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Title 

Improved. MethoO.s fer Processing .P.::::t.::.vated Protein c 

?riority 

5 Tb.is appli::::2..:-.icn claims the bene::it of U.S. Provisional 

.?.pplication No. 60/045, 255, filed 28 April 1997. 

Field of the Invention 

-=:::-_~. present :..::-,re:ltion is broadly directed to a method 

10 for reducing auto1egradation of activated protein C during 

p=ocessing ane puri~ication. 

Background cf the I~vention 

Protein C is a serine protease and naturally occurring 

15 a:;:t:~cco..gulant that plays a role in the :r-egulation o'f: 

no:rneost:.asis by inactivating Factors Va and VIIIa in the 

coagulation cascade. Euman protein C is made in vive 

primarily in the liver as a single polypeptide of 461 ami~o 

acids. This precursor molecule undergoes multiple post-

20 translational modifications including 1) cleavage of a 

42 amino acid signal seque:1Ce; 2) proteolytic remmral from 

the one chain zymogen of the lysine residue at position. 

155 and the arginine :::-esidue at position 157 to ma.ke the 

2-chain form of the molecule, (i.e., a light chain of 

25 155 amino acid residues attached through a disulfide bridge 

to the serine protease-containing heavy chain of 262 amino 

acid residues) ; 
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) . . d ' 3 vitamin K- epenoent ::arboxylatic:i of nine glu::amic a.cid 

residues clustered in the fi~st 42 am~no a8ids of t~e ~ight 

chain, resulting i:l 9 ga:"ii.IUa-carboxy~;lutamic: acid (GLP .. ) 

residues; ar:.d ~) ca:::-bohyd:r-ate a.ttacl".unent at fct:.r s:.. -:es {cne 

, ' 

5 in the light chain and three in the heavy chain) . The l1ec:.vy 

chain conta.ins the well established serine protease triad of 

Asp 257, His 211 and Ser 360. Finally, the c~rc~l~ti::ig 

2-chain zvmoaen is activated in vivo bv thrombin a':. a 
~ ~ --- -

phospholipid surface in the presence of calcium ior.. 

10 Activation results from removal of a dodecapeptide at ~he 

N-terni:-... '...!s cf the heav;- chain, producing activated ?ro':.sin c 
(aPC) possessing e.nzymatic activity. In co::icert wi ~J:: ::it:::ler 

proteins, activated protein C functions as perha?S the rno2t 

important d~~~1-regulator of blood coagulatic~ ~es~~ting ~D 

15 thrombosis. 

Unfortunately, aPC can autodegrade, ~eading tc 

decreased functionality as an anticoagulant. An art 

recognized degradation pathway for activated protein C is a 

proteolytic clip at the lysine residue at position 308 of 

2 o the heavy chain yi.elding a 111 amino acid fragment. This 

degradation product is recognized in the art as the E~-K 

fragment. 

Previous attempts t::i reduce autodegradation have 

focused on minimizing the formation of the EAK fragment. 

25 Most notably, Prouty et al., EP 0 662 513, July 12, 1995, 

teach minimizing autodegradation of aPC by controlling the 

pH to about 6.3 to 7.0; incubating the aPC in 3 M urea; or 

exposing aPC to extreme salt conditions, which are defined 

to be above 0.4 Mor below 0.05 M. 

30 Applicants have discovered a second important 

degradation pathway - autodegradation of the N-terminus of 

the light chain resulting in a clip on either side of the 

histidine residue at position 10. This degradation pathway 

yields two inactive products. The N-terminal clip of the 

35 first nine residues of the light chai~ yields 

des(l-9)activated protein C, and the N-terminal clip of the 

first ten residues of the light chain yields 
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C.es(l-lO)acti-vat.eC: pr0tein C. ?his ckgradati::i:i pathway, 

which has not been previously reported, results i:i loss of 

anticoe:gulant activ·ity dt:e to the remo~,-al cf the critical 

GLlt residues at positions 6 a:id 7. T:be.:::ef ere mi~ir.:.izin;· the. 

5 level of the des (1-9) - and des (1-10) acti7ated protei.r:. C 

autodegradation products is impcrtant in c.chieving c;;. pote::::~, 

high purity activated protein C phar~~ceutical prcparatioL. 

These variants were previously unknown degrc.dation products 

and are exceedingly difficu2.t, if not imp:'.)ssible, to remoYE=. 

