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COVPCSI TI ONS USEFUL AS FI BRI N SEALANTS -~ ~ = - “Firetd-ofthe—~
I nvent i ORvo 98/563 ?‘;I'he invention relates to conpositions of f pETAUSoEPIRSSET

and is mare particularly concerned with concentrated fibrin nononer

sol utions containing other blood proteins or- conponents wherein the fibrin
mononer and the bl ood proteins or conponents are all autol ogous. Such
conpositions are useful, for exanple, as fibrin seal ants.

Background of the I nvent i on U S 5,750,657 to Edwardson et a

descri bes a conpl eC&lWPOSH\I@NWSF@@IIOfAﬁorWIMgGEAEW$n seal ant
utifiziing a fibrin nonomer conposition. Fibrin nmononer, generated by pre-
treatnent of fibrinogen with a thronbin-Ilike enzyne,. is. used ina. ... .. .
nondynam c state. As it 'SEﬂﬁiﬁiﬁ;lﬂh%%gﬁﬁ%é#igﬂn need thereof; the
nondynam ¢ conditions are reversed so tha € nononer can pol ymerize to
forma fibrThepbhyentichi eblaeegeso esmpobiliiionssed &ibrin mondmer concern
in applying a fibrin seal ant has been flbrlnolytlc stablllty It has been

bel i evaadt hat morebpaﬁ‘éllytllerﬁ-xceeneewﬁ piwe#@t @P@I%?nﬁrré’é?@ APBELBeal ant
clot so that de ed effec S. ar [O /. 05067 Baxt er
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stability. The conpositions of WO
or components are all autologous. Such comp051tlons are

useful, for example, as flbrln sealants.“

Backarou e Invention

.U;S. 5,750,657 to Edwardson et al. describes a eompletely
novel method of preparing a fibrin sealant.utilizing a fibrin
monomexr composition. Fibrin monomer, generated by pre-
treatment of flbrlnogen with a thrombin-like enzyme, is used.
in a nondynamic state. As it is applied to a patient in need
thereof, the nondynamic conditions are reversed so that the
monomer can polymerize to form a fibrin polymexr which serves
as a fibrin sealant.

. One concern in applying a fibrin sealant has'been
fibrinolytic stability. It has been believed that
fibrinolytic factors can prematurely break down a sealant clot
so that desired effects are not provided. WO 93/05067 to-
Baxter International describes a sealant composition with
greatly reduced plasminogen levels to help ensure better in
vivo residence time or stablllty The compositions of WO
93/05067 have preferably no more than 10 pug/ml of plasmlnogen.

It is also believed that pre-delivery concentrations of

‘fibrin or fibrinogen need to be high for an effective fibrin



- -

93/ 05067 have preferably no nore than 10 [err]g/ni of plasni nogen. | t
I s al so believed-that - pre-delivery-concentrati-ons—of ~—firbrimnmor fibrinogen -

need to bmg@sﬁgor an effective fibrin WD 98/ 56
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| muno' s mar ket ed Ti ssucol has apprOX|nater 70-100 ng/ m of f|br|nogen
Behringwerke's Beriplast has apprOX|ﬁater 65- 115 ng/m of fibrinogen,

Kaket suken' s Bol heal - has pprOX|nater 80 of flbrlnogen
Baxters§§§P§ﬁt i §OBel ievo Iogwpg’ & lﬁggéaﬂ

fibring Eﬁgoxﬁmatel 70-100 mg/ml glf%\i ewEﬂ%%E@J

been fo at co 05|t|ons cont al ni-ng- su ant i nts of
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It -has now
plasn1nogen

and hapergplakat heel MppewssimatelseBE-atisonsy /afl fdthriibmimdgdiij nogen
conpared to the prior art E’OVIde useful fibrin sealants at | east
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I nventiQ h een foynd that.cqonpositions ntalnln fromabput 10 to
about §Bgnﬁ}‘ﬁ1 RN oﬂ‘grb g‘t} dtl °4(5:C[r§rar‘]]rb/arﬁ qx:uﬁ%q onbi n and
about 3Q@- %gthegglgamrﬂgbg@h@snlnogen are . extrenely useful as fibrin

