FIBRIN GEL FOR CONTROLLED RELEASE OF PDGF AND USES

THEREOF [ 0001] This application clains the priority
wh2mefis13dbf United States Provisional Patent PCT/US2008/067562

application No. 60/936,198, filed June 19, 2007,

herein incorporated by reference in its entirety.
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[0003] Fibrin seal ants are a type of surgical "glue"

eitaetyi s made from human bl oodcl otting proteins, and

that is typically used during surgery to contro

bl eeding. The ingredients in these seal ants interact

during application to forma stable clot conposed of a

bl ood protein fibri FIEEDIOF TISEAINYENTEON presently

used during surgery for several different purposes: to
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[0004] Fibrin sealants generally consist of two human plasma-derived components: (a)

a highly concentrated Fibrinogen Complex (FC) composed primarily of fibrinogen and
fibronectin along with catalytic amounts of Factor XIII and plasminogen and (b) a high
potency thrombin. Fibrin sealants may also contain aprotinin. By the action of thrombin,
(soluble) fibrinogen at first is converted into fibrin monomers which aggregate
spontaneously and form a so-called fibrin clot. Simultaneously, factor XIIT (FXIII)
present in the solution is activated by thrombin in the presence of calcium ions to factor
XIIla. The aggregated fibrin monomers and any remaining fibronectin possibly present
are cross-linked to form a high polymer by new peptide bonds forming. By this cross-

linking reaction, the strength of the clot formed is substantially increased. Generally, the



haenostatic effect. (US Patent 7,241,603). Therefore,

fibrin adhesives are frequently used as two-conponent
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conmponent together with a thronbin conmponent which

additionally contains calciumions. [0005] A

particul ar advantage of a fi bri n sealant is that the
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mesenchymal stem cell (HMSC)) and proliferation as well as, to some extent, osteogenic
differentiation, depending on the concentrations of FC and thrombin in the matrix

(Catelas et al., Tissue Eng 12:2385-2396, 2006).

[0007] The ability of fibrin sealants to deliver growth factors to a particular site in the
body can be beneficial, but proper regrowth of tissue often requires a continuous/steady
supply of growth factor or cytokine delivered at a specific rate to the site so that proper

treatment is ensured. This is especially true if the therapeutic protein has a short half-life



supply of growmh factor or cytokine delivered at a

specific rate to the site so that proper treatnent is
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protein has a short half-lifein vivo. Fibrin sealants

currently in use provide for sonme del ayed rel ease of

the seeded drug or agent, but the ability to extend

the life of the agent i.n the seal ant would inprove_the
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a PDGF conponent, the nmethod conprising, a)

gdaetvely ni mitrogprtiheivanount of PDGF rel eased froma first

fibrin sealant having a known initial anount of PDG-
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concentration of FC, and b) modifying the known final concentration of FC used in the

first fibrin sealant of step (a) to produce a second fibrin sealant, wherein increasing the
concentration of the FC in the second sealant compared to the known final concentration
of FC in the first sealant decreases the rate of PDGF release from the second sealant as
compared to the release of PDGF from the first sealant of step (a), and wherein the

second sealant has the same initial amount of PDGF as the first sealant in step (a).



second seal ant has the sanme initial anmpount of PDGF as

the first sealant in step (a).[0011] In a rel ated
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the rel ease of a PDG- protein, said protein selected

fromthe group consisting of PDGF-AB and PDGFBB, from

a fibrin sealant, wherein the fibrin sealant is
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[0014] It is contemplated that in some embodiments, the final concentration of the
thrombin component in the first or second sealant is within the range of about 1 IU/ml to
250 IU/ml. In another embodiment, the final concentration of PDGF in the first or

second sealant is in the range of about 1 ng/ml to about 1 mg/ml.

[0015] In another aspect, the invention contemplates a method for the controlled
release of a PDGF protein, said protein selected from the group consisting of PDGF-AB,

and PDGF-BB, in a patient in need thereof, comprising administering to said patient a



[0015] In another aspect, the invention contenplates a
nmet hod for the controlled rel ease of a PDGF protein,
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component. In a further embodiment, the PDGF is added to the thrombin component.

[0022] In arelated embodiment, it is contemplated that the PDGF release may
decrease by a regular amount each day. For example, the PDGF amount in the fibrin
sealant may decrease by about 1% a day, by about 2% a day, by about 3% a day, by about
4% a day, by about 5% a day, by about 6% a day, by about 7% a day, by about 8% a day,
by about 9% a day or by about 10% a day, or the desired amount of release may be
adjusted based on the FC concentration or thrombin concentration used to formulate the

fibrin sealant.



4% a day, by about 5% a day, by about 6% a day, by

about 7% a day, by about 8% a day, by about 9% a day
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rel ease may be adjusted based on the FC concentration

or thronmbin concentration used to fornmulate the fibrin
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said PDGF is released at a rate effective to treat said disorder or disease.

[0028] In a further aspect, the invention contemplates a method for treating a patient
suffering from a disorder or disease which would benefit from in situ controlled release
of a bioactive PDGF protein, said protein selected from the group consisting of PDGF-
AB or PDGF-BB, said method comprising administering to said patient a fibrin sealant

comprising the PDGF protein, wherein the fibrin sealant provides a controlled release of



said PDGF is released at a rate effective to treat
sai d disorder or disease. [0028] In a further aspect,
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fibrin sealant in the manufacture of a nedicament to

[0084]1 daiode pgtece fite. pafioftdd puffaringrfeonaa plisebse wiieh patiddrenefit from

i.s suffering fro | sease i ch uld benefit fro )
f}ﬁé?o%ﬂfqd&lsgé%? Orfg%@%]g@ vo ‘F’?ﬁ“lgi?’ﬁ 3PREFIUHO %%Péorg]glary skill

FRRALAN TN 5 QRCo@he Be Y sedt didordd? id ReecBdl frorh ThedfBup
enbodi nent, the di sease or disorder is selected from

torsisgng apa owneiletkicletpl diseasern slsoldss keedoftt taisualilisesas er disorder and a

diaorder a.soft ti ssue di sease or disorder and a
GV BTREE OS5 Ui sease. [0032] In one enbodiment, the

ipQrin sealant is adm nistered to a patient usin .
AR Fmﬁzﬂ?}mnk i} @%%e@?angﬁ@ﬁ%smﬂéeﬁpaﬁégm using
flRfRYs weNAASRARA thedRHTL RS iRELRIA, %ra?,re%df)é_é()?i%%dﬁl%lﬁstrﬁ%n or
itself or in conbination wi t'h other materials, and
preHermerbgdl drlsitdelownn tembimetiarf wish dtheamatesials, ind ethethsethods

| so provides a kit for

rt. [0033]. The invention

?Oé"ﬁb_gol%‘ﬁ Ok_ofci}ﬁ?rmk@elglﬂéﬁr?conpr i sing a bioactive PDGF
ﬁ)rggé]e ;?Tlﬁag!&gltipr 0 ge)lgrg]avg f!seaclgite or fpge%g}irtlg g fi%gig lélfF:Jalant comprising a
bioactive PDGF protein, said protein selected from the group consisting of PDGF-AB or
PDGF-BB, and said fibrin sealant having a desired PDGF release rate, the kit comprising,
a) a first vial or first storage container containing a FC component, wherein the vial
optionally comprises a PDGF component, and b) a second vial or second storage
container having a thrombin component, said kit optionally containing a third vial or third
storage container having a PDGF component when said first vial or first storage container
does not include a PDGF component, said kit further containing instructions for use

thereof. The kit may also comprise instruments for use or administration of the fibrin

sealant in vitro or in vivo.



PDG--BB, and said fibrin sealant having a desired PDGF
rel ease rate, the kit conprising, a) a first vial or

WO 200811558Dr age cont ai ner contai ning a FC conpoP&r$2008/067562
wherein the vial optionally conprises a PDG-
conmponent, and b) a second vial or second storage
container having a thronbin conponent, said kit

i,on ont ai ni.n a third vial ar t d stora
O R GRS e B LB snm vl o gpdnggrom he
RllobinSdetHilAr RIGiRRAL 3 IhSh1dAREMIBRoot NEdvHder, IdeFdetailed
component, said Kit further containing instructions

fleseripiéen andethe eifecifichexaRiptes rmbﬂ%ﬂngltﬁatmrﬁnepé@ dnphodiendnokthe
In%{rantll'losne ar%r%\ged n\l)v%tbr i&ljlgt?itﬁn on, yg a%%a*}alge% Vzgi’:’]oeglc n§n% %rbdes
plodifitetiomweiih @i spidid anBSespFRfARPiAR &tfonf WilMBetHifle apparent to those
follow ng detail ed description. It should be

titled withoart fiepwbisedetaile desqptiotet ai | ed descri ption and

the specific exanples, while indicating specific

enbodi nents of the invention, are given by way of
illustration only, because various changes and

nodi fi cati ons BRIEK DESERIPFTION ORrHE ddpseVING$S e

invention will becone apparent to those skilled in the

E0035T r diigidhilshdet diel efftcded D H-AdBnam @Rt BF iPESGRIaABTE eikase from

Bl eV ot s 2 g T hgmbie: 2 el%f SsEEL

VH S/D eIsg@%FC} = 20 nmg/_and [ Thronbin] =
1ggo3ehows gmeéfeztsgﬁ SROK-RE apque o8 1téf~‘um9>@yelglease from

feﬁt%ﬂﬁﬁ gfé‘rl ébﬁ%@@é@g&;ﬂ g og/ﬁﬂrg ﬁ{)ﬁre;qun?i%h;@ S/D
LO%Q%E]G—_PFQ%U gzs[hg\yg’ Ilajg}l\’iggg 0{ g%%tgglg%logﬁg %%Iwg ﬁ?az} é/orglease

(BL@asa ) afi gwhﬁlaaee reﬂda@mﬁgusss@l; fdh BISSERE $H S/D gels
&&Thronbln = 2lUm). [0038] Figure 4 shows the

hewatinlst 2REmdbncent rati on on PDGF- BB dai |y rel ease

(Figure 4A) and cunul ative release (Figure 4B) from
MO0SSEE Figkie 9/shoye the €(ffe¢t$|0cﬁrﬂ§] qv]ncmt@nw eh PDGI6BB0aily release

0 t /
(g 23 AR BRu % Gl gt ol BREETIONEED TrBboasiyy
HThﬁﬁmmhpizﬁyaﬂyLvn1). [ 0040] Flgure 6 shows the
effects of TISSEEL VH S/ D | ot nunber on PDGF- BB

[0039] Figure 5 shows the effects of TISSEEL VH S/D lot number on PDGF-AB
cumulative release ([FC] = 20 mg/ml, [Thrombin] = 2 1U/ml).

[0040] Figure 6 shows the effects of TISSEEL VH S/D lot number on PDGF-BB
cumulative release ([FC] = 20 mg/ml, [Thrombin] =2 1U/ml).

[0041] Figure 7 shows the effects of PDGF-BB amount on its cumulative release from

TISSEEL VH gels ([FC] = 20 mg/ml and [Thrombin] = 2 IU/ml).

[0042] Figure 8 shows the effects of FC concentration on PDGF-BB daily release
(Figure 8A) and cumulative release (Figure 8B) from TISSEEL VH gels  ([Thrombin]
=21U/ml).



cumul ative release ([FC] = 20 ng/m, [Thrombin] = 2

IUm). [0041] Figure 7 shows the effects of PDG-- BB
w@rwens77em its cunul ative rel ease from Tl SSEELPCHUSDE067562

([FC =20 mg/m and [Thrombin] = 2 IWmM). [0042]

Figure 8 shows the effects of FC concentration on

PDG-- BB daily rel ease (Figure 8A) and cumul ative

T ks SO e efoSt ot GG Vit REedwbbiorrSaEms
M diativdd gy PO E’@@Frn | quRnadihve2nelgpse ([FC] = 20
mg/ M, [Thro UWni). [0044] Figure 10 shows

Edéme flﬁ%.(wr% 1@Lr \%‘e’%ﬁe&% lLepsRt IAB edded Tﬁt@@VH S/D gels

gel s on 0 eration culture I n nonol ayer up t

an HAWSC pfdddaiiortgunrel ihimsivdaysr tpéo éfliyct s of PDG- BB

rel eased from TI SSEEL VH S/ D gel s on HMSC

[oodb] f GTIQIII’é an shonvi theetfettd ofPDOIRARBrrelpsetidrom THSSEEL VH S/D gels

[ 0046 re. 12 shows the effects of PDG-- AB rel eased

PI?HM ra\lml Gltyresbingnenplayepupéd 7 ¢#¥y (nor mal i zed
prollferatl on). [0047] Figure 13 shows the effects

5104@13@-1856 r18|8b<a\§%ﬂlefeff@ﬁﬁs Pf BEEE-ABHekapddens TéySEAEPVH S/D gels
%%&\ﬁ a?cY1V1(t gt{ %l 1ze%don ol@ a'gﬁhf_r ation). [0048] Figure

cts sensorg AB (Figure 14A) and

i B%léff':f'ﬁﬂ3éﬁﬁ%t53§ﬁ6ﬁ?‘@t§[°ﬁgb§}9§ﬁﬁfslgﬁse GRS 5/ el
%Ammcasﬁpm@hhmd D%':Qﬂlféﬁg@l@hﬁtl on rate constants for
the interaction of P AB with FC from Tl SSEEL VH

i) DERALLER | %@%‘ﬂé aH:ofTﬂ]ﬁ}P %WFQ& 1%%%4%8% griﬂﬁﬁa-BB

I nventi on provides a in gel contain
(Fogurr: dUBethteradtomseith E€(fmgﬂn TIFe‘iEdiIstl ¥hi EigmmgélCrshsWB the

euti apllcatlons nludln t r eat nent
sl ERERbigeR B thaSieehtp pd fi el i et firane
Mﬁ&ﬁ&io%rofW%®W1tﬁ e frodans s epLaansaspl ates that the
PDGF rel eased fromthe gel retains its biological

activity such that release fromthe fibrin sealant in
vitro or in vivo nodul ates the desired biol ogi caI

activity. T ﬁg@bl ﬁﬂ%‘
determ ni ng?ﬁ%e&conce #Iﬁggﬁglfq\t?]ﬂ conponent or
&E’g?gﬁ 1He 18 10 H?ovu%e% afibrn gefl gorﬂyln?ntgl lﬂng: Ii‘or contth led release

through revermble blndlng in situ in therapeutic applications, including treatment of
musculoskeletal diseases, soft tissue disorders, and vascular diseases. The invention
contemplates that the PDGF released from the gel retains its biological activity such that
release from the fibrin sealant in vitro or in vivo modulates the desired biological activity.
The invention also provides a method for determining the concentration of the FC
component or thrombin component useful in formulating the fibrin sealant to obtain

desired PDGF release kinetics.

[0050] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The following references provide one of skill with a general
definition of many of the terms used in this invention: Singleton, et al., DICTIONARY
OF MICROBIOLOGY AND MOLECULAR BIOLOGY (2d ed. 1994); THE



desi red PDGF rel ease kinetics. [0050] Unless otherw se
defined, all technical and scientific terns used
wheeiisr7blave t he sane meani ng as comonl y undePGL/UHH081§67562

one of ordinary skill in the art to which this
i nvention belongs. The follow ng references provide
one of skill with a general definition of many of the

brofeliat bl RS e e tE A & efechvinger . 1089

R
?QIE (%%leﬁfz?@e?@ %E%Hél%r S@'aﬁ&@%ﬁﬁ@mger Verlag

@QamamgHamdmarham, TH:FeI@éRPEBtC@LLIN% BICTIONARYNGEBIOLOGY
ée)%hag (1991); and Hal e and Marham THE HARPER CCOLLI NS
ONARY OF BI OLOGY (1991). [0051] Each publication,

t atl on, tent and ot her reference ci
ROSEr, PR B Or et B icaPan enteat rnd PHEr B FreetqEd perein s
tdsrpRXdi&Nby Lei@bndetin ii§ ch@ety t@Qﬁ’ﬁU&&t&{teﬁﬂt it 1Bt hBéhsistent with the

pr esent dlsclosure [ 0052] is noted here that as

presant disclofius. speci fi cati on and t he appended cl ai ns,
the singular fornms "a," "an," and "the" include plural
(0852} eric nomddese thheasasnd exthiscipedifitationi antlahegppended claims, the
at her 0053] used h e foll ow terns
Hagtat ém?re%nl Hys? @éﬁ? blélﬂluﬁ “ﬁ%ﬁ?fgﬁné‘égn §i§etgig PPt clearly
Qlhes Wis8wisk0054] As used herein the terns "fibrin
sealant,” "fibrin gel,"” "fibrin adhesive,” "fibrin

fdé)?gi s llllsfeh Elleﬂl froill&;vi rn'l’sslﬁgf Itl{iét @%ﬁ%@%@&%eﬁ t@'ﬂ%m unless

to a three- mensma net wor sing at
breadicdatierwisenogen conpl ex (FC) conponent and a
t hrombi n conmponent, which can act as a scaffold for
ook grondidad Avekid @k eass “Gibriabenac!’i VibriAgtET i“fbriroMbesive,” “fibrin
tinme. [0055] As used herein the terns "controlled

tlet s &ibrip mrptrigedra et ipkrdrageabhyaang refes tay thiesigifnpignal network
P56 .  SEPTLhy 450ky 8p B0 coppren

which cho astl sw saatﬁﬂoldtf«aaaéyl @mmemtioeﬂ/easeloé abeaafvetthaerial over time.
grow h factor by diffusion or by dissociation of the

09850 gxOeh hetat e t@hd ‘cosrarbsagaenandidduist eglefse0Rve the
the gel, but is also due to the disintegration and .
@Eﬁliﬁ‘ylﬁlﬁqqllég %q(brgﬁeég@reé@ntlpﬁ@f AR agent (e.g., growth factor) in a fibrin gel.

Controlled release is due not only to slow and steady secretion/release of the growth
factor by diffusion or by dissociation of the bound growth factor and its subsequent
diffusion from the gel, but is also due to the disintegration and enzymatic cleavage of the

matrix.

[0056] As used herein, “in situ formation” refers to either formation at a physiological
temperature and at the site of injection in the body or to formation of the fibrin sealant at
appropriate in vitro conditions. This term is typically used to describe the formation of
covalent linkages between precursor molecules in the fibrin sealant, which are

substantially not crosslinked prior to and at the time of administration.

