WD 97/ 04081 PCT/ AU96/ 00457 METHOD
FOR -THE PRORMT4084 OF THROMVBI N FI ELD OF THE | NVENTI ON 5 Thifd‘/ﬂﬁﬁd?ﬁohﬁﬁ
relates to the preparation of thronmbin by_.the actijvati on of prothronbin.
Thronbin prepared in accordance with this invention nay be used in a fibrin
glue kit, as a topical agent inits ow right for therapeutic use in
humans, or as a diagnostic reagent. 10 BACKGROUND OF THE I NVENTI ON Thr onbi n

is a serine protease QIETHOR'FORTHE PRODUCTION OFCTHROMBINgUI ati on
factor, prothronbin. Its nost studied role is its ability to convert 15

soluble fibrinogen into an insoluble fibrin clot, thereby stenming the flow
of blood fr L Qj ssel. Thronbin al so cl eaves and activates
factor Xl 11 %@a@?éﬂ"ﬁh‘%ﬁ?ﬁ serves to stabilise the forned fibrin

clot evenx further (Furie, 1991). 20 The conversion of prothronmbin to

t hronmbi n can be perforned in many different .vvays'. According to the classic
descri ption of cdhisinvention relatesttodheipneparatiom ofthrothhin by the agtivatiop of

coagul ation factor, Xa_in the presence of gofactaors .factor. Va osphqlipid
and cal ci umPEathemie. ME!"‘ &gﬁaffg 'WEFFQF@@"%‘H@%%%’&W"&N@’EB&&@@S
Cnake. Oryur dnau T M R, SE Sdentinlis bhf SGRORY ersBboulic Gsdandar

Not echi s scumalss, (of@&e dizgrhosticiredgent966), and the sawscal ed viper Echis
carinatus (Franza, 1975). However, none of these have been used

comercily i n the producti on of thrombin for clinical application. 30
many vays, HACKEROURDLOESTREIWERTRT 2, on' stggest s that factor X is |
converted to factor Xa when incubated with factor I Xa in the presence of -
Thrombin is a serine protease represénting the active form of the
coagulation factor, prothrombin. Its most studied role is its ability to convert
15 soluble fibrinogen into an insoluble fibrin clot, thereby stemming the flow of blood
from an injured blood vessel. Thrombin also cleaves and activates factor Xl to
factor Xlilla which serves to stabilise the formed fibrin clot even further
(Furie, 1991). - '

20 The conversion of prothrombin to thrombin can be performed in many
different ways. According to the classic description of coagulation, prothrombin
is converted to thrombin by coagulation factor Xa in the presence of cofactors
factor Va, phosphoiipid and calcium chloride (Esmon, 1974). Various snake
venoms also cleave prothrombin to form thrombin, examples being the venom

25 of the Taipan snake Oxyuranus scutellus (Owen and Jackson, 1973), the Tiger
snake Notechis scutatus (Jobin and Esnouf, 1966), and the saw-scaled viper
Echis carinatus (Franza, 1975). However, none of these have been used
commercially in the production of thrombin for clinical application.

' 30 Factor Xa, required for classic prothrombin activation; can be generated

in many ways. The Intrinsic Pathway of Coagulation suggests that factor X is .
converted to factor Xa when incubated with factor IXa in the presence of

SUBSTITUTE SHEET (Rule 26)
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cofactors factor VIilla, phospholipid and cal ciumchloride. The Extrinsic
Pat hway of WOS3#Ei on is initiated by the exposure of tisspeTrAuvs00457
(contatning thronboplastin) to factor VLR<in the presence of cal cium
chloride. This serves to activate factor VII to factor Vila which in turn

converts ‘f aC&&éﬁ&é ﬁc{)oaym% spislipid &nd éciom chioridis.t The ExtrinsioPatiwaat e
escri ped abov

prot hronbi n as e (Furie, 1991). There are no reports_ of
commer ci al pofeCoagilation ds initiatedi by cthgl exposwgef ohitinsus factarm fconteiningi ¢

of oxpl of t at HeABePIRIN B e VIl e RIBSAS yalinCeinfod Tofseves %
to subsequenjlygafCfacter i tBFAHEF VIR Whidhin GsticBavérts fRisieX esfactorda. t BethlO

prot hronbi n-contai ning starting material (see, for exanple, Japanese Patent
Publ i cat i §nsfoNas of f26r9¢8 thendadtivate: peothrombin asdescobediabone (Furke; 1991).