seal ants. Préeferably, such~ conpositions conprise autol.ogous fibrin

nmononer, prothronbin and pl asm nogen and may..i ncl ude ot her. aut ol ogous

conponents. More preferabl
for concentrating a.fibrinr n aut ol ogous

sel ected Trom e QR e RIRF nt1lpet(%9'§‘::'23mposJ.t:Lons containing
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such conp03|t|ons are the result of a process

corrponent S

substantial amounts of plasminogen and having relatively lower

concentrations of fibrin or fibrinogen comparéd'to the prior'.

art provide useful fibrin sealants at least comparable to the

prior art sealants. In accordance with the present'inventiqn

it has been found that compositioms containing from about 10

to about 30 mg/ml of fibrin monomer, about 10-40 pug/ml of

prothrombin and about 100-200 pug/ml of plasminogen are

extremely useful as fibrin sealants. Preferably, such

compositions comprise autologous fibrin monomer, prothrombin

and plasminogen and may include'othér'autologous components.

More preferably such compositions are the result of a process

for concentrating a fibrin monomer solution wherein autologous

components selected from one or more of plasminogen, .

prothrombin, fibronectin, factor XIII, factor X and

antithrombin III are coharvested in autologous form with the

fibrin monomer.

ailed Descri io th v io

The novel compositions of the present invention have the

- advantage that they are prefefably autologous compositions.

As such, use of these compositions, e.g., as fibrin sealants

reduces the potential for viral transmission when compared to



prothronbin, fibronectin, factor X I1I, factor-X and antithronbin Il are ..
coharvested in autol ogous formw th the fibrin nononer. ToTTo
Det ai | edyfescsdhpfion of the Invention The novel conpgstisonfissd the
present i.nvention have the advantage that they are preferably autol ogous
conpositions. As such, use of these gonpositions, e.g., as fibrin sealants
reduces the potential for viral transm ssion when conpared to 6
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- fibringpROSEr FIBLER nEnbRABROWAK chY 1N keRidord ringMinhi it adreF+&hng, €. 9.,
by 1owering the pH, they can be applied to a patient to forma :
- seal ampoliybernzpopynergas byt lbwerhngnthe $H,5they, 65h ke lmpplied. need for
added exogepous thraonmbin. Upon appl.ication, such fibrin nQney - can be
conver® cRREAEREL 5O SOFBI 9nBPRYABFL HABEAR BOJYReRy 38,88t T pHRback {0
neut 1 a5 58, YB3l 687 LBEKBLROLUECRSRAIRY el OleiRiorthid LahbdEn
conpositTons’of {he present invention can be prepar y any

known/ upsneappliicaeddn, suchsfpbefiar methomat okl hedTdnverieadriseciketyi t h
those in U S. 5,750,657 are enployed: Thus, a_plasma fraction can_be
- separ agepelywarifebéebfosn, afd It hebypradmding 4dhe o darkhda.menerabith a

hr o LLkE SVEXEE, (U ch o g L 102k B f ol tsggobi n and
- compositions of the present invention can be prepared by any.. .
knowﬁ/convenient means, it ié preferred that méthods'in -
accordance with those in U.S. 5,750,657 are employed. Thus,. a.
plasma fraction can be separated from whole blood and the
plasma fraction can be treated with a thrombin-like enzyme
(which can be thrombin), preferably'batroxobin and more'’

- preferably in a derivatized form, e.g., biotinylated
batroxobin, to form a fibrin I monomer which will immediately
polymerize to an acid-soluble polymer. Dissolving the
polymer, e.g., in an acid, provides a fibrin monomer solution.
The low pH inhibits the fibrin from polymerizing and thus the
fibrin monomer is conéidered nondynamic as referred to in the
‘657 patent. Such a method of producing a fibrin monomer
solution generally provides that other blood factors/
components are trapped within, or otherwise absorbed to, the
polymer prior to dissolution. Typically, to use the fibrin
monomer solution as one componeht of a fibrin sealant it is