[0057] As used herein, “fibrinogen complex (FC) component” refers to the

fibrin/fibrinogen solution which is mixed with thrombin resulting in a clot-like fibrin

10



[ 0056] As used herein, "in situ formation" refers to
either formation at a physiol ogical tenperature and at

waQ bwsgs17e3 of injection in the body or to formaR¢DHS2908/067562
the fibrin sealant at appropriate in vitro conditions.
This termis typically used to describe the formation
of coval ent |inkages between precursor nnlecules in

hgglfgi fﬁflklgg ?ﬁ(i(?qlr%{gsﬁ%mg}{ﬁy 8’? fi erﬁtzolfg?ﬁ %Jé(? g,‘aronegtm and may also contain
adiyhé shbati enFXIP Q&Y%laﬁcﬁm@@&fj RS AT Bompbiedf MAQEURB be referred to

conpl ex (FC) conponen refers to the

89 pralan/Protoini nogen sol ution which is mixed with

thrombin resulting in a clot-like fibrinsealant. The

0058k ozm;m@d éereirai tirymbin cbhhmhcr[t’g erfera mal thei thiroorbéie sélation which is

and contai n cat tj c. amunts f FXI and
A B B PenEaR ril S e iy %@P{?ﬁ o to
as _Seal er Protein. [0058] As used her ei n,

E9Bbnett used dpsin “p tetleﬁ eH FOHBIVE aaswaf:?laﬁowmr “.P?GF

ot
gqrg}t%% %e%eﬁ}%ltﬁ% eal ant. % %I\@J @aﬁsﬁﬁg E%lﬁﬁggteo?the liquid form of the
fiptimtellat. Harh ofabe FDOM donfpmaty the dithameriex ccn:rnpé'riéﬁxﬁd the

0 nent" refers to the addition_of h factor.
&ﬁ%@ﬂ&?ﬁ@ﬂn‘% nayebe %d&EFf EFPF@Fh—Y & fot“i’?éfl? fB‘g’P pe FARprising
EBeir. WpddienyHEFPOoMeAfRhentif1dkE (& MRl @X COFRRAPRSRHAt before

and the t hrombi n conponent nmay be added separately to '
admixiurh emtthu tb¢ ﬂmorgblal campouarer iasthn ghrPDGH cappanentdicfgre admixture

t P ed to the |.iquid EC t

bR g sFRRPARE s ROBRAS e BrtsMinc b el SRS AR y oG-
BB[@ﬁMtHPDUHDQMidIﬂEGBfEB.adm xture with the FC

conmponent. The PDGF conponent may include either

@@E T AB\ Ofise @Qi%ﬁ?’ "re@{)m@ﬁltaﬂt R P‘iﬁ}ﬁﬂ G re@gfnb[nggﬁmman

sed herein, "reconbi nant human "“refers to
Pletﬁdmﬁmnmﬂ grhwﬂafalcplr aﬁld?lb(ﬁF)d@ﬁam@cUVlg rrmmlrrrbnﬁaanc DA (achnology. It

obt a d via reconbi nan technol ogy. It may
e Bt oftbBel B P hET R LA the art " {bogi) s
herein the. t erm "bj oactive" or " gi.c I
? /isr%sr@eﬁigr%t £ i RIS Y T 29T 3&% aﬁb/ %ﬂé?eﬁe Iy to the

BloRIelal propedly Wh@reﬁ%ro@&ﬁteeg Na PDGFEpro Rk il #8018fior & i@ a fibrin
fibrin seal ant exhibits the sane or simlar biol ogi cal

a:'@tanv exhibiwhibe sooerpasimdat biokgat antlarlltlywa@n p‘pmss@d t¢  neturally

when (ﬁ)r eéa@d ei t her Econ‘o ant | ﬂé’ ;{ z%
BHOEETh ﬁ]exl?l@sﬁfgéﬁ ‘FferF%‘?rﬂ gan e‘Fé‘&tV %\VB B %dlety, "
[0%6EeCtAasbllls%d lhgrkgzlerl a (?etectallb?eb r%lmet}t,ef‘

(? tectab e ?abel” or “label” refers to a
composition detectable by spectroscopic, photochemical, biochemical, immunochemical,
or chemical means. For example, useful labels include 32P, 358, fluorescent dyes,
electron-dense reagents, enzymes (e.g., as commonly used in an ELISA), biotin-
streptavidin, dioxigenin, haptens and proteins for which anti-sera or monoclonal
antibodies are available, or nucleic acid molecules with a sequence complementary to a
target. The detectable moiety often generates a measurable signal, such as a radioactive,

chromogenic, or fluorescent signal, that can be used to quantitate the amount of bound

detectable moiety in a sample.
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conposition detectabl e by spectroscopic,
phot ochem cal, bi ochem cal, immunochem cal, or

W@ bmwais7aB3 neans. For exanpl e, useful |abel s i nRCTUL2008/067562
32P, 35S, fluorescent dyes, electron-dense reagents,
enzynmes (e.g., as commonly used in an ELI SA),
bi oti nstreptavi di n, dioxigenin, haptens and proteins
for which anti-sera or nonocl onal antibodies are
avai l abl e, or nucleic acid nolecules with a sequence
conpl ementary to a target. The detectable noiety often
Eibwin aeadanty neasurabl e signal, such as a radioacti ve,
chronmogenic, or fluorescent signal, that can be used
{9641, aﬁﬂﬁ%ﬁognﬁ REfihiv al‘r‘?taVélﬂabé‘%)g%d‘S‘aé% plibap pealap; Bibyinjggls can be

SATD ibri | . fefibring: .
re avg???gf%“@ggﬁﬁ eQ%%“gggﬁg%gﬁﬁgéngﬁgﬁe%i%é?ﬁgggkg&“muh
granv biéabdey/cnnasiciadlg), fiiboimo gert @lrdgd fsonp basmma, and recombinant
opr eci pi.t at | asma .g. fihrin glue kits, which. .

fpdndgghian B%Céor%QEﬁF%Pf @f?e PSRRI Bgogﬁéjeﬁ&rkfwﬁfaé%enﬁlwmﬂar
Rlaa s thanthiresaidisnaMe fibehegeBmadd s RIS RiraXbil! PBiomater
Each of these materials provides a fundanmentally
Aippd, 72309312 (1293Wi Simitariiek betaweemthiestmatenialsteaist both in specific

DL SSRETL S SAIBSRLLSIR R ol 2,5 ot Aop.
TS o P bRk e SURTRLLS, RLSB i

HSRIW ofl thonkBn tOMBMnRP fibSnd RHBHplexQBCH afid BrbfAbin. The FC is
seal ant, which consists of two main conponents:

¢orbpasnd geumlg ofibexogeRr@hd éihchnettioabd may Blre de@airscatalytic amounts

C ed inly of fihrinogen and fibronectin, a ma
SPERARER ARt et G ASEH R cpippetgyye Rondt iy 88ed from
RhASTHIAGEL Dut HA§ alsE bR PEoddE@ BP0 ABIRANEMHeEC 8fi@neering techniques.
generall derived from human plasma, but nay al so be

kyapleeet HPrin Sealanss nerdesgriedtin &/Sehgl ey ilhy),962,405; US 6,579,537
G T BIaTR RSl SRThANGE B R kL

' de . TI SSEEL .VH and Tl SSEEL VH S/ D ( Baxter Al .
(9RERh Tous R8Tk B 6F FRoor i ioRe ety v Gopt Otppavise
piephigd hidosding &99&&&%& fab@ehtioh Fureickr Qi luRHRE h¥é R using dilution
g&epared according to package instructions, further

ffays eyl Bisrapeettreatensis addadi towhe bqrid iFCr e¥léeragiiyely, the therapeutic

t herapeut i ent s added to the |iquid FC. : .
R AA Vir) W P PRI eent st SR BBy dagleis orin

tdagntdinolot mn BBIMORBNEE] 1Mds$uch apaplothial Wiichwah ballidd to the FC
fibrin sealants include an inhibitor of gel I¥sis,such )
gltéh%lg],s@qepﬁlp At thampeh Acdescprtiigfegratinig prd qther gel lysis inhibitors is

provided in WO 99/11301. The thrombin component is also reconstituted to liquid form
using CaCl, solution, further diluted as needed using dilution buffers. It is contemplated
that the thrombin component is mixed with the FC component further comprising a
PDGEF to form the fibrin gel. Fibrin sealants have also been designed which lack the
aprotinin ingredient (EVICEL, Ethicon, Inc, New Jersey).

[0066] Additional methods for producing fibrinogen-containing preparations that can
be used as tissue adhesives include production from cryoprecipitate, optionally with

further washing and precipitation steps with ethanol, ammonium sulphate, polyethylene

12



at the discretion of the user. A description of
aprotinin and other gel lysis inhibitors is provided
WO 200W39%99 11301. The t hronbi n conponent is al SBCT/US2008/067562
reconstituted to liquid formusing Cad sol ution,
further diluted as needed using dilution buffers. It
is contenplated that the thronbin conponent is m xed

ith the FC t furt
Elsblh EREinE 0 FERAGBITE. o sty R STHEY & Sgepgai of the
E‘Wrgﬁlﬁ%ﬂ\'ﬂh@ttbrﬂa%lknfe%d@gés@ebﬂe% {dRgE 8di"RRnddEYE @Ek{na protein

Et hi con, Inc, New Jersey). Addi ti onal net hods

frmth@iatmj‘e il?ﬁj) £l b€|ur1m§eﬁcmnlaPmSthppBééaﬁ%ﬁﬁ end ST4tor Blomb
a ed a tl SS adhesi ves | pgl.ude aPr

e B oaruiiprE iR R B RN D HRaPABN GaBh g0 P

ARt PrEbip kdaddnt ey Sl Rt rmdeJhsﬁigmamient @ORBIdoY Flasma. For
sul phat e, Eol et h}gl enegl ycol , l(%rycl ne or_bet a-al ani

axnnie. dBUERIYEIS BAT i isrmegencsis Gorm, Rche Gopdover Coner VIVOSTAT
S
PRI S ) L PELNAR S ERELELN o ptomes
ﬁtimn sd@lemit bmgpomascfewma th’leﬁ'S blcmd plBmikd, T}ﬁ&oﬁﬁ)oﬂcﬂds of Fibrin
gl 1A, or % B. “"Purifjcatjon ?f human
??&a%wméalh Ef‘r’unﬁbj‘ﬂ%%‘hhzedAﬁi%P\f“?@HﬂlqE’@ orlymyd fgm. 415
Fi brin sealant may al so be nade using a patient
Hmﬁ7b| od¥ empenents ghhe él}@ﬁlmgpbare fafdedatompepriate concentrations to
1P
%%Q\;E%FE @Eg %ﬁ?%ggd relg‘gg %Fﬁ{)?oﬁ%g a aﬁ@ongﬁt I}@t \'@ d%l-gd in
engbigeohtetptioty ticluelingdbut aut bhaedtess fighni, r110 &%ﬂnarlﬁ mg/ml, 20
conmponents fraoma patient's blood plLasna. The

B8l Ae Memb 30mgll nd S5mginn ¢Q mgfral. 4y 20g/mb 39 mg{ml up to 150 mg/ml
{fﬁfﬁp&ﬂcbﬁtﬁgrong &l I;%EE? o 1r1 fn?éﬂngdla%r c&&%aﬁoﬁ@ﬁs‘ﬁeeess%ry Further,

067] The conponent s’ of fibrin gel are ad
ﬂm@pmmntrah@l cior(c emnpatammy tbc cpmbinied evithrem ytappepofte concentration

| d rel des The. F
SoRitmin SOmponsit SR Re Pl np s o TR gt ASm, 7 1w,
ko mjﬁnﬁdli Hj/éﬂfmf IU/ml 115/ oMk 30 ﬂ-ﬁmWSrﬁJ/ml? QOIIU/rHi 5036/ml, 60

g/ g/ mg/ m, 40 ng/ 50
H@mﬂ 70 uﬁmlofsomtjnﬁrgemwm. PRI el BHEIL/AC K6 TU/m, 200
@@%22 Tan({] Eﬁf /‘rjnl aotreln %n nce tartea Eon%gg’tr %ng] gsc %esc’:%sasrayy.

er, concentrati on O corrponen

PRk PGP S0P LA, Bl i
!:(Sijﬁ smo% ih @{Srd'gr 60/ %akyé %ntro]leh lf@lgise sg‘ﬁeﬂl%ﬂ'@he tﬂe@aﬂeh’ﬁ@hgent The

PD)GH maxsb)e addein arvsocqnutrrtratloa @hat ucrwdesgo aldtﬂmtte deiu@d release

U 125. 1.U/ ni | , gb LUim, 225 .
(pHlaighaiat Tugsnot 1oinfl | heif EPore drenbfiepfiiusions
aSPIDEFas 8l fibrin sealant include, but are not limited to 1 ng/ml, 5 ng/ml, 10 ng/ml,
15 ng/ml, 20 ng/ml, 40 ng/ml, 50 ng ml, 100 ng/ml, 250 ng/ml, 500 ng/ml, 1 pg/ml, 5
pg/ml, 10 pg/ml, 25 pg/ml, 50 pg/ml, 100 pg/ml, 250 pg/ml, 500 pg/ml, 750 ug/ml and 1

mg/ml..

[0069] It is contemplated that the concentration of FC or thrombin used in the fibrin
sealant are such that the PDGF added in the fibrin gel is released in a therapeutically

effective amount over the course of several days to weeks. In one aspect, the PDGF is
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[0068] It is contenplated that an agent such as PDGF

is added to the fibrin sealant conposition in order to
woredos/13778bnt rol | ed rel ease system for the therB@BEUS$1008/067562

agent. The PDGF nay be added in any concentration that

provi des an adequate del ayed rel ease fornul ation,

wthin a range of 1 ng/m to 1 rrg/rrL of PDGF.

ooy ERSerdbt Fay. Cutivpe doigh i 0, Aty g doys . 8
&zg/sné da)Js51@5‘ aéyﬂ 11 a%sngi Hiyr?{ f@dzgg/ m daﬁolmaygr} 16 4&5@ 17 days 18

fl@lsrrwd%% %gznyls orslgngﬁg 100 rrg/m 250 rrg/m 500
ng/ M, 750 ng/ m andlrrg/m.. [0069] It is
o770k nﬁf}&tlﬁmF varteletbrel foon clenfirat sealanofn F@noolledonddbiiyed release

g%glge&i qu].]ﬁh I]%é{;}%qbfgbaﬁ ?gzg\%aalnlt%le ?Iré Felg.g(g\%g a-tsﬂsatgaingé] gerl%[c)ing time. Itis
E&ﬁérﬁﬂﬁé&:ﬁ'tl%ltﬁé’PI?GF%QlEhs\é%n%‘@éfgas@ Fh régﬂﬁar GRISNREaCh day, for
several days to weeks. |In one aspect,

cw@leals@HDﬁfdmetlh@aﬁ dbcrrﬁznse Gelabpsrl % adiw anldmy?,% gday, by

%@{\g g Qalflllg)& géouq%f%%a 8%39 ?f%ﬁgutdi‘ﬂ yda;_/L ZPy o%y g‘%fglgd&g;%éls about 7%
48ay ?rsaboﬂﬂfﬂ%i ayiay,lﬁ?y ARYEI % bUag Y By aB&Jtd@%a d&f ol raB@er .
[0070 The PDGF 1s released formthe fibrin sealant in

g)m t gl redie@lenfiRliaYSq if &l BARMPIRED@R: at3&E24DRE tEDGF is
is available in situ over a sustained period of

tetaieed intthd Bbiio paeldapatdeast3 tdeyt I hduPRGRMbelaee atinpst 35% to

O 30 T 50 aRTEAE SR v SRR By e o
R’Bﬁlﬂdagl% ﬁlﬁmhebao@&ﬂpmtea%aa atli@¥st 28%, @b%um%%z@%dm% 30%,
about 5% a d%go about 6% a day about 7% a

élé{% 339, Wit BBob . 38T, 6% 35%69%%1@% Lo 2%/ 38 ddte. 45%.
0 7 |
90 gy Sk T R |97 8,8 Sk, SORSGTER, . o,

6E%a62%pl63%1 64%, 566k, G2, He%, 69%| 2Bt 7 3 A, 739\, 7d%, 75%,
further enbodi nent, at |least 35%to 900/% at | east 45%

{77586 Breat) %95 S Guddfe: R BHErS%. &8 1fedS%: 8t9ﬁ(@ or 30%

b Bk P el rgtgf e@ln tHe 3k %egf@fﬁt lehdt 3 & é,gurther
conten'p ate at at lea 25% 26% 2/% 28% 29%

% 69 399 A0% .
g 5 35 i%éz enppfimsil; i 1880 209 e b Rainkalh (GOprin gcl
2% 1e83%0 490 In%%th&ﬁ&ﬁbcﬁﬂr%n@ﬁ%asEQﬁ% 60966 & L% @255;0/ of the
63%._ 64% 65% 66% 67% 68% 69% 70% 71% 72% 73%

BRGF iy syginetay avtpagt 1Patnys. 705 fughos cogmplggd/&ha%to)&ass% b, 21%,
Wz%"éw%’@% &%, Y038 298780%. 31%, 32%, 33%, 34%, 35%, 36%,
37%, 38%, 39%, 40%., 41%., 42%., 43%. 44%, 45%, 46%, 47%, 48%., 49%., 50%., 51%,
52%, 53%, 54%, 55%., 56%, 57%. 58%. 59%, 60%, 61%, 62%, 63%., 64%., 65%, 66%,
67%, 68%, 69%, 70%, 711%, 72%, 73%, 74% or 75 % of the PDGF is retained in the

fibrin gel for at least 10 days.