Cor poration, and European Patent Pullication No. 443%i n tﬂe ar{e of

Baxt er | nt er hagnedte noreponts mmm%almq{FEW%@f thre eXploi B%E%ﬁ ViRp

fact X Wit N . Wl f l

chi or 1 de (i 9198 Vs P tof GEREHSHEN W teklbr ) nBVERE ferd ard 8yt

(Bi 0- Product gf rbﬁ@ﬂé of &xpléitatioh @f tHe Extrinsio Pathwaytogeridratesufficient facidr d@nost i ¢

reagent However, the need to denonstrate the absence of soluble RW in the

final producto ebisequently caativats:| prodirombin, by saddiggs thramboplastingto the

t her apeutj.c agent 2Q LA C | [

manuf act edP'g@"rPHib'BF&Eé?{?'"Sp%#ﬂ@!ﬂgf"%S‘%’aﬁgéﬁ r@irﬁ%‘%@’ﬁ#’% ‘cr]hlds%g%? %%ig%t[ I ons
from the Prop{jpiustions ONGE! 6329082 Niridi 1201680F) inrtive f mamer o Greencersss i N
whi ch the prothronbin has been converted to thrombin by incubatqiqnqg t he

starting mat Gormaration, and FusepeaniRatentPulication:o: 4437 4dip tha name; r
presence of LRl AHMBhGIMN) Faictdt ka Bah?disdBe $omhé&l by incubating factor X with
Russell's Viper venom (RVV) in the presence of calcium chloride (Kisiel, 1976).
15 This approach has been used commercially (Bio-Products Laboratories) for the
preparation of thrombin as a diagnostic reagent. However, the need to
demonstrate the absence of soluble RVV in the final product would pose

difficulties with its registration as a thera'peutic agent.

20 A crude preparatior-\. of thrombin has been manufactured by the present
applicant using thrombogenic discard fractions from the Prothrombin Complex
Concentrate (PCC) manufacturing process, in which the prothrombin has been
converted to thrombin by incubating the starting material with human placenta-
derived thi'omboplastin' in the presence of calcium chloride. A limitation of this

25 method has been controlling the quality control of the placental thromboplastin.
As a diagnostic product, this has not posed such a problem, however, for clinical
use, clinical registration requires strict safeguards which have not been practicat
to introduce. o |

30 Commercial preparations of thrombin are of particular value as

therapeutic agents as well as in diagnostic applications. In particular, thrombin
. may be used to promote coagulation as a topical agent (in either liquid or
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25 method has been controlling the quality control of the placental

t hr ombopl asid 9704081 2 di agnostic product, this has not posed h.a problem
however, for clinical use, clinical registration requires s?ﬁgﬁu’gﬁ%uards

whi ch have not been practical to introduce. 30 Comer ci al
preparations of thronbin are of particul gr, val ue her-apeuti c ents as
Nl | as i n POUSRIIPITE) BIBFPPSRAEH O WPLDA reesings. FurRsars, thEgmBi Ma¥d « o
pronot e coa ' ' L] ' fasthslaq Ui 4081
T AUDG! 0043 UseH'8 T BolBnBAl of &fbrin glue? ki iR wiiefl iy Sk, thromhy £nt*0°
Furt her nor e, fifrinogehfactoRXilbare.copsbined forapplication todurgichl intisiors ared istHeri n

whi ch, in use, thronbin and fibrinogen/factor Xl Il are conbined for

appl i cati on fresh wotmnds to replacerthearse of sutunese partioularys dubing gurgery ohe use
of sutures, ‘Rért'cgll arI%/ during surgery on 5 delicate tissues. In work

| eading to t 'Cﬁk% &PHeS-nvention, the present inventors have devel oped a
met hod of activation of prothronbin to thronbin which does not require the
use of thronboplastin, either human or "any ot her species. 10 Furthernore,
the nethod of thelrpworkrieadingeto: thenpresenh invention; thal prgseritdnvenstors have

1511 e nedisloned s Rtand 1 Ao HBRHISh o o Shgpes et
whi oh can b SSrECTHe 'usd | EHEbpIcH ks R, dny MRRE shelie¥ T
]Ic EIYELVEL ON) AcRurtisérfribré Cthiefmethod of the present inventisriisrcharacterised bydhe usgidfiod

a fraction from the Prothrombin Complete Concentrate (PCC) prepared by the

published method of Middleton et al, 1973 which has nomally been discarded.

