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parti cul %b>69)g(¥}33t reat ment of hypercoagul abl e skadses or aGuig@drpRetein C
deficiency W activated protein C. Protej | rine protease and
natural ly occurring 10 anti coagul ant that :’M@@Mﬂﬂ%ﬂﬁ I n tl1e'z rmml%ﬁl on of
henostasis through its ability to bl oek-t of thronmbin
production by inactivating Factors Va and VI I I'8%% t he coagul ati on cascade.
Human protein Cis made in vivo primarily in the liver as a single

pol ypeptide of 461 am no 15 acids. This precursor nol ecul e undergoes
mul tipl e posttrandEREORS [FOR FREATING HYPERCOAGPRHBLE STATESge of a 42

am no acid signal sequepgeic@uIRER! BROYEINE ¢ M FITEN@E the one chain
zynogen of the lysine residue at position 155 and the arginine residue at

position 156 to nmake the 2-chain 20 formof the nolecule, (i.e., a |light

chai nsof 155 aphie fevéntbon diebatdd acd atbdivaiugrienbies Wdttiechladpg to the
serine protease-containj e chaj f 26 I no aci d. resi dues); 3)

Ut ' KEREEReRr e Rt bh YRSt R, SR ST REEHR o1 e
in the fi¢sdeficiemny withisacfivaked ippaten chain, resulting in 9
gamma- car boxygl utam ¢ acid resi dues; and 4) carbohydrate attachnent at four
sites (one in the Iight chain and three in the heavy chain). The heavy

chai n cont ai nsP¥ake#R| ¢ %%t%b*?%%ﬁﬁlE%Q??ﬁ?%NQRQ%EﬁFQ¥¢¥&VZﬁcg%ﬁriﬁg, Hi s
thl' armsl S@g&tsé_aagﬁiﬁaﬁt |ht'hat _hplaj'tré callﬁéiélgirlz;aimifegx%latiqﬂy?ﬁgen s f
activated in vjvo, ronbi n_at_.a.phosphol.ipid syrface in the presence o
cal o um i BARORERSYS! FBROPER F58 FPLR Font diatk e deantatioR af t ne
‘N-t er ni nushobmbiie heedyctiannby pinaicci vt by | Raxt ok prvd eand C7LAPE) in
possessi ngpg SBQﬁHYBtERHCEé%é&e. | Ny GO &é’{h"\?ti‘s %Qc?é 1@5%%85’ aPC
functions as pernaps the npost 1 nportant down-regul ator of bl ood coagul ati on
resul ti ngPFamprdl¥cipohhaghivier asranpbrgke PeLYRRPEidm o6 461 amino

atnt i j@ﬁagalt:;aabon ﬁ-nmtst beagurabE xh?_ﬁeaﬁué dfle éé’én‘fﬁ&ﬁi{;iﬁéfﬁgéﬁl—t hr ought
its inhibjtion_of.c i ne,generation, (e  g. a - apd_al so exerts
orof  bri nhFgtEaahiehen: radi Piaet fhnd itdhading D) Jifeavagd St nati ot e n o
enzyne sysménor epidsengsad sefuenpéysi?) opgrettolpriantemoval from the

ant i - coagghat k1 na%hod8n! B 2HERL{Qine 2ds {41L 1 40! ¥SkBtion 155 and

the arginine residue at position 156 to make the 2-chain

20 form of the molecule, (i.e., a light chain of 155 amino acid
residues attached through a disulfide bridge to the serine
protease-containing heavy chain of 262 amino acid residues);
3) vitamin K-dependent carboxylation of nine glutamic acid
residues clustered in the first 42 amino acids of the light

25 chain, resulting in 9 gamma-carboxyglutamic acid residues;
and 4) carbohydrate attachment at four sites (one in the
light chain and three in the heavy chain). The heavy chain
contains the well established serine protease triad of Asp
257, His 211 and Ser 360. Finally, the circulating 2-chain



SEPSI S Sepsis is defined as a systemc |nflannatoryfresponse to infection)
associ ated with and nediated by the activation 20 of a number of host

def ense nﬁgn@ |nclud|ng t he cytoki ne network, | eukocytpegusegigh7ehe
conpl ement an coagulatlon/flbrlnoly5|s syst ens. [Nesters, et al., Blood

88: 881-886, 1996]. Dissem nated intravascul ar coagul ati on [i?ijprQ
w despread deposition of fibrin in the-2> m crovascul ature Of vari ous
organs, is an early manifestation of sepsis/septic shock. DICis an

| npor t ant a?-ﬁ?ﬁ%ﬁ%—‘r?r' L d e 48 %/cﬁ 2RHAE,Oh t@ﬁr%#ﬁF%? QrgﬁB V\ﬁf}hﬂéf? .