- coadministered with a material_to catalyze the polymerization
of the fibrin monomer. For example, a pH 4 fibrin monomer
solution can be coapplied with an alkaline buffer, e.g., a pH
10 buffer, to raise the pH of the fibrin monomer thereby
creating an environment where the monomer will polymerize to

form a fibrin polymer which is the sealant. Preferably, a
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batraxobin, to forma fibrin,h'hnnoner which will imediately polynerize
~1-0-an- act d-sot-ubte polynmer—-Di-ssotving -the poltynmer;e.g., in an acid,

provi des lbrin mononer solution. ..The [ow pH inhibits t ' rom
pol ymer i z%ﬁ{;hg‘?é&t hus the fibrin nmononer is considered non ﬁl’gérryisgq%%

referred to in the '657 patent. Such a method of producing a fibrin

-nononer ~ sol ution generally provides™thaf other blood factors/ = conmponents

are trﬁgged wi-t-hin, _or otherw se agsor ed to, .polynmer prior, to K
e
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componengs ol paeLhbl i Nag6ahenbebhshy, GRAAMLALAECERL Qictlp material to

catal.yze the palynérizatron rin non or exanple, a pH 4

fibrin conpoeicienkbyt the cohabeeseafpfhedow KiIanandkpiothidunidiar, e.g., a.
pH 10 buffer, to raise the pH of the fibrin nononer thereby creating an
envi ronddengwidtl the esheium dpne,pprowidezsbas ther dastob A ol ner
whicch is the seglapf. Preferably, a 98/ 56394 . _

PCT/ UsoaF1¥sEsa, gke“P’_”Lﬁr"“Mh is: °°n,"erte\féfic° §8xPrRigy and §Rfnions
can be addedy xihka | endensihPelal BallBun $ohPRLBTLde AdvariRCously, when
using the present conpositions, the coharvested factor X1 and

_pr-ot hr osbhtieraliongodi £hbirha Capoilyneirorsr monvmee)t hat fikeifmddr X L1 is
activated, the prothronbin is converted to thronbin and the factor_XIIa,
t hr onbi BO&vEeE al BPURFPEAS1BKEH dabrap dfePOdWersi dnSof A BEGEaTHRA yrer
(or nnngggégngociggrin Il polymer, to crosslinked fibrin LI polymer, i.e.,

. a preferre _ o

i - Thus, preferred compositions of the present invention

'compriée abou£;10—30'm97ml of fibrin monomer (I, II or des BB)
in sélution with a low pH, i.e., pH 5 or less, buffer.
Acetate buffer or any of the buffers set forth in U.S.
5,750,657 or otherﬁéimiiar buffers are suitable. These
prefefred compositions further include 10-40 pg/ml of
prothrombin and have plasminogen between 100 and 200 pg/ml
- (which is about 50 to 100% of_the'plasminogén present in
normal plasma) . Préferably these three components are
autologéus and more préferably they have been coharvested with .
the fibrin monomexr. The present compositions may further
include 5-100 pg/ml of activatable Factor XIII, 45-150 ug/ml
‘of fibronectin, 2.0-7.0 pg/ml of Factor X and/or 50-200 pg/ml
of antithrombin III. ) _ |
TABLE 1 below in.the EXamples provides a comparison'of an
exemplary compositi&n of this invention to the Tissucol
(Immuno) and Beriplast (Behringwerke) compositions discussed
above. -
The present preferred compositions are part of a
convenient, safe fibrin sealant'systeﬁ in that they are
autologous and can be prepared to inherently contain other

important factors, i.e., other than the fibrin itself, which



seal ant clot. Thus, preferred conpositions of the present i
conprise-about “10-30 ng/m of fibrin nonomer (1, Il or des BB)

nvention
in solution

Wi th-a | owgpblogk §4. PH S or | ess, buffer. Acetate buffer orpé-flmsgé,utsgﬁ

buffers set- forth in U S 5,750, 657 or other simlar buffers ar
These preferred conpositions further Ln&lude 10-40 [err]g/n of
and have pl asm nogen between 100 and 20