As a resuit, the present invention provides a thrombin product which can be

produced economically on a oommércial scale.

15

SUMMARY OF THE INVENTION

According to the present invention, there is provided a method for the
preparation of thrombin from a prdthrombh-oontaining material, characterised
20  in that the prothrombin-containing material is an Activated Prothrombin Complex
 Concentrate (ActPCC) fraction as described hereinafter, and said ActPCC
fraction is contacted with divalent cations in order to convert prothrombin in said
fraction to thrombin. As mentioned previously, it has been found that when
thrombin is prepared from the ActPCC fraction in accordance with this invention,

25 the presence of thromboplastin is not required. -

| The "ActPCC fraction” which is used as the prothrombin-containing
. starting material in accordance with the invention comprises at least some of the
thrombogenic fractions in the ascending or pre-peak material produced during

. 30 the preparation of Prothrombin Complex Concentrate (PCC) by elution of the
bound proteins from Cohn fraction | supematant from DEAE-celiulose resin.
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preparation of thronmbin froma prothronbin-containing material,

char.acteri w ﬁﬂ In that the prothronbin-containing material is an

Acti vat ed T8I n Conpl ex Concentrate (ActPCC) fracti orPCRAUSMNO4STOed
hereinafter, and said Act PCC fraction is#econtacted with divalent cations in
order to convert prothronbin in said fraction to thronbin. As nentioned
previ ousl'y, Furtheadetailsroftbe ActPGE: fragtion, and theyproductiondperesf] are @ivemin

Act PCC fractjio c ord.a W the presence of
t hr onbopl astd"?rgﬁta‘?%t E"dtr‘ﬁst&ﬂf'm!%iﬁ%é@ﬁ% which is used as the
pr ot hr onbi n- cont ai ni ng startr ng material in accordance with the invention

conprises at | east sone of the thronbogenic fractions in the ascending or

pre- peak mat er i alThe prdsentinventiongal86 extendsiio dronbinprepérediy theomethod
Conpl ex Concentrate (PCC) by elution of the bound pr oter ns. from Cohn
fraction$ m&ﬂﬂhd @ﬁmv&l as fotherapatic and dipgnosticpreparations

Eg{j A6/ 00 fd fin aﬁdk@g} treParenExarRs o Tl ?‘B% cgﬁ'pﬁ'%@gt‘h%npl es

her eunder . B?@d Bythe method onttis inveAtisrends to thronbin prepared by the
met hod 5 broadly descri bed above, as well as to therapeutic and di agnostic

preparations thereof. In addition, the invention extends to fibrin glue
kits conprising r onbi r oquced .1 he Q hi s _d.avent i on.

bref er ably, the Sptarany. B e Biertudirl miBe gt on e ariin o o o
10 Ca erygl  icH?s ionéCand eopnefidintly €acl,lis'used i tHeedctivationcoptid AtPEE Of
the Act PCC fraction. In another preferred aspect, it has been found that

t he opti nunfrastio@ntration of Ca[err] ions for production of thrombin in
accordance with this ' :

In another preferred aépec_:t, ‘it has been found that the optimum
concentration of Ca®" ions for production of thrombin in accordance with this
15 irrvention is in the range of 25 to 50 mM, more preferably from 35 to 50 mM, and
_most preferably at a concentration of about 40 mM. Furthermore, it has also
been found that although the production of thrombin can be performed at
temperatures in the range of 4°C to 37°C, the optimum temperature does vary
with Ca?* concentration. In particular, the optimum and hence preferred

20 temperature is in the range of 22°C 10 25°C.

In a particularly preferred embodiment of this invention, the ActPCC
fraction is treated with 40+5 mM CaCl, at 22-25°C for a period of 4-5 hours.

25 Of course, after the treatment in accordance with this invention to convert
the prothrombin to thrombin, the thrombin is recovered and purified by methods
which are well-known in the art in order to produce a commercial concentrate
which may, for example, be >90% pure thrombin.

