showed that addition of 10 mg of regeneration matrix doubled the
average neurite length (of neurites over 10 um in length) of Neuroscreen(r) 60 cells exposed to
100ng/m1 of NGF (see Table 10), an experiment was performed in order to determine the effect of
adding NGF to the starting matrix solution on this asé’say. Table 10. Average Neurite Length of
NeuroscreenTAl cells exposed to lila and 100ng/tn1 NGE Values are expressed as the percentage of

21% 15NDNA

the positive c

64%

AtreH{bengmINGH-BatchbDaysRM.StDev 516170%46%121599
18NDNA 211783 LNSEEAMnTEms 304 121 8246426% 152900 NALYENBNA 21 24145/
Ferric Nitrate 9H:0 0.404 Glycine 15.014
Magnesium Chloride 6H,0 142.31 L-Arginine HCI 147.251
Magnesium Sulfate Anhydrous 97.67 L-Asparagine H,O 1.501
Potassium Chloride 400 GlutaMAX™ | 217.23
Potassium Chioride 1491 L-Histidine HC! H,0 31.445
' Sodium Bicarbonate 1280.1 L-isoleucine 54.567
Sodium Chloride 6800 L-Leucine 59.158
Sodium Phosphate Dibasic
7H,0 134.035 L-Lysine HCI 91.142
Sodium Phosphate Monobasic 140 L-Methionine 17.308
Sodium Phosphate Monobasic
Hz0 62.509 L-Phenylalanine 35.516
Zinc Sulfate 7H-0 0.14378 L-Proline 5.757
L-Serine 26.273
OTHER COMPONENTS mg/L L-Threonine 53.485
D-Galactose 360.32 L-Tryptophan 9.027
D-Glucose (Dextrose) 4154.602 L-Valine 52.952
DL Tocopherol Acetate 4.7273 L-Tyrosine Disodium Salit 55.895
DL-Lipoic Acid Thioctic 2.0632 L-Cysteine HCI H,0 0.87815
Ethanolamine HCI 4 L-Cystine 2HCI 1.567
Glutathione (Reduced) 153.665
Human Transferrin Holo 11 VITAMINS mg/L
Insulin Recombulin Full 20 Biotin 0.24431
Linoleic Acid 5.6088 Pyridoxine HCI 0.030846
Linolenic Acid 2.7842 Folic Acid 2207
MOPS 2092.7 Riboflavin 18.819
Putrescine 2HCI 32.216 Vitamin By 67.769
Sodium Hypoxanthine 2.37165 L-Carnitine 3.96
Sodium Pyruvate 55.02 Choline Chloride 139.62
Sodium Selenite 0.0134 i-Inositol 12.611
Thymidine 0.365767 Niacinamide 6.107
D-Calcium Pantothenate 23.827
Pyridoxal HCI 10.181
Thiamine HCI 16.864
Ascorbic Acid 2 Phos mg 28.954
[00169] Two weeks later Neuroscreen® assays were prepared as described in Example

9. Nerve growth factor (NGF) response curves were developed (see Figure 23). Since

each well in the 96-well plate of the Neuroscreen® assay receives 200pl of solution, the

wells with a 100ng/ml concentration of NGF received a total of 20ng of NGF.

[00170]

doubled the average neurite length (of neurites over 10 um in length) of Neuroscreen

Since earlier studies had showed that addition of 10 mg of regeneration matrix

®



536266%5% 15242%31% 18169%28% 21186%20% 546148%NA 12211%36% 15212%44%
18223%26% 21263%25% 5512245%87% 15222%30% 566163%25% 12267%72% 15NDNA

21225%49% 5712192%33%

60

cells exposed to 100ng/ml of NGF (see Table 10), an experiment was performed in order

to determine the effect of adding NGF to the starting matrix solution on this assay.

Table 10. Average Neurite Length of NeuroscreenTM cells exposed to RMx and 100ng/ml

NGF. Values are expressed as the percentage of the positive control (100ng/ml NGF).

Batch Days RM, StDev

51 6 170% 46%
12 159% 21%

15 ND NA

18 ND NA

21 176% NA

52 6 147% 23%
12 184% 26%

15 299% NA

18 ND NA
21 244% 64%

53 6 266% 5%
15 242% 31%

18 169% 28%

21 186% 20%

54 6 148% NA
12 211% 36%
15 212% 44%

18 223% 26%

21 263% 25%

55 12 245% 87%
15 222% 30%

56 6 163% 25%
12 267% 72%

15 ND NA

21 225% 49%

57 12 192% 33%
21 221% 36%

58 12 192% 65%
15 214% 28%

21 184% 39%

Average 209% 40%

ND. Not determined. NA. Not applicable (either from ND or one data point only)

[00171]

Three of the five regeneration matrices and their corresponding solutions

(saved supernatant) from each group were used to determine response curves (see below)

in the Neuroscree

n- assay. Very similar results of doubling of the average neurite length

(of neurites over 10 pm in length) of Neuroscreen® cells was obtained when the

Neuroscreen® cells were exposed to the NGF-containing regeneration matrix (see below).

However, this doubling effect was obtained with only 0.2 mg of the regeneration matrix



21221%36% 5812192%65% 15214%28% 21184%39% Average209%40% ND. Not determined. NA.
Not applicable (either from ND or one data point only) [00171] Three of the five regeneration matrices
and their corresponding solutions (saved supernatant) from each group were used to determine
response curves (see below) in the Neuroscreen(r?bssay. Very similar results of doubling of the
average neurite length (of neurites over 10 um in length) of Neuroscreen(r) cells was obtained when
the Neuroscreen(r) cells were expose he NGE-containing regeneration matrix (s er% low).
However, thi lﬁ?f& gggcetebvg%(gd%%fgiéu%é %ﬁﬁ%@lﬁf : nr%rél%of’t ea{}lflexgrélr%%?e{%]%rﬁ !Flﬁlé %(S made from

whole blood, aht:RiB:ffigobtiiactgeterthtiontmatyihmeade fravhameqsi dsgnapldiel&itbaiRcdoat fraction
(without the e[y Ef)ﬁy{ﬁefgﬁ%ﬂﬁgfﬁa‘?ﬁf 491%%&%)&%@@%&%@8%&%& flafing matrix solution was

equally dispersed between the’forming regeneration matrix and surrounding solution, the total amount

of regeneraticRgenetAs et toaesWeN ding eoliE o tis Sl ARIEK P ESSERFIBH BHRABS2 ng and

0.003 ng of NGttt rasnaralionnslireamads tamwbokkloed apdihe piasneasplatelet-buffy
coat fraction, respectively. If all the NGF_ended up. in the re%ie):ner??té?{] mairlcesgﬂé?ﬁé%e tal amount

of NGF per whiH6oidhs 8 sigend s oS guads Fortivag o plRnd 28f. thrisma ponse
curves (that weeg patfiHRIpeciash cftalitirIsERpadisi eptiwhit régenseatienMGriaisthkeaahee time
(NGF freshness) point sho t there js limited ar.no effect of fresh NGE gn Neuroscreen(r) cells at
amounts Iesstﬂ%%a]f(?% %e Iﬁeéﬂvglk‘%g%]ré%erggpn %régs%dﬁﬁlfg’alie%??t%&gf’\l\% e&S%&?Sn. Since the
regeneration rtatdardl8GE feoponbecptass it stele pbristyedan ba@lﬂohtptb%d%m@mm&ngﬁbf this
maximal respafse i NBRORUIAHIA00N (o eSO NGR Ao MdR CARGRTAAY. he

regeneration matrix must have a grow ctor sensitizing (or similar) effect on Neuroscreen(r) cells

along with thesSkinioibiiorh f GFher Newdssrerawesjsatamngymisitns i d0aepe velkit@dength was
doubled over the maximuphitreshald alyadaaieen ke Rehisre withditkralnaniegangration matrix

alone (without any NGF) has been determined to result in an average n%ur_ite length of Neuroscreens

cells of approfipRathsPbtRIsPIatel sV B ASH oAt IR SR RS 0B PPRIHIRILSTRER  the
supernatant (@t 5Gl06RA BUITPLITNING RO GEHRs NOR matib (dreackdpital)fhatégenendiai the

13-day regeneratipn matrix formin iod) also caused a dqubli f the maximal gesponse of
Neuroscreen(PJEETSHENEE ?ff{ﬁoeg’@ E %ﬁlﬁ)z%?gfas%ﬁﬁqgar&%%%é 6 ﬁ?é%"&&é%e%qﬁegﬁy dispersed
between the fakm@wgithglmwﬁmmimmﬁmMMtemm@mmm $8upehnatamagetheudidribling effect
(or maximal rj‘esﬁ’ N$e %%F?deflgr%ﬂéy 2k é}?ﬁ&‘é’ﬁile%ajr@aﬂt@eoi&l}@v’éﬁ%ﬁtﬁ'w it (or

d for ard maxim

concentration) require ?f% e stand nal response (which is only 4 of the response obtained
with the supemierantReTenesatiominatitfaloredrabeonteiy NEELpurhegadetesmingdeloagBieiadidn matrix,
albeit at a mughelgwes pRtRNEY.d YENRPERISIPRRIAUS 1D RIARGHISS 8094 6Xiskadifioem during the
process that also results in the Tormation of the regeneration matrix, as well as tiny particles of
regeneration ﬁ%ﬁﬁﬂlﬂgpﬁgﬁlhﬁfv&%ggregated into the regeneration matrix complexes. 62 [00173]
Furthermore, fioge2ihe aaivityindiN@e dgriaases @yeslims 3tddiading flegRperatitiomaitixalso
appears to have growth factgr activity protecting effects. The NGF.activity assay aon .13-day old
regeneration r‘ﬁ'aetgﬁﬁt BPW@S g&éﬁé&”ﬁt oﬁéﬁ?dﬁ%@ﬁ%ﬁt%&%%&%%@%? %rl)ré%%cahlls Righer
NGF-activity thanddestohingrdiththrasanme tetpdise dhkverefizets Wells chSETedfwitiNEGF, bFGF, and
BDNF in earlier, experiments.. Example 9 e Response: ' fi [x Prepared with
DMEM/F12 BRSRICE Sat PR R ol é%”fé‘ffg SRR P ANRRL Y it
regeneration matrix and surrounding solution (supernatant), the doubling effect (or

maximal response) occurs with only 5 ng of NGF per well, or 1/20th of the NGF amount
(or concentration) required for the standard maximal response (which is only 2 of the
response obtained with the supernatant). Thus, similar effects are seen in the supernatant
as in the regeneration matrix, albeit at a much lower potency. This appears to be due to
properties that exist and form during the process that also results in the formation of the
regeneration matrix, as well as tiny particles of regeneration matrix that had not yet

aggregated into the regeneration matrix complexes.



[00174] Table 11 shows a comparison of the dose response to neurite extensibility (assays prepared
as in Example 7) of regeneration matrices prepared with either DMEM/fl 2 base media or TR-10 base
media. Values are expressed as the percentage of the positive control (NGF). Table 1. RM,(mg)
DMEM/F12 St.Dev. Ta-b St.Dev. 0 23% 5% 24% %% 1 60% 6% 67%

[00173] Furthermore, since the activity of NGF decreases over time at 37°C, the
regeneration matrix also appears to have growth factor activity protecting effects. The
NGF activity assay on 13-day old regeneration matrix that was stored at 4°C for an
additional two weeks shows a much higher NGF-activity than fresh NGF from the same
lot. The same effects were observed with EGF, bFGF, and BDNF in earlier experiments.

Example 9. Dose Response to Regeneration Matrix Prepared with DMEM/F12 Base
Media and TR-10 Base Media.

[00174] Table 11 shows a comparison of the dose response to neurite extensibility

(assays prepared as in Example 7) of regeneration matrices prepared with either

DMEM/f12 base media or TR-10 base media. Values are expressed as the percentage of

the positive control (NGF).
Table 11.
RM, (mg) DMEM/F12 St.Dev. TR-10 St.Dev.
0 23% 5% 24% 2%
1 60% 6% 67% 11%
5 77% 5% 103% 5%
10 88% 5% 101% 5%

Example 10. Effect of Regeneration Matrix on Primary Cell Cultures from Fetal Rat

Spinal Cord.
[00175] Spinal cords were obtained from healthy rat fetuses (E18) and adults. The

neuronal cell culture protocol used was adapted from Brewer et al. (Serum-free

B27/meurobasal medium suppotrts differentiated growth of neurons from the striatum,

substantia nigra, septum, cerebral cortex, cerebellum, and dentate gyrus, J. Neurosci. Res.
42, 674-683, 1995). Spinal cords were rapidly dissected from the animal in 2 ml
Hibernate-A (Brainbits, Springfield, IL), supplemented with B27 (Cat. # 17504-044,
Invitrogen) and 0.5 mM L-glutamine (Cat. # 25-005-CI, Mediatech) at 4°C in a 35 mm

petri dish. Meninges and excess white matter were removed in the same medium to a
second dish at 4°C. Spinal cords were transferred to sterile paper pre-wet with the same
medium and approximately 0.5 mm thick slices were made perpendicular to the long axis
of the spinal cord and transferred to a tube at 4 °C of the same medium. After shaking for

8 minutes at 30°C, slices were transferred, with a wide bore pipette, to another tube at



11% 5 77% 5% 103% 5% 10 88% 5% 101% 5% Exam sle 10. Effect of Re eneration Matrix on Prim.
Cell Cultures from Fetal Rat Spinal Cord. [00175] Spinal cords were obtained from healthy rat fetuses
(E18) and adults. The neuronal cell culture protocol used was adapted from Brewer et al. (Serum-free
B27/neurobasal medium su sorts differentiated owfR of neurons from the striatum substantia nigra,
septum, cerebral cortex, cerebellum, and dentate gyms, J. Neurosci. Res. 42, 674-683, 1995). Spinal

cords were rapjdly dissected from the animal in_2 ml Hibernate-A (Brainbits, Sprjngfield, IL),
supplementedg &%C%I?B%P%Pi%%%&fhSiﬁ'\%?r&@‘é?{?’ﬁ&&%?g*n%? P9 RS k&%?tﬁlﬁ@-OOS-Cl ,
Mediatech) atwi4sS prepaBsl foynlisediivigh 2 Meninges dibeamaegs whiteinpdttes waratrgThOvdthén the same

medium (o a seeand dishiatet . SRIBRLARIIS VCTe RNIRIed (o SIcTIE paper RiEHeLuh the same
medium and approximately i Thick STiCes Were Made perpendicular to thé long axis of the spinal
cord and tranS&edater datibavith 4 plasforne rotatvecraictiipaed Afdicima kirrydoerd thirmliess & 80C, slices

were transferrggl, Wit wide: RRIR RIPRITS 419 AR RGR containing 2 ml Hibernate-A/B27 at
30°C and allowed to sit for 5 min at RT. Slices were triturated 10 times (in about 30 sec)
with a siliconized pasteur pipette (fire polished tip). The pieces were allowed to settle for
2 min and the supernatant was transferred to another tube. The sediment from the first
tube was resuspended in 2 ml Hibernate A/B27 and the trituration and settling procedure
repeated 2 more times. The supernatants from each trituration were combined yielding a
6 ml suspension.
[00176]  Cells were plated at 90-320/mm? in 60-150 ul Neurobasal-A/B27, onto
autoclaved glass previously coated with 50 pg/ml lysine-arginine co-polymer (LAS,
BrainBits) and distributed into a 100 mm dish. One hour after plating and incubation
(5.0% O, 5.0% CO,, balance N) the coverslip was quickly picked up, allowed to drain
and transferred into 0.4 ml Neurobasal-A/B27 in a 24-well plate at 37 °C. The medium
was aspirated, the coverslip rinsed once with warm Hibernate-A, and the cells re-fed with
Neurobasal-A/B27, 0.5 mM glutamine, 10 pg/ml gentamycin and 5 ng/ml bFGF. Cells
were fed at day 4 by removing one half of the medium replacing it with an equal volume
of fresh medium containing 5 ng/ml bFGF. Neuronal cells were allowed to attach and
proliferate for 6 days before they were used for interaction experiments. They appeared
healthy, proliferated steadily and were between 40-60% confluent at the time of the start
of the interactions.
[00177] Three different batches of matrix were evaluated at days 16, 9 and 7 days,
respectively. All three batches were derived from non-clotted blood collected using
EDTA as anticoagulant. Two batches contained glucose, glutamine and pyruvate, while
one batch did not. Single cell suspensions of whole embryonic (E18) rat spinal cords
were prepared according to the above protocol. Cell monolayers were grown on glass
coverslips and incubated with either matrix or control medium. At 7 days after the
beginning of the interaction culture the coverslips were processed for ICC. Control
primary spinal cord cells without the matrix were used as a positive control for the

functionality of the culture system.