syndr one utes to € poor prognosi s I en g
shock. [Fomrfage i e prprencqaf ggsieam WlQ%FthgéweﬁaFeéh B8r agi ng

pre-cl i ni cabopt i lSNG pd@d@éapé‘ptﬂdéaat%lﬁe euﬁlﬂakmﬂﬁdgl &fothsepsis
have been reforted A stuqég%n a babpon S§QS|S 2%3 ylor, et al., [J.
din. | nved§avy,ERAR o Pra@gasing u%‘éEl%?’é% PH%F%%dCh 3BOSEEFFiRGd’
protei B C.edihymsticeactiwiey! reat ed prophylactlcally (i.e., the aPC was
given at the start_ o usi f coli) . Five
out of iha ?ﬁ?&ﬁé&%ﬁgv? g% é€%3§58gﬁge&gé %ﬁ‘?8858a°88r nent
survivors perh&pseﬁnﬁﬁmoﬁﬁnzmpgrbantoﬁownﬁregnlabbranfnhlsodeceiving an
| dentical Lohd ﬁi%in% LM EpPULSBLibhVSoRIAER, Endbiflobls2? 1f 32

e caC|ous e

hours. The ose opo ysaccar|
(LPS;, E. c¥ditiepste He®eant i- ?@@gu}nﬁiaaaﬁpn05+oa§:,a FOBGSB?nGAZ 647,

1 996] 10t helﬁlimmfdr 8§§ﬂéé\tslﬂhﬂéﬁghnﬂuﬁednhibif’:ﬁowaéfl ghrtbking by human
pl asma derived c |va ed prgé gzg% g)dos§ E 100 10.~g/ kg. Furthernore,
inaligat$on® 5? g e aBbFPs®*Bkhfiot o, et al.)
[Gastroentprcfr@maﬁﬁEWﬂWd?prQﬁént;edeﬁhattfatemltaae pletndyedeési.ved hunan
activated ei egt t

coagul opat gggndE%§§§E§¥§§$u?eéé?yggdgggkgﬁ %ggréégﬂeghgabapg%S ni ne hours.
Due to thePBYBteteIsprt|meehanish abcantésgragusptaPhRedantirhese ani mal s

are nat negREPanmiYioh POk ¥ebtonbligsikeat ment of humans. The efficacious
dose |l evel of human activated protein Cis extrenely variable and

unpr edi ct abl e dependi ng upon the ani mal nodel selected. For 20 exanple, the
serum hal f-l1ife of human activated pr@e®sEsC in humans is 30 to 40 mi nutes,

compared o a Ngbbslb! £a08e8ihaql 85 hNMY R ol cD3NRILAKARL S EBULSS 1

rabbits. There €en nunerous recen reat “sepsfs 1n
humans, fofot hBEfeEiopar asgerigtedenisht pad mpééatgé PNfﬁ@#néFG#Yaﬁéépators

atssgmzai ed?ﬁn ahnﬁﬂset@aéh?aaxal aéetaﬁsef glta.l&h&n@s?l.gas.aclﬁaweﬂgeghecl i ni ﬁal
studl es W a, varl e a 0 ahmal o nedal OI‘S ave
boon LnsucERLOEife] Retrarka  TRukorhEes, S he SRTRIamenl: qn

120: 771- 7sepaga9a;1mbauur;nenysmcsymeaw | IMBERE3@S, e&Oaﬂ993E oBdnce
many of thggngdhaggEs i ?yehved ﬁ*ﬂ%‘ﬂﬁ% R AL sEHTREN SR At BRONSES,

and thereforé have salu S, Some I nvestigators have~suggested that

bl ocki ng t HBEF] acwith wa?eﬁnreaé émpp@grm@tneorfefg ripgdn the N Engl. J.
Med. 328: 14{¢rddddcullfike 3% I&a&a&usyox@aeﬁl NG lahCelm}been proposed as a

e {21 92t bRl sShbL $2h Ul el SRS [Godk . 19 4 Plar ot
mediator in the development of the multiple organ failure
syndrome and contributes to the poor prognosis of patients
with septic shock. [Fourrier, et al., Chest 101:816-823,

30 1992].