e suitable.
pr ot hr onbi n

[err]g/n1 (which is about 50 to
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-5- pro r.the sit ersi.an_and _crossl.ink of -t he-
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since they are pooled products. Coharvesting fibrin nononmer and ot her

bt.ood- comparable to Beriplast and Tissucol. Also, when the novel

compositions of the present invention are coapplied to a

- surgical site with an agent to render the fibrin monomer

polymerizable kpreferably PH 10 buffer solution; about 7:1°

- fibrin monomer solution: buffer) and a source of calcium ions, -

the resulting sealants have stability comparable to prior art - -

sealant without the need for added antifibrinolytic.
stabilizers, i.e., aprotinin and/or without the need to
plasminogen.

Using the process described below, compositions of

remove

the

present invention can be prepared. Preferably, the process is

carried out in devices such as those described in EP 654669,

WO 96/16715, WO 96/16713 and WO 96/16714.

EXAMPLE 1

120 cc of the patient’s blood is drawn and mixed with 17

cc of 4% trisodium citrate USP for anticoagulation.

Centrifugation results in the isolation of about 60 cc of

plasma which is reacted, i.e., by mild agitation, with biotin-

batroxobin for 10 minutes at 37°C. The biotin-batroxobin

- catalyzes the release of fibrinopeptide A only from fibrinogen

and does not activate factor XIII. This results in the



conponent s whi ch _are natural I'y car¥ied through in the _
~potymeritzation/sotubil ization preparation nethod descri bed . above is a

si npl e Wﬁy % oviding extrenely efficient sealant prod WF}‘ nhanced
safety a ,c? 68’?14_perfor m at | east conparable to Beri pl asti;éa I Isagssécol-.

Al so, when the novel conpositions of_ the present invention are coapplied
to a surgical site with an agent to & ender the fibrin monomer .

pol yneri zabl e (preferahly. pH: 10 buffer solutjon; about_7:1 fibrin nononer.
sol ut i‘{ﬂfmﬁﬁ%r‘afeeﬁ\d?’gbéégr%@ Y‘E%ﬂ'cwlblﬁliloh%,ac%aes?%@a?-?ir ngT8&al ants .

have sdsghisljt E&?@% ; . L B teeSER s Lhoul 5t e or added
ant i fﬁ}?}lyr%’[ yﬁt/i C a ?H’%e}?ésbfglﬁée& ,%p‘?%tl nl.%%%%\%%? %\Aﬁ?hggtsgtgggeﬁeed to

.. removen @.&SmMNaP2M sodiudsaderdte pubEess (pRse) | bedthel presenaposift i ons

of the present invention can be pr e[)ar ed. Preferably, the process is

carri a@rlstitun niorsi cRvidioh eava Yideeund o | agErosg4b89added 66/ 16715,
WO 96/.1671

3 and. WO 96/ 16714, . s _ s s - MPLE 1
120 o H5 SAHEAGH At O (AR 6L T RGP JRIORI R AP EORED0R s 4o
111 SOQHEMG ¢ A B MSFoR OB 1 UV LOAIB A FOFe &Pl &k L@aEHOR é@ﬁ&&r&%g’dﬂ the
i solation of about 60 cc of plasma Wwhich is reacted, .i.e., by ml
agl.tatfimom . thd hf ihoin nf pdibymex adpIut oon MOy nfhliteast adn 37[ The] C. The
~biotin-batroxobin catalyzes the rel ease of fibrinopeptide A only from
fibri RRFBHCEE FEElm JionRNeY) LYk rhag | the TRPEPeeshipR fhRoWRe in
‘WO 98/m83S . _ _ PCT/ US98/ 11859 .
-6- formation of a fibrin | polymer which is acid soluble. The
EXAMPLES 2-24
Twenty-three additional blood samples were processed as
in Example 1 and the resulging compositions were analyzed.
The results are compiled to show the ranges as set forth in
Table 1. Table 1 also shows the plasma levels of each
component in the 24 subjects tested and further compares the
present formulations to those of ‘the Tissucol (Immuno),