63 30C containing papain. Papsin (15-23 units/mg protein, and not activated by cysteine) was
prepared by dissolving 12 mg in 6 ml Hibernate A, warming for 5 min at 37C. The solution was filter
sterilized and stored at 4 C. Slices were incubated for 30 min in a 30C water bath, with a platform
rotating at a speed sufficient to suspend the slices ?‘.[70 rpm). Slices were transferred to a 15 ml
conical tube containing 2 ml Hibemate-A1B27 at 30C and allowed to sit for 5 min at RT. Slices were
triturated 10 times (in abaut 30 sec) with a siliconized pasteur pipette (fire polished ti 'gr The pieces
were allowed I@”f@ﬁﬁz fgﬁ F %%fﬁ%%&ﬁ?i%&&%&%‘ﬁ%%g%ﬁg@é%&ﬁ r%lﬁgtﬁ]é?‘?}ﬁﬁea? he sediment
from the first gibevviashigsusormid@ i Zonkidibeteiatd poB@i dodnthimteitienatios) shitlseitling procedure
repeated 2 more times. T. natants-from crh_tér' rati Etl) ed ielg' 6 mi
suspension. [S%Wg}ngéal ébgvége%gl a{t%e@%?égu@g%m %lr% g%%#%ﬁi%%i?o eglgg%ﬁ g;ﬂl ilnto
autoclaved glassifirevidgdhAcatdiFaRIreotiys/eallysinedargintecelds peirdetetionsha sitBils) and
distributed intg(ﬁhlﬁglrgﬂa dip {Qur after plating and incubation (5.0% 02, 5.0% CO2, balance
N2) the coverslip was quickly picked up, allowed to drain and transferred into 0.4 m| Neurobasal-A/B27

in a 24-well pE¥ 137 Bevrpreahsstinineyhated s homaititebiVisrh fomms agremasi b warm

05 g BECE CElS mere fod ot iy § by remay g ane. T of he et rapiacing & with an
equal volume BFFESH 1 8q ArBoFaTHE ST GHAT b TRASEPORE B ReSRPIGIE attach and
proliferate fortdiayariefore theyewwespvased 4Q%intdrhctiae gxpetivienisrikhShappeategdedlthy,
proliferated St@g%iiy 4 'v"‘éec“?l?‘ex}i;%ﬁﬁ? 20202 ﬁ%?éé‘égé‘cfoaéi@%'@g}eo%%? @%a%%tf?gevgr‘éﬁra“ions-
[00177] Three di erent batches Of matfix were evaluated a dé’ys ,9an gays, respecfively. All
three batcheswwﬂefr@‘é%rfveﬂlﬂmntmi_m-étoﬂue@ﬁtanﬁmt%_bvé&@bﬁrg%@ﬂaswﬁﬁ@oaguIant. Two
batches contajpied gliceRes GhIAHOEAN B YRl uYhilR enebaichield RetSingsaliguspensions

of whole embryonic (El 8) rat spinal cords were prepared according to the above protocol. Cell

monolayers WEFE §riasie AgressagsvErsIfstand weaniaids s einrrusieslsor a6 petieddium. At 7

days after thejp@gioning ik biadnignastind cbs et e: Govarsiips Mare- R prsses der ICC. Control
primary spinal c%r% cells without the matrix were used as a positive ﬁf)ntrol for the functionality of the

culture systerRTO B TR R A N RO BT IR AP e Eh & S RIS SR A A GBS PSnalysis are
shown in Figurasedinens26l Montepie siai ngtlqposituerfof tizalideeaeigtanss widtr all staiied negative
for glial cells Qlii ure, %5 .Olrglsthgs gn}reol %Lél(é%rers Ere nul 1b65§:eT%ﬂ" %gg,iti e cells is 4.2%, GFAP
positive cells is ©.4%. cendwere detecte tﬁ% Bi&iRed o uﬂgancf Eap positive. [00179]
Neuronal cell$00t8atedsmign imaliguesbibitfeccallo wentqend dritsyes gneraiminmatrifoseptaint; however,
the percentage of TSty Geip wiihin M pulie ingiersgdia aRYWihdRaegeration matrix (with
most of the staining confined to cell bodies and short proces?;;? versus 4.2% without regeneration
matrix. The pBEEPRERFEBIOGEAR posTasethe rentivh ke shriied ir rusi salo 92% with regeneration
matrix versus only 0.4% for the controls. In the culture treated with the regeneration matrix,
approximately 50% of the cells w [ that they were triphasic
neuroprogenitotCEtS whefe s e S SHEP L HENE e YB3 2L 88280] This observation
indicates that eneration matrix promates, the proliferation o neyrons. lncrease in the
oresence of lliates HLPIHY HHE SRS TR PR i) CEDaEet i o of sikhe
neurogenesis2aad/ I Cnvtat imimalnes pooste, theshaprretjoiressdp bandupirecading andealing cascade.
[00181] As seen.in Figur I ith.the | natri in Is that were
both Tujl and %g's_s&g égo%?ﬁv&é%?n %%%ézb%%gﬁﬁrgyﬁ%é%%é%%%@ﬁm%ﬁ@o%@ﬁ%%eﬁg é\? ereas the
control culturétstiowed no such cells. Example 11. Effect of Regeneration Matrix on Human

Fibroblasts in \lifo, 048Rk HumandeenaBhipeskinibg R (Gsh Line 4 S BRAATE Sk, Cat. #

CRL 2097, ATCC) were maintained prior to the interaction assay bégutine culture and passage at
confluence usiig I¥D rasTRiueRstithAtRshpd A gaRerattos ek Eimekhne plottedikiopdre

tryr;sinizeﬁ %qggg&g@@ﬁgﬂ%ﬁh@: Wﬁ%%ﬁgkmg@gﬁﬁﬁg(ﬁg@%@ﬁmg &%@e@f&b&&ﬂﬁ% membrane
with attached regeneration matrix formed using clgtted blo egenerati atrix). Membranes were
cut to 1cm2. ?H%Cﬁ?gﬁ?o%?é’&% 6%@1813?;&?98&%@05{%3&@%?5@% %%Wé’l’i‘f)l;]f Cusing a small
piece of steril¥ adaliedipeind vas\piaelineg (heibbias ¢idecd«al befkailidinghtdunethbeiedtnadding
medium and r\ggdé%@ was ubag&en&lﬁagdde%gndsth aén%mrgnes Iaceq S bé/nprreﬁging at their
center from the fop. ERCR Wt Contame ZnBlf)ltlce r)pang ?seggn%rreaﬁ%lﬁ fhathix féatments. Cells 65
trypsinized fréhe topoRficienellletetaierb2coptite d® andpl atednat i e nsity:ofr @0r080scdliglser well in 3 ml
of medium. Plates are placed in the incubator and after 2 hours some representative samples were
fixed and their nuclei stained and cell numbers estimated. The rest of the membranes were not
disturbed for 2 additional days. BrdU (Cat#203806, EMD Biosciences) was added to 20 pI\.4 in growth
medium by diluting a 10 mM stock. After the incubation period, the membranes were immersed in 1 ml
of ice cold 70% ethanol (Cat# UN1170, EM Science) in 15 mM glycine (Cat#G-8790, Sigma) in a 24

well plate. The fixed cells were stored at -20C for at least 24 hr. For BrdU detection, cells were washed
once iNn PR (Cat # MT21-020-CM Mediatech ) treated with a 110 diliition of the manoclonal anti




[00184] Cells growing on Opticell(r) membrane had a total of 21.8 2.6% of positives for BrdU, while
only 13.4 th 2.0% were positive when grown on the regeneration matrix. Differences in initial
attachment were ruled out by counting the cells just after attachment (i.e., the total number of cells
attached were identical between the two samples).6F00185] Fibroblasts attach to the regeneration
matrix in 2 hr at the same numbers as to a control Opticell!, but the nuclear size is reduced (possibly
indicative of the first stages of apoptosis) and the number cg rdUJ-positive cells g@cr sed in the
fibroblasts sé‘aPSWfﬁ%i%n"{ﬁé (rzgpré%@%a%g%’mwg ﬁ)?%%?a iﬁﬁ%#o%%seeg%ﬂfég’ AC): Fibroblast
cultures grownpdiowtdiniger peeibasdwmh Metee grendratibin thaticebates gidialtet vt catielower density
of fibroblasts %@%‘%ﬂ%{ﬁ;@@é&%& SR RSle A ARIY ANG.ARARIQP UGN RAFSLIOLARIRICultures.

Is di

Figure 27 sho erence In growth density of fibroblasts grown for 5 daﬁs on on regeneration

matrices mad&Hegrstmfibe Anerdernasonstsiseidistiehemp forDaddifinad (ps g didFatiometf%n Human
Astrocvtes in ¥iiip pIGLRELIN S aqaaadiastrognisiaReeHi wiemendlidnsas:on Hinblastr. were used

for astrocytes, except that the morphological change assay was dane using.staining for glial fibriliary
acid protein (GERE PR RRRER A Lr JRGTRRFRCS VErS SHECEE H’Cifﬁﬁé’gﬁcﬁfér’g%?é{&r) were cultured

in basal mediythaAsCayteVIadnBMCSdickhcbP 8l 1 Seivngletihe (Guoidi37196]Sisnms techatesland

passaged at cqnfluence. One before the i tion experimen Il e trypsinized, counted
and plated at @@&%%ﬁsf %‘83\9\?2‘%%8? ?{ em%éﬁé@%ﬁﬁ%@%&%@é '9@%eﬁ%{§cfg§.c%446l, BD
Falcon). [0018vdrE oreachobetch PRE(PEsHNE aldh (dthMedistoeb hredgisdsvitha 5142, 15, 18, and
21 days after {fifiafignrBRSNMISANRAARBRlRIGA AimeRdoLsar M eRsHIRMEnte.g. 4 wells per

sample). For proliteration, after 2 days in the presence of the regeneration matrix, BrdU (Cat#203806,

EMD Bioscien@$94th Raded dnd poubriad fgrdheemediurk s avrianyshedd’hin BRBR 20 into 200 gl
medium. The GRUSWEIGICY PARH Rl 4 o PHALR- B ol doaeadi2 defusd addisigna@at. % hr. The

medium was removed by decantation and the cells fixed with ice cold 70% t# UN 1170, EM

: : ! ! thanal
Science) in 15%%926%}?@?%@%W%%g)ﬁﬂ{ém%aégﬂ?\ﬁfé?’éns%te% %1%25(9 r at least 24 hr.
For BrdU detechienicesllswasaeshgd ongoinmpidqi #BS eamit Ch2AHOEFCMPMediatech ), treated

with a 1:80 dilytion of th noclonal anti BrdlJ antihody-nuclease reagent.faor the Kitll (Cat# 1299964,
Roche) and in%ij’SEFél&%?FW%? N Eéﬁ §1%?/gi%e\r/9é§ é)ggg(/l |¢1e§§§f§§% ?ﬁlgu%(gteéieda ;C/v%h #1:200 dilution
of Alexa-488 aoointateergmat fomtl horoSenatesbocty ¢(Qattetsiint02aiHAitebybHpastsicidAg buffer (10%
Normal goat s - : ' % L ' 9 onin Cat.
102555, WP R O B e e oo
temperature fonierinBipldbaesmbisuetaretaihen inveitodsmdmonped s 5938 05 gluefrel 22309,
Invirogen. 10 g1/ Siackkeptk PACMARRRfor IHPGHRSGHIARESIEBS and stored at 4C
in a week.

until scanned, usuallly wit 67 After ethanol fixation and storage, the cells ‘f¥¥§/|re treated with

N HCI (Cat# 9818314, Imammansbiiscransieatsyibradainsiie e Keethrmusa i DS M Pis, HC1 pH
8.5 (Cat# 923QsigimiiRapplcidashege2daiviihRBoibhe 2 @llsiwesesineubsateednihedlad a 1:200

dilution of Alexa-488 conjugated mgnoclonal antibod ainst BrdU t#MD5420, Calt

laboratories) iﬁrb‘fSé’i%iﬁ %‘?pfgtﬁ?y&?ﬁr&étfﬂi)%é@g\%ﬁe‘riﬁ%aﬂsﬁegga%v%%si%cia-pg ‘a%%%l&?bated with
a 1:200 dilutiofoofhfdshadmbdpopitiated] joatranbrinubby(tlattidg d B30 grvitddeniégadtiocking buffer
for 3 hr. Cells were counterstained i .pl of 2.n.9/ ' ' tored in PBS.
Image analysi'ié,n\(cfnivggs'1 (I)Yﬂeec\ef\ﬁﬁ? 2 |ﬁ%t% cgﬁ%féﬁﬁmﬁé% . Qg%h%gef%f {%)5{ ﬁé%rl?u %lu%agﬁa lication
software Targ&octilatids diziog ﬁﬁa@@swmmmg@alh@hab@eﬁY%WWE%iﬂﬁ%@?ﬁéw ary format
and analyzed M%Q@ﬂate was scanned. Settings for threshholding of positive cells were obtained
by plotting a histogranm of the negative and positive cells for each staining session. Plates where the

cells had beed Wilige§sHsraraninens Qnise i ammrbrnghade tidighdl faL SBsehrasiveR not

included in thefinslanalysis oRlyarsll AheesieryiRsiauluins indhe presenegeab it iegamaration
matrix had fewer BrdU positive nuclej (13.9 2.3%) than those cultured without regeneration matrix
(18.5 2.4%), W@WS@%@H%BE@%‘@%&M&W&H&H}W 0885%%83\% Hélatu%%% éﬁ%ﬁ sc%?ﬂ%g in
spinal cord injgriesiieeatethwitbeiegfarisatinohrbivbeciaepize tdveanthel sve xanphts) 13. Effect of
Regeneration jx.onInjured Rat Spinal Cord in Viva. [00188 e the in.vi ivity of a
regeneration rﬁ‘a@tigglthrc—%-yé}:L 3 ﬁws(%sciaé%fg%ijgp}}?ne:aﬁegg? rﬁrﬁarrlyl[nr%qcr)l éfg%v%ér%{%{{ézsﬁn g%‘r%w&gée}igaj%%nsection
(5 rum defect)a control Opticell®, but the nuclear size is reduced (possibly indicative of the first stages

of apoptosis) and the number of BrdU-positive cells is decreased in the fibroblasts