[0073] The invention provides a method to formulate a fibrin sealant having desired
release kinetics by modifying the concentration of the components of the fibrin sealants.
In one aspect, the method contemplates determining the amount of PDGF released from a

first fibrin sealant having a known initial amount of PDGF and a known final
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of the PDGF is retained in the fibrin gel for at |east
3 days. [0072] In another enbodi nent, at |east 20% of

WO bwsPDEB3 i s retained in the fibrin gel for atPCEHSI008@57562
days. In a further enbodi nent, at |east 25%to 75% or
45%to 55% of the PDGF is retained for at |east 10
days. It is further contenpl ated that at |east 20%
21% 22% % . 25%  26% ..27% 28% .29% _30%

EntERion Oﬁfﬁ ngdhg loippey filsbnisgéiioen @Wd 1&%‘@? first

ABYA s rferAG) o FE8ceABMeort 6rirDAIand Lier 3R Hher 3
54% 55% 56% 57% 58% 59% 60% 61% 62% 63% 64%
éeg,ggasmty@e @m;qg:ntgggz{;n ob m 1n1@©/§ec¢11®/§eaip20/§om@;z§d toade bnowlg_', final
O/gengc]élgttr i§n d)a < 1nSﬂéeO$1§? ta&1 \1}%% e&%t%%?f%d%@t&eﬁegseﬁ@ tge second
taldne aﬁwnqiaeecatofth@fdmsé eaPlaGlF fRaY kHegride Sdall £ of gl:}e a$@ wherein
ki netics by nodi fying the concentration of th
therpeidnedagthas e spmgrnifakaagunt PEPDGE asike Hish &f‘@iant tmep.
nmet hod contenpl ates determ ni ng the anmount of PDGF
H97dhs dd ohe cmbadlmenns tthef fipd iFQ° @@adtramwh avthn dirgt ok pesand sealant is

i PR 1o BEb KPR, IR FORRERHPULR e

tisiRentkdtioh g tﬁd ﬂiﬁt fibrii §dalhn® @idedrorh theéfin 8 F€Pcdh@gntfa@ion i in the
produce a second fibrin seal ant, wherein increasing

theend segiang by Ao dripg/ml tarbass 149 meaml. by phentSepgim to about 75

BEPE ORI Bl AR e o rc

t@lcemsaiohrod thet fivet Sedosdlapedifferd fraa tofimd IF@cmOeﬂthon in the
rel ease of PDGF fromthe first sealant of step,

%mep%?%latnﬁ BY 8k ddng/edy ame/mas BBl <hmg/mlnp gl ah%ﬁ%(fnl 15
odl nﬁ%'?’mi {Zﬁéﬁ#/ﬁﬁ%(ﬁﬁ%ﬂ?% /Al &Pm I%[anOZ§ h /811, 80%ng/ml, or any

I nal conceftration in the first or
sraomndbesmhalmse icsnostritians t dpetorabngel 49fmghodut 1 ng/nl to
about 150 ng/m . In a rel ated enbodi nent, the FC
[0878E ntit Btcooremplatédhaf the Sibrihiskdlam wsefal @nthe thvehtssmby ben
the final FC concentration in the second seal ant by
syabined with adflitiopal apaserialy qongsis dpr Puspossh el Etragy i Vl{v%use Such

?%é?%tl.ngllgcri]@gd ona fhepa\éf) ng@@é%egsoln@tg{%igﬁ | narﬁ)k?‘ﬁﬁ{lteg% growth factors,

cyokiecy, r:httmcninnezsf a blvedfciatstg factor, an epewmhent chdimokeresa saolobte cell-
FC cqn d sealant b

h%ﬁ% Ire%%]!)@f ! ceﬂél%ﬁgs}qrﬂartnioggwlﬁ? zmt ar}ftel&g /a:hormgnehﬁ /clgﬁosl\éﬁetal
ﬁi%éﬁ aa ri11§tr1 r&‘sm g@hdﬂ&fcme aprcgtgmngét%otuﬁpprggfnmaa méabolic protein,

, Or any anou nt d
m cvté@na knh'ers &n tmrau:tef&epaﬁor QKﬁgnplﬁl,FP}b’QlCH‘b@ esk Roferqpeed 627 Edition,

2008, Thomson Healthcare , Montvale, NJ).

[0076] Additional materials useful in the fibrin sealant include materials that could be
combined with the sealant for musculoskeletal diseases which may be load bearing
materials, including but not limited to, polymers, coral, ceramics, glass, metals, bone-
derived materials, hydroxyapatite, synthetic scaffolds materials, combinations of these
materials, and other materials known in the art (See, e.g., Guehennec et al., (European

Cells and Materials, 8:1-11, 2004), US Patent 7,122,057 and US Patent 6,696,073).
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[0075] It is contenplated that the fibrin seal ant
useful in the invention nmay be conbined with
w@awsnsosml materials or agents for purposes oPCT/HS2008/067562
vitro or in vivo use. Such agents include additiona
t herapeutic agents, including, but not limted to,
grow h factors, cytokines, chenokines a bl ood

[ fact en a sol
FloFYL i g8 SBoaiptr TR paGHom Sre Abn et ie to deliver
BRIIRAAY ac@vdPHEPRGer RvEXILASKRHRL AN Bf PESitFblled iFRhE BS/ adjusting
protein, a chaperone protein, a structural protein,
ﬂ?étcamﬂntr@tl?n‘smféicnandathwnmlher s known in the art (See,
for exanple, Physicians Desk Reference, 62nd Edition,
HOG8] Thons embbitialenhaiahe inveMint, walee theNdhrin gﬂ@%@]made of TISSEEL

Vaetn e dronge TRt g o B s PGRF A et and Thrombin

MH?/H{I (fiRd] cOMREHh@FKGh Bledlel Y] aﬁ%§@aﬁaoﬁh6% of‘?dé d8ed PBGF-BB
bearing materials, includi'hg but not limted to,

o le] gg}m@tan@drlalthe god aftr Sglaygl ba%lotme@mb@dlmoh@fdbfr invewtion, when
drox thetl
TR e P RS ey EYBLSC R S papoin

I[H’/hﬂr(flﬂeil%oké'&%tld)ﬂ% ih e @d), z(t$@@t alﬁ)uﬂSﬁ%@ﬂ@l’fbedee&? PBIGF-BB (15
(European Cells and Materials, 8:1-11, 2004), US

F%)tlé Ftaiged prthg gals after wypaTléqwfoee, 6ggeEntyn pHRORGT-BR increases
%ﬂﬁ h?@tapgt%ﬂéent&ﬁg f\JvlkPernl b%mc {Bﬁdél fﬁs@%g%&a S/D.

ste ellver og| y ac
@3‘72& TRgTeRe i Qféfﬁ?‘?tnoguﬂgenlgv%} 1°|‘3(:W§ b oGt e mad of
TrfSSWL VH smerfeehadi Manberfustnl EFG AN /e andMTBRO IR at 2 TU/ml
fibrin gels are nmade of TI'SSEEL Vapor at ed

Ginal epncemeationg énthe @i BsEEast\;lhog/ o QEPIRGFHEB at requingg)ifithe gels

008 TR D08, L g1 SO R AN P v o

an tiffea¢ive hetweeh ligesg &ltslsaﬁé E;lictéir )dHysOntdrm (zem@Ulmﬁt 33.9 U/ml and <
enbodi nent . of the invention, the fibrin gels ar

ktel.gespeetashp Iyppathes e@&%&ﬂ@éoghwmw&% Wihgiiefhe fibrin gels are
P@pr 2Y% ng/ of i frd}@he 1GORGHRSY 1 3& gg 78 deP0 ml and Thrombln
el's), the ad - BB

ast out 85A)o
htSZ &t i(ﬁmaaadl com:ehtmtlcgrslus theefdeds), 8 lejlatyzﬂ)ouﬂ' 6(0% of BDé}F BBels retalned

t f t he C
LohE b e BhloTtisn DSy T EnGE b SdiGa: b rbeddse was
Mfﬁll%d%y d '(ﬂh tB O@H{étth% 185001 BB 689% ﬁltot@ﬁh kY& WdsPBrained in
when the fibrin gels are made of TI SSEEC VH of

ﬂwﬁhmdbmatﬂbd%ﬁunbers using FC at 20 ng/m and

Thrombin at 2 1Um (final concentrations in the

[e88) , latvill bastdeathont totd¥ood brdAREFsIBB in sherat thatthe embodiments set
E)ll;teabg\?fl: z?re exemplary embodiments of PDGF release from a commercially available

fibrin sealant and are not meant to limit the invention in any way.

PDGF Protein

[0081] Platelet-Derived Growth Factor (PDGF) is secreted by platelets during the early

phases of wound and fracture healing. It has been shown to stimulate the migration of
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fromone |lot after 10 days, about 60% from a second

| ot and about 40%froma third lot. One difference
Wh2i08e£1133 hese | ots is the Factor Xl I1 contentPCHESD08/067562

Um, 33.9 UmM and <1 Um, respectively). In

anot her enbodi nent of the invention, when the fibrin

gel s are nmade of TI SSEEL VH S/D of different | ot

O st Ep dm i aroes ot ey sl S0 1 BerjhofeBgg 741-

5@ 200EFiR et & al.€f ebmeshdhBmid3e@edS 2000 Mb@l its bRt fatiued healing
10 days. For PDGF-AB rel ease, at |east about 75% was

aiet bnggepdiyhag apt he@nictearlyslefned. D GHRalse reptlates d\lrﬁf@reaab @&Ptects of
zgngg;/g %F%S}H{lc Jttserlf i3 raISéB ecrlblcr:]a e}qlgl{l% O%Itle{] %e)rog ﬂllerlglegt lays arole in
stichhilbtihgdardgheeaédis, tWiath is Iaqu@dmmﬂtdnpmoasssequ@dtfoaM1 growth and
are exenplary enbodi nrents of PDGF rel ease froma

nhPf Yssugrarcisvelves Beinrolifemtian of s capiBarigstirom pre-

%8@% ﬁlg? éls : %grre:a\g} }e{ oquwfgﬁgl? % oarl‘y’@(é ﬁ%@g@i“ﬁ%&*a@ﬁ Hisorder

sehretiede Iassoplla&tiehdt decehas¢digsstibrper@aidny sypdhas esrambirywoteny and
andh%{agcture healing. It has been shown to stinulate

VACPBR ’éF%t@d’&P‘ﬁﬁfgWand mesenchymal progenitor
cells (Mehrotra et al., J Cell Biochem 93:741- 52
H982] FLaFeY (Ganbank Acgesgen NoNS: AGR%G3ai5bBDGE:B s§irapank

B NEND, O BB A TR R

diffetcar esoforaspPOGEF- A, BNGIFoABn@skBGFVBB.cADGHFs&lid ofnlg able to bind

al so critical during bone growh. PDG- al so pl ays
PeIFd G ogegapiral P %&C&@E%EPQFWPLMW@%W PDGF-B can bind

B&Hq}%ﬁpﬁt}@k @£&P§§e%oﬁ@ﬂb'dfex‘3c rP\?& (BHIEK- ggr Aot fpg&@llcally, PDGF-

devel opnent of tissues, olves th ration
Bfcanbmdoa PDGER jobsarfdr EihGﬁReB/ & hogibilimgprlae mll\ae PEFIR -0/ 3
hncr asi ng the rate of angiogenesis is useful in

%PP "% sorder such as those associated with
decreased tissue perfusion, such as corqgnary arter

HHE3h e YRR aiyh i3 gy the medeg ditosens megmwtap@ésmeﬂs of
%?g: %%?%%2 if)ueﬁ%%'&rlllttjl\pefféx%) §) leﬁsg(ﬁ)en@& clPa@ﬁﬁe%e although

ssion No. NP_002599) can I meri z
h@hmmanﬂeB e qHpOBRTIEOTT ehrdeﬂlelialfq‘eﬁs éift?) |1§ME{A& and PDGF BB

AA, . PDGF- %gl:l A is onl
Bied<ehsboce U ipudisd G PECERH REPGHPRG! POtk Reed vessel
Ak enRdiNgRES 11 5:8R%0: Byaw R a% bptnlaerf« l@%rcPQCﬁRﬂ 18@81 3081);
second PDGF receptor (PDGFR- b) . More specifically,
Hediapet al., Physiol Rev 79:1283-1316, 1999; Betsholtz et al., Bioessays 23:494-507,
2001). Other data however, showed that PDGF-AA and PDGF-BB inhibited bFGF-
induced angiogenesis in vivo via PDGFR-a signaling. PDGF-AA is among the most
potent stimuli of mesenchymal cell migration, but it either does not stimulate or it
minimally stimulates EC migration. In certain conditions, PDGF-AA even inhibits EC
migration (Thommen et al., J Cell Biochem. 64:403-13, 1997; De Marchis et al., Blood
09:2045-53, 2002; Cao et al., FASEB. J. 16:1575-83, 2002). Moreover, PDGFR-a has
been shown to antagonize the PDGFR-B-induced SMC migration Yu et al. (Biochem.
Biophys. Res. Commun. 282:697-700, 2001) and neutralizing antibodies against PDGF-

AA enhance smooth muscle cell (SMC) migration (Palumbo, R., et al., Arterioscler.
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can bind to PDGFR- a/aand PDGFR- b/ b honodiners, as
wel | as PDGFR- a/b heterodi ners. [0083] PDG- AA and

WO BB8asE33 he maj or m togens and chenpattract aneGI/{/82008/067562
cells of nmesenchymal origin, but have no or little
effect on cells of endothelial |ineage, although both
PDGFR- aand -b are expressed on endothelial cells

TRGbi% S35 e h e PSR 705 T P EECHC Bt gRan s actvity of

PPGIEA 2vEss eés?ecﬁzilﬁn@ﬁerﬁfhg&{hn t%ﬁ%{ BDGFR- 4 s Beerddioversial.
Vale et al. I nt'erv CardloF 14:511- 28, 2001) Hel di n

RfOSQ] 'Plf@FSA@ Ian(R%'B hveligBa s %%J%?d tc;dglﬁg m at i (LlElenecfle

., Bioessays 23:494-507, 2 omever
pﬂmdl\fﬂatldﬂ’mld dPfbczen thokicared b@ﬂXEﬁ{(BBvasmhialbartdeuhutﬂ’f@Emm‘ogﬁdtor cells.

es Vi Vo |a PDGFR- asi gnal in PDG-- .is
B R i s Re oy ecuiop R baR ROy b5 interin
MBAbRlk 9N Ed. Ji 31: P9§7h§6' 2005w PRGEMIBL MR differentiation of
mninmal |y stinuiates EC mgration. In certain

Eli dtieniboyanic @@@ml&wr@@/mcnlﬁhmml selEGGarmelzati B nNature 408:43-45,

RISl . s BB, o84 00 O R
§ASBEB.nedron sﬂlﬁflda'i (Gal8well 20812)Nat Bisteaver. .19RDEHRY, ZlAas.
been shown to antagoni ze the PDGFR- b-induced SMC

Eo'os gt G Brdibindhs bédRi RENRIMorBLIARGY 8f fiFIES gel GAMMIked success.
82:697-700, 2001) and neutrali zing antlboéles agai nst

Tﬁm@mm@n gk (OnbRes ﬁﬁlééﬁ%@eﬂloﬂ{ mredﬁ@foaml gghcomprising
| unb
ShRAGER T it oMb RIEnRRE] iraf P ard P ited Pt -8B in

agting cbﬁcéi’lﬁra&&ﬁ:to ReeidineBae REPQE kaédsy kiMaEEs & tHO aldwAB factor. The
t hrough PDGFR-a, has been controversial. [0084]

ﬁ@@FsmNeéﬁaatréBaa@a)\f shepgravth agior pad derengertynitheygpewiiof heparin in
|
{h% fgﬁo L ClblsG%rh% afsg rb@éﬂ ?&ec@&fjl Cﬁgrfn e%g:?s%&n%ﬂsﬁé Sﬁgsnpaoﬂlgtelet T

ar and neural  stenl
ﬁ@@ra%ss(tsa:ermk aiaeﬂblelegz@dzemdﬁlqdﬂrampfaecSmmg o3: 439 46, 2004), and
prollferatlon t hr ough avb3 i ntegrins_(Baron, al

EifHd0 stymulateicrleygonig etemz@élz)m DAIPIE SPGB IS ath Stem Cells

Qgﬁﬁﬁgggplgb@gn of Flkl+ enbryonlc stemcells into
vascul ar nural” cells (Carneliet, P., Nature 408: 43-45,

ﬁﬂ)?g]n t ?@{%e%&é u?és u’set{}l?ﬁolrl e ggsseng i% Iltlo%olg((,)ﬂ]de &1‘3%11 length

ased neurospnere ‘aeril Ve neur on survi
proaditlwetdur@is off the piNatin BiubtigiedvrdhagnitBtsof ShedpiBteird) @.ﬁdfunctlonal
[ 0085] PDGF&f rotein has been used in formulation
t

flfFrBiaFlﬁesgtéFre Fefpiepesitot ek ssmeard s Bigr all otential forr{l% of such
Qg%rrlsf,?g‘lﬁ:rl%gﬁnélﬁa%graﬁ§Jde§9&7ﬁrofé§1§ﬁ%5ﬁgtléhsf.' brin gel

[0087] According to the present invention, the term recombinant PDGF does not
underlie a specific restriction and may include any PDGF, heterologous or naturally
occurring, obtained via recombinant DNA technology, or a biologically active derivative
thereof. In certain embodiments, the term encompasses proteins and nucleic acids, e.g.,
gene, pre-mRNA, mRNA, and polypeptides, polymorphic variants, alleles, mutants, and
interspecies homologs that: (1) have an amino acid sequence that has greater than about
60% amino acid sequence identity, 65%, 70%, 75%, 80%, 85%, 90%, 91 %, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% or greater amino acid sequence identity, over a
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fibrinogen, thronbin, a peptide conponent and heparin

and further added PDG~-BB in varying concentrations to
wa@leaosnsi7se t he passive rel ease kinetics of thePQr/ostons/ 067562

factor. The study showed that rel ease of the growth

factor was dependent on the anount of heparin in the

fibrin gel. PDGF has al so been detected in fibrin gels

Eihrarat RDLARR BhH0. Sho, ol GRALE P xS Gt BhGF-AB o
200A) BB %fop@ﬁ@(ﬁ drRoddd B RFGe R ﬁ]ﬁ@l@ic(hcﬁi &‘Hn%luh§ a¢ifl séquence
fibrin scaffold (Wllerth et al., Stem Ce