Beriplast (Behringwerke)' and Bolheal (Kaketsuken) sealants.



fibrien | polynmer is isolated by centrifugation *and dissolved in.3.5 nl
0.-2M'sodium acetateé buffer- (pH4) in the presence of calciumions. Avidin
coval ent | wdoesseges 0 agarose is added to the sol ution whi chpelyeRdgAlssy

bi nds t he-biotin-batroxobin, and the biotin-batroxobin:avidi n-agarose
conplex is then separated fromthe-ilf;br.l n | polynmer solution by filtration.
The resulting fibrin nononer solution has the conposition shown in TABLE
1. ¢ -~ EXAMPLES 2-.24 Twenty-t hree additi onal

bl ood sanpl es were processed as in Exanple 1 and the resulting
conpositions were anal yzed. The r &ABLE Jare conpiled to show the ranges as
set forth in Table 1. Table 1 also shows the plasma | evels of each
--conponent in the 24 subj ects-tested and further conpar es the .present

fO_rmJ -af--oRs—t-o—tfose—of—tihe—rsspeot \III_IILITUJ, Be-i |JI aﬁ i n\J\fﬂEl’kE)
and Bpl heal (Kake{sulE&hi» ¥&gpgnts| Plasma | Tisgprag Segiplast | Bolheal
PCT/ Up98/ 11859 Compositions EX 1-24 - /-
TABLE[ 1 Example | Rangk! D[ 1N Monongr  Plagnma Ti spucol
- Beriplast Bol heal EX 1-24 Conpogi ti ons EX 1-24}- :
Exanmpke—Range- 1 — B 1. 24 Elbrinlogen 19
- 16:6- | FilrimSoge6]| 10-110 16.6-. | 1.@84+31565] 70-180 64-115 - 80
' mg/ml . 24.5 i
Prothrombin | .24 | 15.36- 58.96~ - - .} --
lpg/mr | 32.0 . 99.8
Fibronectin | 127 " 48.6- 123.6- 2-9 3-7 --
pg/ml 140 597.1 {mg/ml) (mg/ml)
Plasminogen 140 114-234 | 137-324 -- -- -
pg/ml
Factor XIII 30 14- 10-30.7 -- -- --
pg/ml - 100.8 . (0.5~ .
(Units) (1.43) {.7-5) 1.45) (10-50) (60) (75)
Antithrombin 90 58-162 161-323 -- -- -~
III  pg/ml
Factor X 3.1 2.1-4.9 | 7.48-13.8 -- -- -~




qgﬁqyfmm__ 24. 5« Prot hr onmbi n. 24 15. 36- '
58..96- T [Ag/ m 32.0

99.8 Fibr 127 48. 6- 123. 6- 2-9 3-7
/ Ag/ i WM‘Q” 140 597. 1 (mg/ ni) PCT"(‘?R}/W?
Pl asni nogen 140 114- 234 1378324 :
__jig/m Factor X1l 30 13- 10- 3
Ag/ m - 100.8 (o ll Hﬂuﬁmum

(1 43) CLALMST L) 1.45)  (10-50) (60) m w I I in

- . 58-162. 161- 323 S _ [err]g m
Factor'X' ‘3.1 2.1-4.9 7.48-13.8 .
REPLACEMENT SHEbmSoS:ion comprisind 808pRALLbANCEONPT i STTHT
10 to 30 ng/m of fibrin nmononer; 10 to 40 [err]g/niTm L hronbln
and 5-100 [err]g/n1 of actlvatable Factor X I1. mwu

of claim1l1 furt ncI ng.-100:- 20 errjg/m of pla
The conpositﬁ)np B anZﬂ% gF ?ﬁgere@gﬂPﬂé Tél ai ms

45-150 .pg/ M 10ftbi RHOPGFMLNoEf prothrombin; and

' - 5-100- pug/ml -of activatable Factor XIII.