Hemisection (5 mm defect, right side). Contusion (50 mm weight drop). [00189] All animal studies
were performed using IACUC approved protocols with standardized surgical and post-surgical animal
care procedures. Nude rats (Biomedical Research Models, Inc., Worcester, MA) were used in these
studies to minimize immunological reactions to the®uman regeneration matrix. To access the spinal
cord, an incision was made in the midline, above the spine from T8 to T11 and the skin and
dorsolumbar fascia refracted. Both sides of the spine were osed b t dissectian. A dorsal
laminectomy W&%&Eﬁ%&&e SEIRE TR QY ﬁ%ﬁb?ﬁr %X[(gm%gu é)Léﬁbia% 'gebtrsﬁ gzbﬁ%%posing the
spinal cord. Irctiertrapseatifor iuge peaddd| dhitiksesysegaiontnodtrE8sspivd ioor dreatatietieen T8 and
T9, 5 mm in length was. cut.and fully.remaoved ' ' he spinal cord was
exposed as d%%%?fb(\é\é a o%@ﬁ%qé%srgﬁw{%%%&%n t %1 %éﬁ%%%%v%%@ﬁ%%@ E:bre ted in the spinal
cord. The regepapaticshteresmixoheplamesyBigursely whoirs e odiféaenct e siovdgh deasifaref ligaments,
muscles and thg: S W g1 FAO5EY i Sl 6R ARG ARASIRRIIAMEh MEEXNRSed Juadabibe spina
cord was impacted by a’50 mm weight drop using the NYU IMPACTOR and the animals were allowed
to recover for 29Qdeks post-injury. After the 2 week recovery period the animals had the regeneration
matrix surgically implanted in the spinal cord adjacent to the injury area. All animals were allowed to
recover in their own cages and subcutaneous injection of antibiotics were administered for three days
to prevent inféttionse JenFitycantiReginerfitioatidagirfoal Fammalsswerggdriodieally assessed according
to the modified version of the BBB neurological scale (Basso, D. M. et al., A sensitive and reliable
locomotor ratifi§E8sile fdhepandirtdttestingrid calisyd cotditiotseasia fidrobladts 1895 )sBBBrscores were
recorded apprQxi ' ; iteria li n T 2. Basso,
PP a%ﬁsgjlgé}’e%%é%&&a‘(vtﬁg %&:@hﬁ&%%%gﬁ% Ustegind ablesio i fREa1

Beattie And Bresnghan Loconnotor Rating S Destription of Locomotiorr O No observable
hindlimb (HL) fiheliersieaidipSiigin (GBS dirimtoriaoapasiemiies(stialy #9. SeésmkabeiaExtensive
movement of ppe jpipherExenaieIousment alana eIt RBA R taYement o§qasecainer joint. 2

on poly-D-lysine coated plates and passaged at confluence. One day before the

interaction experiments, cells were trypsinized, counted and plated at 2000 cells per well
for BrdU in poly-D-lysine coated 96-well plates (Cat. # 354461, BD Falcon).

[00187] For each batch, samples were taken for the above analyses at 0, 6, 12, 15, 18,
and 21 days after initiation. Each treatment was replicated 4 times for each measurement
(e.g. 4 wells per sample). For proliferation, after 2 days in the presence of the
regeneration matrix, BrdU (Cat#203806, EMD Biosciences) was added to 20 pM in
growth medium by diluting a 400 pM stock 1:20 into 200 pl medium. The cells were
incubated at 37°C, 5% O,, 5% C0,, balance N for an additional 1.5 hr. The medium was
removed by decantation and the cells fixed with ice cold 70% ethanol (Cat# UN1170, EM
Science) in 15 mM glycine (Cat#G-8790, Sigma). The fixed cells were stored at -20°C
for at least 24 hr. For BrdU detection, cells were washed once in 200 pl PBS (Cat. #
MT21-030-CM, Mediatech ), treated with a 1:80 dilution of the monoclonal anti BrdU
antibody-nuclease reagent for the Kitll (Cat# 1299964, Roche) and incubated for 1hr at
37°C. Cells were washed 2X in PBS and incubated with a 1:200 dilution of Alexa-488
conjugated goat anti mouse antibody (Cat. # A11029, Invitrogen) in blocking buffer (10%
Normal goat serum Cat. # S26-100M, Chemicon, 5% BSA Cat. # 2910, Omnipure, 0.1%
Saponin Cat. #102855, MP-Biochemicals, final solution sterile filtered through 0.2 um
and stored at 4C) at room temperature for lhr. Samples were counterstained with 2 pg/ml
Hoechst 33342 (Cat. # H1399, Invitrogen, 10 mg/ml stock kept at -20C) in PBS for 30

min and washed once in PBS and stored at 4°C until scanned, usually within a week.



3 Extensive movement of two joints. 4 Slight movement of all three joints of the HL. 5 Slight movement
of two joints and extensive movement of the third. 6 Extensive movement of two joints and slight
movement of the third. 7 Extensive movement of all three joints of the HL. 8 Sweeping with no weight
support or Plantar placement of the paw with no Wé?ght support. 9 Plantar placement of the paw with
weight support in stance only (i.e. when stationary) or occasional, Frequent or Consistent weight

supported dorsg.tspplngand o, RlARIRL speing: 10 Qeeasianabialont syeRarRg plaptar steps, no
. quent to consisteént weight supported plantar steps and no FL-HL

coordination. Mallinckrodt chemicals) for 30 min and neutralized with 100 mM Tris, HCI pH 8.5 (Cat#
9230, OmniPure) and washed 2X with PBS. The cells were incubated in 50 pl of'a 1:200
dilution of Alexa-488 conjugated monoclonal anﬁbody against BrdU (Cat#MD5420,
Caltag laboratories) in blocking buffer for 16 hr at 4°C. The cells were washed twice in
PBS and incubated with a 1:200 dilution of Alexa 546 conjugated goat anti mouse
(Cat#A11030, Invitrogen) in blocking buffer for 3 hr. Cells were counterstained in 200
ul of 2 pg/ml Hoechst in PBS for 30 min and stored in PBS. Image analysis was done
with a KineticScan (Cellomics, V2.2.0.0 Build 19) using Bio-application software Target
Activation V2.0. Images were stored to the hard drive in Cellomics proprietary format
and analyzed while the plate was scanned. Settings for threshholding of positive cells
were obtained by plotting a histogram of the negative and positive cells for‘cach staining
session. Plates where the cells had been dislodged from all wells during fixation or where
no signal was observed were not included in the final analysis. Overall, the astrocytes
cultured in the presence of the regeneration matrix had fewer BrdU positive nuclei (13.9
+ 2.3%) than those cultured without regeneration matrix (18.5 = 2.4%), which provides a
possible explanation for the observation of reduced glial scarring in spinal cord injuries

treated with regeneration matrix compared to controls.

Example 13. Effect of Regeneration Matrix on Injured Rat Spinal Cord in Vivo.
[00188] To evaluate the in vivo activity of a regeneration matrix, three rat models of

spinal cord injury models were used:

— Complete Transection (5 mm defect).

— Hemisection (5 mm defect, right side).

— Contusion (50 mm weight drop).
[00189]  All animal studies were performed using IACUC approved protocols with
standardized surgical and post-surgical animal care procedures. Nude rats (Biomedical
Research Models, Inc., Worcester, MA) were used in these studies to minimize
immunological reactions to the human regeneration matrix. To access the spinal cord, an
incision was made in the midline, above the spine from T8 to T11 and the skin and dorso-
lumbar fascia retracted. Both sides of the spine were exposed by blunt dissection. A
dorsal laminectomy was performed at the T8-T9 level. The dura mater was cut and

retracted, exposing the spinal cord. In the transection studies, a full thickness segment of



11 12 Frequent to consistent weight supported plantar steps and occasional FL-HL coordination. 13
Frequent to consistent weight supported plantar steps and frequent FL-HL coordination. 69 14
Consistent weight supported plantar steps, consistent FL-HL coordination; and Predominant paw
position during locomotion is rotated (internally or éf?ternally) when it makes initial contact with the
surface as well as just before it is lifted off at the end of stance or Frequent plantar stepping, consistent

FL-HL coordination and occasional-glorsal-stepping. ist | i d istent
FLHL coordinian i e LR SCD Rl oA ot AEtiR RGN, fone
advancementheéstotinn 6 peedgodicspitelrerd k16 hesesber deptritrd dontaandips mm

defect on the right side was surgically created in the spinal cord. The regeneration matrix
implant was used to fill the defects. The dura, overlying ligaments, muscles and the skin
were closed by suture. In the contusion model, the exposed dura of the spinal cord was
impacted by a 50 mm weight drop using the NYU IMPACTOR and the animals were
allowed to recover for 2 weeks post-injury. After the 2 week recovery period the animals
had the regeneration matrix surgically implanted in the spinal cord adjacent to the injury
area. All animals were allowed to recover in their own cages and subcutaneous injection
of antibiotics were administered for three days to prevent infections. Sensory and motor
functions of all animals were periodically assessed according to the modified version of

the BBB neurological scale (Basso, D. M. et al., A sensitive and reliable locomotor rating

scale for open field testing in rats, J. Neurotrauma 12, 1-21, 1995). BBB scores were

recorded approximately every 2 weeks using the criteria listed in Tables 12 and 13.

Table 12. Basso, Beattie And Bresnahan Locomtotor Rating Scale

Rating Description of Locomotion

0 No observable hindlimb (HL) movement

1 Slight movement of one or two joints (usually hip &/or knee).
Extensive movement of one joint or Extensive movement of one joinf]

2 . . .
and slight movement of one other joint.

3 Extensive movement of two joints.

4 Slight movement of all three joints of the HL.

5 Slight movement of two joints and extensive movement of the third.

6 Extensive movement of two joints and slight movement of the third.

7 Extensive movement of all three joints of the HL.

8 Sweeping with no weight support or Plantar placement of the paw
with no weight support.
Plantar placement of the paw with weight support in stance only (i.e.

9 when stationary) or occasional, Frequent or Consistent weight
supported dorsal stepping and no plantar stepping.

10 Occasional weight supported plantar steps, no FL-HL coordination.

1 Frequent to consistent weight supported plantar steps and no FL-HL
coordination.

12 Frequent to consistent weight supported plantar steps and occasional
FL-HL coordination.

13 Frequent to consistent weight supported plantar steps and frequent
FL-HL coordination.




Consistent plantar stepping and Consistent FL-HL coordination during gait; and Toe clearance occurs
frequently during forward limb advancement Predominant paw position is parallel at initial contact and
rotated at lift off 17 Consistent plantar stepping and Consistent FL-HL coordination during gait; and
Toe clearance occurs frequently during forward linftY advancement, Predominant paw position is
parallel at initial contact and lift off. 18 Consistent plantar stepping and Consistent FL-HL coordination
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coordination and occasional dorsal stepping.

15

Consistent plantar stepping and Consistent FL-HL coordination; and
No toe clearance or occasional toe clearance during forward limb
advancement,

Predominant paw position is parallel to the body at initial contact.

16

Consistent plantar stepping and Consistent FL-HL coordination
during gait; and

Toe clearance occurs frequently during forward limb advancement
Predominant paw position is parallel at initial contact and rotated at
lift off

17

Consistent plantar stepping and Consistent FL-HL coordination
during gait; and ‘

Toe clearance occurs frequently during forward limb advancement,
Predominant paw position is parallel at initial contact and lift off.

18

Consistent plantar stepping and Consistent FL-HL coordination
during gait; and

Toe clearance occurs consistently during forward limb advancement,
Predominant paw position is parallel at initial contact and rotated at
lift off

19

Consistent plantar stepping and Consistent FL-HL coordination
during gait; and

Toe clearance occurs frequently during forward limb advancement.
Predominant paw position is parallel at initial contact and lift off and
Tail is down part or all of the time.

20

Consistent plantar stepping and Consistent coordinated gait;
Consistent toe clearance

Predominant paw position is parallel at initial contact and lift off;
and .

Trunk instability, tail consistently up.

21

Consistent plantar stepping and Coordinated gait, consistent toe
clearance,

Predominant paw position is parallel throughout stance, consistent
trunk stability and

Tail consistently up.

Table 13. BBB Definitions

Locomotion Definition
Slight Part-ial joint movement through less than half the range of joint
motion
Extensive Movement through more than half of the range of motion
Sweeping Rhythmic movement of HL in which all three joints are ex.tended
then fully flex and extend again: animal is usually side-lying and




Consistent plantar stepping and Coordinated gait, consistent toe clearance, Predominant paw position
is parallel throughout stance, consistent trunk stability and Tail consistently up. Table 13. BBB
Definitions Locomotion Definition S light Partial joint movement through less than half the range ofjoint
motion Extensive Movement through more than haffof the range of motion Sweeping Rhythmic
movement of HL in which all three joints are extended then fully flex and extend again: animal is
usually side-lyirg-and—70—

plantar surface of paw may or may not contact the ground.
No weight support across the HL is evident

No Weight No contraction of the extensor muscles of the HL during plantar
Support placement of the paw or no elevation of the hindquarter
- Contraction of the extensor muscles of the HL during plantar
Weight placement of the paw, or elevation of the hindquarter-
Support i.e. look for a change in the hindquarter and abdomen position
during stepping.

The paw is in plantar contact with weight support then the HL is

slzl?:;rg advanced forward and plantar contact with weight support is re-
established
Dorsal Weight is supported through the dorsal surface of the paw at some
Stepping point in the step cycle
FL-HL For every FL step a HL step is taken and the HLs alternate.
Coordination (Only evaluate for periods when >3 steps are taken in a row)
Occasional <50%
Frequent 51-94%
Consistent 95-100% only if there are no prolonged bouts without stepping.
Trunk Lateral weight shifts which cause waddling from side to side or
Instability partial collapse of the trunk.

15a. Full transection spinal cord injury model in the rat.

[00190] Figure 29 shows results from full transection studies in rats where the
transection injuries were filled with regeneration matrix or left with void space that got
filled by blood as controls. In general, there was a high level of mortality associated with
this type of study due to the severity of the spinal cord injury and the results depict
neurofunctional status in animals that survived at least 6 weeks. BBB scores were
monitored at 2 week intervals for up to 12 to 14 weeks post-implant. All seven animals
with regeneration matrix implants that survived at least 6 weeks post injury/implant
showed improved BBB scores (Figure 29). Maximal increases were seen at 6-8 weeks
post-implant. The three control animals surviving at least 6 weeks showed no substantial
improvement over the 12 week evaluation period.

[00191] Furthermore, the rats receiving the regeneration matrix implants had
significantly decreased number of lesions (cysts) as well as the average volume of each
lesion above and below the site of spinal cord injury (surgery) compared to control
animals (see Figure 30). This means that regeneration matrix exhibited neuroprotective
effects in these animal models, resulting in more neuronal tissue preservation above and

below the site of injury.