Q@c@lzegshezgm@ mﬁ)qall[y bogiep anrh@odmeagmppb@lﬂnelsanmbedm, raised
E resent invention include the ﬂyll-len%tg

a a1 S an immunogen cOMpris g.a rererenc amlno ac seq ence escribed herein
teith! precur sor Of SfeE proteln, t's

frﬁ@gﬁ@gahﬁ: fafonidn thEebehnd c@ﬁéw&umy h@ﬂﬁiedck@rmmatthet@c& 3)

thereof. Reference to PDGF is nmeant to include al

wseisailnhylristizasunsier stiipgens hybidination; eadliignig a nucleic acid encoding

%?éfwegéédyanﬁﬁ(g 5%18‘3&?; m:eeilsrheg&%ﬂrh%}éu? nal]f]id c[an%?Ja]tlvely modified

ccording to esent 1 nvention, e term

vatontheaof, (PDGEve dmeslerct(ﬁmdﬂweerﬂcb ¢haa hspgeattr than about 95%, greater
restriction ncl ude any PDGF, heter ol ogous or

and
hap gboyt |9§‘7cb Qe Pg%’g ’99%b9ra‘qlg]ga nyp]gogcg-cqgﬁgqqqgﬁ(ien over a region of
thgzﬂ'a %(91925 . 180, bl'S@' 99@ |900af600v ?5(569 Qb(\f@&' Y8re nucleotides (up

thereof. In cértain enbodi ments, the teérm enconpasses
prtbe ailhkngthdequenteocnwtbdotides o. tge magw protgink tarRMSerence nucleic

MRNA d | hi iants, alleles,
i 2o B Rl AR BB o2 homol bgs. that | (1) have an

no aci d sequence that has greater than abpout 60%
b de Paly%%%ﬁj@é’f PARRERtAF seaupnre FoypicHboiromFonag sy

%Q%’dlr%rl%ht 17of HiniRd 48, peridte %Eg@hu%@l@ rodlbrd, e%sofﬁtofnogge/ hQhster; cow,

gr eat am no aci d 'sequence identity, over aregion of
pitg, h@as tshedpoot ary5thGOnani@ol. TetucROscidrandgretemsionthe invention
aci.ds

ol tid dDb
G s B I r e i sro SO A gt BB foes Seauence or
802Gt BREIIES810R: natd Al pe&Glid G aEby thBistEcthR AMulRRBIRSF refer to

e. g , polyclonal antibodies, Taised agai nst an

Ma@mlﬂm@lmgi by t&leﬁ\éitlen@é&nmw&mﬂcan@e@u@ﬁ@@atlon
B A O PR 0P

BPEEH-B |(Galllﬂaylk h\)d@égsdjnzreo INRI€)025%9, INM eF26bg R IPDIGE-A B aid PDGF-
conditions to a nucleic acid encoding a referenced

BRi aiip herepgordetieniiaers of fiedyGhey arrf’el?lgﬁﬁ -B sgfpences.
conservatively nodified variants thereof; (4) have a
HO89ki clhegiredustiquehB Gty tnghkidg raefatr@thOﬂH@nwabm thte a6y (i) the

ﬁro@ﬁct:tg({n otéggc%ggaglgaﬁl& g%?%/ lgglzggtlc%%%/?élfze%né:, 8 81& %\gerse transcription of
RNA and/or amplification of DNA, (ii) introducing recombinant DNA into prokaryotic or
eukaryotic cells by transfection, e.g. via electroporation or microinjection, (iii) cultivating
said transformed cells, e.g. in a continuous or batchwise manner, (iv) expressing PDGF,
e.g. constitutively or upon induction, and (v) isolating said PDGF, e.g. from the culture
medium or by harvesting the transformed cells, in order to obtain purified PDGF, e.g. via

anion exchange chromatography or affinity chromatography.

19



at | east about 25, 50, 100, 150, 200, 250, 500, 1000,
1500, 2000 or nore nucleotides (up to the full length

wa e@easoas of nucl eotides of the mature protei NPCT/US2088/067562
ref erence nucleic acid sequence as descri bed herein.
[0088] A polynucl eotide or pol ypeptide sequence is
typically froma nmanmal including, but not limted to,

nt, e.g.,.rat,. use, .
Rlgol e enecafor i 6 Risrtded WhpsaisYp iyl Shanata o
dheryvie |h%'st¢sy§t‘éh1d§1a?a@%nl%&5ﬁbfbﬂu&ﬁ ¢ hdBainfieB¥oi@Ny G8RpRGle PDGF
reconbi nant "nol ecul es (e.qg., heterologous and encoding

mioteculel &anyp@nls aspsetmsecadls 1@91\’@' |Pcrﬁkarwt@r eedlf suqdras gram negative or
nan; noasgtuvre t)én%gzcur rl ”%Qél S Ee 801 aﬁfl[ uc§t Zom)ECﬁs %mag}zaromyces
mmo@al@d aﬁ‘@ FHed kel Bxaiphls &F Bﬁl@irﬁgﬂ: den @Irermst,ew&u(s NG 9s:D. Mel-2,

Human PDGF- A ( Genbank Accessi on . NP 002598,
Nk 66266% any Sihlgandridigh B: plaahesdls landxaé@wywtmﬂs such as

0 BRSO g, R iy
£AB88Iby Haenspr Gattiney (BHKO kelRDEEmam ¥idnay BQmeelhngiOﬁieI b, HEK 293,
knomn |n t he grt for (i) the Broduc i on of .reconbi nan

H@PG %ﬂ@tQ%%kpqmn 1 ﬁart eredy B Uitation to t%e reagents
Blr %ﬁﬁfo‘n@hké@ﬁop ro@ﬂﬁ‘n% Bg{sefatlﬁ%pbdlj &:@BI‘ t%&h%en& I1ﬂv)ent10n
i ntroduci ng reconbi na to prokaryo ic o

avkaryysystem knehinsin tlye 4t einsheoticady aealgiblwcraa be employed. Ina

Bsfeire e Pt gt B e mycition EDGK it phg by penetl o

BaLAPY HRhIRMRRT theldry) expressing PDGF, e.g. _
constitutively or upon induction, and (v) isolating

E)@W’ P%ld zgret 5%@0?@%91%5&%@ fdmﬁjé %&‘@gé}ﬁu&)’ of the PDGF and can

rvesting the transforned cel l's, er to obtaln
bwﬂlefqt@blfrmkargo@c angi rokariyatic @opcdfsamg gecthrsonat- bngvapiwthe art.

ff t ph 090 PDGF b .
Brueleatl v i Seur i R aleSot losle i in o dmiicg co. plasmids
Qitkak YRSET, POst AL &8) %@feﬁﬁth%g:@rﬁ&egﬁls@d Hl%%@kd}ﬁotﬁ: expression
pharnacolog|cally acceptable P nol ecul e. Commonl y

veseels insdudeded, itrs, irn,d‘ﬁw,earaw@katpy &xpwpleeof seowe forepgikaryotic

ram negat;i [ itiv act er n
thprr%slshonchl €, bu{r afd Ié)g](l: iopfed ed to: O e)fpressm?n ih yeas’t v20%rs such as

BACKE PRI T ESS Mt ﬁli@1|ﬂg|ph&notaﬁ@uﬂhﬁs Aolxq G@mmllﬂs; MIG1, etc; (ii)
eukaryotic ceFIs are Insect cells such as D. Mel -2

@F&Xp@f%on irigsecherllssreztorahias giTE pAOapiB. eMIBs PRAE. etc., using

t I Cﬁ&%' Cc %ﬁg L
L et A R A
mahinsiliabablys, hestsits eﬁc}kas(:bm (PBHKY, pRE/RSV, helDNA 3K pBPR¥yetc., and
293 cells; COS-7 cells, HEK 293,
vectors derived from viral systems such as vaccinia virus, adeno-associated viruses,
herpes viruses, retroviruses, etc., using promoters such as CMV, SV40, EF-1, UbC, RSV,

ADYV, BPV, and B-actin.

[0092] Host cells containing the polypeptide-encoding DNA or RNA are cultured
under conditions appropriate for growth of the cells and expression of the DNA or RNA.
Those cells which express the polypeptide can be identified, using known methods, and
the recombinant protein isolated and purified, using known methods; either with or

without amplification of polypeptide production. Identification can be carried out, for
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SK- Hep, and Hep&2, and others known in the art. There
is nolimtation to the reagents or conditions used

WO 2008pp8708uci ng or isol ating PDGF accordi ng to RCEUS2008/067562
present invention, and any system known in the art or
commercially avail able can be enployed. In a preferred
enbodi ment of the present invention, PDG- is obtained

th ds as described in the. ate of. the

PHORT: IR s enra Datp et Bafriuial Seu Fisilaying
Pr@BBpRIARMRE of IR JRE¥hc AN RAN N A h&SHi §Fthe p8Fein, such as PCR
eukaryotic and prokaryotic expression vectors
Wéwnm@ owaetiing bn8outhern bitamplysis, aifscigepingfer the expression of the

IS5 MO G RO PSR P ot Dbk
ad?sam@nmtt@rlﬁclumg al sBle@traBIé&ﬁMﬁéﬂ i6 tIRXPNASSInQftudt a4 Qfilfuring
i nclude lac, trc, recA, araBAD, etc. Exanples of

ensfastes! qrapfegigh 8?19150‘%(1“@1@%5 paelertableinskergene Blllfierf cgipditions
Db Lo Rl RSB A YRR R e

Boxther aﬁﬁﬁflcﬁédnl of tidd@trpdeted DNAIC)Jnsftnrct eﬁnp:b‘eeeﬁfﬂelcta:ﬂ blyn:ulturing
RS B O SRS BT as e b i o
%Jeggall}grﬂéélfle@ edify coﬁ%a‘fmng %ﬁ]gmfahflét)le Bﬁfke? éweeﬁﬁh@?re'séhce of a

l'i"fan cells, vectors such as pSVI
pohiABtiopBPY,dreg ot whigindnly ecll oeataeing \nadtlpllc onpiv$ ofahe amplifiable
é%ﬁ%ens such asfﬁaccinia vi rus, adeno-associ ated
588" HBPrPeLYSi ruses, retroviruses, etc., using
Eﬁ@nnters such as CW, Sv40, EF-1, UbC RSV ADV, BPV,
3b- deennempediount elbe inventien. deshigiogicabadtiyidy of the released

pﬁb‘ﬁﬁ(ﬁh 'fﬂﬁn%%ﬁ%sqgst% 1Y chia Rﬁ% & ﬁurﬁ&ﬂ Mégéghgﬁgp%tem Cell

condi tions appropriate for gromh of the cel
&XdiS€s siaophadégyt inew DNAreoglorgdéed shaps &tar ehltgrewh ninolayers in medium

SuBT e A S SPRELAAS R P, SR 5 28 Mo

EPAH 4 feh8&hcy Y8 ildeakOeMpBRERARS:; in@icAtBE theWiblBgiehl il RPHL the
I|f|ca¥|on of pol ypepti de producti on.

Fﬁ%@@i@pbdtﬁ@hﬂcan be carried out, forexanple, through
screening genetically nodified mammal i an cel | s

di spl ayi ng a phenotype indicative of the presence of
DNA or RNA encoding the protein, such as PCR

Mutk@li of gletes-afiging protddy chndehhation bh atsamipdd. ysi s, or
screening for the expression of the protein. Selection

[094E| IFhehaéitigpionty 20 baEedifRc Ot ©idtcenimodiung sdifle @Yk to their
be acconplished by including a sel ectable nmarker in
§1ﬁ)élagpygoé]@qqgqqoggqouéhd)r@(ﬂ'”cp@,rqqqgally occurring protein. However, it is

often beneficial to determine the amount of a therapeutic polypeptide, fragment, variant
or analog thereof that has been administered to assess whether the therapeutic protein
exhibits desired characteristics such as greater solubility or stability, resistance to enzyme
digestion, improved biological half-life, and other features known to those skilled in the
art. The method also allows for detection of authorized uses of therapeutic proteins

which may be protected by intellectual property rights.

[0095] The present invention uses a method to detect the release of PDGF from a fibrin

gel containing PDGF and determine the release kinetics of the protein. The comparison
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transfected or infected cells containing a sel ectable

mar ker gene under conditions appropriate for survival
w®2008n$5A733 hose cell s that express the sel ect abP@&I/I8a0RE067562

gene. Further anplification of the introduced DNA

construct can be affected by culturing genetically

nodi fied cells under conditions appropriate for

lificatian o s netical ly nodif
8@?&? s RS T SR 145 abr e e SPipephghons of FC
?(ﬁ‘l%ﬁ?hé?}f)s ® dé%ﬁﬁttﬁélﬂés%d odleRe dtb Gorahe WRFHBY Mpose The
cel containing nultiple copies of the anplifiable

philikele idpatiéy Benmeuntefeptei] @698 frem dhrefibisdlantater gie aids in
tg;g%g%lnz\r{tgonrrﬁt Ifc%@é ot pn%ael:%fée? V\]ge%h? gls%eggotnl h\.%thIe 1¥f8,g; S(t)lg)?lgr esI %ahtﬁ etc. The

hMasarahy gl mSt m@izkym(a WD 1rﬂiﬁﬁ1§3d”s©irtiaﬁt>/aslsi5f E&1as my ra
el ongat ed shage after culture in nonolayers in medi um
sdiimamnansay fRlovh yeair(iligion Peidady PDEF (%{EAb surfagg plasma

PEEgHAE gs‘iﬂie) ?Pétﬂ@r I:L &ﬂ? §§‘s9}/]§° l%égxlmalﬁ)thé‘gl‘? a tendency to

I NCreas roli t|o cated t'he biol ogica

Vit ease d
(DK 1 looRlp b B P SRR B PR R o PO, n LEIEE G Shagy is bound
kaEPBGGQﬁﬂlcﬁn@ﬁanelsﬁ&l & £ Hitibedy, dbfubleq@&dptctr%rd)a{ee gfotdifl or agent
serun1saﬁples due to their simlarity to the

eRbGEbUIGE produced, natural ly-occurring protein
However, it is often beneficial to determne the '
HM9Uht Tof the detestiapetgpiot tastihg pelpivlogisal datiagipethe PD(HT pratein may be

R

AR detdctbe BHGIRcRASscHpiC A Hdochemital, |Ul(tdﬁeﬁi[cal immunochemical,
stability, resistance to enzyne digestion, |nproved

pi Jicanra alcaps | The dotestablaotsthelitcrf geneiatass Rerswiblegsignal, such as a

%f.efosclg‘il\?é( ciul ?‘% {ﬁﬁor : 21% dést:eryg{‘:g P’\Ehﬁ? ganalLeS seélt(L ﬁ%@gﬁaﬁé the amount

on o uses <o erapeu
vhbaaid miay:ctkaelepn@b@oh adaitnyplel I‘Itheldlee:etabh:l m@é@a&hﬂ)}t 1ncorporated in or
rights. The present invention uses a nethod t

féceet (o th% P’foéfflé sgléer&fwﬁﬁxﬁw PF dioughsippic; yangler Waals or hydrogen
?ﬂgfs,gér g 7 G0 p@%loﬁ%@ rgﬁ(ga%ﬁ% H?cl%(ﬂf(‘ieg,%r %ﬁgfglgﬁ'té?leﬁdcfe%tlgés that are

e conpari sono ese re Ki netics
fecognitéddryi strepealdamt $hadalectalde rrg)iamrr;awng dmmctd:;emt indireadlys

f F nent hel s to determ.ne th deS|r | eas
e IS, TRHE s dphce] © HoF Bt teh 8T abreni grpgy o ity
HQ@&%I& lrhotleh? teMhe leﬂ@tec@ﬁleﬁﬁ&%?‘ Fok @J(ﬁﬁ‘;ﬂ@ dné aarehhe m01ety can be
brin sealant over tine aids determ nation of the

thgthgﬁml of heindipgpaitoerb sitsdds rptimawrmdhu i$ @ bindbraraptneofer streptavidin,

glndlngypartgft:rcmag Rself be directly detectable, for example, an antibody may be

labeled with a fluorescent molecule. Selection of a method quantitation of the signal is

achieved by, e.g., scintillation counting, densitometry, or flow cytometry.