10 by conventional purif icati.on techni~...:.e.s. ':'he ccnC.i t:'..ons to 

minimize their formation were previously ur...}:nov-ln. 

Identification of this impo:::tan-: a:.;.tc:i:iegrad.at:i.:m 

pathway for activated protei:i C by J.'..p;:-:1:.ca::ts has enabled. 

the discovery cf processi:ig and fo:::-mu.lc;;'::..:::J. co:1di tio:!E to 

15 enhance the purit)· and potency cf t=ie 2 .. c::.:::. vated pr:::t.e.i:i c. 
Applicants have demonstrated that at a low pH (e.g. less 

than 6.3) the autodegradation pathway favoring the 

des(1-9)aPC or des(l-lO)aPC predominat~s over the 308-309 

autodegradation pathway, however ~se of elevated sodium 

20 chloride concentrations (g:::-eater than 150 m,.'\1) c.t a pH less 

than 6.3 substantially reduces the extent of the des(1-9)a?C 

and/or des(l-lO)aPC autodegradation reac-::.ion. 

Accordingly, the present invention provides for 

processing activated protein C at an ionic strength of 

25 greater than 150 mM and at a pH of about 5.5 to less than 

6.3. Under these conditions the formation of des(l-9)aPC 

and des(l-lO)aPC is significantly reduced. The present 

invention therefore provides an improved method for 

processing an aqueous solution of activated protein c 
30 witho~t undesirable degradation. 

Description of Drawings 

Figure 1 provides the primary structure of activated 

human protein C to assist in illustrating the 

35 autodegradation pathways described herein. The nomenclature 

adopted herein is based on the numbering of the primary 

sequence of human activated protein C. One skilled in the 



5 

··--·---- ----·---------·· ------· --··-~---------···"····--·---·--·---.---------·----····--------

WO 98/48822 PCT/US98/08384 

-4-

art wo~ld recognize t~at other species of activated protein 

i~ pr: .. rr.c.:r·y seque:-1ce the:-eb}' :r·e-sul ting in 

shifts .:_n the nornencla~ure defiL~d herein. 

Summ~~y of ~he ~nve~tion 

protein c solu-:ions c..:i~ an ixr.proved method o:: processing 

such solutions, cC1:n~,::-isi::.q cc::-~c:-..;._ct ing the process:.ng r._t an 

ionic strength cf sreatc~ tha~ 150 mM and a-: ~ pE of about 

l 8 5. 5 to less tr~an £ . 3. 

~he inventio~ further provi~es a ~ethod for purifying 

. - h. 
cnror~1o~ograp~--1 c eepa=ation usi~g an aqueous 

tc less than 6.3. 

The invention furtLe= provides a method for 

concentrating a scl~~ion of activated protein C by 

filtration, comprisi~g feeding said activated protein C to a 

20 filtration membrarie as a:::i a.queo-...:s solu-::ion having an ionic 

strengt:.h cf ~:?:"ea:cer than '..;.5 0 m1"i and a pH of about -5. 5 to 

less than 6.3. 

The invention also provides activated prote~n C 

prepared by the processes described herein. 

25 The invention finally provides activated protein C 

30 

pharmaceutical preparations having less than 10% des(l-9)aPC 

and/or des(l-lO)aPC by weight. 

Detailed DescriEtion of the Invention 

All amino acid abbreviations used in this disclosure 

are those accepted by the United States Patent and Trademark 

Office as set forth in 37 C.F.R. § 1.822 (B) (2). 

For purposes of the present invention, as disclosed and 

claimed herein, the following terms are as defined below. 

35 - aPC or activated protein c - refers to protein c 
whether recombinant or plasma derived. aPC includes and is 

preferably human protein c although aPC may also include 
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other species or cierhr2 ti ves having p::co·cein C proteolytic, .. 
a!f.idclytic, ester:Jlyt.ic, and :b:.ological ( anticoaqulant c·r 

pro-f ibriri.olytic) activities. Ex.amp!_ es of protein C 

derivatives are described by Gerlitz, a~ al., U.S. patent 

s No. 5,453,373, and Foster, et al., D.S. patent No. 

5,516,650, che e~tire teach!~gs of which are hereby 

::.nco!:"porc.".:eci ";)y referer..ce. 

A?TT - a.cti?atec~ partial thromboplastin tir:ie. 