15b. Hemisection spinal cord injury model in the rat.



plantar surface of paw may or may not contact the ground. No weight support across the HL is evident
No Weight Support No contraction of the extensor muscles of the HL during plantar placement of the
paw or no elevation of the hindquarter Weight Sup ort Contraction of the extensor muscles of the HL
during plantar placement of the paw, or elevation khe hindquarter- i.e. look for a change in the
hindquarter and abdomen position during stepping. Plantar Stepping The paw is in plantar contact with

ight the HL s anced forward and plantar contact with weight support is
Fe-ontaniiche LTz SEUB A AT S PO St ST b & R ERBI AR at some

point in the stte syicka Ecb_rdlﬂamaged by hemisection. In the hemisection SCI model, the spinal cord
was exposed as described above and a 5 mm defect on the right side was surgically
created in the spinal cord. This model is not as severe as the transection model and
permits some normal animal function. For example, the surgically induced defect allows
bladder control but no motor function of right hind limb. Regeneration matrix
implantation (n=4) led to increased survival as well as functional recovery (n=3)
compared to non-implanted controls (n=2). The non-implanted control animals died

before the first BBB evaluation period at 1 week.

15¢c. Contusion model of spinal cord injury in the rat.

[00193] In the contusion model, the dura mater with underlying spinal cord was
exposed and SCI was induced by a 50 mm weight drop using the MASCIS IMPACTOR
(formerly the NYU IMPACTOR, W.M. Keck Center for Collaborative Neuroscience,
Rutgers University, Piscataway, NJ). Rats were allowed to recover for two weeks and
then a second surgery was performed where the spinal cord was exposed and the
regeneration matrix placed adjacent to the injury area. Figure 32 shows that regeneration
~ matrix implantation also improves BBB scores in the rats with contusion damaged spinal
cord. In this study, 25 rats had contusion damage inflicted on their spinal cord and 19
animals survived 2 weeks post contusion. Of the surviving animals, 11 animals received
regeneration matrix implants and 8 served as control animals that received either a
biologically inactivated implant or no second surgery (and thus no implant). At 6 weeks
after injury, 9 regeneration matrix implanted, 4 inactivated matr1x unplanted and 3 non-
implanted controls were alive. BBB scores for these surv1v1ng animals were evaluated at
2 week intervals (Figure 32). The regeneration matrix implanted animals recovered as in
the full transection and hemisection models. The biologically inactivated matrix
implanted animals partially recovered indicating that the structural properties of the
regeneration matrix alone have significant regenerative potential over controls that
received no matrix. For one of the control animals, an apparent substantial spontaneous
recovery was seen which appeared to be due to an incomplete injury. However, the
minor but measurable debilitating effects of the second surgery were overcome by the

implanted matrices that resulted in a significant improvement in the animals.



Coordination For every FL step a HL step is taken and the HLs alternate. (Only evaluate for periods
when >3 steps are taken in a row) Occasional <50% Frequent 51-94% Consistent 95-100% only if
there are no prolonged bouts without stepping. Trunk Instability Lateral weight shifts which cause
waddling from side to side or partial collapse of the/frunk. 15a. Full transection spinal cord injury
model in the rat. [00190] Figure 29 shows results from full transection studies in rats where the
transection injuries were filled with regeneration matrix or left i h.void space that got filled by blood as
controls. In geHETaP thete WRl G R fever Of riortatity assotiated WhIT this type ot study due to the
severity of theFgpiiahebRetdnjiery anbligh evithcBitsedempicthhSpiieiubetibhdgdstatus in animals that survived
at least 6 we B scores.were monitored at 2 week intervals far up to 0 14, weeks
post-implant. Al ?e ens'[gln?ﬁ{?a \;ﬁ?vlvelt t@@g@ﬁ%ﬁ%ﬁ%shrﬁ%&&%ﬁwvﬁ?ﬁ’g#& sﬁ?&%ééo a%éllé(gst 6 weeks post
injury/implant sheixestdifierent éxbBBE ssiorbeo(E igides Gimphaki prakindiendesripreusgienl at 6-8 weeks
post-implant. E&ﬁié@éﬁ@n§%HHMH%%&%&WHHE@&@&%&%MW@%& RRianiiglpprovement

over the 12 week evaluation period. [00191] Furthermore, the rats recelvini%@the regeneration matrix

P
implants had &{Hiskey e didised modaber et tasis dneydes sodevrananissaridhsgesilnshe of each

lesion above an¢h bplewrthgusiteofhsniahantd ARiLynksRy oG 6RIBATEHI B0, GORIENI Anisrals (see Figure
30). This means that regeneration matrix exhibited neuyoprotective effe % ,the%g animal models,
resulting in mag?%ar? U F%ﬁ%%@%ﬁ?ﬁ%ﬂ%&%ﬁﬁ&@@%ﬁ%@ gﬂéﬁ ity 2815, ‘e Misection

spinal cord inglegrreniébiitiibéumbin regeneration matrix promoting functional recovery in pigs with

SCI, with the most significant effect seen in severe impact injuries resulting in tearing
and loss of spinal cord tissue. These experiments also provided an opportunity to
evaluate the tolerability and potential safety of the regeneration matrix implant. The
porcine spinal cord is more than 98% identical to the human spinal cord in terms of its
microenvironment from T2 to L2, and thus is a good model for determining any potential
safety concerns that the regeneration matrix might have in a Human spinal cord. No
detectable safety concerns were seen in any of the pigs that received the human
regeneration matrix implant, including 3 pigs that had a regeneration matrix injected
twice into their spinal cords during two separate surgeries that were 1-3 months apart. No
significant differences were found between the control animals and the animals that
received the regeneration matrix implant in terms of their weights and behaviors,
including general observations made during the husbandry of the animals in their eating,
drinking, social interactions, urination and defecation behaviors, indicating that the
regeneration matrix is well tolerated and relatively non-toxic when implanted into pigs.
[00195] Tissue samples taken one month after implantation in some of the pigs and
subjected to Tuj-1 staining indicatied that the implanted regeneration matrix had induced
the formation of new neurons at the site of spinal cord injury. Figure 37 shows that the
implanted regeneration matrices induce formation of ﬁew Tuj-1 positive neurons (shown
at 200x magnification), within one month of implantation.

[00196] These preliminary pilot studies suggested that the human regeneration matrix
promotes locomotor recovery in pigs with SCI. Figure 33 shows the results of these
preliminary studies in which a modified ASIA scoring system was used to assess the

neurofunctional recovery in these animals. -Some of the pigs started with very low ASIA



71 [00192] Figure 31 summarizes results where regeneration matrix was implanted into the spinal cord
damaged by hemisection. In the hemisection SCI model, the spinal cord was exposed as described
above and a 5 nun defect on the right side was sur%cally created in the spinal cord. This model is not
as severe as the transection model and permits somMe normal animal function. For example, the
surgically induced defect allows bladder control but no motor function of right bind limb. Regeneration
matrix implantation Fﬁn:4 d to increased survival as well.as functional recqver :33130 pared to
non-implante(ﬁcc%?ﬁ &%t{gnéz )S.eilﬁré 8n-$r%f>lfra%f§§i %uﬁﬁahé%ir%&éé%sg (ge%g(lanﬁwxelff%lgt %?éﬂevaluation
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using the MAqstﬂé\lf I#/IPACTOR (for%gr%/ the NY&LV}BIMPAC;TGR, W.M. Keck Center for Collaborative
Neurosciencesafeigardy fsmensitotedideh tabvamenN geratsionanataion sxfaend ssbitolsrigbilveeks and

then a second,sur@arhHaSBREQERRIMBRLE §Eﬁa§l&ﬁﬁ| iBAMHYam exResRAlB Y the-reganesation matrix
placed adjacent to the injury area. Figure 32 shows that regeneration matrix implantggon also
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animals that réCenved either a biclog c%ﬁ’lf? Inacuvated allm‘pl)]ilell%ntroe no secon asurgery (and thus no
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intervals (Figure The regeneration matrix implanted animals recovered as in‘the full transection
and hemisectigiplassielS! Thengls lveie aytirelrhhacevemhishangia oy anihhantb siaffly recovered
indicating that{Beis ety RRE S RidhRFeasasation seatihualppadiave significant regenerative

potential over controls that received no matrix. For one of the control animals, an %E)E?arent substantial
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appeared to work best in. There was a clear trend of thé human regeneration matrix promoting
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evaluate the tqlerability and potential safety of the regeneration mairix implant. The porcine spinal cord
is more than /Sﬁ?i&ﬁ%b%&t‘g’ﬁ?énhi?ﬁ%% %&F&E@%‘%&Hﬂ%%& ﬁ{Férgqé%?\?E%n tg rom 12 to L2,
and thus is a @mmhmd)d&ief@:\re@negmilhrﬂlﬁgaarggﬂmmﬁﬂalmaﬁxﬂmtmdl@i@mw&lghegmhﬁigg matrix
might have in &, Ruman singl sorck Mo detestable safepreonesna Neleaaen R Atk okl pios that
received the human regeneration matrix implant, including 5 pigs that had a regeneration matrix
injected twicerimtoixHeiwelitnd¢atadi nigirandionse prriatoically totds. tharthrereote.3hndaths apart. No
significant diffgiepegsietupdbaRyeaRIbE ARkRANIRalaRIG A ANBAISRI/ Gealved the

nd be

regeneration matrix implant in terms of their weights a haviors, including general observations

made during PhBSIsaRER) BEsREAE R das theiedanef BrskiAY peehl interactions, urination and

defecation be[yagiges, indicativgoiTahtisdeaanriatinnvalidnisueldaleratscherth eiativelpnon-toxic
when implanted into pigs. [00195] Tissue samples taken one month after implantation in some of the
pigs and subjéé‘f@&l‘imj‘ﬁlsﬁﬁﬁﬁ%ﬁliﬂﬂ%ﬁwa‘%‘f‘ih@mﬁ?ﬂ%‘a’ Fé’&iﬁﬁ%"tngﬁ??nﬁﬁ?ﬁ?%ad induced the
formation of ngutdirdso s ahitalsiteinf kg afpord 35jshywsithero @isihavesotieabilmimy¥anted
regeneration matrices, in formation of new Tuj-1. pasitive neurens. (Sho t 200x magnification),
it one ST SO A e SO0 10 Tte e R S OBARE R0t e human
regeneration 9820 oromdbeselsidins toaseiveiensimypigs MittoStkillFicnres Bersasitbd 72sults of
these preliminagy Sllies B SErafeaigt ARIA ARUMR BRSNS HERIIQRRSESRNC
neurofimctional recovery in these animals. Some of the pigs started with very low ASIA 73 scores due
to the severity of the surgical injury while other pigs (including all the control animals) received less
severe surgical injuries and thus started at higher ASIA scores. [00197] After the completion of these
pilot studies, a complete double-blinded 7-week safety study demonstrated that a human regeneration
matrix is safe and well-tolerated in pigs that had received experimental spinal cord injuries. In these
double blinded studies, pigs received surgically induced SCI localized to the right side of their spinal

cords at T8- T9 - a double hemisection, 5 mm apart, followed by removal of the 5 mm-long piece of
eninal eord - and ware imnlanted with either 2 hiiman reaenearatinn mMmatriv or an eadiin/alent amoirint of



[00200] Locomotor functions in all animals were measured initially at 72h and then at 1-week intervals
post SCI using a modified ASIA Sensory and Motor Skill scoring system for the animals' hind legs.
Figure 35 shows the locomotor scores of animals implanted with the regeneration matrix or with the
homogenized blood clot. [00201] In these studies, Faseline Sensory and Motor Skill scores were
measured 72 hours after surgical SCI and implant, used as the starting values, and then scores were
74 determined at weekly interyals for 7. w elés. Pigs in.both study groups began recovering locomotor
and sensory fIARHBRS 1o %°S '}'15}‘[816%35%5 I?}'?ﬁﬁﬁir? igm&?%‘f%%ys %‘fggfg%fflé?ﬁﬂﬁggg values
reached constestineel sl 4eneek Suposonn(iiant. shiadignidichmikdiffiten d ezenleod thbseryedlin the _
locomotor a“%é(?&?&’%@éﬂ%‘i%&%%&% [SaSAsrANon Mgt and &'{?%n'agﬂ%%”i?rc‘? ro‘ﬁ%sanqu““g this 2-4
week time period, indicating that the regeneration Matrix does hot impede functiona recovery in SCI
animals nor déésierces secemgbseitirtbndhimbprarmtonod sphsahtbretfigne W ithoezoriAtradditional
increase in seRsErY AACLIBCARRIALY BERYEARTARSEINALIMOSLARINRIAGRRIKIPAIE!Y 4-6 weeks

post-SCI. The recovery levels observed in the regeneration matrix mzlanted animals at these later

time points wETERRIHEM R Bhiessat impsdeciBsHnprlrrse EaihiC alteadeny ispthe

differences indiyes@itvich@r anpsaidhef spiggkcbraeueidnndicates that there was significant
improvement (p = Q.03) in the right side functions (the side that received the injury) of animals
receiving the @%ze#ération %ﬁ?ﬁgltﬁ f@%%ﬂé%&ﬁ%‘éﬂ%@gﬁ%ﬁwwmﬁv eo%éﬁté{ﬁ ration
matrix implantedagsoenpiroebratecsimtitelyod et pradkthie sT-Seie Kl qoiaty iiril chidvs af fegeneration
matrix biological activi t vet reached.its end-point (final motor scqre) value. End-point was
estimated to ﬁ%@%@%ﬁﬁ;@‘ %aﬁg%%ﬁtn%gmvlggé s%%z%ﬁ G aet%rt{érélét%%lﬁ{%]%egg S %cﬁlég{?ﬁldicate that the

regeneration Avagiyeibisshe elotiiwelptde ratanhls plodetatidpaorhisie oGnsbfferendetooshestor recovery
after surgicalljgqss S FXADPIGAT, Rt RERIONEIRGY SIUdR0204L A 0LE, 15 10993-11