30 | Preferably, the further processing steps include a virus-inactivation step,

such as a solvent/detergent treatment (for example by incubating the product
with 0.3% TNBP/1% Tween 80 for 8-12 hours at 24°C - 26°C), in order to
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15- invention is in the range of 25 to 50 nM nore preferably from35 to 50

mV .and m\ﬁbgp,?ﬁ,fsfrably at a concentration of about 40 mM _Furt npre, it
has al so been tound that although the production of thronbiPﬁliIéﬁ%%{%“"-

perforned at tenperatures in the range of 4[err]Cto 37[err]C, the optinmm
tenperature does vary with Calerr] concentration. In rtjcul ar, the

opt i mum andPregHeER amlwafem@&ﬂebm &Rﬂﬁ?'&'ﬁr}ﬁa i Y'ﬂ*'sc"r\'@pc?"éﬁ& RFPAYCkTBY | C ¢ o
25[err] C. | el ] f i S AN fab NE
Act PCC frac &B&Jﬂbﬁéﬁﬁéﬁkﬁfﬁ @Bé@%”le@@?[ err i bg{ bgwg}lﬁ %! %rfog
period of 4e)'e'auhPI§ with’Heparin-ag@foseo(such, asaHeparihi8epharesekeat aipH & the dance
with this invention to convert the prothronbin to thronbin, the thronbin is

recovered arangpwfEr8 (refepabiypihds) Witk plution ofdhiombipky NaCl, mseterably gt or der

to.produge a rcial _goncent ich may, for exanple, be >90% pure
t hr onbi n.g 3%hfa m"ﬁ@*%ﬁ%%@‘“’%ﬁéﬁm her processing steps include a
virus-inactivation step, such as a solvent/detergent treatnent (for exanple

by incubating the product with 0.3% TNBP/ 1% Tween 80 for 8-12 hours at 24C
- 26[err] C), in Thebiaghout this specificatianauniess the context requires otherwise, the

PCT/ AU96/ 00457, - 5- _pr.od fus-sate th BB e The.
vi rus-i nactWoed eﬁo'ﬂgbgﬁ'gf&n‘gv\'%t{?ﬁﬁ fic eﬁ% P R0 %'?%%fgﬁﬁ%%i@@s\ze‘w B8 i he
thrombin b ey i i i

He{ogri InE]Se%IAar ose g?'ﬁgﬁ ﬂ‘?mﬂ?e ranggai(;!fd“gs\E (g'ggragﬁgﬁg%@%fﬁ&th

el uti on10f therexdlusioh yf Bagiotherintegenbl group &f integeesl concentrati on above
350 MM Throughout this specification, unless the context requires:

ot herwi se, the word "conprise", or variations such as "conprises" or

"conpri si ngnmm%%Pgsﬁ§pﬁ%?m%ﬁmeanncl usion of a stated integer

or group o

. A summary of an entire method of production of thrombin in accordance
15 with the preferred aspects of the present invention is shown in Table 1.
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10 the exclusion of any other integer or group of integers. DETAI LED
DESCRI PTI Cwogz gHE | NVENTI ON A sunmary of an entire nethod of production of
t hrombin i 08 ance 15 with the preferred aspects of thePGRAHLM0457

i nventton is shown in Table 1. WO 97704081 -

PCT/ AU96/ 00457 -6- Table 1. Summary of: Thronbi n production Pl asma

Cr yosuper nakable 15 $ummarny of Thrombimn RIQIMCIORC - Acti vated PCC fractions 10
Activation using CaCl[err] Filtrati onppgmarifugation Virus inactivation
(sol vent/detergent) 15 pH Conductivity Zdj ust nent Hepari n- agar ose

chr omat ogr aphy 20 Seéphacryl S-100 chromat ogr aphy
Nanofiltration Fornulation 25 St ercrlygsﬁ'j,émamiton D spensing 30

Freezin
gS l

Fraction | supernatant
}
PCC - Activated PCC fractions
' -l
10 . Activation using CaCl,
}
Filtration/centrifugation
) .
Virus inactivation (solvent/detergent)
15 ' b
pH/Conductivity adjustment
b '
Heparin-agarose chromatography
!
20 Sephacryt S-100 chromatography
L _
Nanofiltration
L
Formulation
25 }
Sterile filtration
l
Dispensing
|
30 Freezing
|
Freeze-drying

SUBSTITUTE SHEET (Rule 26)