Aquect:s - ::..:.clud.es cosol vent sys~e.ms as well as use of 

10 wa-:er on~y as a solvent. P::::-ef erably, a.q'.lem:s means water 

or_ly as ':r.;.e sol vent. 

Chrc~ato;raph!c separation - inc:~des chro~atographic 

tec:::.""!.iques reco;nizeO. and appreciated .:'..n the a~t, i:lC::.uding 

size excl~s~c~s. anionic, cationic, ~ydr=phobic, reverse 

15 pi-.1ase and t.!:".tc like. 

Cross-flow filtration - ~efers t2 partitioning by 

tangential flow acrQss a filtraticn membrane where the 

product. is either retained by the membrane (as in 

concentro.tion or diafiltration) or passed by the membrane 

20 (as in viral clearance filt~aticn) 

:fl~ - protein C zymogen. 

Processing - refers to u~it operations useful in the 

manufact:u:::-e of activated protein C, such as column 

chromatography, filtration (tangential, cross-flow, dead-

25 end), lyophilization, pumping, or storage. 

r-aPC - recombinant activated protein C produced by 

activatiDg PC in vitro or by direct secretion of the 

activated form of protein C from procaryotic cells, 

eukaryotic cells, or transgenic animals including, for 

30 example, secretion from human kidney 293 cells as a zymogen 

then purified and activated by techniques well known to the 

skilled artisan and demonstrated in Yan, U.S. Patent No. 

4,981,952, and Cottingham, WO 97/20043. 

35 The present invention relates to an improved method for 

processing activated protein C. The invention particularly 

pertains ~o processing activated protein C through protein 
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enrici:i..ment er co:-J.ce:r~t::::ation and protein :i;-urification 

operations, while reducing auto6.egradc..tion. The .inve:J.tion 

is characterized by having such processing, and especially 
' 

such ffiodificatio~, en::::ichment and purificat~on operat~o~s, 

5 conducted using an aqueous solution of the protein under the 

condition described herein. 

The co~hination of connitions claimed herein minimize 

the formation of des(l-9)aPC and des(l-lO)aPC. Des(l-9)aPC 

and des(l-lO}aPC are exceedingly difficult to remove by 

10 known purification met~odology so it is desirable to 

minimize their formation dt:ring manufacturing of 

pha::::maceut~cal preparations of aPC. Activated protein C 

prepared under the claimed conditicns is substantially f~ee 

of des(l-9}aPC and des(l-lO)aPC variants. Generally, 

15 pharmaceutical prepa~aticns of aPC prepared under these 

conditions are substa~tively free of des(l-9}aPC and 

des(l-lO}aPC, generally having less than 10%, preferably 

less than 8%, more preferably less than 5%, and most 

preferably less than 3% of these variants, individually or 

20 in combination, by weight. The lyophilized p::..armaceutic~~ 

formulations prepared using aPC prepared as descr~bed. and 

claimed herein demonstrate improved stability in the 

solution state (prior to lyophilizing), and 24 to 48 hours 

stability upon reconstitution. Not more than a 5% loss i~ 

25 potency is observed up to five days at 2 to 8°C, up to 50 

hours at 15°C, and up to 40 hours at 25°C. Prior to the 

present invention, such stability was previously 

unachievable. 

Carefully controlling the pH, ionic strength, and 

30 preferably temperature, the autodegradation of activated 

protein C in aqueous solutions during processing and in 

formulations can be reduced to levels previously 

unobtainable - particularly in the absences of urea or other 

denaturing agents, histidine, lysine hydrochloride, or 

35 albumin. 
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In the broad practice of the prese:-~t i.n:venti0::i., it 

contemplated that processing protein c -includes a \dd.e 

va.riety of unit operc.ticns, physical separations an6. 
' 

-: c:: ..... ~ 

.f. . .._. . , ,. h ._ . . t +- . puri 1cat1on operal.J..o:rn, 1nc .... ua.1ng c ... _roma .... ograpn.:.c rea ... mE:::L: 
s and cross-flow filtration such as for purifying ~he pro~ein 

composition, concentrating the protein solution or for 

solvent exchange, as well as possibly chemical and enzymatic 
treatments. Protein processing contemplated by the Fresent 
invention particularly ir.cludes purification by standard 