Several encouraging pre-clinical studies using protein

C in various animal models of sepsis have been reported. A
study in a baboon sepsis model by Taylor, et al., [J. Clin.
Invest. 79:918-25, 1987], used plasma-derived human

35 activated proteinlc. The animals were treated
prophylactically (i.e., the aPC was given at the start of
the two hour infusion of the LD,,, E. coli). Five out of



rol coagul ati on dqfect I n sepsis may not be suffficient. As revi ewned by
" Esmon, [Arteriosclerosis & Thromb. 12:135-145, 1995] sever al
antlthronQas? 28ave not shown efficacy in the baboon sepsipeTAsdsh1723
isncludi ng active site-blocked 5 factor Xa [Taylor, et al. , Blood 78 :

364-368, 1991] , hirudin and hirul og [ Maraganore, Perspeeﬁiigﬂgp Eﬁgg
Di scovery and Design |:461-478;, 1994]. Hach of these antith tz wer e

able to bl ock the consunptive coagul opathy in the aninmals but were not able
to inproves I [ S t
appl|cat|oﬁﬁH%fggggggg‘E%%tgoééoyogég t?égt%%gécgéﬁﬁ?geggﬁsg%ssOGEH%ed W th
hepatic i rF¥IQREHCEC V%@cﬁxha§lmﬁ§t§btEﬁ?t@?obf déneceptﬁ@ﬂ[nm}m«bs
rs1yrmtoms tﬂéééhxpiﬁgsr@ndfaeﬂeﬂca%t meﬁsﬂaﬁrefeﬁ:n é‘oli’Of é?&edo@d; a?ff?fﬂﬁé' ved
uman protein G zy n,used as successful adjunc 0
aggr essi veé® IEHW%E%‘EH%SIl?h§?a59 Sﬁ Pﬂﬁrﬁanaﬁgﬁeﬁfgb?thﬁﬁ§ deP¢ W3t {ent s
W th psrpua 8§ uhglegns in bacterial sepsis of which twenty-two survived
(Gerson, et al P 93g S
Haenost , PSIﬂxfn %dgfﬁégéiygéséé?lé éngt al . gb%?hcg%pgég T%%%fn¥596
Rivard, etrats, [Mur¢bamatret1a6 645_&92 87964 - 6¢2; sbAY6Rt the, [ 1993]

descri be %mﬁﬁ&%1 dVaQEu§a£r§ﬁﬁﬁE9t1ﬂﬁuée8hb dLﬂBtQaBrQMﬁﬂbQEé§1ﬁ9s't'Ve
bacterem a and purg@ﬂa f ul n1n§n failing to res reSS|ve

convent i onEiMaR &3t dexiyg ﬁ&FF@ﬁFeﬂeBrPFééPeH @t & gPﬁénﬁfd% ved
hunan 1jor ot g kg, ZyPegenetR8oe ;. ghkg RagusiondBndCghligtlfei BéPSionhodel

resul ting SSQCI rrecti_qn of | opat hy .and d arrest
of cIinica#géﬁgﬂg reg) ﬁkgﬁeggro%%en [§§§§g§-£§§€%1833 g%qh?%ﬁ

ful m nans. 1994t al d@mensarate{ilgba]: pépemaedesd\vedehumeat ashivated adul ts
Wi th meni ngpseELA! cSeRk Ef%ét@.'ir@s Rt e@o%bhlagr en&aahulnmafeomThe

patients were treated , | asnma . derived prdtein é n at 400 ~g/ kg
bol us ever?°§$%1ﬂB%F§YfBPd °f536a§§11855 BFeG Qﬁ&eoﬁg 3dr yolka/ b fard, et
al ., [B95hinepnoted.t hpukr eat maet speclies’ specp@lictrisS ol thHEﬂeBG!DﬁQCCEWi a

presented | so.wWith.pu ra f ans,.. who.all survived fol hyman

D otein C SonEBRal B, KRYR B R Bl B ha cBRER Y, pRRa Rk BYg

400 ~g/ kg bbeutregtmenti nthnSAl t ThegkeffAcacappbedoseelévein ofiese
studies i Shéﬁl&h' act DGabRA! g&bﬁleswq'@e%r%bﬁk&%iecsm a presented

wi th purpura fulmnans is greater than
| nf ect i ousUBEPE@ALekab}erePENdding 1pem thﬂoﬂ@&@ﬁ E@@&&séegﬁSESdstuHPES are