Freeze-drying WO 97/ 04081

PCT/ AU96/ OQApdriaa6sr | N general terms, in this preferred rrey;k?@
Pr ot hr onbi n Conpl ex Concentrate (PCC) [ sl_Frepar ed accordin Aﬁ?féooﬂ%’t hod

as originally described by M ddleton et 1973. Diluted Cohn fraction 1

supernatant i's m xed batch- w se th E-cel S e ed and
the resin transféﬂr%ﬂ?’ﬁf&erg‘sj 'Ehmﬁrﬂrgéﬁ'fﬂ ‘@%@M’Wﬁﬁ'&‘&ﬁh%‘é ns are
washed thro W é niethod i3 briginally deseribede! ut ed
with a hi ghgg:l}' Fﬁa{? )%égggﬁggﬁ@&@tgﬂing fromth ri!.j;o ‘t?rrm are traced

by Tefracti by Midtietormetial,ot978) Diluted: Cehmfractinf hgupemiatanttis mixed batdhect ed

as the starting material for prothronbin_a va n in_accordange with t
present i nvavise ovith BAR-celluese Fasing Rﬁﬂm@edlﬁnéctsﬁt@ﬁw ‘P?f9ﬁﬁédnt° a

Comlex concBRpaicBralit SR Wibgubd Hahis 5 iastibe f2BaH I el g1y 1 "

this fracti gaung ﬁ%téuﬂgqincﬁﬂwgsamﬁrdmmhémm withoa Higher sait bofferl. Theonbi n.

The descending peak I's collected and used to manufacture a Prothronbin
Conpl ex Conpeoteing eluting@om tecalumn are tracedry refractive index-oent @ngwabtuons

:Mst f}hg\r,]molp? |ﬂ%\:!i sFéV chﬂe%‘zipﬁaﬁﬁ# 9%' "rﬁ‘?‘@gﬁ% g{??@ﬁ f@%ﬁ?@ﬁﬁéﬁdﬁwgﬁ ange

of 22- 25[ el ckibatiohih dEididahc? with tife pfas%m inventiers. Vhéﬁeh&%ﬁéh@?\dheo n

vitro thronbogenl city test as original descri bed by Sas et 1975 and
Farrugi ajget mhtanriaemated\cuagmatmsfadorsoamaaremrmaﬂxodlsogdndwhgn wmgﬂag of

37l err] C and Resdonbia Compacgeteerate, Hyawen 25 Jescibed bove § fas BPelr ur s
of the preseping %Sprlﬁlg r}réacrtl'SnWQr& fdRd1sdiras of prbtnrSmblif for generation of
thrombin. The descending peak is collected and used to manufacture a
Prothrombin Complex Concentrate (PCC). The elution of the ActPCC and PCC
15 fractions is shown in Figure 1. Preferably, the ActPCC fraction is then incubated
with an optimal level of calcium chloride at an optimal temperature range of 22-
25°C. The method of this invention has been based on the in vitro
thrombogenicity test as originally described by Sas et al, 1975 and Farrugia et
al, 1989, which is used to détect thrombogenicity (degree of activation of the
20 clotting system) by adding 37 mM calcium chloride at 37°C and measuring the
degree of thrombin generation.

Further features of the present invention are more fully described in thé

following Examples. It is to be understood, however, that this detailed

25 description is included solely for the purposes of exemplifying the present

invention, and should not be understood in any way as a restriction on the broad
description of the invention as set out above.
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followi ng Exanples. It is to be understood, however, that this detailed 25
descripti ogvaé]% i.ncluded solely for the purposes of exenplifying the present
i nvention, 4P8u1 d not be understood in any way as a reRGE4U6M845n t he
broad ‘description of the invention as se€-out above. WO 97/ 04081

PCT/ AU96/ 00457 EXAMPLE 1 Thi s Exanpl e descri bes one specific nethod of

prot hronbin activation to generate tEXAMPLE4Nn accordance with this
invention. 5 1. Treatnment with Anion Exchange Resin Fraction | supernatant
fromthe Cohn fractionation process is diluted to lower the ionic strength

Fact or 1 The pr dHGFATpE SeeBEE ot SPecilerediod of SOOMEiT SLAetBntas r
sterilised iqanphatetARAGINGA dctordbmed with thistiHeentidry, (nmeasured in terns of
wet DEAE resin) of 20 to 40 grans per litre of Fraction | supernatant. (ii)