[0098] Examples of labels suitable for use in the assay methods of the invention
include, radioactive labels, fluorophores, electron-dense reagents, enzymes (e.g., as
commonly used in an ELISA), biotin, digoxigenin, or haptens as well as proteins which
can be made detectable, e.g., by incorporating a radiolabel into the hapten or peptide, or

used to detect antibodies specifically reactive with the hapten or peptide. Also
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detection assay may be an enzyne |inked i mmunosor bant
assay (ELISA), a radioi munoassay (RIA), a

W@ 00s1517BAt i on proxi mty assay (SPA), surface PUEES08/067562
resonance (SPR), or other binding assays known in the
art. [0096] GCenerally, for detecting the presence of
PDGF in a sanple the PDGF is bound to a PDGF binding

age ch as nt | bod sol ubl e rec or oth
GRS A e, RN BB ST PpEROn g R g e e o alable, or
ARlae hii@MmAt&MesAbith @%que&e@onﬁﬂ&h&ﬁé@% a@frkétVh hihotdd) 8
PDGF protein may be |linked to a detecCtable noiety or a
oetasulanblass beaded mamt@@igaltﬂ enans- ot Jigp-bead edntpigfngrasfluagescent
C?l &oe{rlngnlc éﬂt adcgut G e?ﬂea? ¥u3 ﬁ?r%ho%ﬁ?e ml'lj C(%Pdrimers with a fluorescent
jelif=uy @ﬂ&:romepondw andRice6h ab[hcﬁ ridle@ily oOhbRBulgedificalr€r a light
a measur abl e signal, such as a radioactive,
eitggeAtiide. or f1 uor escent signal, that can be used
to quantitate the anount of bound detectable noiety in
H)Ogahplf&ddlmbr@l tv@t:l@ soaigmglatasi for ysecwith b@sqarrte@\rep@platr@hldenbut are
either. coval en

?%t lgmtteh tob uo f:sce dyg R t el QFOICSCFII]hIS%t IOC%EHl L oﬁ‘gxas rgd rhodamlne

hiIC@E mé)atad@cnamS (o] PRCPI VS, M@Ioeézpo d:a@ym@g(e g horse radish
bi oti nyl at ed nucl eoti des that are re;&gnlzed

BUpEigasey pl pthersisamirande sl lie amBLEY4). pad clarigetisdaba)s gich as
cﬂwl a?%é dyccﬂg eﬁ?%glggﬂlégtgﬁ?eégf yéj O]éoq?stt@%ﬁe %%Bry%b\gf?én\éelatex

erel) eﬁtiabllnﬁlenebyc}temlmhﬁne:keérﬂdit&m (e.gnHedpiumKBn), MSD Sulfo-
exanpl e, the detectable noiety can be the ligand of a
B##ldi ng partner, such as biotin, which is a binding

Fartner for streptavidin. The blndlna partner may
0168] 1 W label sy by coupled digptly, orfipdiresdy s the degiped component of the

u
SRR SRS B OSSN TOASFHS: o e
ashicavighobiyd toathg compaient udihg@iin B6cy&@ A ok Nghydroxysuccmlmlde ester
densitonetry, .or flow cytonetry. [0098] .Exanples of

feaget £0rs<19ini%511@1 Pln 49&1&6 PEENt ﬁ@zogélgw WﬁﬂIhV@ag%f Ingqqig aspect of the
¥1§‘tmﬂ Bitu dﬁdﬁ%hiﬂqgoc Ll fé@géﬂté’ Sreh ROSL osconjd HRIORHG rtf & biopolymer

ectron-dense reagents nzymes (e.qg., S conmon
tsusfedmariabm bielpbSA)er cbuuogate] wudipgmm agem: agenonttdvhpd &mmt«asThe label
rot ei ns

t ect abl
5 ppla@r B h s OF Garcchdnane G e e oot d tibeled
a@@acc@fdlﬂ)gsﬁcmé hveRi&Cdr AR E@&@H@@d&@&%é‘ l')l‘éﬁ(l)l:ygner conjugate.

reaé%lve Wi th the hapten or peptide. Al soconte
as endagatecedboge faowidgtyviau ety s ddbsksrcan be uﬁ@h (vmtlhdhgthmce of label
di es are nucl

3eﬂeﬁg ﬁg ol aeIéSﬁté\g%/C S%Fe%n%e}ﬁ: é); }c/orpgga 1otn g¥1§1 %dn r&gsu% 8{115) nent of the

@ssay, stability requirements, available instrumentation, and disposal provisions. Non-
radioactive labels are often attached by indirect means. Generally, a ligand molecule
(e.g., biotin) is covalently bound to the molecule. The ligand then binds to another
molecules (e.g., streptavidin) molecule, which is either inherently detectable or
covalently bound to a signal system, such as a detectable enzyme, a fluorescent

compound, or a chemiluminescent compound.
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nol ecul ar mass bead, a magnetic agent, a nano- or

m cr o- bead containing a fluorescent dye, a quantum
wa@loaog/15778guant um bead, a fl uorescent protein, dJdeCHUEI088/667562

with a fluorescent |abel, a mcro-transponder, an

el ectron donor nol ecul e or nol ecular structure, or a

light reflecting particl e [0099] Addi tional | abels

@ﬁp&ﬁn‘g}lﬁg-‘l%g}l)%ﬁ{lq%%g{uy 0of Sq?{;(téfr{ ng&glitll?tolgcala rglfso%e conjugated
2l 4
?lrée&l@?ﬁ g)@hﬁ‘lr %eglle%ahg% ‘ébflﬁﬁéﬁtﬁlﬁ g Xﬁf ccb’rggglatlbh Q\qg}fﬁ]ﬂ% ylglre &r

@Q@pph@n z ﬁﬁéﬁnqse;ugable Iﬁ@rr@e af labikls hnqéledfo Rutchais got limided to,

ﬁ (E‘O ases ar 1curia1¥ esdhzll n e%ln C%EIIS§S n((:j Scl: alseosr IOIng)ElalotaSCS

X AR EINS éao 455 07

F:irﬁ&ﬁlhﬂy paaﬁﬁiaie@ muor@@bm%mqaefﬂ@s sﬁﬂilbl@ f&nué g Rbels include, but
atex, etc. | um nescent or_ chem | um nescent

psmet gmetéd ga ’tthg tigis abevers)welvshluogseein degyatives.ghedsgmine and its
g&f‘va 19 ha B L gﬁ)eﬁf??%%lﬁ %ogﬁlr PRITY. af?ﬁra:' ﬁﬁjl {n%chhcyrﬁgcglnt ‘&’e acridine

esire t o e assay accor to’ net
yeldw, ersmmnne rhodhmimgt B.sulfony chhﬁﬁefer}ahremd irachetipmt (s,

| abel  is coval ently bound to the conponent usin
PiyEgaHE e CYPPINThJEF BXEL APHP e ageting dl.ng%la%thc% fgyin adenine

Qﬁﬁﬂlﬂ&?&e‘ o @fheﬁﬂuﬁ‘ﬁ'ﬁésé’&lt @&ﬁ?&urﬁg %ﬁﬁéﬂl@ﬂ)r L& ﬁsl'lgbels include, but

I nvention. In one aspect of the invention,
iefnghimited &, M0 Gybfmd’[ﬁé},rFaaglentrls(FaD Sarseidt ©noohicifgat end 2,3-

| ab to . [ to f bel bi I .
TN Raae e RbiR: sk ToriSh BUd eVt LeReY ey Begr siena
Jﬁauélﬁg e)stdthoipat dﬁ'ﬁ&fe RN U HRHBAY oPhep3&En@ifivé@ftion, see U.S.
Internedi ate for the synthesis of a | abel ed conjugate

Beteatr ™o #g3%1P0he i nvention or may be used to detect
t he bi opol yner conjugate. As indicated above, a w de
02kt YWedns [fabddteting tabels aus wdll knpwh td ﬂmscchliﬁkd:léirrthe art and are

abl dependi ng on. sensjtivity required e of .
BRIy T oR TS HIERG alteelt dOSaHERe IS HE S e Ay i
&Hﬁﬁbdﬂfﬁt Ynch RO UBREBINSSinc M@ h k&Rt Batl MLUMEE M Al la@fdimARHoassay,

di sposal provisions. Non radioactive | abels are often

stintdtation Ptgxllinrm apsapt (Fiteapisal., @%N@M@Dlsaos Pgrafer12, 2006) or
nﬁ?tg%rlél?hlc Yisiin ta)mto b a?%%%pslﬁrc C%ﬁerte nhe M ti%" 1 glug %sgenf label, it may

e Ilga 0 anot Hef ecu

b&d@ectedby exfi@d @ik Muorseheend With Wi apbrdpsia@i waielength of light and
i nherently detectable or coval ent :%) bound to a signal

dsfeqtingthasigeplting flyorsaceace ent- By Aow avtometsy.«5 ogist methods
ERTREH Y L PO DTG 3R Thpcron
adtsaob sudony adgaieadupled devices (CCDs) or photomultipliers and the like.
Similarly, enzymatic labels may be detected by providing the appropriate substrates for
the enzyme and detecting the resulting reaction product. Colorimetric or
chemiluminescent labels may be detected simply by observing the color associated with
the label. Other labeling and detection systems suitable for use in the methods of the

present invention will be readily apparent to those of skill in the art. Such labeled

modulators and ligands can be used in the diagnosis of a disease or health condition.

[0103] The method optionally includes at least one or more washing steps, wherein the

bound PDGF composition is washed prior to measuring protein binding to reduce
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directly to signal-generating conpounds, e.g., by

conjugation with an enzyne or fl uorophore. Enzynes
w@ioBamI783 f or use as | abel s i nclude, but are nPET/US2008/067562

limted to, hydrol ases, particularly phosphatases,

esterases and gl ycosi dases, or oxi dot ases,

particularly peroxidases. Fluorescent conpounds

abI for use as |la ncl.ud but a ot
Pisend st urace Frefe By Inhod eRnspidess FlBleas g poOF ater
gRubaRhiof & pdl Arpan E’&I_Il_%%‘i’tldnt ahdHREdrY abteMsh of 4IRSV ks performed in
unbel | i ferone, 'eosin C-am ne, quinine,
apmepr@é@ buffenplussdatarginte Sylézml@wterlgpstg ardlyrls, briodanetiit@ to
?Sldlrp%th%lart}llnlioerolxqges %I:glosce a&ey ma tOSl (clf : ssaulfates (such as

ni CO

ﬁﬂﬁﬁ}hlﬂed&ﬂynbtﬂfae@(tsmﬁ) Np- a@ldhkﬁ@ﬁﬁglﬂeosﬁ’ddﬁulﬁdtﬁﬁé§ tige acids, CHAP
etc. Chem | um nescent compounds suitable for use as

pealsel dgitondan.dncanpdas. eighinglyselegiiing nppioniggphouyethytrpgbased
gélglgghtg rihé Ehhllqg Z'[I%;]e o%t”l;&?/@rbatw %héhee(s @26 and TWEEN® 80,

ropht or a revi
BRH@,rCEENAPD@J@hnMQHESI’E@ gpﬁterrmrp dmmdmglrﬁ ysipomnds hzmtd the like.
gan be used in the nethod t i nventi

eroilpy QurrgsyFeptpcqly in ro@q%gglgce ﬁ%ggrﬂ%% i,ga DPP-oll s 1898 John Wiley

[ f
FRLSEH, PERURHELS SURnfEl PRGSO Ol Ly

@qieeuteatatlofr Kags N efug¢baama ip IAeGuMi/h &y élethqadrtadzseind ilse of Detergents in

BB T e st iy oy i SR oadadylia Calif, 1985).

scintillation proximty assay) (Pitas et al., Drug
Met ab Di spos. 34:906-12, 2006) or photographic film
as in_autoradiography. V%ere the | abel is a

Metlpdsf administexing the fibgin sealandt ect ed by exciting the
fluorochrome with the appropriate wavel ength of 1ight

HH@4H etIé@tqomgrrtpi’fﬁéed @eythe ifikgn sealortesefahingh¢ svgntiorgs pdministered
Iﬂ’] ufbf Xt Sg}?t {e\éhma esovgj%ﬁﬁrape\){/ n&ﬁé a1L/t nf%ﬂ e)fzimyplé Ey/ 11p%ct20n oI spray at

ence ed vis

Chfe debiegl sitendrelo d@tpﬁﬁnp nsirpUctpoage-ikat gaeC prepfoetled €4l 4@ Sr other
CCDs) or photonultipliers and the like. Simlarly

m%ﬂgsv%kil%wm BB artmhy osecrpaddaetgths e HisrEd qafesprayed and
&ﬂﬁl@%& g&Qﬁgﬁgtes for the enzyne and detecting

resu reaction product. Colorinetric or

g i e R b RRCLS s <A SAoRililh %o e who woula

bale€it frog a8 dusteh@donaol16y el @R® oSPDGE €ivioDtis wslﬁdlbﬁ app@ent to
nmet hods, of the present invention will be readi

alpfp%fr%ﬁmalty(asktlh@lstbe 3. lggllingibit pidimitad (0 SarcepnFis sef out below.

In one embodiment, the patient is suffering from a musculoskeletal disease, including,
but not limited to, diseases of the bones and cartilage, muscles, associated ligaments, and
other connective tissues; a soft tissue disease or disorder, including but not limited to
disorders affecting, muscles, fibrous tissues, fat, blood vessels, and synovial tissues; or a

vascular disease.

[0106] In one embodiment, the fibrin sealants serve as a replacement for bone grafts,
and thus may be applied in many of the same indications, including, but not limited to,

spinal fusion cages, healing of non-union defects, bone augmentation, bone fracture
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cardiac hypertrophy or cardiovascular developmental disorders.
Kits
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[0113] The effects of recombinant (rh)-PDGF (R&D Systems) concentration on the
release kinetics were analyzed using a single formulation ([FC] = 20 mg/ml and
[Thrombin] = 2 IU/ml) of Fibrin Sealant (TISSEEL VH S/D, S/D being an added virus
inactivation step to provide added safety; Baxter AG, Vienna, Austria). Different
amounts of recombinant human PDGF-AB or BB were analyzed (5 ng, 10 ng, 20 ng, 40

ng, and 80 ng for 0.3 ml gels). PDGF was resuspended in the FC component at the time

of the gel preparation.
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Met hods [0112] Release Kinetics: [0113] The effects of ,

v ko Hbilaya i th( standapDdmmuriE (SEMS s gravan deastiva (k- oiradialkersville
e 0 Kl Mgt | I usi [

ir%.r, n\ﬁ%%?l?%lﬁe,w'@%at g‘%’ (3@1{”5 ‘;@%@ﬁﬁﬁqre mEHTmAvay ﬁghged every day and

culture medium samples were frozen until tested for the amount of PDGF by ELISA

(R&D Systems, Minneapolis, MN). For the experiments that evaluated the effects of FC
concentration and lot-to-lot variation with TISSEEL VH S/D, gels were dissolved after
the 10-day release using urokinase (1U/ml) in complete medium. The amount of PDGF
in the resulting solutions was tested in order to verify the full recovery of the amount of

growth factor initially added in the gels.

[0118] Biological Activity:

[0119] Effects of released PDGF on HMSC monolayers.:

[0120] One fibrin formulation of TISSEEL VH S/D (20 mg/ml of FC and 2 IU/ml

Thrombin, final concentrations in the gels) was used to analyze the biological activity of
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Proliferation of the cells incubated with medium supernatants from gels that contained

added PDGF was compared to the proliferation of cells incubated with supernatants from
gels without added PDGF and to the proliferation of cells incubated with freshly prepared
medium with the addition of 30 ng of PDGF (positive control). Cell proliferation was
monitored by measuring the fluorescence intensity after 50 min staining using a Multi-
Well Plate Reader (Gemini, Molecular Devices, Sunnyvale, CA). After proliferation
reading, plates were washed once with basal medium to remove residual stain and cell
morphology changes were observed using an inverted fluorescent microscope (Nikon

Eclipse TE200, Nikon Instruments Inc., Melville, NY) equipped with a digital imaging
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NeXl1 .Ufor snype eagttuae) Nskdn) O Roig&lisarat Retbytaiding couliis avené figst rinsed twice
rel ease Anal ysi s of

C d PDGFAB or PDGF-BB. [0121] of cell .
PitBIPESe fixed BricerraldiRanetaangl forcld) mingidstinesigyith &g plizarin Red

.oLif ' .

iOthh g3 R8.) PRI rpjm[:nﬁg YCARANGE e e A5 BINEE BHnl each) with
%Qg‘lé’ 1, 4 and)7. Cel 15 cul ture nmedi um was di scar dg%l]I and A
EBB lagd wlkyeevesitwmingatie wivetedlightweitdsanpedigecribet aboan
cont ai ni ng Cal cei n- AM and Et hi di um Hornodi ner -1
[0324]1ra-TAladditioh td the .staifhg bl Aliizssin REY,. alldiak ipheyphtiacsy ALP) activity
the cells incubated with nmedi um supernatants from gel S
VRsMmeagRshasfegarker of early osteogenic differentiation after 1, 4 and 7 days of
culture. Cells in 12 well-culture-plates were washed twice with HBSS (Lonza
Walkersville, Inc.) and trypsinized for a few minutes to detach them. Cells in suspension
were then transferred in Eppendorf tubes and wells were washed with 0.5 ml of basal
medium, then transferred in the corresponding Eppendorf tubes. Cells were then
centrifuged for 5 min and washed once with 0.5 ml Tyrode’s salt solution containing
NaHCOj; (Sigma Aldrich, Inc.). Supernatants were discarded, cell pellets were
resuspended in 50 pul AMP-buffer+MgCl, (Sigma Aldrich, Inc.) and transferred into a 96-
well plate. Tubes were washed with 25 ul AMP-buffer+MgCl,, which were transferred

into the corresponding wells of the 96-well plate. 75 pl of AMP-buffer+MgCl, were
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@Bk solution. Finally, ALP was measured as an early marker of osteogenic

differentiation (protocol described above) after resuspension of the cells following gel

dissolution in a purified, concentrated bovine Trypsin solution.

[0127] Binding of PDGF by Surface Plasmon Resonance:

[0128] Surface Plasmon Resonance (SPR) is a technique that measures bimolecular
interactions in real time. The analysis can determine if a specific analyte binds to a given

ligand and determine the binding affinity and stoichiometry of the analyte binding to the
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was neasured as a marker of early osteogenic
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AL P800 0GRl BRI e P BT Bt rgrmentan
fddehch swmcentraibnpthe 2edciatopiml dif@catibomte] Wadi2meakfikéct s

of PDG--BB on HMSC seeded into fibrin gels: [0126] In

1801 tRe@tRhbERalvfig biol ogical effects of PDG-- BB
added in fibrin gels on the behavior of HVSC seeded

Eﬁt.”@ t I’l@eléds@ [{in@tlgse\Lv@re%BgdddWHt lakd, Q@ésuﬁ@%ﬂlloﬁferatlon ALP
ndo hel 1 al I's (HUVEC, Lonza | kersville, C.)
sy dAlsmnt thee gedl Ail@alﬁrastelmnﬁl &@meswa@d))fg?ems of experiments.

aining 1 /m. of FC a

bR heabE PR ine ok coRBRy it yifise p B B Sygepients in
SiplRhe. SPR tiH419siS edrlesicH PIYEE @hcditMEL) wak cerhuetel i frq)hcate
cells at a HMSCHUVEC ratio of 4:1. PDG--BB (60 ng/0.3
Matigfeda) anghsisaerarprionmed asipgtherANQMA st witle SEoasdhe teypleof
g}l&c%cet he tine of gel preparation in order to

npare cell behavior in gels with and w thout added
PDGF-BB. Cels, prepared in 24-wellculture plates, were
i ncubated at 37 Cin 5% CO for up to 2 1 days usi ng an

E%@wﬁmﬁ&pﬁ?e' Lol PSR hopesnathone o 1 relrask BRI A TISSEEL

H)/]}eratlon as well as osteogenic differentiation,

erfornmed at . . o o
[0132 The effects of PDGF concentration on its release kinetics from fibrin gels were

analyzed using a single fibrin gel formulation (FC concentration of 20 mg/ml and
Thrombin concentration of 2 IU/ml, final concentration in the gels) made of TISSEEL
VH S/D. Release kinetic studies showed that PDGF-AB and BB release amount
increased with the amount of growth factor initially added to the FC component of

TISSEEL VH S/D (Figures 1 and 2).
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days 1, 7, 14 and 21. Cell norphol ogy including the

reorgani zati on of HUVEC into interconnected cell-cel
Wm2i08035K33 (early events of angi ogeni c differ entCEUSNG/067562

was observed by fluorescence mcroscopy after staining

with Calcein dye. Cell proliferation was anal yzed

after staining with Cal cein dye by nmeasuring the

[ resc nce int ensi sus
MEEF" quretlP e BBRiR e P Al et R SRbHEIEREA T 35 of he
RovdiRediEy PRGF- &8l vAsirBlRaschiaf@t 1 (Y daydlcFig0Rs1 MASIHsRIiAS the
an early marker of osteogenic differentiation

tpnenocoicladesel FIREH- Pa%@fﬁ@) ondy B days: m;mxh@tw@rrel@asetorﬁ &DGF-AB
ceIIs foII I ssol u [ ) .