10 chromatographic methods such as ionic exchange 
chrorr.atography, hydrophobic chromatography and the i:Lke, a.nei 

protein concentration by ultrafiltration and similar 
processes. Protein processing is alsc intended to encompass 
the retention cf the p:::-otein solution i:-1 !-1clding ::.a:-J..ks 2.::d 

15 the like preparatory to such purifica"':.ion and cc-ricer:cratic~ 

steps. To reduce the instability, all precessing of t~e 

activated protein C solution, including various protein 
purification and protein concentration steps, is conducted 
under the conditions described herein. Such processing 

20 steps are directed to the ultimate isolation of '.:he proteir.;., 
usually as a lyophilized powder, for f cr!T.ulation i::: a 
pharmaceutical preparation. 

The pH of the aqueous processing solution is about 5.5 
to less than 6.3. More preferably, 5.7 to less than 6.3. 

25 Still more preferably, a pH between about 5.6 to about 6.2. 
Even more preferred is a pH between about 5.8 to about 6.2. 
Still even more preferred is a pH between about 5.9 to about. 
6.1. The most preferred pH is about pH 6.0. Representative 
buffer systems to maintain effective pH control include 

3_0 Tris-acetate, sodiUJ."TI citrate, potassium citrate, citra.te­
glycine. and sodium phosphate. More preferred buffer systems 
include sodium citrate and sodium phosphate. ·rhe most 
preferred buffer is sodium.citrate. The preferred molarity 
of the buffer system is 10 mM to 50 mM. The most preferred 

35 molarity is 20 to 40 mM. The skilled artisan will recog:..ize 
that many other buff er systems are available which also can 
be used to maintain the pH in the claimed range. 
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The io~ic strength cf the processing solutions is the 

Iord::; sec:ond critica.l eJ.ernent cf the p:reser:t inve::tio:i. 
strength is qenerally derived frcm the ad~ition o~ 
pharr:-taceutically a::;ce.:;;tc..:ble sc:..l ts - :;;:refc::;.ably sod:. um 

5 chloride or potassi~m chlori1e. The ior.ic stre!:gth is 
preferably greater than or equal to 150 mE, derived from c 

salt concentration of grea~e.r th&n 15C mM in a buffered 

solution. Preferably, t~e salt conce~~ration is no more 

than about 1000 m.T'v! to facilitate dcvms:::::e.c;.m p:::-oces~ing. 

10 Most preferably, the salt cor.1.centration is from abc:'..lt ~OD rnM 

t 0 :. 0 0 0 m.:--: • 
400 i!'.M: we.re :;o:::-eviously ;:;elieved to be ·..:::.a.cceptc.:Ole. 

_z.._.-: ad.G.itional cor:.c:'..':.i:·:: to e~~·..:.rs r .. ir...imal 

?referably, ~he 

15 r:·:r·Dc-s.ssing terrtpe::-a ~.-ure du.r~r ... g s~-luticr~ processin.; is 1-Jetweer.t 

0°c and 10°C, mo:r-e pre.::ero.!::.ly 2cc to 8°C outside of these 
temperatures, significant a~1todegrc..dation of activated 

protein c occurs. However, exceeding 10°C for shor~ periods 

c·:: time can be tole.rated 1Ar:'.. thout comprising the integri t)' of 
20 the activated protein c. 

The concentra~io:J. cf ac~ivated protein C is noc 

cri. tic al tc t:he prese:.-it i.nver;tion. Sigr..if icantly, tl1e 

ability to process the ;:-rote:in at cigh concentrations is 
sigD.ificantly enhanced u.nder the conditions described 

25 herein. The preferred protein concentration is from about 

1 mg/mL to about SO rng/mL, more prefer2.bly 1 to 30 mg/mL, 

st.ill more preferab:y 1 to .20 mg/mL, and most preferably 

30 

1 to 10 mg/mL, although higher or lcwe:'.~ concentrations are 

considered operable. 

Activated protein C prepared as described herein is 
useful in the treatment of a wide variety of acquired 

disease states involving intravascul.ar coagulation, 
including thrombotic stroke, deep vein thrombosis, pulmonary 
embolism, peripheral a.rterial thrombosis, emboli originating 

35 from the heart or peripheral arteries, acute myocardial 
infarction, disseminated intravascular coagulation, and 
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acute pre-or pos~ capillar:.r occh.:.sio:-~s, i.:::icl udiL3 
thrc:rl>osis. 