Sufficiet water is then added to adjust the tenperature of the 15

Fraction | supematant/resin m xture to err]2[err]C and to dilute the
mxture to é-'fTrmmgﬂ'QEt%?“ﬂ @$H 1.4 times the original volume

of the Fraction | supernatant (iii) The resin mxture is stirred for not
nore than 2 hours at 2[err]2[err]C (iv) The |oaded resin is separated by
centrifugati on atfFracton | ipermhtant Iont the"Coha fractionatibn proveiss dstdiluted to

containing 'I:or\n?ecrtt;'lg ri]v:Jnt%cl:J lstif'egg uc;fiﬂgg mzmt%lre%‘?’msqg tt?én %%%g \?vﬁﬁ Drflfé-rcl:ellulose
10 resin to adsorb Factor IX. The procedure is as follows:
(i To the Fraction | supematant, sterilised resin suspension is added
in a quantity (measured in terms of wet DEAE resin) of 20 to 40
grams per litre of Fraction | supernatant.
(i) Sufficient water is then added to adjust the temperature of the
15 Fraction | supernatant/resin mixture to 2+2°C and to dilute the
mixture to a final volume of between 1.3 and 1.4 times the original
volume of the Fraction | supematant.

(iii) The resin mixture is stirred for not more than 2 hours at 242°C.
(iv) The loaded resin is separated by centrifugation at 2+2°C.
20 -
2. Preparation of Prothrombin containing Fraction bulk solution

2.1 Washing of adsorbed resin
‘Unbound proteins are removed from the DEAE resin by washing with
25 Buffer W (see Table 2). 'Less than 1.2 litres of buffer per kg of resin are
~ used for slurrying and washing. This and subsequent steps are carried
out at ambient temperatures of not more than 30°C.

2.2 Elution of adsorbed resin

30 The Prothrombin containing fraction (ActPCC) is eluted from the resin by
applying Buffer E (see Table 2) to the resin bed.
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Unbound proteins are renoved fromthe DEAE resin by washi ng w th 25

Buf fer W (sego digdosy 2) . Less than 1.2 litres of buffer per ?grf reS|n are
used for slurrying and washing. This andgsubsequent steps a 7 out
at anbient tenperatures of not rmre than”30[err]C. 2.2 Elution of adsor bed

resin 30 '?rot ronbl nta| ning fraction (ActPCC) is eluted from
the resin bf%ﬁ&y rﬂf“Bl']Pf‘%’P @Table 2) to the resin bed. WO

97/ 04081 - . PCT/ AU96/ 00457 -9- Table
2. Fornul atlon of Buffers Buffer Conponent -

E5 Sodi U osphna] e BP
0.03 D3
Sodi um chl o | de BP Compdhent ?
6.5-6.7 4 e ectlorWof elutel fractiBns The ol uting
proteins ar¢ ' 1 ve index netef ' peak
(ACt PCC) S Haa =N dadt Spoalk - at.hraonmbhin aslit

cont ai ns ac#Hi
3 I
Concentr at el éﬁ

Pr ot hr onbi n COMpr €X_Concentrate
i Sodium chloride BP

2.3 Selection of eluted fractions
The eluting proteins are monitored using a refractive index meter. The

ascending peak (ActPCC) is collected and used as a source of

15 prothrombin as it contafns activated coagulation factors unsuitable for
Prothrombin Complex Concentrate manufacture but ideal as a source
for thrombin generation. The peak and descending fractions (PCC)
are also pooled and used for Prothrdmbir_\' Complex Concentrate
production.

20
The eluted pre-peak fréctions (ActPCC) may either by frozen and/or
clarified as described below.

2.4 Freezing of ActPCC eluate (Optional step)

25 The pre-peak eluate is frozen rapidly to below -30°C and stored at that
temperature for not more than € months until required for further
processing. Immediately before use the eluate is allowed to warm to

. room temperature (below 30'C). The purpose of this optional step is
to allow the manufacturing process to be halted and to provide the

30 option of bulking two or more lots of eluate for preparation of thrombin.
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production. 20 The eluted pre-peak-fractions (ActPCC) may either by frozen
and/.or clarjfied as described below. 2.4 Freezing of ActPCC el uate

(Opti onal &%33’“231 The pre-peak eluate is frozen rapi BCAUBG/a5DW
-30[err] C and stored at that tenperaturel®or not nore than 6 nonths until
required for further processing. |mrediately before use the eluate is

al l owed to v ictivatiomef Bnpthrambin Gonteiningdractipas. (ArtBCB)r pose of this
optional step is to allow the manufacturing process to be halted and to
provi de the 30 option of bulking two or nore lots of eluate for
preparation of t o) Y