compliant pre-clinical study was designed and performed at NAMSA (Northwood, OH) to evaluate the
potential for s§:SfncheXight sidssuctions Wha tide b rarehtRdlsT BirepLpainesTrReaivdnm hsis study, a
regeneration ragéix-yvias WnpiaN(Edir the suhe wianepus dissuapiilywatsd fprieandibfemale). The
control article (sterile 0.9% saline) was similarl implante%gleto a separate group of 14 rats (7 male and
7 female). An L oaplanied & Ay PORBREHFISRA Bl ¥rsk dBeBNRl Prtatikg ¥xaminations
for clinical sigrgakdiseaseatixahinlgialitetvenethatridiclied weeldiePiniraad-poily @#eidhistaere
obtained prior o implantation. and al weskoliervals firoudhapt e sludy. 1002051 At 4 weeks, the
animals were euthfanized and b ooaVspemmens were colfected 1or hemato ogy and clinical chemistry
analyses (all #fR03ks Jakenrioedthy.NknSayliss iTsicntetbgshavegeooratiootedttndssefeast organs
were excisedyigesanth PEceRvBib st BBy i aRIlaREatY RIS AU cach implant
site was also excised from each rat and examined ‘microscopically. Microscopic evaluation of the
implant sites, BdugRdI ¥ selected organs was conducted by a qualified pathologist. Body weight, organ
weights, organ/body weight ratios, hematology values and clinical chemistry values were analyzed
statistically. [Q idence of systemic toxicity from the test article (regeneration
Y St arfeouSfmplatitaton-the rat. Daily clinical observations, body weights,
necropsy findj6@204nimalGIrhAIs e 9k, 1andapiant besylrstiasswayenaitiinigeeeaiable limits and were
similar between and withi control tr nt gro There were no changes.in hematology
values or clin%eéﬁ:rﬁg\r%%thr()}/ va u%gg]r(\) %ﬁ 8?4h§1%§]§e eez)%i eat{n%z‘lg Pé’ttsel%ﬁgﬁg\%es S%‘ nlgg erédto be
biologically siggsifidatat ovite kaethidanttiom eftwiteibetiestaaticte . I e sivdyseopgerevativation of the
selected t'SS%ﬁé&&?&%@%‘?ﬂ;ﬂ%@é/dqﬁ}a‘fés%aﬁﬁ%ﬁﬂgtEQ%ﬂ%'Ef ﬂ&ﬁ%ﬁgﬁ%ﬁ%@t?% Lﬁ‘eéherﬁgge“era"on

matrix. Based on histological criteria, the regeneration matrix in emale rats was considered

to be a modefararptRiflovistsrlledhiya raingithansminy rorlrateddriomrsparzitegialrifid4atter finding is
within the range; of exieHieneepidhe tRakipalliteiooniaidationPiRindbansbabie matgpals.and on the

low range for a xenogeneic implant (in this case, human whgle blood derived regeneration matrix was
implanted int&°F0fbin RERLURSAMBRLPHS St HspLsteelctistets RAPROHRRISE ¥Pcies does not lead
to any significantiteidditiesiand Stigge Sedihat Rliegene shitamsnpiio: b ihplkeausa ieaakpathology when
implanted in human.SCI tit%{)ts. Exz?]ri%tle 8. Microsco tic Evaluation of Sections from S inal Cord Re
eneration Stu‘a’%bﬂ}flﬁ%geﬁg%ﬁ}% dth%was implanted into an experimental rat in which a 10 mm
length of its si¥iddordAtativizeks, thergidablis resnovetiadiftet 401 dhysithiedpiaa werd whscexdmined
histologically inal cor fect. microscaopicall isted of er. ral wallerian
axonal degenf%&g%g%ﬁﬁaoogﬁ%e%ﬁ%%}g at %%gggﬁ%%gﬁpgr%%nlgﬁ \ég(ﬁéﬁégoﬁ'cg]ter (cm
total width) due to the surgical removal of the lcm length of spinal cord. Surrounding the regeneration
matrix implant were sheets of reactive glial and gitter cells, some with hemosiderin, as well as sheets
of apparent primitive mesenchymal/reticular type cells (see Figures 38A and 38B) that appeared to be
expanding (filling) into the spinal cord defect. These cells appeared to be involved in




76 developing of new neural tissue and regeneration of the spinal cord. At the periphery of the defect
there was thickening of the leptomenges with increased reactive fibroplasia. The fibroplasia appeared
to expand along the leptomeninges as a supportin% framework for these apparent primitive
mesenchymallreticular type cells and appeared to $tipport the regeneration of the injured spinal cord.
100208] The foregoing description is intended to be exemplary in nature and is not intended to be a

limiting recitation of the invengoq éts ication, or uses. One of ordinary skill in the art will appreciate
as condycte

[ S
that certain moMcAtions maylbe maan(afrzé%é)egﬁ(g%flg?ﬁ%r‘g%‘? & Eiood %%?’E P’Eﬂ%ai?ﬁ?sent invention
described hersisiplabictilyn otlificationsmeinassetheless] withi inpkscopevas tlsoprese fronention.

Alternative melaRds and deaterialsitnlecaep g heenlon as el 42 adgilianglangicatons wi

be apparent to one of skill in the art, an ended to be incl | within the ‘accompanying claims
77 FURTHERKS peclpeed-ongaes wapeendusird b aaatibet pohehesial chodn vegigifowgast out in the

following numpgiafsFaRarsaswihi 08 REGEIRNL, Nabdb e N VERIAN RBEARPISRRS hgse aspects:

Paragraph 1. A method of producing an acellular bioabsorbable tissue regeneration 5matrix
comprising st Bedk tﬁ?ﬂﬁaﬂ}’g an isolated tissue sample; b) removing cells from the tissue sample
to generate afoezediularsanmpleaktine dhridncetbespaetulaiosanpikoin aie vadeatien chamber for a first

period of time, sufficient for th formation of the acellular bjoabsorhahle tissgée regeneration matrix,

wherein at Iea{ﬁ%ﬁeer?tela%r?eargff\)/eoagﬁv\}% ot %“e*aé’S%ﬁEr&} %%lggrgla fe'ts %ﬂlye El&tation matrix
changes overolprerfiptioper mdy Mingbisyiticlopd0foktimgse dnined engnativeghttjvity isgelboid from the

group consistjpg af; ARRSALAD ] lyi Y n ragene ativ, gctriv ty, an
increase in r;{ggn%rative actlvi%(?,c %%%%2%%%%%%%3?% agr(%g%)g]?s%ﬁgjtlwng}gtﬁé%c@?ﬁ‘fa%%absorbable

tissue regenctEABRCAI MNP atagra plere 1PishangahichemPiplagyapiigs orivdirapalipkeisislated tissue
sample is 15saifieter Harer ihe e qepalsting Al HisauR 190 BREANINR RRY SiRRihRa! tissue,
nerve or related to treatment with the test article. The microscopic evaluation of the selected

tissues revealed no evidence of systemic toxicity in the group treated with the

regeneration matrix. Based on histological criteria, the regeneration matrix in male and

female rats was considered to be a moderate irritant when compared with the saline

reference control material. This latter finding is within the range of experience of the test

facility for evaluation of bio-absorbable materials and on the low range for a xenogeneic

implant (in this case, human whole blood derived regeneration matrix was implan’%ed into

rat). In conclusion, local injection of a regeneration matrix across species does not lead

to any significant toxicities and suggests that a regeneration matrix will not cause local

pathology when implanted in human SCI patients.

Example 18. Microscopic Evaluation of Sections from Spinal Cord Regeneration Study.

[00207] A regeneration matrix was implanted into an experimental rat in which a 10
mm length of its spinal cord had been surgically removed. After 10 days the spinal cord
was examined histologically. The central spinal cord defect microscopically consisted of
severe central wallerian axonal degeneration and neurophil necrosis that extended about
4.5 mm in radius from center (1 cm total width) due to the surgical removal of the 1cm
length of spinal cord. Surrounding the regeneration matrix implant were sheets of reactive
glial and gitter cells, some with hemosiderin, as well as sheets of apparent primitive
mesenchymal/reticular type cells (see Figures 38A and 38B) that appeared to be

expanding (filling) into the spinal cord defect. These cells appeared to be involved in



tissue, and combinations thereof Paragraph 3. The method of Paragraph 1, wherein the isolated
tissue sample is selected from the group consisting of: ground tissue, dermal tissue, and vascular
tissue, and combinations thereof 20Paragraph 4. The method of Paragraph 1 or 2, wherein the
isolated tissue sample is selected from the group c?ﬁnsisting of: tissue of an organ system selected
from the group consisting of the following systems: cardiovascular, digestive, endocrine, excretory,

immune, integumentary, lymphatic, muscular, nervous, reprqductive, respiratgry, skeletal, and
combinations #?@?%’W%?gggﬁi&c H%L}bss lﬁemagf%eeﬁeélgfanﬁgs e a tom rlﬁria@)ﬁjsgﬁneélr%ig)%g aragraph
5. The methodhefdefuagherphnbs 2hinkdninvg efehe thetdinsugesavithliecorsplisesthiotbiroplasiaragraph 6.
The method of-Paragraph. [ | ' . ion. 78
paragraph 7. TR e R ol e AR layor,
Paragraph 8. ThdhessthnttshPuiagiap messhtlorap/ thidchlavireraiisrindanpersed to support the

buff-coat/plateletplasma lavg! imkRrgARN 8-l he method of any of Paragraphs 1-2 or 4-9, wherein
the tissue sample comprises an anticoagulant. Paragraph 10. The method of any of Paragraphs

1-2 or 4-9, wherein the blood comprises one or. more clots, and further comprising the step of .
solubilizing thd00R8]  The forsgome descriphnn iniGBAedAARY BITHR ?}Péﬂ’e%%) §™Phs, wherein

the step of  intended to be a limiting recitation of the invention, its application, or uses. One of
ordinary skill in the art will appreciate that certain modifications may be made to one or
more of the embodiments of the present invention described herein, which modifications
are nonetheless within the scope of the present invention. Alternative methods and
materials for implementing the invention as well as additional applications will be
apparent to one of skill in the art, and are intended to be included within the

accompanying claims.



10removing comprises passing the tissue sample through a size selection filter. Paragraph 12. The
method of Paragraph 11, wherein the size selection filter excludes particles larger than about 5 p.M.
Paragraph 13. The method of Paragraph 11, wherein the size selection filter excludes particles larger
than about 1.2 p.M. 15Paragraph 14. The method of F;aragraph 11, wherein the size selection filter
excludes particles larger than about 0.8 p.M. Pa?agraph 15. The method of Paragraph any of the
preceding Paragraphs, wherein the incubation chamber is impermeable to solid or liquid matter.
ParagraphFURTHR® regithoaisof Paragraph 15, wherein the incubation chamber is 20 permeable to
gases generated by evaporation of liquid inside the incubation chamber. Paragrth 17. The

method of ParagfaHa5esRees: derabrtim e phiisbreatimbrie HRussied it holomngity

environmeqfnbéckithathiaianasaton idigeafibayiddngideniainsibriphehardesdaipeteased.
Paragraph 18. The method of any of the preceding Paragraphs, further comprising the 25step of

adding a processgg}g%gteﬁmo the acalasSamplEn 2&%8&?6%?& Bldhs i ?e%?s@&'?egﬁ Roine

removing step, prior e Incubating step, during the incubating step, and combinations thereof
Paragrapmzoiykempetting Semartigiaplvidiog 49 selaedinistie sarpfildabseemplang ieindrfonmthef a

liquid solutioq, ot SUSREfIS] Heﬁ?@a‘ﬂﬁ%ﬂ'{%ﬁts@ﬁﬁfe?@%@%a‘?ﬂﬁ%ﬁqé%%tﬁu%@%@?r?Jﬁom the

incubation chamber over the first period of time. aragraph21. The method of Paragraph 18, 19,
or 20, whersiwbisidpobadting Arproeded pisungrmuidsitry fietthdrforamseinodsmakaitylar the liquid

solution Oﬁ)%ﬁ%%'fb%lﬂfé ‘aggﬁet?@ggﬁ%trﬁﬁfﬁolglﬂﬁgm%erein at least one regenerative activity of the

acellular bioabsorbable tissue regeneration matrix changes over the first period of time, which

10  change in regenerative activity is selected from the group consisting of: appearance of
regenerative activity, development of regenerative activity, an increase in regenerative
activity, and combinations thereof; and d) isolating the acellular bioabsorbable tissue

regeneration matrix.

Paragraph 2. The method of Paragraph 1, wherein the isolated tissue sample is
15  selected from the group consisting of: muscle tissue, connective tissue, epithelial tissue, nerve

tissue, and combinations thereof.

Paragraph 3. The method of Paragraph 1, wherein the isolated tissue sample is
selected from the group consisting of: ground tissue, dermal tissue, and vascular tissue, and

combinations thereof.

20 Paragraph 4. The method of Paragraph 1 or 2, wherein the isolated tissue sample is
selected from the group consisting of: tissue of an organ system selected from the group
consisting of the following systems: cardiovascular, digestive, endocrine, excretory, immune,
integumentary, lymphatic, muscular, nervous, reproductive, respiratory, skeletal, and

combinations thereof;; placental tissue; umbilical cord tissue; and combinations thereof.

25 Paragraph 5. The method of Paragraph 1, 2 or 4, wherein the tissue sample comprises

blood.

Paragraph 6. The method of Paragraph 1, 2, 4 or 5, wherein the tissue sample

comprises a blood fraction.



Paragraph 22. The method of any of Paragraphs 18-21, wherein the process medium 10comprises a
physiological solution. Paragraph 23. The method of any of the preceding Paragraphs, wherein the
first period of time is at least 5 days. Paragraph 24. The method of any of the preceding
Paragraphs, wherein the first period of time is at Iea%[12 days. 15Paragraph 25. The method of any of
the preceding Paragraphs, wherein the step of incubating comprises incubating the acellular sample in

a low oxygen environment. aragr. 6@ The method of Par. h,25, wherein the low oxygen
cwironment com BB B SRt ALETHRN StV ED: By BE. T ORPash 7 The
method oftRéfizgrapha&r, wherein the low oxygen environment 20 comprises an environment that

substantially lacks oxygen. Paragraph 28. The method of Paragraph 25, 26 or 27, wherein the first

period of time is a,|6as1:3 daySrhe mBARASAPAZSap e, Mekherh A ARG ARG ZRnpridd yvherein the
first period of time is at least 7 days. 80 Paragraph 31. The method of Paragraph 30, wherein the

therapeutiEHEERPE RIBISIGERI#HM W& hroup consisting of: proteins, peptides, drugs, cytokines,
extracellular matrix molecules, growth factors, and combinations thereof Paragraph 32. The method of
Paragraph 30 or Baragihehetn thighsteptbdd @ravydind @ dgthigrapelitic Afewheompthse s providipieat one
or more tirggr%&%ggtd%da omt ‘%aqlrtqup consistir_wg of: dl_Jring isplation of the tissue_ sar_nple, prior to the
removing step, prior to the incubating step, during the incubating step, and combinations thereof
Paragraph 33. The method of any of thefgrecedin Paragraphs, wherein the osmolarity of the acellular

sample is controlfetitgih%: HE b by Jrasianissli RgerersHA B &A% ormed during
the first pesigabektinmésointibe:felst afnd thirgedinapsignakineatsy.of solubilizing the clots.

Paragraph 11. The method of any of the preceding Paragraphs, wherein the step of

10 removing comprises passing the tissue sample through a size selection filter.

Paragraph 12. The method of Paragraph 11, wherein the size selection filter excludes

particles larger than about 5 uM.

Paragraph 13. The method of Paragraph 11, wherein the size selection filter excludes

particles larger than about 1.2 pM.

15 Paragraph 14. The method of Paragraph 11, wherein the size selection filter excludes
particles larger than about 0.8 pM.

Paragraph 15. The method of Paragraph any of the preceding Paragraphs, wherein the

incubation chamber is impermeable to solid or liquid matter.

Paragraph 16. The method of Paragraph 15, wherein the incubation chamber is

20  permeable to gases generated by evaporation of liquid inside the incubation chamber.

Paragraph 17. The method of Paragraph 15 or 16, wherein the incubation chamber is
incubated in a low humidity environment, such that the evaporation rate of liquid inside the

incubation chamber is increased.

Paragraph 18. The method of any of the preceding Paragraphs, further comprising the

25  step of adding a process medium to the acellular sample.