~ ... ctivat.ed p::..-ctein C is ideally forrr:t;.la.ted :..n the 
' lyophilizeO. stc..te -. .. ·:.th a b"..:'.:.}d:-1g a.ger:t:. The bulking age:it. 

5 is ideally selected so that it improves the solid~state 
stabiJ.ity of the rr.olec'..lle. Exanrples of such excipie:its are 
sucrose, treha:ose, and raffinose. The skilled artisan will 
recognize tt.at ma.ny other bulki.:::1.g age::..t:.s are availc;.ble which 
also can be ~sed in ac~iva~ed protein C. T~e bu:king agent 

10 conce~':ration of the formulation is a critical formulation 

15 

variable cf t~e ~reeze ~rying process. A preferred bulki=g 
ageLt is su=rose at a ccnce~tration in the solution to be 

The most preferred 
con=e~~ratioL of 2~crose in the solutio~ to be lyophilized 
' - - I T ' is ~~ mg rr~ in a a.PC at 2..5 mgin:.r..,. Th.e most 
preferred concentraticn of sucrose in the solution to be 
lyophilized is 30 mg/mL in a formulation of ~P-2 at 
5.0 mg/mL. 

The following examples are presented to illustrate and 
2 O explain the invention. The scope of the invent: ion should 

no~ be cons::..de!'eci as being lir.tited to the2e examples. 
Unless otherwise indicated, all refer~nces to parts and 
percentages are; based en weight and alJ_ '!::.emperatures are 
expressed i:::1 degrees Celsius. 

25 Preparation 1 
?reparation of Human Protein C 

Recombinant human protein C (zymogen) was produced in 
Human Kidney 2?.3 cel:s by techniques well known to the 
skilled artisan such as those set forth in Yan, U.S. Patent 

30 No. 4,981,952, the entire. teaching of which is herein 
incorporated by reference. The gene encoding human protein 
C is disclosed and claimed in Bang et 91., U.S. Pate~t 

No. 4,775,624, the entire teaching of which is incorporated 
herein by reference. The plasmid ·used t_o express human 

35 protein C in 293 cells was plasmid pLPC which is disclosed 
in Bang et al., U.S. Patent No. 4,992,373, the entire 
teaching of which is incorporated herein by reference. The 
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constr~ction of plasmid is alsc: described in European 
Patent. Publication Ko. O 44: 5 .939, and :';.r;_ Grinnell et ~.!_., 

15'87, ~-io/Technclogv 5: 1189-J..152, the. teachings of. whic:!:l <=..re 

also ::..ncorporated herei.:1 by :::-ef erence. Briefly, the plas:ni.d 
5 was transfected into 293 cells. then stable transfcrmants 

were id.entified, subcultured and grov..n in serum-free media. 
kfter fermentation, cell-free medium was obtained by 
rr.icrof il tre.tio:i. 

The human protein C z:ymoge:i wc:..s separated from the 
10 c~lt~re fluid by an adaptation of the techniques of Ya:i, 

D.S. Patent No. 4,981,952, the entire teaching of which i~ 
he:::-ei::i incorporated by reference. The clarified rnedi'llm was 
mace 4 r.'.M ir:. E::JTA be:f o::-e it was absorbed to an anion 
E.}:c::-... c;:.::1g·2 resin (Fas:.-Plow Q, Pharmacia). After washing with 

15 4 co:u_rr:i volumes of 20 mM T:!'.'is, 200 mI'-'.i l\aCl, pH 7.4 and 2 

colur.:t.?."1 vclumes of 20 mM Tris, 150 mM Na.Cl, pH 7.4, r.he bound 
recom::d.nar..t human protein C zymogen wa.s eluted with 2 O mM 

Tris, 150 rnM NaCl, 10 mM CaCl2, pH 7.4. The eluted protei~ 

was greater than 95% pure after elutio~ as judged by SDS-
2 o polyacrylarnide gel electrophoresis. 