Was approxima e\é\gr ggoi ég’ﬁén tflherp \évorn(fsstgl %etre%uﬁts SFB\_&{@]T re'éclanrgléaln r(l)é about 65-
0% D@fy txyarﬁuzrtfoacm Pbasdrany Resonance: [0128] Surface

Pl asnon Resonance (SPR) is a technique that neasures

fo178] eqwsalis vith PDAGE-BBR11bWed Bl safb MRndsT BEt &éjb%!té/dszh Righer overall
can determine if a specific anaagte binds to a given

ralggan dvitnaboded &t Me7tigatsidradiicn i daysi(Higuye Andf considering the
st oi n i,ndi

LB EOLORER e PRy 2R IR Pl guta”
pRbachaedly P0BEEh a |igand. The anal yt e, prepared in
buffer (nobile phase), is then injected into a fl ow

Ak V‘flfeﬁ@re‘sﬁlts‘ s%ggésﬁ alségngohﬁﬁal ?hﬁeﬁl@ﬁ‘érﬁgf 15Jth PDO)E-AB and BB

stream of buff f a binol ecu i nteraction occurs
bethwibein. t he analyte and the ligand, the local increase
in mass at the surface results in an increase in
refractive index units (nRIU) on the nmetal surface.
The change in (nRIU) can be graphed as a function of

EXMMPLEIR G ffdots 6TEC RORSRNEatRnWGYPDGEoRI¥akeRINetibyfrem TISSEEL
VEEEAMAB and reconbi nant human PDGF- BB were used as

anal ytes, and the FC conponent of TISSEEL VH S/ D was
Hﬁgg] astd fferhiigihd e fFEAQSPPEtBnbthEEn SPIHMPISHE (H8%e kinetics

physi ol ogi cal salt condition solution) was used
bem henp TTSSHEL BH $/6x l6btin Serleetntaleass was awflyzedabingfeelsthaving a

i sof or ms epar.at e t he sy rfac
g;r( T]&r&mé) 1 %Oélgwetléa g?ﬁ iﬁfjnbﬁ Eeg rfa rcilﬁferee)r(l h eﬁ: ICPI%CCP tﬁo S%S 10, 20
it 4aginic fingledhEaitlaons ih ik 289QETASSPRL AHIS/D.
di ssociation rates were neasured. [0130] Statistica

Fﬁ??bfr’s IELIshOEdAds sReleps §p11$é fk%a'sé: 8t BT arfloN e Eda8inl Re release up

icate. Results on proliferation, ALP activity,
" ctaiyd@ fBi albcenvdntitions of ECgtn&lD/mdw@lgtre 3AppWewentlding & ng of

T e S B S o ——
BXRelidetBO feSeds@kinetics. The cumulative release showed that approximately 27% to
32% of the initial amount (15 ng) was released after 10 days (Figure 3B) and only 10% to
20% after 3 days. In other words, the retention was about 70% after 10 days, up to 80-
90% after only 3 days, and was not influenced by FC concentration, suggesting that 5
mg/ml of FC was enough to bind 15 ng of PDGF-AB.

[0138] Results with PDGF-BB, however, showed an effect of FC concentration on the
overall release percentage (Figure 4). Indeed, PDGF-BB cumulative release from

TISSEEL VH S/D was higher with lower FC concentrations (about 65% with 5 mg/ml
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dupl i cate. SPR analysis for each PDGF concentration

was conducted in triplicate. Statistical analysis was
w@ezeBosiTedl usi ng the ANOVA test with 5% as t hePCEBEU£4008667562

significance. EXAMPLE 2 : Effects of PDGF

concentration on its rel ease kinetics from Tl SSEEL VH

S/'D [0132] The effects of PDG- concentration on its

re e kipeti fr fibrj el.s.were anal yzed usi

S ERE e R it et s SRR St ST et sy 3 also
HOWE aepaiténdds 0 P01 Bn&XRGEHE, WatH PpréXimétel B3 relbdsB@kvith 5
concentration in the gels) made of TISSEEL VH S/ D.
Rglrelaafd e (% redeasdil ath, enloh &€ PDerhep osdic thBR results

r.el ease _ampunt_ i ngcre d w t anount rowth .

R AR e PGS TR 40 (LR SRR Gr POy Y eldiapum
MitnboR of Fbdid76% vitnd B/nflGEF8)) afver@iidys, fidnihaliinMe retention of
rel ease results showed that onl about 20% to 35% of

bt ppforangmaxiyaed aboxtPOARAI S dayp-ckhsedepeidease afthe gglense
Ei qur ¢ : , ' . f
KRR 0 porcen AR AR dolS R BhLY RiceSy S0RG0RimB by
SEEiAR Crashcampatioxii mat el y 8-13% I n ot her words, these
results showed a retention of about 65- 80% at day 10

F139 pb OAlfeer@iTss8R Hagothe daly tSrech ik PHGRABHentinihg h AOGERBBLISA
foll owed the sane trends, but depicted a hi % er

gveltsaihowed (s deleaskSE H eftsheiniumbpadded pmoyns| b ROSE- 4B was
FSpaes AFRAUEE D s U AL AL i s

reslleashe wad shaa p 7o i 756t & te 2t B6%4ddpd 1A6hnt T PEEGHF-BBU S

suggest a strong binding interaction of both PDG-- AB
EqRYBEl WiRaT the BEPYETY BRARPYL fomplete Fort G-I, therelease percentages of

PPLGFERBAhO% 9 h&?@ﬁd&r@étﬁ%&i kinetics from TI SSEEL VH
SI'D [0136] To détermne the effects of FC

concentration on the PDG- rel ease kinetics when using
TISSEEL VH S/D Fibrin Seal ant, rel ease was anal yzed

AP PR B Tt g e B AR BT Vg

ﬁﬁé gﬁ@;ﬁ%ﬁ;gn’g aft ithrf]:aclffe(c:t%% lelglltné %}fjfe(r)fr:]nst Pld’] prtoggct %etls ?Qomo{"ISSEEL
VH S/D with a single gel formulation (20 mg/ml of FC and 2 IU/ml of Thrombin, final
concentrations in the gels), results showed a constant release up to day 10 for all lots
analyzed. The cumulative release of PDGF-AB after 10 days ranged from about 23% to
32%, depending on the FC lot (Figure 5), and was, therefore, similar for the 3 lots. The
cumulative release of PDGF-BB after 10 days ranged from about 38% to 42%, depending

on the FC lot (Figure 6), and was, therefore, also similar for the 3 lots.

[0141] These results show that there is not a significant difference in PDGF release
between fibrin lots and therefore there should be little worry about lot to lot variation in

release kinetics.

[0142]  After dissolving the gels to recover PDGF-AB remaining in the gels, ELISA
results showed full recovery of the initial added amount of PDGF-AB. After dissolving
the gels to recover PDGF-BB remaining in the gels, ELISA results showed that about
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[0137] ELISA results showed a spi ke release at day 1

and a decrease in the release up to day 10 for all
weowsesnsat i ons of FC anal yzed (Figure 3A). WRCT/HS0$1¢p7562

15 ng of PDG--AB in the gels, the FC concentration

(from5 to 40 ng/m ) did not significantly influence

the rel ease ki neti cs. The cunul ative rel ease shovved

38 on ity B ettt bEPDH b i ices”™Sinf Bifecovery was
AR b mbpe £ PGP, @fe &e@eﬁb’&lea&é&p&&éﬁ%ge%r%Glﬂﬁ may be

retenti on was about 70% after days, up to 80- 90%
sighdly vodé¢rpstgnaiedrs, and was not influenced by FC
concentration, suggesting that 5 ng/m of FC was

enough to bind 15 ng of PDGF-AB. [0138] Results with
PDGF- BB, however, showed an effect of FC concentration
BXAMPLIVRRéléase &iitaie op PDCIN BB oFI ISSEEI4 VH | ndeed,
PDG-- BB cumul ative rel ease from TI SSEEL VH S/ D was

[019BEr RidléRe kineges SAPDOGRBR oAt TISSEE( A Was @by véd t observe
mg/ M and 25% wi th 40 g&{m of FO at dgﬁlo Anal ysi s

poteRtiphdiftrrenses porRysiag IS YHblISREREJVE S/D

dependence on FC concentration, w th approxi mat eI y 35%
FHHddhs eﬂlmfkhtssfpf REGH- B8t concsrration 09dheaierassdednstics firas0 TISSEEL
%{ mfr:rrﬁ: I'lhnefaé]tlrg(rift Iﬁg%&lgeflo &m(’s@g/ easF{il g]%ll()l{ntltslrﬁ?rggﬁg %’é@ the amount
angrod thRxtoMinTiflBf flded Wth@fFCE&ﬂMionZ&O/@:(ngé . @Veﬂﬂl ﬂhe @fmulative
FC) after 10 days, and a mni mumretention of

@%%ﬁdu%%bpﬁ'ﬁ%ﬂ%ﬁt oalyabeugii &3 4% of ﬂtfayglallsrﬁéc?ed PDGF-BB was
h
%?&?&98&?%% 5 X .g], LELRRSE uﬁeﬁ‘ d&w&%ha%”thggerl&g%gﬁ{%@b\!;% using

suggests a e contro rel ease
TI&SEQELngHF&ZDc ofteriniyad doys, rdsOliS3Hpwal henmaisive Ire.lézn;g of RBGF-BB

g | S|u{t ES éﬁ‘@,c On Vé—&perwq?fgfgi:téstﬁg}l erml n nxg%tftﬂ?s:efgg lﬁg%qsl%ht' u%éerestimated

dri AERY Wi ISSPEL VB WBS c5iReeNand EPdﬁ, €ne plates (compared to
di ssolving the gels to recover PDG--B inihg in

p(bigp@pybne fbe Star MASYEEL V3h 8 danchBD GE5H4 1t ind 586-opecifiwlly to the
initiall d anmpunt of P B was.r.ecovered. Since
bl B RS e SRRy oL sr o Tacip: repa gt (i 85 a b ERa of he
PRUEE R @ge §x&hnpe@%a§§)t%&@ﬁreb% Sdrraht ths potentlal underestimation.
underesti mated. EXAMPLE 4 : Effects of using different

Fflqg}J Ctwhai ﬁ)oﬁfng-gt Sretertec M 1 g%t{cgﬂtflgﬂon%%ﬂg PR NG BAklease

he effects of uUsing different FC product ts from
rb@SHSBEWH \SHLEMStAhreaulm shgived gepike mln:u;b at donl ¢RDa degfredse in the
Peflea's:g uﬁa ?odday 10L¥0£T1 all g(f)nc-ggtrrz(i)tpot%lls I:'Jlnalyzerclia(lFigure 8A). Results also showed
that, when adding 15 ng of PDGF-BB in TISSEEL VH gels, the FC concentration (from
5 to 40 mg/ml) did not influence the release kinetics and the cumulative release showed
that about 30% to 35% of the initial added amount (15 ng) was released after 10 days
(Figure 8B). This result suggests that 5 mg/ml of FC from TISSEEL VH was enough to
bind 15 ng of PDGF-BB. However, as for the results on the effects of PDGF-BB
concentration, it should be noted that these values with TISSEEL VH might be

underestimated due to the use of polystyrene plates.
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concentrations in the gels), results showed a constant

release up to day 10 for all lots analyzed. The
w@esliztsy/e rel ease of PDGF-AB after 10 days rBEIESR008/067562

from about 23%to 32% depending on the FC lot (Figure

5), and was, therefore, simlar for the 3 lots. The

cumul ative rel ease of PDG--BB after 10 days ranged

98, i S ok B PR R St otz 85 From

THSEHL Vhesen hemgled gl ?d}ﬁl\matula 20 H@’rﬁl FMd 21U/ml of Thrombin,

significant difference in rel’ease between fibrin

fioal sonerdtintienseh dheegal elieeultsrsbgvvdd b eonsitant rdeage upyo diolA for all lots
L . variat | on e Alte

%natl zs V:Tﬁfé Cltll’Hu gf age (r)é 15%@2’?]?%&5@ gg?ays rz£ é %1]om abou{ 30% to

b0 (BRufe 9)E£-rl(§&a§ @stekdrs dshevest dnlthé FCQﬁtQMﬁﬂibér Qflhlt:llﬂ Gvas opposﬂe
initial added amount of PDG-- AB. After dissolving

tpethe resplty fead sHthpBGSERR Yid dP nOg of ﬁlet@gef@é‘Ff‘sbet‘EEan}\e 3 lots of
*TEESLEEEDQ’VFI}%_ (LE%C %}Ré‘ﬁt %? %ﬁ&f) kg? ﬁ{egh%’]'%’?é tloy loqqd%:b U/ml for

anount o was recovere e recover
Wwagd and 2 edijpinkioe 16td), FBgEstiBBa poteatioer@ldtion bbease the amount of

ercent ages for PDG-- be slightl
i 2] %%t%leaelewg%?ﬁ% BB | o gléﬁﬁy% VEs of
PDGF-BB from TI SSEEL VH [ 0143] Rel ease kinetics of
PDG-- BB from Tl SSEEL VH was anal yzed to observe
potential differences when using Tl SSEEL VH and
EXAMPLEG: BiplogidabactivityTofa elehseslcPRGT orPBEES @onolayers in vitro
concentration on the release kinetics from Tl SSEEL VH
[d42] nehsnaredeseRelsyhal stesh caslsd HMSE) drbeluripbeasprgenrouaells that

SRR B el S TRe P B REM D R R Encgtotyees.
§4EBHI A, Y& Bc%lt@saeﬁﬁ rﬁffc%ets SC%I%\M' Rt OakoPREY: FAPLY5020881). The
to 40% of he initi ded PDGF- BB was rel eased

edramitmeQt Wffeﬁen@atlonaﬁéhﬁsepwdﬁ art mesiulagaidy 4 traiet plefactors,
gl%gléi;? ﬂbﬁt%fa;cl:? gnle]Wuet‘ ag Séi)fp ic EI%S%]Eke_aC?QeI‘I S{;I?G ]allnﬁ n&%rs have

Bfcnabisificd as 2%t 10 GEVESC n’iaturéihmw d be noted that
t hese val ues m ght be underesti mated as experinents

Eﬂlﬂb] TIekecVIdf VRERE ?ﬂﬁ%ﬁ RGN IS Wad MEQRRIP! AL @8ed in the
conpared to poI ypropyl'ene tubes for TISSEEL VH S/ D),

M@éﬁrpb@ndr?éyt mcmnsqﬂ@@nﬁmpﬁamatwﬁ weretrellpgtd Soyrtan &ibrin gels
tes ther factor, remi

B 3 TS AL A PR e B e

pelymeBasiohedr §ds GaRfatden RIDGH) ﬁl‘Qia@Bt(lwa!Jhout changing the medium every

3%(; %L((ie alteirenl?steid (2)12 culture medium for HMSC monolayers. Some of the gels were
prepared without added PDGF for control samples in order to insure that any changes
observed with medium from gels with added PDGF were indeed induced by the released
PDGEF and not by some other potential bioactive components that could have been

released from the gels themselves.

[0149] HMSC cultured with medium supernatants from TISSEEL VH S/D gels with
added PDGF-AB or PDGF-BB, i.e. medium containing released PDGF (gels initially
prepared with 20 mg/ml of FC, 2 IU/ml of Thrombin) showed changes in cell

morphology as early as day 4 and even more pronounced at day 7. They had a more
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[ 0145] When | ooking at the effect of FC concentration
on daily PDG~-BB rel ease from Tl SSEEL VH, ELI SA

wo eshsw3zhowed a spi ke rel ease at day 1 and aPCBEUS®a%E67562
in the release up to day 10 for all concentrations
anal yzed (Figure 8A). Results also showed that, when
adding 15 ng of PDGF-BB in TI SSEEL VH gels, the FC
concentrati fromb5 to 4 ) i d not |an
Rasiial e B ube Cultubd ihamelivitsupsroutits fodtes SHGRpe added
Pb@F A Qkre 3% LimhilRPU6 @bsd Atuldai \i'lltl@}neéi@ﬁ?&nm%lﬁ ttrebHID added

g) was released after 10 days (Figure 8B).