PCT/ AU96/ 00457 r1]‘8';’I€?é&"kct‘? \\;at | onéi%&grc& rr'1arsocn%'ﬁl1' mCocﬂ'ltogF ﬁlar?g egrtgc?tfl‘%an's
(Act PCC) The requwIW&NM|onmemmmmanGMmdm at221€-25rC: fortup a

final concentration of 40[err]5 nM whil st_m xing timal |y at
22[ err] C- 85[ er r ] dor®hours. 5Attheen4@f$n&mo§ tmcmséfémmemqhtmo@nod t he

Ui Tus-i nacti vat scclried by Tttty arbun JAE LA b B o ¢ o
outlined in Tabl epfhcedSed into a thrombin concentrate as outlinBdPabled, The Exanpl e
descri bes the opt| mal tenperature of thronbin generation by neasurenent of

the rate and extend of thronmbin formation over tine at three different
tenperatures: 4[err]C, 22-25[err]C and 37[err]C 15 1. Buffer 3.3 g/l
Na[err]HP err].2H err] O, pH 6.6

10 EXAMPLE 2

The Example describes the optimal temperature of thrombin
generation by measurement of the rate and extend of thrombin formation
over time at three different temperatures: 4°C, 22-25°C and 37°C

15
1. Buffer: 3.3 g/l Na,HPO,2H,0, pH 6.6
3.2 gl NaH,PO..12H,0
8.8 g/l Najcitrate.2H,0
20 2. Conditions: Prothrombinex (PTX) discard fractions were incubated at

4°C (open squares), 22-25°C (closed circles) and 37°C (closed triangles) in
the presence of 35 mM, 40 mM and 37 mM calcium chioride, respectively.
The three different calcium chioride concentrations correspond to the optimal
concentrations required for thrombin generation at the respective

25 temperatures. Subsamples were rembved over time and assessed for
thrombin activity (chromogenic) and standardised against the intemational
Standard for Thrombin (70/157).

3. Conclusion: The results shown in Figure 2 demonstrate that thrombin

30 can be generated within the temperature range of 4°C to 37°C, however, for
optimal thrombin formation 22-25°C should be used.
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3.2 g/l NaH err]POerr].12H err]O0 8.8 g/l Na[err]citrate.2H err]O 20 2.
Condi ti onswo 97/086g1t hr onbi nex (PTX) discard fractions were i bat ed at
4[err] C (open squares), 22-25[err]C (clgged circles) and 3 ﬂ‘%"{"ﬁ"osed
triangtes) in the presence of 35 MM 40 mM and 37 nM cal ci um chl ori de,

respectively. The three different c%w gori de concentrations
correspond to the optinal concentrat ired for thronbin generation

at the respective 25 tenperatures. Subsanples were renoved over tinme and

assessed for thronbin activity (chr onnx?;ni c) and standardi sed against the
| nt'er nati onal St ThisExample deseribsstheziktarpination oGhecopfimalicalciumThe resul ts

shown in Figure 2 denonstrate t hr ogbi n..30 _can be nerated.w thin the
t énper at ur eg'?u{gﬂgg ‘iﬂ"%f‘@?i’?@: rﬁﬁ#@?ﬁ'&?" a%%?ﬁﬁatm&eﬁ?mmgﬂ nbi n
foramat i o? 2@% s-shoul d be used. WD 97/ 04081

PCT/ AU967 00 WPLE 3 This Exanpl e describes the determ nation of the
optimal cal cium chloride concentration for PTX discard fraction activation

of prothronbin to 5 thronbin. 1. Buffer 3.3 g/l
Na[ er r ] HPO] & Buften; er S0 NaHRO2HQ/ PHRB err] PO err]. 12H err]0 8.8 g/

‘Na[err]citrate.2H err Wd' LQRS: PTX discard fractions were
incubated in the pres]g%y‘(ﬁa'-il C %&%ﬁ% concentrations of calciumchloride
(25-50 MM f.c.) for 4g®gnNatitile2b,©r]C. At the end of this period,
sanpl es l\(/;/ere assessed for thronbin

2. Conditions: PTX discard fractions were incubated in the presence of
increasing concentrations of calcium d'\loridé (25-50 mM f.c.) for 4 hours at
22-25°C. At the end of this period, samples were assessed for thrombin
generation and results expressed as International Units/mL.