Paragraph 19. The method of Paragraph 18, wherein the step of adding a process

medium comprises adding at one or more times selected from the group consisting of: during



Paragraph 34. The method of any of the preceding Paragraphs, wherein the osmolarity of the acellular
sample is controlled such that the acellular bioabsorbable tissue regeneration matrix formed during the
first period of time is in the form of a suspension. Paragraph 35. The method of any of the
preceding Paragraphs, further comprising the 155te9 f seeding or mixing the acellular bioabsorbable
tissue regeneration matrix with cells after it is produced. Paragraph 36. The method of Paragraph
35, wherein cells are cells selected from the group.consisting of; stem cells, progenitor cells,
somatic cAT2HA Lb bl ARG aRRO" © e RRRRE R R do b8 bR RSl aiopse
wherein thicellsibagmelisseled isch?ifiroivnthtgrodp consisting of: embryonic stem cells, neural stem
cells, neuroprogenitor cells, neurons, glial cells, and combinations thereof Paragraph 38. The

method of any ofpihe pregesinarRamRarphss Ifﬁfﬂg‘?iﬁpmﬂﬂsinggréfﬁ%@fa%@ﬁgiﬂgs%ﬁl'@q@%the
acellular bioabsorbable tissue regeneration matrix with cells while it is being produced. 25Paragraph

39. The MV ERIBIP arHGribrPEBIARIRERIFPEIS BB Y hairinsdl K@@ ROFHAR O IS BbPisisting of:

stem gellse Pipganiton 68lihesamatit selaaAnd Rabinatign thrkesf timeParagraph 40. The method of
Paragraph 38 or 39, wherein the cells are cells selected from the group consisting of: embryonic stem

cells, neural stem,cells, neyro niter neurons, glia) cells, and combination reof 81
Paraaraph 41, TS T TR L T R e
tissue regenaretionatiatrxexhibitsaactivisaskunngstha fingt pethedighithseluwhichraotipiysisselerted from
the group &loenéf',gigagfd ﬁ;ﬁ e'growth, cell growth, gene upregulation, cell inhibition, cell proliferation,
cell dedifferentiation, cell ditfferentiation, cell Stransdifferentiation, neurite outgrowth, gene

upregulation, one or more natural wound healing ?rocesses, and combinations thereof
Paragraph 22. The method of any of Paragraphs 18-21, wherein the process medium

10  comprises a physiological solution.

Paragraph 23. The method of any of the preceding Paragraphs, wherein the first period

of time is at least 5 days.

Paragraph 24. The method of any of the preceding Paragraphs, wherein the first period

of time is at least 12 days.

15 Paragraph 25. The method of any of the preceding Paragraphs, wherein the step of

incubating comprises incubating the acellular sample in a low oxygen environment.

Paragraph 26. The method of Paragraph 25, wherein the low oxygen environment

comprises an environment with less than about 5% oxygen.

Paragraph 27. The method of Paragraph 25, wherein the low oxygen environment

20  comprises an environment that substantially lacks oxygen.

Paragraph 28. The method of Paragraph 25, 26 or 27, wherein the first period of time
is at least 3 days.

Paragraph 29. The method of Paragraph 25, 26 or 27, wherein the first period of time
is at least 7 days.

25 Paragraph 30. The method of any of the preceding Paragraphs, further comprising the

step of providing a therapeutic agent.



Paragraph 42. The method of Paragraph 41, wherein the activity is determined by measuring the effect
of the produced acellular bioabsorbable tissue regeneration matrix on one or more cell types.
10Paragraph 43. The method of Paragraph 41 or 42, wherein the activity is determined by measuring
the effect of the produced acellular bioabsorbable tissue regeneration matrix on one or more tissue
types. Paragraph 44. An acellular bioabsorbable tissue regeneration matrix generated according

to the method of gny one o raphs 1-43, 15Paragraph 45..A method of regenerating tissue in a
subject comprisi TS0t ) B TEIRG e L ARG e A T R 3
degenerattemnahd grpap nunssiengo topibesisbjeptidasadeligiachidabso habiectisbuerageneration matrix

atorin proxml%}gsto the sq.ﬁ fﬁfcﬁhe tlssdjgogn%rr]}lage Is%gfé%rfdegeneratlon; wherein the acellular

. ectiles, grow or1s, an afioh . . )
bioabsorbablé su’e'gregenera ior matrix initiates, increases, supports, and/or directs tissue

20regeneration at the site of tissue damage, loss, or degeneration. Paragraph 46. The method of

Paragraph 45, whafagiaipie Bubjdstied ﬁfé’rﬂrﬁ%{?ﬁﬁré RIZ7. THBeRsEI B S agrapias avherein
the supjecthis A @iimaine confRl@aRN it e Rahab Rf iRasasaRk4 %R B tloypRIRtRE

acellular bioabsorbable tissue regeneration matrix comprises a therapeutic agent. 25Paragraph 49.
The methdd: SPPAgPAI R8T MisditTHe PR B Hi5eiste AR itiRa R ferdseReikiPavithin the

acellular bigahsRrhabigctissusaiggenspatinn soatbraRaiaaraRl50. The method of Paragraph 48 or 49,
wherein the therapeutic agent is distributed homogeneously within the acellular bioabsorbable tissue

regeneration matﬁ?ﬁ‘agsr%ph 33. The method of any of the preceding Paragraphs, wherein the osmolarity
of the acellular sample is controlled such that the acellular bioabsorbable tissue regeneration

10 matrix formed during the first period of time is in the form of a three-dimensional matrix.

Paragraph 34. The method of any of the preceding Paragraphs, wherein the osmolarity
of the acellular sample is controlled such that the acellular bioabsorbable tissue regeneration

matrix formed during the first period of time is in the form of a suspension.

Paragraph 35. The method of any of the preceding Paragraphs, further comprising the
15  step of seeding or mixing the acellular bioabsorbable tissue regeneration matrix with cells

after it is produced.

Paragraph 36. The method of Paragraph 35, wherein the cells are cells selected from

the group consisting of: stem cells, progenitor cells, somatic cells, and combinations thereof.

Paragraph 37. The method of Paragraph 35 or 36, wherein the cells are cells selected
20  from the group consisting of: embryonic stem cells, neural stem cells, neuroprogenitor cells,

neurons, glial cells, and combinations thereof.

Paragraph 38. The method of any of the preceding Paragraphs, further comprising the
step of seeding or mixing the acellular bioabsorbable tissue regeneration matrix with cells

while it is being produced.

25 Paragraph 39. The method of Paragraph 38, wherein the cells are cells selected from

the group consisting of: stem cells, progenitor cells, somatic cells, and combinations thereof.

Paragraph 40. The method of Paragraph 38 or 39, wherein the cells are cells selected
from the group consisting of: embryonic stem cells, neural stem cells, neuroprogenitor cells,

neurons, glial cells, and combinations thereof.



Paragraph 51. The method of any of Paragraphs 45-50, wherein the acellular bioabsorbable tissue
regeneration matrix comprises two or more therapeutic agents. Paragraph 52. The method of any
of Paragraphs 45-51, wherein the therapeutic agent is selected from the group consisting of: proteins,
peptides, drugs, cytokines, extracellular 5matrix molgcules, growth factors, and combinations thereof
Paragraph 53. The method of any of Paragraphs 45-52, wherein the acellular bioabsorbable tissue
regeneration matgjx mcre e ma (ir of o or morae efrcral qﬂfec of th theraﬁ)l utrc agent.

Paragraph 54. Thé' %ﬁ? of an fpnﬁs %gr%% TN TP s Tﬁlgr Jle tissue
regeneratrbmahairbabre)tmsgsmgemranmeﬂaﬁmeﬁﬁtab&ﬁfects/mythmﬂ?ﬂaq:)ﬁtmrq)ag@chbbymk)wly

releasing thﬁdgl?‘ apeytrlss thtegvfrrer ti %blgr:) t%%sgbb Fmﬁ afra}gsrau% rOW Hretho of any of
absor S

Paragraphs mereity the acent sue reg 8ration matixX pr’o%ec s one or
more benefm@wbﬁamS@ﬂth&lihiﬁ@peatl@agefmaﬁnom stibdtatiffatiyn detoaasthigddfertitaeiohSRdAragraph

56. The m{et 9 ¥of Paragraphs 45 5 Wherern the d{ama ed or de enr,—E;u Fd trss(&rg |slselected
1iterentiation, neuri % I‘OW (%.? ula OI‘IIl WOLl a%
from the group consisting of: musc sue CohecHY |ssue epr halial iISsue, nerve |ssue d

combinatignsctiseeeaind cdAaragraymis t'hEréﬁfe method of Paragraph 56, wherein the nerve tissue is
tissue of the central nervous system. 20Paragraph 58. The method of any of Paragraphs 45-57,

wherein the damageg f{;ﬁiagen&rarﬁ@kﬁ%&ueﬁﬁag{ﬁﬁtﬁmfr@mma oY RIRsIstRR hitigsye of an
organ system selected from the H%% up consrstr of the following systems: cardiovascular, digestive,

endocrine MSASHSIBRIRSHiEH O TiHte gipAesrd dcaliyHinebia %S%Wﬁ%e}fé%%dﬁ%ﬁ%o?é&ﬁratory,
skeletal, apgreornbinptipas. thereof; placental tissue; umbilical cord tissue; and combinations 25 thereof
Paragraph 59. The method of Paragraph 58, wherein the bioabsorbable tissue regeneration matrix

stimygtes recruitient olingsr ORI SE¥3 I IRSSIE AT ASVRAINRAGIRRRy R SlegangLgtion.

by measuring the effect of the produced acellular bioabsorbable tissue regeneration matrix on

one or more tissue types.

Paragraph 44. An acellular bioabsorbable tissue regeneration matrix generated

according to the method of any one of Paragraphs 1-43.

15 Paragraph 45. A method of regenerating tissue in a subject comprising steps of: a)
providing a subject who has sustained tissue damage, loss, or degeneration; and b)
administering to the subject an acellular bioabsorbable tissue regeneration matrix at or in
proximity to the site of the tissue damage, loss, or degeneration; wherein the acellular
bioabsorbable tissue regeneration matrix initiates, increases, supports, and/or directs tissue

20  regeneration at the site of tissue damage, loss, or degeneration.
Paragraph 46. The method of Paragraph 45, wherein the subject is a human.
Paragraph 47. The method of Paragraph 45, wherein the subject is an animal.

Paragraph 48. The method of Paragraph 45, 46 or 47, wherein the acellular

bioabsorbable tissue regeneration matrix comprises a therapeutic agent.

25 Paragraph 49. The method of Paragraph 48, wherein the therapeutic agent is

distributed heterogeneously within the acellular bioabsorbable tissue regeneration matrix.

Paragraph 50. The method of Paragraph 48 or 49, wherein the therapeutic agent is

distributed homogeneously within the acellular bioabsorbable tissue regeneration matrix.



83 Paragraph 60. The method of Paragraph 58 or 59, wherein the bioabsorbable tissue
regeneration matrix stimulates proliferation of neuroprogenitor cells. Paragraph 61. The method of
Paragraph 58, 59, or 60, wherein the bioabsorbable tissue regeneration matrix stimulates recruitment
of Von Willebrand factor-positive cells to 5the site of tissue damage, loss, or degeneration.

Paragraph 62. The method of any of Paragraphs 58-61, wherein the neurotrophic activity of the

damaged or degeperate ntrgl nervous system tissue is jnc ed in response dministering the
il adh Hsemeh é}ﬂ%’r%@fr flgfl Seres t{%stewo {5 a?r?gﬁtlg'é?%rr degenerated

acellular bioabsorB5btEResue re engtra?
tissue. 10Baragraphbé3tiddne ragthad toframy toifkRarapraphs:/ots 6t onherauptiadngreased neurotrophic
activity is characterized by an increase in the expression of a neurotrophic gene selected from the

group consisting P&'rfg%%ﬁsi\leﬁﬂ@-r%ehliﬁd%ﬂ\iwﬂar%%ﬁaﬁﬂ?ﬂfé‘v%@n%@tﬁ%ﬁéﬁﬁ@%@n&hefeOf
s

Paragraph 64. The method of any of Paragraphs 45-63, further comprising 15administering cells at or
near the sifeSeaieddipHagEE et ie @ Higsarins, PRRfidetefiNES CYiE RSt HAFHR P of

ParaggaphsfaShoberaintoe el and tha asebHartibirahsedrable tissue regeneration matrix are
administered sequentially. Paragraph 66. The method of Paragraph any of Paragraphs 45-64,

wherein the cellsgnd th llglar bi orbable tigsue re jon matrix.are inistered
simultaneously. %ﬁgagr%gPap 'ﬁﬁ%ﬁgtﬂﬁ%gfoffé%lg& rggﬁr%hé%g%g ?\}vﬁ?e?‘%%%é acellular
bioabsorbabiebisshb legeneratienanawix s see dedeasanike dnagin tod i fRaragr aphidd&:nitheiahethod of

Paragraph in.th ll !1 r F{'oabsorbable tissue regeneration matrix is seeded or mixed with
cells Whileeﬁécﬁzgeﬁlﬁgﬁ%%ﬁgqsﬁoﬁgg e tissue regeneration matrix is being formed.

Paragraph 54. The method of any of Paragraphs 45-53, wherein the acellular
10  bioabsorbable tissue regeneration matrix prolongs one or more beneficial effects of the

therapeutic agent by slowly releasing the therapeutic agent over time in the subject.

Paragraph 55. The method of any of Paragraphs 45-54, wherein the acellular
bioabsorbable tissue regeneration matrix protects one or more beneficial effects of the

therapeutic agent from substantially decreasing over time.

15 Paragraph 56. The method of any of Paragraphs 45-55, wherein the damaged or
degenerated tissue is selected from the group consisting of: muscle tissue, connective tissue,

epithelial tissue, nerve tissue, and combinations thereof.

Paragraph 57. The method of Paragraph 56, wherein the nerve tissue is tissue of the

central nervous system.

20 Paragraph 58. The method of any of Paragraphs 45-57, wherein the damaged or
degenerated tissue is selected from the group consisting of: tissue of an organ system selected
from the group consisting of the following systems: cardiovascular, digestive, endocrine,
excretory, immune, integumentary, lymphatic, muscular, nervous, reproductive, respiratory,
skeletal, and combinations thereof; placental tissue; umbilical cord tissue; and combinations

25  thereof.

Paragraph 59. The method of Paragraph 58, wherein the bioabsorbable tissue
regeneration matrix stimulates recruitment of neuroprogenitor cells to the site of tissue

damage, loss, or degeneration.