Further purification of the protein was accomplished by 

making the protein 3 M in l~·acl f ollcwed by adsorption to a 
hydrophobic interactio:l resin (Toyopearl Phenyl 650M, 

TosoHaas) equilibrated in 20 mM Tris, 3 M NaCl, 10 rnM CaCl2, 
25 pH 7.4. After washing with 2 column volumes of 

equilibration buffer without Ca.Cl2, the recombinant human 

protein c zymogen was eluted with 20 rnM Tris, pH 7.4. The 
eluted protein was prepared for activation by rernmral of 
residual calcium. The zymogen was passed over a metal 

3 O affinity column (Chelex-100, Bio-Rad} to remove calcium and 
again bound to an anion exchanger (Fast Flow Q, Pharmacia) . 
Both of these columns were arranged in series and 
equilibrated in 20 mM Tris, 150 mM NaCl, 5 mM EDTA, pH 7.4. 
Following loading of the protein, the Chelex-100 column was 

35 washed with one column volume of the same buffer before 
disconnecting it from the series. The anion exchange coltunn 
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was washed with 3 col~~m volumes of equilibration b~ffer 

before e.l"J.t:ir~g ".:he. prctei:-.;. wit.h 0.4 M NaCl, 20 ml\·1 Tris­

acet.ate, pH 6. 5. P::::-otei.::1 concentrc.tions of recombinc..::-.:.t 

lr.i:nan protei::l C was measured by UV 280 rm. extinction 

Preparation 2 

Activation cf recombinant hUJ.~an Protein c 
Bovine: thrombin was coupled to Activate.:J CB­

Sepharose 4B (Pharmacia) in ".:he presence of 50 mM HEFES, 

:.o pH 7.5 at 4°C. The: coupling reaction was done on resin 

already packed into a colt:..'Tlil using approximately 5000 ~~~=s 

tl::rornbin/mL resin. The thrombin solution was circulc;..t.ed 

tb.::-ough the colum:: for approximately 3 hours befc!~e cd.C:.L-:; 

2-aminoethanol {KEA) to a ccncentraticn of 0.6 mL/:.. c:: 

15 circulating solution. 'Ihe M:EA-containing solution was 

circulated for an additional 10-12 hours to assure complete 

blockage of the unreacted a~ines on the resin. Following 

blocking, the thrombin-coupled resin was washed with lO 

co1umn volumes of 1 M NaCl, 20 mM Tris, pH 6.5 to remove ~ 1 
a.L~ 

20 non-specifically bound protein, and was used in activatio~ 

reactions after equilibrating in activation buffer. 

Purified ~HPC was made 5 mM in EDTA (to chelate 

any residual calcium) and diluted to a concentration of 2 

mg/rnL with 20 mi~ Tris, pH 7.4 or 20 mM Tris-acetate, pH 6.5. 

25 This material was passed throug·h a thrombin column 

equilibrated at 37°C with 50 rnM NaCl and either 20 rnM Tris 

pH 7.4 or 20 mM Tris-acetate pH 6.5. The flow rate was 

adjusted to allow for approximately 20 min. of contact 

between the rHPC and thrombin resin. The effluent was 

.... 1..ime 

30 collected and immediately assayed for arnidolytic activity. 

If the material did not have a specific activity 

(amidolytic) comparable to an established standard of aPC, 

it was recycled over the thrombin colunm .. to activate the 

rHPC to completion. This was followed by 1:1 dilution of 

35 the material with 20 m..1\1 buffer as above. 
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The anticoagulan-:: activity of activated p=otein 
determi:::ied. by rnec.s"J.ring ::he p:::-olcngaticn of the: clottir..g 
time in the acti vatec3 pa:::-t ial tl:.romtoplasti:-~ tirr:e (JI.PTT) 
clotting assay. A sta:ndc..r-:5. c·~::rvc is prspa:r-e.C: :i.n dilution 

5 buffer ( 1 mg/mI. ra6-icimmunoassay grade :SSA, 2 O rn.1\1'. Tris, 
pH 7.4, 150 m~-11\'e:.Cl, C..02% Na1.J3) ranq::L:r:g i:i p::-otein C 

concentraticn fro:r.i 125-1000 ng/mL, wh:..~_e sar:tp.l.es a::-e 

prepared at several dilu~ions in this 2o~ce~t~a~ioo r~~ge. 