2.  The composition of claim 1 further including 100-200
pg/ml of plasminogen.

3. The composition of claim 1 further including 45-150 ug/ml

of fibronectin.

4. The composition of claim 1 further including 2.0-7.0

‘pg/ml of Factor:X.

5. The composition of claim 1 further including 50-200 pg/ml
of antithrombin III. B

6. The composition of claim 1 wherein said components are

co-harvested from single donor plasma.

7. The éomposition of claim 2 wherein said components are

co-harvested from single donor plasma.

8. The composition of claim 3 wherein said components are

co-harvested from single donor plasma.

9. The composition of claim 4 wherein sald components are

co-harvested from single donor plasmal REPLACED SHEETS 56
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4. The conposition .of any one of the preceding clains further

F Rt R T T T e R

. 6. The conposition any one df the"preceding clains ereln
sai d conponents are co-harvested fFLWQSJngle donor pl asma.

met hod of forning a fibrin polyner for nedical use on or in a patlent
conprisg n I dpatient;

& ”p 19 .9 T AfgfSsPHion of c1d Bk %gvﬁ??éfﬁ iiﬁgpkﬁpLﬁgghg% &R

harvestl ng co-Sniitésred r fuws aé thdl © oflondtt chlaewal i ses 10-.30 - ng/ m. of
fibrin nonomer, 10-40 Ag/n1 of prot hronbin and 5-100 Ag/ m of
-activatable-FactOLNXLII 'n. - and L applylng sald solution to form
said fjibri The

[ ' .. 8.
et hodr | BN o ol $SFURR wolvigr o3 BeiRiobive: 81 200
[err]g/m (gr P RS SOGEEnt cdmpriditeg "BALOg 8psa8yY One of clainms 7 to 8

wherein said sol ution further conpri ses 45- 150 [err]g/m of
fibronectin. 10. The. nethod of any one of clalns 7 to 9 wherein said
. ‘taking a blood sample from said patlent o _f
harvesting a solution from said blood whlch comprlses 10~
30 mg/ml of fibrin monomer, 10-40 pg/ml of prothrombin
and 5-100 pug/ml of activatable Factor XIII; and
applying said solution o form said fibrin polymer for

use on or in said same patient.

12. ' The method of claim 11 wherein said solution further

comprises 100-200 pg/ml of plasminogen.

13. The method of claim 11 wherein said solution further

comprises 45-150 pg/ml of fibronectin.

14. The method of claim 11 wherein said solution further

comprises 2.0-7.0 ug/ml of Factor X.

15. The method of claim 11 wherein =aid SOIution further

comprises 50-200 pg/ml of antithrombin III.

16. The method of claim 11 wherein said solution is formed by

the steps of

(a) separating a plasma fraction from said blood;
.(b) treating'the plasma fraction with an enzyme which

catalyzes the cleavage of fibrinopeptides A and/or B

This Sheet Has Been Replaced




~solution further conprises 2.0-7.0 [err]g/™ "of Factor X 11.- The net hod

of any one of clains 7 to 10 \M'I | In solution further conprises—
s0-200 [aggiggabyol ont e oro UMMM "5 o grins o

(a) separating a plasma fraction fr %‘S_ﬁi"d"bi"ood-; (b) treati nQ the
pl asma fraction with an enzyne which catal yzes the cl eavage of.

fibrinopepti des Qs s B fromfihrinogen within.said =
plasma to form ﬁﬁp(yﬁ%{ SPOFSE AR Sa(’t% psﬁ%%‘?%%‘? a#)'?v' r%r%{k’ﬁbnal | of;
the renaining pa3ffer; fromthe so-fornmed polyner; and (d) dissolving .
the polyner to provide a fibrin nonomer = -soluti-on containing one or nore

...co-harvest dd¢) sulsteinigaislyc cregpaneintes.all of the remaining plasma .

from the so;formed'polymer; and
(d) dissolving the polymer to=provide a fibrin monomer
solution containing one or more co-harvested

autologous components.
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