25Paragraph 69. The method of Paragraph 67 or 68, wherein the acellular bioabsorbable tissue
regeneration matrix is seeded or mixed with cells after the acellular bioabsorbable tissue regeneration
matrix has formed. 84 Paragraph 70. The method of any of Paragraphs 64-69, wherein the cells
are cells selected from the group consisting of: stem gells, progenitor cells, somatic cells, and
combinations thereof Paragraph 71. The method of any of Paragraphs 64-70, wherein the cells

are cells 5selected from r consisting of: emhryQnic stem cells, neyral ste lls
meuroprogenitor CAREREN el IRATELHS SRR e tratBeiF e QU FE Fhethod of
any of Paragraphgidbmatrinrseiraiddiee stelpfakhadmitistarng gamipsisedlan administration route
selected from the group consisting of: injection, surgical implantation, delivery via a catheter, and

combinations thepgpftftAcagraRm{Ghd e method s 881Y50f SrsaokMRAS i Bobigibibe

bioabsorbable tissue regeneration matrix causes a cell to dedifferentiate into a cell that can give rise to

one or mofSYRfEEseERNoy X stipuiatssgssrrmeRbh ¥ e debsag fapler7rosihe emiltie

dediffgrentiptedcofltissadaasiarh 3R, dbRV@EaRbn/S. The method of Paragraph 74, wherein the
dedifferentiated macrophage exhibits an endothelial-like characteristic. Paragraph 76. The method

of Paragraph 75’1—”3?2%%@1;8% eﬂgeo%lﬁﬂgldolil%;arﬁh%r &g%}%ﬁgg%'sgﬁ}gﬁe%eﬁgiﬁgu%q illebrand

n
ropnic .
factor. Paragra he metho of Para erein the dedifterentiated 20

macrophagédigivesiribe tomegebloattg@ssetsd central nervous system tissue is increased in response
to administering the acellular bioabsorbable tissue regeneration matrix at or near the site of the

damaged or degenerated tissue.

10 Paragraph 63. The method of any of Paragraphs 58-62, wherein the increased
neurotrophic activity is characterized by an increase in the expression of a neurotrophic gene
selected from the group consisting of: FGF-9, Netrin-1, NT-3, NCAM-1, GAP-43,

Neuregulin, and combinations thereof.

Paragraph 64. The method of any of Paragraphs 45-63, further comprising

15  administering cells at or near the site of the damaged or degenerated tissue.

Paragraph 65. The method of any of Paragraphs 45-64, wherein the cells and the

acellular bioabsorbable tissue regeneration matrix are administered sequentially.

Paragraph 66. The method of Paragraph any of Paragraphs 45-64, wherein the cells

and the acellular bioabsorbable tissue regeneration matrix are administered simultaneously.

20 Paragraph 67. The method of any of Paragraphs 45-67, wherein the acellular

bioabsorbable tissue regeneration matrix is seeded or mixed with cells.

Paragraph 68. The method of Paragraph 67, wherein the acellular bioabsorbable tissue
regeneration matrix is seeded or mixed with cells while the acellular bioabsorbable tissue

regeneration matrix is being formed.

25 Paragraph 69. The method of Paragraph 67 or 68, wherein the acellular bioabsorbable
tissue regeneration matrix is seeded or mixed with cells after the acellular bioabsorbable tissue

regeneration matrix has formed.



Paragraph 78. The method of Paragraph 77, wherein the new blood vessels support growth of new
tissue. Paragraph 79. An isolated acellular bioabsorbable tissue regeneration matrix comprising: a
proteinaceous core having a protein content of at least 1%; wherein the structure 250f the acellular
bioabsorbable tissue regeneration matrix is characte%i‘zed by spherical bodies with a diameter of
approximately at least 100 nm; and further wherein the acellular bioabsorbable tissue regeneration
matrix lacks substantial balic actiyity; and further wherein the acellular hioabsorbable tissue
regeneraton mat 1E CRae LY AT ShaPe e S B I F e B G Chnh e
damage, isekeasintgolis shie gegereralian inod: sthjectithrtigsnieod asgeyathothlls, andaragraph 80.
The isolat%g I%F'é'ﬁ'gﬁsb{o&bgf’rbable tissue regeneration matrix of Paragraph 79, further comprising
one or more prortlelns $el6Cted from the group consisting of: 5 transferrin, serum albumin, serum
albumin precursor, complement component 3, chains A-D hemoglobin, IgM, IgGIl, medullasin inhibitor

2, carbonic anhyd#agta@h1 lprbhsimehed Hrpinekibrasrniaut4-/Opabstiupheacismsssslted
acellutar bigrbeorbablietissrsufrasRAaIOBMatHY ehRa@er 2pik 7%0f3eyanein the spherical bodies

are recognized by CD56 antibodies. 10Paragraph 82. The acellular bioabsorbable tissue regeneration
matrix of PEFAGPAREFTIORES B BAUTRNe IRl e SHe AP BB X tiameter of about 1-2 pm.
Paragraph 83. The acellular bioabsorbable tissue regeneration matrix of Paragraph 79, 80, or 81
wherein the sphePmakbgdids halie mdlamhetfemyf cbibus@-aplndS-71, wikaeagtapki@doThe acellular

bioabsorbahle, IS3UE, [EgeNSIA '%5‘ m&ﬁ'ﬂ?ﬁ@&%ﬁ“g OJol?ePsagié‘&r%o Snf The 2 U AShG HJ}%%%':”Q a
therapeutic agent. aragrap 85. The acellular bioabsorbable tisSUE regeneratiort matrix of
Paragraphigdstivine seigithaé ithplagetitic, dgbneny distritnitetchetedogervoasipwihhinahe acellular
bioabsorbable tissue regeneration matrix.

10 Paragraph 73. The method of any of Paragraphs 45-73, wherein the bioabsorbable

tissue regeneration matrix causes a cell to dedifferentiate into a cell that can give rise to one or

more different cell types.

Paragraph 74. The method of Paragraph 73, wherein the dedifferentiated cell is a

macrophage.

15 Paragraph 75. The method of Paragraph 74, wherein the dedifferentiated macrophage

exhibits an endothelial-like characteristic.

Paragraph 76. The method of Paragraph 75, wherein the endothelial-like characteristic

comprises expressing Von Willebrand factor.

Paragraph 77. The method of any of Paragraphs 74-76, wherein the dedifferentiated

20  macrophage gives rise to new blood vessels.

Paragraph 78. The method of Paragraph 77, wherein the new blood vessels support

growth of new tissue.

Paragraph 79. An isolated acellular bioabsorbable tissue regeneration matrix
comprising: a proteinaceous core having a protein content of at least 1%; wherein the structure
25  of the acellular bioabsorbable tissue regeneration matrix is characterized by spherical bodies
with a diameter of approximately at least 100 nm; and further wherein the acellular
bioabsorbable tissue regeneration matrix lacks substantial metabolic activity; and further

wherein the acellular bioabsorbable tissue regeneration matrix is capable of initiating more



Paragraph 86. The acellular bioabsorbable tissue regeneration matrix of Paragraph 84, 20 wherein the
therapeutic agent is distributed homogeneously within the acellular bioabsorbable tissue regeneration
matrix. Paragraph 87. The acellular bioabsorbable tissue regeneration matrix of any of Paragraphs
84-86, wherein the acellular bioabsorbable tissue reg neration matrix comprises two or more
therapeutic agents. 25Paragraph 88. The acellular bioabsorbable tissue regeneration matrix of any of

Paragraphs 84-87, wherein the therapeutic agent is selected from the group consisting of: proteins,
auBIri S sBinL

peptides, (RIS, EFTBRIALS! &% P LR B e s GRG0 LB HaA SHY tiEreof

86 Paraghagidy 89darhesacellbiah.bioabsorbable tissue regeneration matrix of any of Paragraphs
84-88, wherein the acellular bioabsorbable tissue regeneration matrix increases the magnitude of one

or more be”eﬁCi@*a?ﬁ%%ﬁ%oéd.h?lﬁ@‘?ééﬁ%‘éﬁi&c@%ﬁ? harpesanB g dRerassliviaioRiaamseibable tissue

regeneration matrix ot any of 5Paragraphs 84-89, wherein the acellular bioabsorbable tissue
regeneratiBA HREAR pofBHES CREBF MO MePISEES RIPEERS stigrécthEripdirigrayrseBy LB R
releasing thetharapedticmagphavesdims &'Ibﬁiﬁiﬁ&fb@é%ﬁ?sor, coRplagaRbMpdieaacelidas A-D

bioabsorbable tissue réﬁneraﬂon matrix of any of Paragraphs 84-90, wherein the acellular

bioabsorbAaogiebia ki nksdto medatiiRipr bRe BRI GrRpersfictah RERES B AR therapeutic

agent from smbstantahdreeasing over time. Paragraph 92. The acellular bioabsorbable tissue
regeneration matrix of any of Paragraphs 79-91, further comprising cells. Paragraph 93. The

acelu ey DioabsomBlIEIRS® RAUSIRLGNNIAIE BEARRHARD AR HEISIO NG CRllnAle pelected
from the group consiSting of: stem ce S, progenitor cells, 15somatic cells, and combinations thereof
ParagraphP9zhgTanh d0ehutdk bibebsothakpbdissudodigencsatiorgmatdonRagntibdesor 93, wherein
the cells are cells selected from the group consisting of: embryonic stem cells, neural stem cells,

neurpprogenitor ¢alisgRpHeMsTabakerlifrand.eeribibaiionsdieseatration matrix of Paragraph 79,

80, or 81, wherein the spherical bodies have a diameter of about 1-2 pm.

Paragraph 83. The acellular bioabsorbable tissue regeneration matrix of Paragraph 79,

80, or 81 wherein the spherical bodies have a diameter of about 2-4 pm.

Paragraph 84. The acellular bioabsorbable tissue regeneration matrix of any of

15  Paragraphs 79-83, further comprising a therapeutic agent.

Paragraph 85. The acellular bioabsorbable tissue regeneration matrix of Paragraph 84,
wherein the therapeutic agent is distributed heterogeneously within the acellular bioabsorbable

tissue regeneration matrix.

Paragraph 86. The acellular bioabsorbable tissue regeneration matrix of Paragraph 84,
20  wherein the therapeutic agent is distributed homogeneously within the acellular bioabsorbable

tissue regeneration matrix.

Paragraph 87. The acellular bioabsorbable tissue regeneration matrix of any of
Paragraphs 84-86, wherein the acellular bioabsorbable tissue regeneration matrix comprises

two or more therapeutic agents.

25 Paragraph 88. The acellular bioabsorbable tissue regeneration matrix of any of
Paragraphs 84-87, wherein the therapeutic agent is selected from the group consisting of:
proteins, peptides, drugs, cytokines, extracellular matrix molecules, growth factors, and

combinations thereof.



87 CLAIMS 1.A method of producing an acellular bioabsorbable tissue regeneration matrix, the
method comprising: (a) providing an isolated blood sample; 5(b) obtaining a starting material by
(i) removing intact living cells from the blood sample to obtain an acellular fraction and combining said
acellular fraction with a process medium, or (ii) combjning the isolated blood sample with a process
medium into a first mixture and removing intact living cells from said first mixture; 10(c) incubating the

starting material &g anin ulggti char@fr ar abfirsﬁﬁﬁri?.d of time to farm an acellular bitoabsorbable
tissue regeneratioﬁrﬁ%?ﬁx; ngl%‘(fﬁg% Fnrg Re°3%e r &5655?85@&?5@&(3% efi&tation matrix; in
which saidPacgiiuars SioRsserhable tirsaelageesatiorbasliidas @gagenesativeteifeottamards cells
which is n% pre e&t in (t)plg startlpg maetﬁ(r:llaﬁ, ea%?ecé/t(gr 'rntlgvi\éh['t?g said .15ace][IuIar bioabsorbable tissue

regeneration%‘nla rnx has s@’ﬁiﬁlé)antl?)?rbreataer regengra Ve'SHect towards cells compared to the starting

material. 2.A method accordingrqto Claim 1, in which the blood sample comprises a blood fraction. 3.A
[

method accordin§&B&rYY; inhkrrle bioabsaehbntishigRgeacHarrnaya of any of

5 Paragraphs 84-89, wherein the acellular bioabsorbable tissue regeneration matrix prolongs one
or more beneficial effects of the therapeutic agent by slowly releasing the therapeutic agent

over time in the subject.

Paragraph 91. The acellular bioabsorbable tissue regeneration matrix of any of
Paragraphs 84-90, wherein the acellular bioabsorbable tissue regeneration matrix protects one

10 or more beneficial effects of the therapeutic agent from substantially decreasing over time.

Paragraph 92. The acellular bioabsorbable tissue regeneration matrix of any of

Paragraphs 79-91, further comprising cells.

Paragraph 93. The acellular bioabsorbable tissue regeneration matrix of Paragraph 92,
wherein the cells are selected from the group consisting of: stem cells, progenitor cells,

15  somatic cells, and combinations thereof.

Paragraph 94. The acellular bioabsorbable tissue regeneration matrix of Paragraph 92
or 93, wherein the cells are cells selected from the group consisting of: embryonic stem cells,

neural stem cells, neuroprogenitor cells, neurons, glial cells, and combinations thereof.



layer. 20 4.A method according to Claim 2, in which the blood fraction comprises a buffy-
coat/platelet/plasma layer. 5. A method according to Claim 1, in which the blood sample comprises an
anticoagulant. 6. A method according to Claim 1, in which the blood sample comprises one or more
25clots, and the method further comprises squbiIizi%% the one or more clots. 88 7. A method
according to Claim 1, in which the removing step comprises passing the blood sample through a size
selection filter. 8. A method according to Claim 7, in which the size selection filter excludes particles
larger tharCabous5 pm. 59.A method according to Claim 7, in which the size selection filter excludes
particles larger than about 1.2 pm. 10. A method according to Claim 7, in which the size selection filter
excludes dart.deé\ﬁwgtapﬁfafrp%ﬁm gipisel iarioahsnshabie a8 REMOR MR WKichthe
incubationghambesipispgrmeable to 10solid or liquid matter. 12. A method according to Claim 11, in
which the incubation chamber is permeable to gases generated by evaporation of liquid inside the

incubation Chamlzg)r providing an isolated blood sample;
5 (b) obtaining a starting material by

(1) removing intact living cells from the blood sample to obtain an acellular

fraction and combining said acellular fraction with a process medium, or

(i1) combining the isolated blood sample with a process medium into a first

mixture and removing intact living cells from said first mixture;

10 (c) incubating the starting material in an incubation chamber for a first period of time

to form an acellular bioabsorbable tissue regeneration matrix; and
(d) 1solating the acellular bioabsorbable tissue regeneration matrix;

in which said acellular bioabsorbable tissue regeneration matrix has a regenerative
effect towards cells which is not present in the starting material, and/or in which said
15 acellular bioabsorbable tissue regeneration matrix has significantly greater

regenerative effect towards cells compared to the starting material.

2. A method according to Claim 1, in which the blood sample comprises a blood fraction.
3. A method according to Claim 2, in which the blood fraction comprises a buffy-coat
layer.

20 4. A method according to Claim 2, in which the blood fraction comprises a buffy-

coat/platelet/plasma layer.

5. A method according to Claim 1, in which the blood sample comprises an
anticoagulant.
6. A method according to Claim 1, in which the blood sample comprises one or more

25  clots, and the method further comprises solubilizing the one or more clots.