. -

To each sample cmrette, 50 µL of c::..ld hc:::se. plc_smc. c.nd 50 µL 
10 of recor.stitu::ed acti"l.•ated partial thromboplasti:i time 

15 

reagent (A?TT ~eagent, Sigma) are adted &~d incuba~ed at 
3 7 °C for 5 n:in. Af~e:: i:J.c1.1bati.c:i, 5 o ;;L c:·: th:::. =-~?~~·ropriate 

buffer is i.. .. se..d i:: place. ~-£ sa~~ple or 2-.:0..::::;·~a::-j -:.o de-:.errr.ir1e 

basal c~ctti~g ~im~. 
Scree:J.er h·smostas:.s .:;..-r_._alyzer, ~ .. merican I1abor} is started 
immediately after the addition of 5~ uL :!-':'°C 30 m"M CaCl2 to 
each sample er standard. Activated. protein C concentration 
in samples are calcu1ated from t:he lir:ear regression 

20 equation cf the stanC.ard curve. Clctti::.:ig times are the 

average of a minir;n.l::t' ::if ti::::-es :::-eplic~tes, i.ncluding sta::dard 
curve samples. ?rct.ein concentraticr..s of recombinant 
activated pY.otein C was rr:easured by LT\7 

::: 2 -:) T..h.'.l extir:.ction 

Eo.H=l.85. 

25 

Examnle 1 

Chromatographic Separation of aPC 

A solution of aPC ha"'.;ing a condu:::ti vity of 
approximately 14 mi'v!ho and a p:B of 5.7 was applied to a 

30 9.5 cm x 9 cm (rued) column of S-Sepharose Fast Flow cation 
exchange resin linked in tandem with a 25cm x 14 cm {rued) 

column of Q Sepharose Fast F'low anion exchang-e resin. Both 
columns had been pre-equilibrated in 20 mM sodium citrate, 
pH 6.0, 150 mM NaCl. The column load was 10 grams of aPC 

35 per liter of anion exchange resin. 'Ihe column was washed 
with >2 column volumes of equilibration buffer and step-
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e2-ute:5.. wi":.h 20 ml"l E'.ocU·..irn citrc.te pH 6.J, ~co mM NaCl. All 

operatio~s were per~or~ed at 2-2°C and at a linear flow rate 

:::>f 50 cm/hr. 

kl though the aPC !"".Laci. 2 high activity (539 ..u.r...i ts/mg 

~ Jl.PT'T assay) and was ~-.:.ite concentrated during the 

chromatography (>20 g/L at peak) and i~ the aggregate 

rr.ai:;:istream (10 grams /L), tbe: p:::-od.uct :::-emaine.d. stc.:::·le. 

bv .. 

These observations were co::lfirmE:d :::-;y reduced and non-reduced 

tryptic digest ligt.:.~ c!"".ai:1 :nass s:;:=.ct::ometr~~{,. ~Tr.!.ict.:. 

10 indicated no detectable (<2%) iscfcrms contai~ing the 

20 

3Q8-3D9 endoprot.ec:lytic cJ.i.-;: !'".1.or the presence of d.es~l-S)aPC 

c..:;.d ces(l-10) (<5%). 

F.:.l t.rs. tior: 

A.cti vateci ' c ,' pr:::otein ;_ 4 :.:-1g/mL) in 20 r.M 'I'ris, :!.50 ml:·:'. 

Nae:, and 2 o :;ru.: EDTA D'.lf:fe:::::- is filtered. using a ta::.gentia::. 

flow filtration (Millipore Virusolver"' 180 membrane) . 

Passage of aPC through the filter is facilitated by using a 

diafiltration buffer. The. diafiltration buffer is 20 :-nr·: 
sodium citrc..':.e a.nd l~.c :-.'1~ !'~a.Cl. Jl.~ solu~iorl (lOL), ·'i-, r.:~s/:r.:.. 

aPC i::: 20 ml\~ Tris, l5~: mh :~aCl, ar~d 20 rnivI EDTJ.i .. buffe::: were. 

filtered. The sodiu.;, citrc.'ce and sodiurr. chloride:: buffer was 

used as a diafiltrc::.ticn bu.ff er to yield a final vo:::..ume of 

25 a PC soluticn cf 21. 5 L. 