P@@dﬂ tEffagtpgeere sverhaprepraggupced with €GBT | SSEEL VH was
enough to bind 15 ng of PDGF-BB. However, as for the
F0ds0] t fﬂihprbhkrzﬂi‘(jhelm tisyscf arfDGFeiBBIocm izt atdlideration at day 1

hoyl d te hat these val ues | S
THAcalinch o E el n (ORGP hiten LTy 2 Hseih medivm
RlREREmk OISR ITIES BRI WH Siheals We@kddaed BbGENEe eﬁl&ﬁﬁﬁﬁ:oﬁfalmng
using different FC product lots from T TISSEEL VH with a

sﬂlwg¢CbP@@lF),ﬂmt thsrl dafferopce( @ 1oy sighifshnti@>008) Eiguend O afd 11).
gﬂoii V\%atlorf off CI’?S% gu u(I)'? e}%rlg;l’lgédlll%lq ?v&%h&gesﬂ%&%ﬁg& i’gﬁPe\iv%st mgmﬁcantly

Rigaéryzed. The cumul ative rel ease of PDGF- BB after 10
days ranged from about 30%to 60% (Figure 9), and was

i Ef A IRax dSHHase AL PR deGith Oh HIVISH Shicurd ivsdR s tants f
I(;)ppogl te ?g%tqg@ I?Jgsaljl ?s fg%ndl\%\n th TI SSEEuLr VH Sf \gﬁéna g o

STSSHI- WHf 3/br gehcwith eddeddtDGHevas sigoifsantly IPvGSEEIN thad in HMSC

PR s S o B D SheL AR Bely TP R s Bl win

ﬁié@ﬂlﬁﬁ&dn‘&ﬁmﬂF pRbiENhiddd BOGFeFaui@n2batwsgn the anpunt
of Factor Xl and the rel ease rate of PDG-BB from

WI%FELBO\(H'AIW k [{_:m@lcato@'ofj l:lﬁgfdﬁ?éenﬁQﬁffé’ﬂeﬁﬁfat%% and Alizarin Red

rel eased PDGF o nonol ayers 1 n vitro Human
trediestohgintate @twmm@ﬂif&erqﬂﬂwmp vegre npgagive pbatllahme pomts up to 7 days.
progenitor cells that can differentiate into different

&3] allhzedkerhl, 84 e abstived yipmged indiMSICrigehavionahrthe ptesance of

teo s, adi t d, o tes ( an Al )

aﬁw&@@? gt dA55igt0 Vi firirggs G D b afged with PDGE-
Al et ki@ Ehﬁedttﬁﬁsr@le&%h |P§D@f ﬁoﬁoﬁl@bﬁﬁﬁd\/ﬁﬁ/l@ f1br1n gels was
variety of factors, 1ncluding cell interactions

ailkbmbqgwlly |act1\g:r owluhmg atiny S. chﬁlm:lanMSCynmh@egs almaa're

en. i de s regul ators of MSC maturation.
% H%L%F évéfls of rel eased growth factor on HVSC

vvas measured. As stated in the Materials and Met hods
section, medium supernatants were collected fromthe
fibrin%els o

EXAMPLE 7: Effects of PDGF-BB on HMSC seeded inside fibrin gels and HUVEC
seeded on the surface of fibrin gels

[0154] In order to analyze the effects of PDGF on the behavior of HMSC seeded into
fibrin gels and Human Umbilical Vascular Endothelial Cells (HUVEC, Lonza
Walkersville Inc.) seeded on the gel surface, gels comprising the cells were prepared as

described in the Materials and Methods.

[0155] Briefly, gels containing 10 mg/ml of FC and 2 IU/ml of Thrombin (final
concentrations in the gels) were prepared with single culture cells (HMSC or HUVEC) or
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(120 ng of PDGF-AB and 60 ng of PDGF- BB were added in

the FC conponent before polynerization for gels with
w@eedsPBE-) at day 3 (without changi ng the meRETUIS2008/067562

every day) and were used as culture nediumfor HVSC

nonol ayers. Sone of the gels were prepared w thout

added PDGF for control sanples in order to insure that

Bk iR r R RS T oo, B el PO B o0 mi

By fA0RIRH R thel @t BMAIRf (RE e6hitE o610 AP@B &M cSoftddBhreparation. Gels
coul d have been rel eased fromthe gels thenselves.

[N@lmgqtuualm@t Sl € i &% WPt fvrr@edfp @hﬁwpemga@tnanmﬁgthﬁh@irﬁﬁll growth

cul u§eE 1’%%81\141’_'1’1 éogﬁ% g\%azllierr]sgvdpee edatlé)l%aDGz AEB o DCTE 1L, IAna1y81s of

@d’llemagﬁdldglytahd R1TgAAbN, Qf W’Eﬁr as dsteblidiic diffelgﬂﬁﬂmﬂ Ras performed at

showe changes in cell norphology as early as day 4

a1 levelt #sk4€ - pronounced at day 7. They had a

nmor eel ongat ed shape than those cultured with medi um

H1gel naﬁlmms:emmmncgeﬂcspwrtaﬂwm shawde tharDdEh timd. MBS were evenly
to those culture dlun1cont

TRl M Dl 3 P 1 e gy Tngf Sk b e

Wiltdie g’eEPgSFTE@ wi@ hhQ) evaalyldls?éahd hed élbhgbﬁ!e(ﬂﬁl dakacmuf’e @Mhyith

7 were nornmalized to proliferation at day

145ied ADGE BB Mviseasthey weersadllsh i bm*é@um@eli, ﬁecﬂ teaded (prmigrate

trsp f
Eaafe o i fr BN QMR RSP, HRDEC
morgaalzntlmglm@ime@dleaaﬂfw ctllhetivoeksdedii eevensef\wagiopatesis)
n|f|cant %p>0 05) (Figures 10 and 11é¢
At aerng aﬂfene% [ %, laggr exieatinw e FHUFuBTIwpRchoo-cultured gels
I:(;rﬁﬁﬁ % 2888 Ha1 HHSET ‘E@c F%gd}&i {o%nédlﬁﬁr@éeg@@ﬁho&t%aééd PDGF BB.

e phosphatase activity 1n HVSC cul tured

@ﬁ] \?val@eeﬁé}ghlﬁ %)g A %Q&s}ower Etl'rﬂ;/:f\lgl gpgﬁ:laﬁ%n&d\ggsdobserved

beathveert g¢ls withlang N\ﬁ&lbﬁ@d(ﬁlﬂdi S’D‘GRQBBTbL‘B%Ehdbeb Sirhigelr @rohferatlon
W t hout added PDGF a ium containing fres

aaae%rme@t:dwﬂg%ﬁel& ip zelé ﬁantfe}ng 1dses FPEoBR- Al aﬁmty remained
K& lé\Hlkd luﬁgé ?51% g,flat e B 'ab(? it Ll @it} hRLhARY o@t@ggemc

Al'lzarin’ cat or o te ost €ogeni c

diffefeatietion aff tho RIMYE secdad grathe\gelsat al | tine points up
to 7 days. [0153] In general, all the observed changes
i n HVSC behavior in the presence of released PDG- from
TISSEEL VH S/D fibrin gels were nore pronounced wth

ERANBLE 8: Binding of PDGF by Surface Plasmon Resonance (SPR)

[0158] SPR was used to characterize the interactions between PDGF-AB and PDGF-
BB with the FC component of TISSEEL VH S/D. The sensorgrams of the interactions
are shown in Figures 14A-14B. The association and dissociation parts of the curve were
plotted and fitted to a one-phase exponential association and dissociation curve,
respectively, using non-linear regression analysis (Figure 14C). As Figure 14B indicates,
the disassociation curve for PDGF-BB is biphasic. This did not allow the accurate
determination of the Kp value for the interaction between PDGF-BB and the FC
component of TISSEEL VH S/D. However, SPR was successfully used to calculate the
Kp value for PDGF-AB interactions with FC component of TISSEEL VH S/D (in the
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Overall, results showed that rel eased PDGF from

TISSEEL VH S/D fibrin gels was still biologically
W@eaosAte7733 nduci ng mai nly a change i n HVSC nor pbcil/GgRe08/067562

and an inhibition of ALP activity. EXAMPLE 7 : Effects

of PDG--BB on HMSC seeded inside fibrin gels and HUVEC

seeded on the surface of fibrin gels [0154] In order

t | ff t he beh f C
bEaden el REEn PR HIgeDy Thtrna g o b
Fndoizhehd povided e rﬁt’é'léyﬁb(t:anté-g@ £9, \Vﬁilcﬁ P plbtt€d Vé&tSus)the analyte

seeded on the gel surface, Ts conprising the cells

entmt@de@reaMCdesl&lprédtSlwr@ wealnaetl dyilmiesr ragigssion to obtain the
%_fé L fbsoadazntkﬁf:]?ﬁé] ]iglcfi.e(];rlr 019(? t’lh% gnstog% ﬁ%% lgattelgfoin C)anns@ tlh% dlssocmtlon

tde(Ie) SonswatsCreppepiasigd '[We%@ulﬁbﬂ@tﬁl&hi&Ul:lhtllkﬁrﬁcdh@iahﬁ(KD) was
(HVMSC or HUVEC) orco-culture cells at a HVSC HUVEC

fHeylfed by dividingthetipiopiation PSGRRBRN(SGY thyrOOGaHPN FiEg gonstants.
was added in the FCin half of the co-culture gels at
[(1159} i ﬁﬁle@ﬂug@hum@mﬁmlb@ rons@ek SKmew e dlsroddtermaneddty 87
t. Sj.n doth
SuhemdBahehe ke St WPYE oS U e RaRUR} PEE: Bingjne
m@@@rdﬂmm Jn dhi§ efedivds tieRli 868 Ation Af@édhgaaﬁtsqf( fge{bﬂ PDGF-AB were
phol ogy and prollferatlon as well as osteogenic

@ﬁlerlflétfc@ FoMaihe 9an-linay rpgiessirmanalyats dalysdizsocition phagg@f the

%%S?Jgpa}é 6']h‘ht%: hlg%rc%%ﬁﬁll%ﬁﬁl&éﬁﬁgl% élﬁnglv)réi ega : Wdlﬁldlng the

dwﬂhempnamdcbmdmm(ng@yehnmg@hadmsb&nenwmﬁNngedhdhmmn:
single culture gels They were al so _evenly di spersed
abfaineql Grguihe analisi of tg REOFBUgRPRAGIOf Heafurode PBe-- BB
whereas they were smaller, in | ower nunber, and tended

td o gr[é‘tﬂég Qhanratods hide ot vabin fof PDRE - AB-tindipg fasthg ECscomponent
&fi a@ﬂ%ﬁg |%ﬂ§a']ﬁHMEC reorgani zation into
ercon Ce

necte networks (early events of
angi ogenesis) started earlier and happened to a | arger
extent in single culture gels and co-cultured gels

@B®Q%ﬁ¥£g addi ti onal PDGF-BB conpared to co-culture
S out added PDGF- BB. [0157] Cell proliferation

increased with tinme. No significant difference was

Byed} veﬂl%@kﬂ@\?@éﬂne@@ raeagpier] agave ewse tat adirddeesseinas PDGE in
Byltm gelt angemeyyf r%aéaa%%{ thRTe@]sl &rgge&m %B’iﬁﬁn%%&%@t?onaéf PDGF

days~7 and 14 in gels contalnlng
wathifibringoges)rel metlinding interaction was further confirmed by a cumulative

release after 10 days that was lower than the initial added amount of PDGF. PDGF-BB
appeared to be released faster than PDGF-AB (lower retention of PDGF-BB) and FC
concentration appeared to influence PDGF-BB release rate from TISSEEL VH S/D fibrin
gels, suggesting that varying FC concentration could be used to control the release rate of
PDGF-BB. Overall, these results suggest a binding interaction of these two forms of
PDGF with fibrin, especially PDGF-AB. Using SPR, results showed that both PDGF-AB
and PDGF-BB bind to the FC component of TISSEEL. Finally, biological activity
results demonstrated that released PDGF was still biologically active, inducing mainly a

change in HMSC morphology but no osteogenic and/or chondrogenic differentiation.
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at low levels, indicating that PDG--BB added in the

gels did not induce osteogenic differentiation of the
wor@@15Eetled in the gels. EXAMPLE 8 : Bi ndi ng RET/PEX8H8/067562

by Surface Plasnon Resonance (SPR) [0158] SPR was used

to characterize the interactions betwen PDG--AB and

PDGFBB with the FC conponent of TISSEEL VH S/ D. The

rgrans ,of. the interactions are shown in Figures. )
BTR2A St SR e dfs iefiogh i Sekes S5 BT PER ephets g Ead carrer
GHfere o RePbiBAdiRe PRI hidd d@sbrsRad @R B1tRRAS Broperty of the FC
exponential association and di ssoci ati on curve,

s@rpaeni ofelp SELE  Higrimdeplanit pebind PaYrkedd} and BRal ysi s

(Figure 14C). As Figure 14B indicates, the

[1163k s AduratroonmodificetidrsranPRD@FatBRs io§ thei ipyrasios as ifsrtidindthe
t allow.the ac?urate detern nation of]%ﬁe.KD val ue

0
Vet Rty e PRARI I H YRGS pPrser BBgNgskitie! ipghe art.
conRqnafty Ry Jlch G ¥k & PpeiianenNeippeRRid s should be placed on
successfully used to calculate the éB val ue for
Pe@rcaBoint er acti ons with FC conponent of TI SSEEL VH
S/D (in thepresence of buffer (PBS, pH 7.4)). The

anal ysis of the association phase of the sensorgrans
provi ded the rate constants (Kobs), which were plotted
versus the anal yte concentration (Figure 14C). These
pl ots were analyzed by linear regression to obtain the
sl opes and intercepts, which correspond to the
association rate (KOn) and the dissociation rate
(KO f) constants, respectively. The equilibrium

di ssoci ati on constant (KD) was cal cul ated by dividing
the dissociation rate constants by the association
rate constants. [0159] The equilibrium dissociation
constant (KD) was al so determ ned by a conpl enentary
nmet hod, which relied upon the dissociation phase of

t he bi nding sensorgrans. In this nethod, the

di ssoci ation rate constants (KO f) for PDG-- AB were
cal cul ated fromthe non-linear regression analysis of
t he di ssoci ati on phase of the sensorgram The

di ssoci ation equilibriumconstant (KD) was neasured by
di vidi ng the dissociation rate constant (Koff) by the
associ ation rate constant (KOn) (which were obtai ned
fromthe anal ysis of the association phase of the
sensorgrans). [0160] Using both nethods, the KD val ue
for PDGF-AB binding to the FC conponent of TISSEEL VH
S/D was 342 + 4 1 nM SUMVARY
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[0161] The rel ease kinetic nmeasured above showed that
added reconbinant PDGF in fibrin gels is gradually
W0 20084888 from t he gel s, suggesting a bi ndi ng PCT/US2008/067562

interaction of PDGF with fibrin(ogen). This binding
interaction was further confirmed by a cumul ative
rel ease after 10 days that was |lower than the initia
?@gﬁd eroun _of PDG-. PDGF- BB appeared to be rel eased

$ HUNESYPDGE- AB (1 ower retention of PDGF-BB) and

FC concentrati eared to influence P -BB rel eas
rate from *f‘l%@gﬁ‘{&@pﬁl‘%ﬁéﬂﬁ ‘EF Fﬁeaﬁsr’gap&% i ngW factor
WS ENSofetn, %amq)@abfnastele@{éd@% theRBo &M s k@nESMPIHGF-AB@nd PDGF-

rel ease rate of BB. Overall, these results
BBgesta fabim maiamg Whﬂ%n Hetfitpim mlanhewdmgd byadmixpfre of a

> with fjbri [ Usi n

acinerl “Crbledd PO aTmBGRAC psemRE siinP i s BIpE cpgponent,the
ﬁﬁgmﬁgog@ﬁg@gent of TISSEEL. Finally, biological

activity results denonstrated that rel eased PDGF was

still biologically active, inducing nalnuy a_change in
HVBC #of§Roniag thepmawmted ?&S&W@SMM@ eﬁbﬁ#arrb@fé}@p&havmg a
Eﬁ({\%;?fn?t{gl aﬁ%hﬁ%f&%@%h th'f‘l' c%ﬂcenttllaﬁmp 5?15(? Qhd

y suggests that r|n ge S are a potent

carrier systen1to del i ver bioactive PDGF and
denonb} natdégingrthé kbawminad cpnapéentign off FE heedAE ticofmpofienin sealant

TI EEL Fibrin Se nt to bi DGF- AB. a BB. .
1R RUMBFISES: 0T TOH 100 AT oAt bR GO Fgration of he
FC\h@ el sePoriSsefight doRipaled B thdiehARON Al lcbhddirh@dn MEEC in the first
exanpl es are expected to occur to those skilled in the

saatant Gomeegudarity OBHDgﬁFsmthd firorm ttlagt $eopied @glaapyecmmpaned to the

(e EBPERE ™ Ple T b o3 R Bsotopgopgent has the

tdhe: haleaseudfof PObRAEhe firdaedmadn sep\)h factor (PDGF)
protein, said protein selected fromthe group

consi sting of PDG-- AB and PDGFBB, froma fibrin

seal aht, whePehed fasanadifyingthe exdeasnof o §1a,5ql%fdi%l§%f1 pipwth factor

PP MR gl P R R AT S eIy foor. 2.
fronpr ﬁl&ﬂmgp,alaa) weten therﬁbrgl fehianeinputucad bR xhet efis €

froma first fibrin seal ant ' a kno initial
SHBRMEN b UBBERILFRIMROTER arﬂﬁ%‘rF HReRsty s msogrcopgrising,

and b) nodifying the known final concentration of FC

used pydekdimidihg e dnhdink Bf BOGIFGRlaRl IR fitAXibHA sealant having a
roduce a second fibrin sealant, wherein increasing

pewvic mitied amoant o PLRIFF aida known final concentration of FC,

b) modifying the known final concentration of FC used in the first fibrin sealant in
of step (a) to produce a second fibrin sealant, wherein decreasing the concentration of FC
in the second sealant compared to the known final concentration of FC in the first sealant
increases the rate of PDGF release from the second sealant as compared to the release of
PDGEF from the first sealant of step (a), and wherein the second sealant has the same

initial amount of PDGF as the first sealant in step (a).
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FC in the second seal ant conpared to the known fi nal
concentration of FCin the first seal ant decreases the
WO 2i08/15f73PDGF rel ease fromthe second seal ant BGI/US2008/067562
conpared to the release of PDG- fromthe first seal ant
of step (a), and wherein the second seal ant has the
sane initial armunt of PDG- as the first sealant in

t d f
ol abebel " b Olsthog POkt Loy rppdes AR S B Guiint in the i

§i€dc86t B afah PN H{e%ﬂgec‘&%b&tl' Wg/n(ilfto RE%d-158 n@é?ﬁhl
PDG--BB, froma fibrin seal ant, erein the fibrin

seal ant is produced by adm xture of a FC component, a

thronbi n céhpoxtnd chalin 3ppigreis shrpldneprcentrpéomtthedrst or second
?e%%[ [sS)iRn aR) raggfil g a@oﬂ gllg;tﬂleto%ggﬁjtg%krﬁ% miPGE rel eased

roma tirst f sea wn initial
amount of PDGF and a known final concentration of FC,
b) nofli fyi e tethoddwhihilnal2 wicreianha fhdl 36 @hcéfiratiss dh the first

kb ot it howels BRAL FCobmak BHRisBch BiorHp 4 RBant O doout 1

ﬁ%y}ﬁptgta[)@ﬁﬂlq@rgé/nﬁ-c in the second seal ant conpared to
t known final~ concentration of FCin the first

seal ant increases the rate of PDG- rel ease fromthe '
seconfl. se aTFhﬁmeﬁls)dGXﬁ mlasn éd)rtQGVhdii@ln tled Baad &CofonpEertipn amthe first

% bl g AP e Beihnrb i SO Bl b RESS me/mi o

ﬁbcrusvss@aﬁlant in step (a).3. The nmethod of claim1 or
2 wherein the final FC concentration in the first or

second sealant is within the range of about 1

about 7150 g fethod of \ﬂ%m&é%rﬁo\aheé?lnélpeaﬁmlfw%qwt@a@ the first
(P PRBERLIRL BmiBe i Toht i i E RS FALER by phout 1 my/mi
b onethmg/roif cI aim1l or 2 V\,her ein the final FC
concentration in the first fibrin sealant differs from

about 541 g it SRR G A rHSinhe gl SHEEHO gk Of the
mr@hmnleoﬁfpoaeﬂ/m@ fiRi Dt PReddnBaballif i§ ANBRITHE g Bf hbuk MQU/ml to
first fibrin sealant differs fromthe FC concentration

230 lWellsecond seal ant by about 5 ng/m to about 75
mg/ M. 7. The nmethod of claim1l or 2 wherein the final

FC co .Cent @% hl%ﬁlod%f E: ‘fmfll({r%t W%UEI%{I{ e ¥ Sea?;enq aftlgﬁ 5PPDGF is in

fromthe FC concentra econ
te@brigeldd abgudtril ng/ml to about 1 mg/ml.