13. A method according to Claim 12, in which the incubation chamber is incubated in a low humidity
environment, such that the evaporation rate of liquid inside the incubation 15chamber is increased.
14. A method according to Claim 1, further comprising adding process medium to the isolated blood
sample and/or the acellular fraction and/or the starting material during isolation of the blood sample;
prior to the removing step; prior to the combining ste%a; during the combining step; prior to the

incubating. step; %Jhrin th incu%atin ; or any combination 20 thereof 15. A method gccording to
Claim 1. it it RGP SIS TS TH e Jort S8 A T AR R LIRS OR R rmethod
according btoQdaiampl, finrovigicla tivee svpaoatidheof liquid results in an increase in osmolarity of the
liquid solution or suspension over the first period of time. 2517.A method according to Claim 14, in

which the grocesg mediyi.camprisas arysiolagiealisalution s82:ds Amethod agaordipgdo Claim 1,
in which the first period of time is at least 5 days. 19. A method according to Claim 1, in which the first

period of tiAT&sstAeRa 3 HaYs. 20. A method according to Claim 1, in which the incubating step
comprises incubating the acellular sample in a low oxygen environment 5 21.A method according to
Claim520, th which thethow axcpgdnervirtnménircemphisbs arcenldeonméhemndiiclieds fhanddout 5%
oxygen. %%r%ﬂ\%@%o%?ﬁ?ﬁdi J to Claim 20, in which the low oxygen environment comprises an
environmentthat substantially lacks oxygen.

10. A method according to Claim 7, in which the size selection filter excludes particles

larger than about 0.8 um.

11. A method according to Claim 1, in which the incubation chamber is impermeable to

10 solid or liquid matter.

12. A method according to Claim 11, in which the incubation chamber is permeable to

gases generated by evaporation of liquid inside the incubation chamber.

13. A method according to Claim 12, in which the incubation chamber is incubated in a
low humidity environment, such that the evaporation rate of liquid inside the incubation

15  chamber is increased.

14. A method according to Claim 1, further comprising adding process medium to the
isolated blood sample and/or the acellular fraction and/or the starting material during isolation
of the blood sample; prior to the removing step; prior to the combining step; during the
combining step; prior to the incubating step; during the incubating step; or any combination

20  thereof.

15. A method according to Claim 1, in which the acellular sample is in the form of a liquid

solution or suspension.

16. A method according to Claim 12, in which the evaporation of liquid results in an

increase in osmolarity of the liquid solution or suspension over the first period of time.

25 17. A method according to Claim 14, in which the process medium comprises a

physiological solution.



23. A method according to Claim 20, in which the first period of time is at least 3 days. 1024.A method
according to Claim 20, in which the first period of time is at least 7 days. 25.A method according to
Claim 1, further comprising adding one or more therapeutic agents at one or more steps selected from
the group consisting of: (i) to the blood sample during the isolation thereof prior to step (a); (ii) to the
blood sample prior to step (b); 15(ii))to the acellular fraction prior to step (c); v)to the acellular fraction

during stepb); v),to the starting material after, step (b); vil?ﬁt the starting material during step
O i o IRar St (e, GBI R R A R St matr atter
(d); and (ix)any combination thereof 26.A method according to Claim 25, in which the one or more
therapeuti¢agents 1Besepdaeeribng tR&-groud -donehiahdhsriipriotering pebigds autes, |dAdkmes,
extracellular matrix molecules, growth factors, and any combination thereof 90

20. A method according to Claim 1, in which the incubating step comprises incubating the

acellular sample in a low oxygen environment.

5 21 A method according to Claim 20, in which the low oxygen environment comprises an

environment with less than about 5% oxygen.

22. A method according to Claim 20, in which the low oxygen environment comprises an

environment that substantially lacks oxygen.
23. A method according to Claim 20, in which the first period of time is at least 3 days.
10 24. A method according to Claim 20, in which the first period of time is at least 7 days.

25. A method according to Claim 1, further comprising adding one or more therapeutic

agents at one or more steps selected from the group consisting of:

(1) to the blood sample during the isolation thereof prior to step (a);
(11) to the blood sample prior to step (b);
15 (ii1)  to the acellular fraction prior to step (¢);
(iv)  to the acellular fraction during step (b);
v) to the starting material after step (b);
(vi)  to the starting material during step (c);
(vil)  to the regeneration matrix after step (c);
20 (viii) to the isolated regeneration matrix after (d); and
(ix)  any combination thereof.

26. A method according to Claim 25, in which the one or more therapeutic agents is
selected from the group consisting of: proteins, peptides, drugs, cytokines, extracellular matrix

molecules, growth factors, and any combination thereof.



27. A method according to Claim 1, in which the osmolarity of the acellular sample is controlled such
that the acellular bioabsorbable tissue regeneration matrix formed during the first period of time is in
the form of a three-dimensional matrix. 28. A method according to Claim 1, in which the osmolarity of
the acellular sample is 5controlled such that the aceg lar bioabsorbable tissue regeneration matrix
formed during the first period of time is in the form of a suspension. 29. A method according to Claim

1, further prisjng seeding or mixing-the acellulgr.bioabsorbable tissue regeneration matrix with
politalies e g Rt S e e A
according ¢onGisliled 28chntvihitle doel kélistdcatseldatdd fione tlegaproaoaansisingoic&témice lise

progenitorfcreps so‘rpaFtic cells aﬂij%?&){nc&rgqm%go. thereof i%ilriérr&ethod according to Claim 29, in

. 1 er1od of time,1s in -dimenslona )
which the CEIlLErE SSlected from the group consisting ot embryonic stem cells, neural stem cells,

neuroprogenitor cells, neurons, glial cells, and combinations thereof 1532.A method according to

Claim 1, fdlher cOmilsthedgecading ©rntaiimd tievduehdhs tivakaipablberssiiviie gamelstidn matrix
with cells whileotiéa Bedng it GestuB3- HonteheshrcaNingdehGiaioh 3radivyhisl tha.malisuase cells

selected from the.groutp,con‘si,sting of: stem cells, progenitor cells, somatic cells, and any combination
thereof 341TA¢ REEWHATHERSHiHY S NP E2 SHRFRIEthe cells are cells selected from the group
20consisting of: embryonic stem cells, neural stem cells, neuroprogenitor cells, neurons, glial cells,
and combizfationg\thetbofl 85oAImgthddaocdrdiunthto ©laimisingseddiclg tireraselfthe biedbkorbable

ti fi | ts, if] d/ t Vit f
consiting D LeaL Do e gln R S SR A e D Algs et
are added during or after step (d).

10 30. A method according to Claim 29, in which the cells are selected from the group

consisting of: stem cells, progenitor cells, somatic cells, and any combination thereof.

31. A method according to Claim 29, in which the cells are selected from the group
consisting of: embryonic stem cells, neural stem cells, neuroprogenitor cells, neurons, glial

cells, and combinations thereof.

15 32. A method according to Claim 1, further comprising seeding or mixing the acellular

bioabsorbable tissue regeneration matrix with cells while it is being produced.

33. A method according to Claim 32, in which the cells are cells selected from the group

consisting of: stem cells, progenitor cells, somatic cells, and any combination thereof.

34. A method according to Claim 32, in which the cells are cells selected from the group
20  consisting of: embryonic stem cells, neural stem cells, neuroprogenitor cells, neurons, glial

cells, and combinations thereof.

35. A method according to Claim 1, in which the acellular bioabsorbable tissue

regeneration matrix supports, induces and/or controls an activity selected from the group

consisting of: tissue growth, cell growth, gene upregulation, cell inhibition, cell proliferation,
25  cell dedifferentiation, cell differentiation, cell transdifferentiation, neurite outgrowth, one or

more natural wound healing processes, and any combination thereof.



25cell dedifferentiation, cell differentiation, cell transdifferentiation, neurite outgrowth, one or more
natural wound healing processes, and any combination thereof 91 36. An isolated acellular
bioabsorbable tissue regeneration matrix comprising: a proteinaceous core having a protein content of
at least 1%; in which the structure of the acellular bigzbsorbable tissue regeneration matrix is
characterized by spherical bodies with a diameter of'‘approximately at least 100 nm; and further in

which the \gﬁellul r bio btsarbakﬁe 5t|$su§ regﬁertation matrix I%cks sutbstantial metabolic activity; and
further in which the' aeftia? B?o%ago 1P30e tisSte lrséqﬂjlgrrlgglﬁ%rﬁ MAatiR 1 capabie 1(r)ligine}tiating more
tissue regenardtiarednscsubjactingthiisstie damagef indeassing lissueddedgenarationcinfatsubject with
tissue damagi or ottf). 317).éntisolated acell%llar biaolabsor ablettissudeI re eﬂeratilotp Hlatrix,t ccording
to Claim 38 TORHAGH EhBIE e Br Mo HHaTaIng LS feRiaq FmARY Yrat donaidehy &2
transferrind semtier albappiox sestety atieusin @ecoyaad Gotikalémehichahyardinital bibeinsBethde
hemoglobin {%I\gé(%lgGl medullasin.in ibitq%r aibo i%gﬂ@%‘g{ﬁse C 11E>rrt?ltein arﬂ(;ﬁg binations

1SSUC . eration 1% lacks substanfigl meta Vity; an er 14 whic . .
thereof 3§. AR isolated acefiutar bibabsorbable tissue regeneration maifrlx accordin laim 36, 15in

which the sgdikricabivabtisesbabderesagnizeshdytob hthaintibodiesh 138X iAni aded nlardicabsorbable tissue

regeneration matix according o Claim 36, inwhichihe saherieal bodiesnave, 3 diametey gfgbout 1-2
pm. 40. An SCEitia pioansatpable tisstie rege Fation Matrix accoréﬁwg 5 Claim §8, TRSWRICh the
spherical bosiesiharagea didntbter of about 2-4 pm. 2041.An acellular bioabsorbable tissue
regeneration matrix according to Claim 36, further

37.  Anisolated acellular bioabsorbable tissue regeneration matrix according to Claim 36,

10  further comprising one or more proteins selected from the group consisting of: transferrin,
serum albumin, serum albumin precursor, complement component 3, chains A-D hemoglobin,
IgM, IgG1, medullasin inhibitor 2, carbonic anhydrase, CA1 protein, and combinations

thereof.

38. An isolated acellular bioabsorbable tissue regeneration matrix according to Claim 36,

15  in which the spherical bodies are recognized by CD56 antibodies.

39.  An acellular bioabsorbable tissue regeneration matrix according to Claim 36, in which

the spherical bodies have a diameter of about 1-2 pm.

40.  An acellular bioabsorbable tissue regeneration matrix according to Claim 36, in which

the spherical bodies have a diameter of about 2-4 um.

20 41. An acellular bioabsorbable tissue regeneration matrix according to Claim 36, further

comprising a therapeutic agent.

42.  An acellular bioabsorbable tissue regeneration matrix according to Claim 41, in which
the therapeutic agent is distributed heterogeneously within the acellular bioabsorbable tissue

regeneration matrix.

25 43.  Anacellular bioabsorbable tissue regeneration matrix according to Claim 41, in which
the therapeutic agent is distributed homogeneously within the acellular bioabsorbable tissue

regeneration matrix.



comprising a therapeutic agent. 42.An acellular bioabsorbable tissue regeneration matrix according to
Claim 41, in which the therapeutic agent is distributed heterogeneously within the acellular
bioabsorbable tissue regeneration matrix. 2543.An acellular bioabsorbable tissue regeneration matrix
according to Claim 41, in which the therapeutic ager%tzis distributed homogeneously within the acellular
bioabsorbable tissue regeneration matrix. 92 44. An“acellular bioabsorbable tissue regeneration

matrix according to Claim 41, in which the acellular bioabsorbable tissue regeneration matrix.
compriceciio or At PR ETNEO AR  AeRE A BICAD Y S JoaB o b AP matr
according tiee Gtaihaldd bivabudia bl asthierapentic age ntasiseleciadséotwdhe graepleonsistiog of:

proteins, pe tiges, drugs, cytokines, extracellular matrix molecules, growth factors, and combinations
thereof 46°5AN Acellular bioabsorbable tissue regeneration matrix according to Claim 45, in which the

acellular bioabsorbable tissue regeneration matrix increases the magnitude of one or more beneficial

effects of the therdpectitunidipabeerpakic Acene FSEBRSEB I e rssaEdiag &nblativrd matrihigtording
to Clagm %ei%%mm%gé‘r@i@|§6158%Q$9ﬁb&@%ﬂﬁﬁi@ofﬁ%ﬂ%@#%ﬁéﬁﬁ%@ﬁ%@é@ﬁ@@@, or more

beneficial effects of the therapeutic agent by slowly releasing the therageutlc agent over time in the

subject.  AEORRSCENRE PIBALRGHIX NS FSBLRS rSgRHE REHT Al S ARBHRING Y& eeiin 45, in which

the acellular bioabsorbable tissue regeneration matrix protects one or more beneficial effects 150f the
therapeuti¢tagentinaireBubsthmbalyrbakeasing rogendint®n matrix according to Claim 45, in which

the acellular bioabsorbable tissue regeneration matrix increases the magnitude of one or more

beneficial effects of the therapeutic agent.

10 47.  An acellular bioabsorbable tissue regeneration matrix according to Claim 45, in which
the acellular bioabsorbable tissue regeneration matrix prolongs one or more beneficial effects

of the therapeutic agent by slowly releasing the therapeutic agent over time in the subject.

48.  An acellular bioabsorbable tissue regeneration matrix according to Claim 45, in which
the acellular bioabsorbable tissue regeneration matrix protects one or more beneficial effects

15  of the therapeutic agent from substantially decreasing over time.

49.  An acellular bioabsorbable tissue regeneration matrix according to Claim 36, further

comprising cells.

50.  An acellular bioabsorbable tissue regeneration matrix according to Claim 49, in which
the cells are selected from the group consisting of: stem cells, progenitor cells, somatic cells,

20  and combinations thereof.

51.  An acellular bioabsorbable tissue regeneration matrix according to Claim 49, in which
the cells are cells selected from the group consisting of: embryonic stem cells, neural stem

cells, neuroprogenitor cells, neurons, glial cells, and combinations thereof.

52. A method according to Claim 1, in which the removing of intact cells is effected by

25  freezing, filtration and/or centrifugation.

53. An acellular bioabsorbable tissue regeneration matrix generated according to a method

according to any one of Claims 1-35 or 52, in which the acellular regeneration matrix;



49. An acellular bioabsorbable tissue regeneration matrix according to Claim 36, further comprising
cells.  50. An acellular bioabsorbable tissue regeneration matrix according to Claim 49, in which the
cells are selected from the group consisting of: stem cells, progenitor cells, somatic cells, 20 and
combinations thereof 51. An acellular bioabsorbablg%iissue regeneration matrix according to Claim 49,
in which the cells are cells selected from the group consisting of: embryonic stem cells, neural stem
cells, neuroproge(n'tor cells, neurons, lial.c Is,.ar]d combingtions thereof. 5t21Alg§ethog %ccording to
Claim 1, in which g?@l%%?ﬁ%a%{? act Geii |§r1§ﬁe%?%13t5§7§ fréd iﬁ%‘?rfﬂ’t(rlgfﬂ)ﬁ an or}%eﬂtrifugation.
93 (a) comprisesggregatdmoikspherical structures having approximately 100 nm to 4 microns in
diameter, (b) is self-assembled; (c) comprises a proteinaceous core having a majority of protein
content derived ffibinddelbeiss@tidaks substantial metabolic activity; or (e€) any combination of (a) to
(d).

(c) comprises a proteinaceous core having a majority of protein content derived from

5 blood;
(d) lacks substantial metabolic activity; or

(e) any combination of (a) to (d).