:2xample 3 

Freeze Drying 

A solution is prepared in a vial by adding the 

30 appropriate amount of s~crose, sodium chloride, and sociium 

citrate to a predetermined volume of r-aPC to yield 

2.5 mg/mL aPC, 15 mg/mL sucrose, 325 mM sodium chloride and 

20 mM sodium citrate at pH 6.0. The solution is 

lyophilized using a conventional freeze dryer to yield 

35 lyophilized aPC vials suitable for reconstitution and 

administration to a patient. The lyophilized formulations 

have less than 10% des(l-9)aPC and des(l-lO)aPC. 
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Exa.mE'le 4 --·--
FrE:e.ze Drying 

J.!. scl'.ltion ::..s prepared in a vic..l by addi::ig the 
5 appropriate amount of sucrose, sodium chlo~ide, and sodium 

citra":::e to a :;;·:::-ede"C.e::-mined volume cf r-aPC to yield 5 mg/rrl 
aPC, :30 mg/mL sucrose, 650 rnM sodium chloride and 40 m.1'11 

sodium ci':.rate at p3 f.O. The solution is lyophilized 
using a cor~vent10:-1c..J.. :creeze drye::::- to yield lyophilized aPC 

10 vials suitable fer :::-e8cnstituticn and a~~inistration to a 
patie::-2::.. 7he lyophilized formulat:icns have less than :..0% 
des(l-S)c..FC anj des(l-lO)a?C. 

':'be prir;c:..p::. es, preferred embodime:lts and modes of 
15 opera-cic:1 of the preseEt inven':.ion have been described in 

the foregoing speci:.:ication. The inven':.ion which is 
intended to be protected herein, however, is not to be 
construed as limited to the particular forms disclosed, 
since they are to be regarded as illustrative rather than 

20 res':.:::-L:::':.ive. Varia.tio!ls and changes may be made by those 
skilled in the a~t without departing f rorn the spirit of the . ... . inven ... ion. 

. ... 
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--·- RE~~:[~CE~~---·---.J 
We Claim: 

1 . .A.r... imprc:Ned method of processing a:1 aqueous 

so2.·..!t.i.cn of act i vate:l. protein C, comprising conducting Si..'. ch 
' 

processing at an io!lic strength of g:::-eatEr than 150 mM and. c:. 

r:; pH of a.bcut 5. 5 to less than 6. 3. 

lD 

2 . 'I'he method of Claim 1 wherein orotein. c is humcm. 

activated. protein c. 
3. The method of Claim 2 whereir1 the pH is from ..... h :::. . \..• 

t:::; 6 .2. 

4. The method of Claim 3 wherein such solu~icn 

cor.p:-ise2 sodium chlcride. 

5. The method cf Claim 4 wherein the so~ium chloride 

cor.:.cent:-atio:i is 200 rnM to 1000 mM. 

6. :'he method cf Claim 5 wherein the processing is 

15 ,::,e::. ected frorr. the group chromatographic separation, freeze­

drying, or filtration 

7. The method of Claim 6 wherein the pH is buffered 

with sodium citrate. 

8. A method of processing an aqueous solution of 

28 a~tivated protein c, comprising conducting the processing i~ 

an aqueous solution having a sodium chloride conce:itratic·n 

of 150 mM to 1000 mM and a pH about 5.8 to about 6.2 

buffered with sodium citra.te; and at a temperature of about 

0°C to about 10°C. 

25 9 . The method of Claim 8 wherein the pH is buffered 

with sodium citrate. 

10. A method of processing an aqueous solution of 

activated protein c, comprising conducting the processing· in 

an aqueous solution having a sodium chloride concentration 

30 of 200 mM to 1000 mM and a pH about 5.B to about 6.2; and at 

a temperature of about 0°C to about 10°C. 

11. An aqueous solution of Claim 10, hav·ing less than 

10% des(l-9)activated protein C and des(l-lO)activated 

protein c by weight. 
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:2. A....11 aqueo....,_s solution c.f Claim 11, ho.Ying less tha:1 

5% des(l-9)activated protein C &nd des(l-l~)activated 

protein C by weight. 
13. Activatee prctei~ C prepared from ths p=ocess cf 

5 Claim 1. 

10 

14. A pha:::-rnacet:tical formulation comprising c..ct.ivateci 
protein C and a b1:lk:.ng agent; said formulat.ior_ having less 
than about 10% des (:!..-9) activated protein C a:::-.0. d.e.s (~-

10) activated prctein C by weight. 

15. A pho.:!'."mcz.cet:tica.:. fcrmc<.latio:-.!. cf Claim 14; 
formulation having less u·_c..:n c.bout 5% cies (1-S' ~ acti·v'"C..'::ed. 

prote~n C and des(~-lO)activated orote~n C weiq:C':. 

I If lllll l/llll Ill// lllll /I Ill/ 
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