10. A method for the controlled release of a platelet derived growth factor
(PDGF) protein, said protein selected from the group consisting of PDGF-AB and PDGF-
BB, in a patient in need thereof, comprising administering to said patient a fibrin sealant
comprising PDGF, wherein at least 25% of the PDGF is retained in the fibrin sealant for
at least 3 days.

11. The method of claim 10 wherein the fibrin sealant is produced by

combining a FC component and a thrombin component in admixture.
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to about 60 ng/m . 8. The nethod of claim1l or 2

wherein the final concentration of the thronbin
w@owpsies: in the first or second seal ant i's W@TUS20D$16657562

range of about 1 IUm to 250 U mM. 9. The nethod of

claim1 or 2 wherein the final concentration of PDGF

is in the range of about 1 ng/m to about 1 ng/m . 10.

Ger T ViR or O ReTSRChF A POEAIEH 1 FOCED B & B component

§&B1%05d%ﬁxﬂ‘1ﬁ@69 thé Fc%ﬁifién&ﬁ Reibsth RopbinlddpofEr@and
PDGFBB, in a patient in need thereof, conprising

adm nistering to said patient a fibrin seal ant

conpr 1 3iThg regtem ofglaime| okl wheysin ap BmsiotS> % HedPpek theP DGF is
ﬁe?ilﬁéfﬂt%gaﬁlgﬁsﬁg%a% bri n seal ant f_or at Ie_ast_ 3 days.

claim 10 wherein the fibrin seal ant

compofient 1 SERCHFETE40 oF L SHERRDA 1T a0 % T E O e PDGF i
whehel i thhebmPédaldn farderRdsttpddyge FC conponent before
adm xture of the FC conponent with the thronbin

conpopent . T3 m.4da o%fa'ﬁﬁqOQ)fr 1¢ hdderBid O 19£st %é%WﬁQﬁ@PDG@tls
| east 35% to 90% of the PDGF is retained for at |east

Btadegdsin thed{ibrTinecabrat Foydit st ddym 10 or 11 wherein at

| east 45% to 75% of the PDGF is retained in the fibrin

seal ahé. f oThammethedsf cRirddPsr 11 wheldie thieeGH redéased & bivlogically
10. or 11 wherein at |east 60% of the PDGF is retained
7'V€he fibrin sealant for at |least 3 days. 16. The

met hod of claim 10 or 11 wherein the PDG- rel eased i s

bi ol ogy cal hymasbd y& theldontrd11 88 FMQde b4 ?Faté?et @@ﬁtf%%gl:rb% factor

rel ease of a platelet derived growth factor

A E) protesmisald praftio snles@ﬂémﬂlefgrr@m Qdmelsgmg)@frPDGF AB and PDGF-

gnsmtln of P - AB and PDG-BB in.a (gtiFglged lant
e R Ry LR st BB R CPhishfa BB seatan

f:@rﬁlﬁmmngsplat}@nWh@&mm@dsnm%’laeﬁle MDEF & Rtaded if @ fid@8ealant for

of the PDGF is retained in the fibrin sealant for at

ptdaast 14 daypays.

18. The method of claim 17 wherein the fibrin sealant is produced by
combining a fibrinogen complex (FC) component and a thrombin component in

admixture.

19. The method of claim 18 wherein the PDGF is added to the FC component

before admixture of the FC component with the thrombin component.

20. The method of claim 17 or 18 wherein at least 25% to 75% of the PDGF is

retained for at least 10 days.

21. The method of claim 17 or 18 wherein at least 45% to 55% of said PDGF

is retained in the fibrin sealant for at least 10 days.

22. The method of claim 17 or 18 wherein the released PDGF is biologically

active.
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18. The nmethod of claim 17 wherein the fibrin seal ant

i s produced by conbining a fibrinogen conplex (FQC
weuwpesiesd and a thronmbin conponent in adm xt UPET/USDNS/067562

The nmethod of claim 18 wherein the PDGF is added to

t he FC conponent before adm xture of the FC conponent

wWith the thronmbin conponent. 20. The nethod of claim

17 8 i t | t 25%1tq 75%.0f  t PDGF i
A Bt S S RO X e
EhRERR-aHONGH (HeSeMRRY i€ WithA] the @@l o#abbuta moMfIad aBRitd 50 mg/ml.

PDGF is retained in the fibrin sealant for at | east
days. 22. The nethod of claim 17 or 18 wherein the o
r el ead®d Pmmeﬁl()l@i()épbgndélqr;lfﬂaﬁler%thzémamorn’emmacmraﬂon in

&Je%%ﬂh%tjis 1th&1%¥¢lc}%ﬁglopal; £ 1 I’Ur}ﬁ tofjtsﬁrlbﬂ?ge” conpl ex

concen I on e seal ant e range of
about 1 ng/m to about 150 ng/n1. 24. The nmet hod of

cl ai n23.1 OTfhelBlet/]dO)droé clairhHe of il B athetdim dretfimal fibrinogen complex
concentr at.i n s . wthin the rang
cHERtration iy E tlsitj?lﬁi% tﬁ@@blﬂrﬁ@wﬁ%&rﬁm ip bRy &%H{@&
or 18 wherein the final fibrinogen conpl ex

concepg r at Tﬁ’é"nie&loﬂQ)f Al oRd7 tv&hl%reflﬂl Rl fidah PP ddncentration in the
concentration is about 2 U m. 26. The method of

sdalanfrisfooroabaur lvutgénbiorbphiel frigfmal. PDGF concentration in
the sealant is fromabout 1 ng/m to about 1 ng/m.

27 T f I, ei 5 '
"R S R 3P 2 IR A PR S
GOWbof sald PDG--AB is retained in said fibrin seal ant

for a8l eaShe ded@yof chird 2Wveresdin asleadt 6%t of4akb RIDGB A Bl is
PDGFAB is. retained in said fibrin sealant for | east

EeRsy8 saslgibripqgalant i9pat It &19ay mano VEErer A pRst 3% e POGE-
RIBGE rdt2inEPH: saﬁﬁflbl%pseaﬂ-a%?fd@& Rqd 1@fdagé ai m 29 wherein at

| east 55% of said PDG—-BB is retained in said fibrin
sealant for at |least 3 days, and wherein at |east 25%
of sal®¥ PDEEBBethodroérhimd orn7 sdiectif iterBDGE ealPROT-BRyr
at least 10 days 31. The nethod of claim 10 or 17

wher ei}@. t h%hg {hoﬁ fclsal lit) relreq a{ lea I?‘5@‘% of said PDGF-BB is

retained in said fibrin sealant for at least 3 days, and wherein at least 25% of said PDGF-

BB is retained in said fibrin sealant for at least 10 days.

31. The method of claim 10 or 17 wherein the patient is suffering from a
disease selected from the group consisting of a musculoskeletal disease or disorder, a soft

tissue disease or disorder and a cardiovascular disease.

32. The method of claim 31 wherein the musculoskeletal disorder is a bone

disease or a bone disorder.

33. The method of claim 32 wherein the patient is suffering from a

cardiovascular disease.

34. A method for treating a patient suffering from a disorder or disease which

would benefit from in situ controlled release of a platelet derived growth factor (PDGF)
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di sease selected fromthe group consisting of a

muscul oskel etal di sease or disorder, a soft tissue
waele®easE3dr di sorder and a cardi ovascul ar di SeRBGHUSRAS/067562

The nmethod of claim3 1 wherein the nuscul oskel et al

di sorder is a bone di sease or a bone disorder. 33. The

nethod of claim 32 wherein the patient is suffering

froma cardj ova di.sease. r )
progh A O Rt e aaeH riistng PR PGEABand PDGF-BB, said
HeaRa8mpikiab aﬂﬁﬁﬂhgelti’ﬁ@@f dald fatieRd d fibrd {edla®PBShBYidiEthe PDGF
rel ease of a platelet derived growh factor

PPRER) protein, said protein selected fromthe group

consi sting of PDG-- AB and PDGF- BB, said nethod

conpr . ' | ent o] N .

ST 08 AT SO SRR B o PELRE whercina

feahms% sk MG is ostaahes irthe Gibtinaklest foedtease3 dhys bewherein at
DG= wherein at | east 25%of the PDGE is retained in

kﬁg 20701 the ERPATEIgpretpiged gt the dibeip sgalapffer atdeashHfwysnangt said
i’B@Ftls ?eq?/ SQ(ﬁ aft eh]edtep é?g: tl%ec"t t?éa@'seﬁ& 1sbﬂieP Bledlgéalgé In

seal ant for at |east ays, and said
rel eased at a rate effective to treat sald d| sorder or
di seas®. 3The Mathodwf hladn Gf vdieadimtiB4fitwineseelant is ipeoduicedt by

e ks R M R e
6nixtlre. et hod of claim 34 wherein the PDG- i s added

to the FC conponent before adm xture of the FC
conponent with the thronbin conponent. 37. The net hod

of cl &-m 3dhemetindghelagn 34 stherein Sie PROF fivadsigddetheitecomponent
| t 3
B At REARE FERohBn Rl S GEbAIN doipRbnd 289

Ieast 45% to0 75% of the PDGF is retained in the fibrin

seal ab1. f oThamethedsif cRirdadyor 33 Nheildie atiedde 86%ab 9OV@asdfithe PDGF is
34 or, 35 erein, at | east 60% of the PDGF is retai ned
?ertﬁl???]emfﬂilm&i’%n %f'élclﬂnélfﬂrafiﬁa ‘éiyéast 3 days. 40. The

met hod of claim 34 or 35 wherein at | east 20% of

sa
PDGF & r elBg methoof elaem Bt ior B Wi At leass A5 Fyto |7é‘éf%@f %PDGF is
A& Sed in the fibrin sealant for at least 3 days.

39. The method of claim 34 or 35 wherein at least 60% of the PDGF is

retained in the fibrin sealant for at least 3 days.

40. The method of claim 34 or 35 wherein at least 20% of said PDGF is

retained in the fibrin sealant for at least 10 days.

41, The method of claim 34 or 35 wherein at least 25% to 75% of the PDGF is

retained for at least 10 days.

42, The method of claim 34 or 35 wherein at least 45% to 55% of said PDGF

is retained in the fibrin sealant for at least 10 days.

43. The method of claim 34 or 35 wherein the released PDGF is biologically

active.
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4 1. The method of claim34 or 35 wherein at |east 25%

to 75% of the PDGF is retained for at |east 10 days.
wWa2008/Tsg33ret hod of claim 34 or 35 wherein at |RBEEUSHBH67562

to 55% of said PDG- is retained in the fibrin seal ant

for at |least 10 days. 43. The nethod of claim 34 or 35

wherein the released PDGF is biologically active. 44.

The hod,_of claim 34

Concett ot TBHEHCR LGB ereih e ioh i pegifgtomin the sealan

Aleiin lherfﬁﬁgg ofta®oaPPH/8 28850 fh&ml. The met hod of

claim 34 wherein the final thronbin concentration in
the sealant is within the range of about 1 I1UmM to

250 | 4f-m . The methed efegldiaBovheieiy the Snalthwmdiimcengantration in the
géaﬂln* 1sf\111g{ ?H%CC&%BR 1 /ﬂﬁ%‘&g(ﬂ[{ﬂﬁ i s about 40

in concentration is about 2
IU/m 47. The met hod of claim 34 wherein the final
PDGF ¢@nceihe akthod off nlairh 843&&Ireamthei fenal ﬁbrin@gmufomblex

ng/m to about 4 e method of claim
%F@F%ﬁlopﬁ%at?ﬂﬁééo Pég/l’gb@ﬂ tfief nalgthrqﬂén ﬁ%@%aﬁateﬂn i %@%2 1U/ml.
48 wherein at | east 80% of said PDG--AB is retained in

said fjbri Théﬁ@{h%ﬁtof tRimal \Jz}fé?e%ﬁ the Ay PD@%n\‘,\é}ﬁfa%bH in the
at least 60% of said PDGFAB is retained in said fibrin

scakingistirdro pbett 11 ngast tolabodalymg/t80. The met hod of cl ai m
34 wherein the PDGF is PDGF-BB. 51. The net hod of

o121 MLB0 WHRL Sllhoflg AR TS (RS FRFOBR AR,

retai néd in sal Fifn seal or

and wherein at | east 25% of said PDGFBB is retained in

sai d 49.bri Thsaathadtof taimdt w}e&sﬁ aﬂl@agﬂw% of52id PINGF-AB is
nmet.hod of. claim 34 wherein the patient is suff

?e.tadmdam&?@ef&g@ galpiiosgt Ieash %d@ﬁ% aasi Jilpredbrdrast gﬁr%%nogﬁaié PDGEF-
ASic Wkl BLA fithis §aBG A aflic3Qr@&lays. 2 soft tissue

di sorder and a cardi ovascul ar di sease. 53. The net hod
of claimb52 wherein the nuscul oskel et aI di sorder is a
bone 0).seadhke methadlpd nkirdi34orlaesin tleAPDGhHes RRGHIEB of
claimb52 wherein the patient is suffering froma

vasc ukﬁr The method of claim 50 wherein at least 55% of said PDGF-BB is
retained in said fibrin sealant for at least 3 days, and wherein at least 25% of said PDGF-

BB is retained in said fibrin sealant for at least 10 days.

52. The method of claim 34 wherein the patient is suffering from a disease
selected from the group consisting of a musculoskeletal disease or disorder, a soft tissue

disorder and a cardiovascular disease.

53. The method of claim 52 wherein the musculoskeletal disorder is a bone

disease or a bone disorder.

54. The method of claim 52 wherein the patient is suffering from a vascular

disease.
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di sease.55. A kit for preparing a fibrin seal ant

conprising a platelet derived gromh factor (PDGF)
Wpewses1133 said protein selected fromthe groupPCT/US2008/067562

consi sting of PDG--AB and PDGF-BB, and said fibrin

seal ant having a desired PDG- rel ease rate, the kit

conprising, a) a first viaI or first storage container

contaLping,a.fibrino I co onent,

Con 255t M9ad e pishadsE BB Bk T i Brown
ERER MEDWIFRprodin SAROHEeh &'1&93@1 f?&ﬁttl% ﬁp B&iéisﬁﬁg @&f PDGF-AB and
t hronbi n conponent, said kit optionally containing a

PRGHBBI 211d sard fibyiir @ﬁabmbhayg@ ¢ dentgi REIGHhepldangyrage, MRGAt comprising,
conmponent when said first vial or first storage
cont aj\nex '
Furt nor b PP e b e B bR P b ofigfl
kérhpdrent, pwhefead thegridl optibidlly C%ﬁ@irlaﬂi a BDGPrdogipdgerd, and b) a second

pl at el et derlvedlgromﬁh factor DGF) protein, said
w@b?reﬁeﬁorsdeﬁt@eg%o 3BFH haweggrta{pén% ﬁ%‘ing?lil% sgid Ipentionglly
B P B VAR B DR hhe IO o BFRh Fhon sac
Brst Viat st fist gpage cagnamnen dues noointlade n PP ¢anypaneoigeaid kit further

| ex . conponeé%rH ﬂ b) .a second vial or second

gﬁggﬁﬁ@ IRGHEUPH, t hr ombi n conponent, wherein

the vial optionally conprises a PDG- conponent, said

kit opg.i onalyiyfos Qﬂzﬁﬁ\ﬂlﬁg RebAn kel cMﬂn@hmﬁ% a it 16k derlved growth
storage contai ner having a PDGF conponent when sa

ety Gféprqmm,sﬁemwem wiestpdl feanthe gievp doestingof PDGF AB and
PB@P“ﬁE £hd g(i:fllgr%?e% flaw é Q?JZ\JCE é)kﬁlS %?Jase? 936% %ljlenklp gomprlslng,

| AStruct i on: use

seal ant conprising a platelet derived growth factor

( PDGR)) pfist eiahor f5ial doapot@itdinasloacliag b fibimbdged @hplgx
consi sting of PDG--AB and PDG--BB, and said fibrin .
smparent. B Phyysesord ¥ia} eipeppreterags samaipg havingp t&lmam in

f
SHERL o A A b P hel sy i oonl

vadidingertbird tvial Dnﬂmrdrst(sagewootamf:rr dhvieg arP@(élascenpcﬁneat when said
elcgrtl lVl%{ ordseeg:ende stm%éeo E:Agnrgall;lgrc oes ncgt 1II?CTE zie g EBG%[ component, said kit

further containing instructions for use thereof.

57. Use of a fibrin sealant comprising a platelet derived growth factor (PDGF)
protein, said protein selected from the group consisting of PDGF-AB and PDGF-BB, and
said fibrin sealant having a desired PDGF release rate, in the manufacture of a
medicament for the treatment of patient suffering from a disorder or disease which would

benefit from in situ controlled release of a platelet derived growth factor (PDGF) protein.
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