15
3. Conclusion: The results shown in Figure 3 demonstrate that thrombin can
pe generated in the presence of ml_cium chloride in the range of 25 to 50 mM
final concentration, however, for optimal thrombin formation 40 mM final
concentratfon should be used.
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generation and results expressed as International Units/nL 15 3.

Conclusion: The results shown in Figure 3 denonstrate that thronmbin can be
gener at ed VR 974408y esence of cal ciumchloride in the range RET/2B96/00450 V]
final concentration, however, for optinrdR2-thronbin formation 40 mM fi nal
concentration should be used. WO 97/ 04081
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Russell's Vi per Venom |Isolation and Characterisation, Biochemstry. 15:
22,4901- 49 M ddl eton, S.M, Bennett, |.H, Smth
therapeutlgﬁ%oﬁ@éﬁtrate of coagul ation factors 1, I X and Mﬁﬁ?ﬁé@ﬁ at ed,
factor-VI11-depl eted plasma. Vox. Sang.” 24 441- 456 1973. Owen,

Jackson, C.M Activation of Prothrombin with Oxyuranus scute

scut el | at us @E&IMﬁn Snake) venom Thronbosis Research. 3
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spont aneous thronmbi n generation in human factor | X concentr at
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PCT/ AU96/ 00457 -13- CLAI M5 1. A nethod for the preparation of thronbl n
from a prot ht.onbi A-methodHfonthepreparation of thiomkin from @cprothrombin- t he

Concant rat o (ARG MataRe), Sharasisiised @ Dt i BrotbiR PBrPaA RIS v ¢

di Val ent cat %ﬁ?‘ ﬁtﬁﬁ#ﬁ a?e 2.
A et hod acc%%gf%%t&agg% F&tﬁro?ﬁﬂih wher |%£§'gu Eé @{]ﬁ%n og‘gnpgilysaems at
| east sone OActPCC fractioh iscontactedawith divalentcationsateccorlienprothrombinp ek

mat eri al produced durln% preparatlon of prothronbin conplex concentrate

(PCC) by el Lﬁﬁ'drﬁraﬁlcbéﬂ Bifei ns.from Cohn fraction | supernatent from
DEAE- cel | ul ose resin. 3. A et hod according to cI aim1l, wherein the
dival ent cations are Ca[ err]

2. A method according to claim 1, wherein said ActPCC fraction
comprises at least some of the thrombogenic fractions in the ascending or

pre-peak material produced during preparation of prothrombin complex
concentrate (PCC) by elution of bound proteins from Cohn fraction |
supematent from DEAE-cellulose resin.

3. A method according to claim 1, wherein the divalent cations are Ca**

" jons.

4. A method according to claim 3, wherein the concentration of Ca?* ions
is in the range of from 25 to 50 mM, more preferably from 35 to 50 mM.

5. A method according to claim 3 or claim 4, wherein said ActPCC

fraction is contacted with Ca?* ions at a tem perature in the range of from 4°C
to 37°C, more preferably from 22°C to 25°C.

6. A method according to any of claims 3 to 5, wherein said ActPCC
fraction is treated with 40+5 mM CaCl, at 22-25°C for a period of 4-5 hours.

7. A method according to any of claims 1 to 6, further comprising a virus-
inactivation step, preferably a solvent/detergent treatment step.
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ions. 4. A nmet hod according to claim3, wherein the concentration of
Calerr] iona,oislin the range .of from25 to 50 MM nore preferably from 35
to 50 mM 5YOYRUBL hod according to claim3 or claim4, WneCTIAUBGIET
Act PCC-fraction is contacted with Ca[erf]4+ons at a tenperature in the
range of fromd4[err]Cto 37[err]C, nore preferably from22[err]C to
25[err]C. 6.8. A Amneétindaacoording do any af glaims dl tai ifuthepcémprising the sai d

Act PCC fraction is treated w.th 5. MM CaCl [err] at 22-25[err]C for a -
period of 4-geﬁ&??§9°°/Ve""9,@VHFLPW§DEFa$‘99c§Pﬂ%"\bd‘Lany of claims 1 to 6,

further conprising a virus- inactivation step, preferably a
sol vent/ det ergent treatnent step. WO 97/ 04081

PCT/ AU96/ 0048.7 - 1TFhrdinbin plepartsiby thecmethouoofianyeane of claims 140 8.t 0 7,

further conprising the steps of recovering and purifL‘LMQt\hegtth\Wbin.
9. Thronbi n prepared by the nmethod of any one of clains 1 to 8-

RNy i
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