conducgdeed wkafiphennghpr gegum Gadfridee, ofthaymahf acthivhtled ptueﬁeshl anihor
establishipng LNg 92590209 94 Ay, RHaRLaMt 2Rk ¥21 e PRt §' R
10 minutes in baboons and 90 minutes in rabbits.
There have been numerous recent attempts to treat
sepsis in humans, for the most part using agents that block
25 inflammatory mediators associated with the pathophysiology
of this disease. However, clinical studies with a variety
of agents that block inflammatory mediators have been
unsuccessful [reviewed in Natanson, et al., Ann. Intern. Med
120:771-783, 1994; Gibaldi, Pharmacotherapy 13:302-308,
30 1993]. Since many of the mediators involved in inflammation

are compensatory responses, and therefore have salutary
effects, some investigators have suggested that blocking
their action may not be appropriate [e.g., Parrillo, N.
Engl. J. Med. 328:1471-1477, 1993].

35 Recently, blocking DIC has been proposed as a new

target for clinical trials in sepsis [e.g., Levi, et al.,
JAMA 270:975-979, 1993]. However, simply blocking the



In addition to neningococcem a, purpura fulmnans 10‘and/or DI C have been
associ ated wi th nunerous bacterial, viral, or protozoan I nfections which
i ncl ude bilo sdigeg30t limted to inf ections caused by Ri cket peTas¢sRoky
Mountain Spotted fever, tick bite fever, typhus, etc.) [Gaybill, et al.
Sout hern Medi cal Journal, 66(4):410-413, 1973; 15 Loubser ezltﬁ 'lﬂ%ﬂnal s
of Tropical Paediatrics 13 277- 280, 1993} Sal nmonel | a (typ% ever, rat
bite fever) [Koul, et al., Acta Haenatol 93:13-19, 1995]; Pneurmcocci

[ Car pent ercoaﬁ'gulaalmorff@é'f’eét'm 1% 1ma%9 O YSTu A enter Sigg pestis
(Buboni ¢ pl agu Butler et al., e Jaurnal 20 of Inf ectlous D sease,
129: 578- 58&?‘”1&9*7%4 DY BFeeR: | [ALEeEiesels 45

Pl asnodi um g sc) mémér%emmrdmbﬁwé Hdﬂ asstt slﬁiwrﬁbffﬂ&ttf)ﬁain of

cinical er.e 7:93-96, 1 Bur khol der a pse | e.
OVl or oS Saicen AatS medef] isier g 4 Soee SO RIS ed cary o
al ., T5ansﬁ—:an:tcmsXaaf [Tdel Goy abt Sati etBladd TIoHE &4t 368di 9 9E arldirydiene,

86: 683- 68
Japanese k‘éog%% n)f%t ﬁ@{f&&gﬁ‘%ﬁé & f"é qﬁ%f
Eur J PediRg9ign sh:4b-428, 1994]: @@CFM% %?ﬁ a%nfsltéorq oK) WeFR anz,

ﬁt ?l , J%I?'t@fbi@@cpﬂﬁéjtééﬂs f5aaeLop 5:)% 398 4ddimd P71 ;

ept ospi ra i nterrogans OSpj r osi | e s in

Respi r at oﬁg)“'r n‘f“e’&? éli (19 1HRT 9‘9")" 'Ji St %"b’c‘&‘%ﬁ Yievin, ,
Pedi aLoi cfi‘deqoésmg@tyorﬁ m&gaﬁ&h [pﬂmmmpmlmmlmaﬁ?iﬂmmam

pur puric

nycobacte#gxﬁé% ercu %é%%g 88€§89§8$E%€rc£$%%fggggq&fﬂaa%ep£€€5en t hough
t he pur purinswuffdebercy Dl @whabqau tkel prreRtial ebfdevelenird@I€rons in

sepsi s/ sepfijeS t@ﬁsOtQEEh'Piéﬁ&éqaérfﬁé& HeeivyEdd ted as
I ndi cat ed above ere Is_litt ta,as to howto,treat these 5 patients

Wi th activated ?)? o‘?%??l (€4 E§’P§b1i?§m’?@ Rynen PERkein Vel 2YIRIER ]P%
pre- chbni dodephass@cas ogysdabasgeﬂﬁr adj?(ﬁimf:t oot agqteBsiver ¢bneeht Y6hal

epect f i1 ShEFEBur HEcEhE miRaSeRehS SE FwEHty s FLbs  Bat [tk R €8
TRANSPLANTATTERE A ff\almengnsf mrhaspeamht sepsissofiwhbcht twenbyehwol i ¢
conpl i cat i 9RsviR¥a0¢EEEsHAl | 8W BY . boﬂédifaﬁi—%btéim&?ba@i@t ' 999§ BMI), liver,

ki dney, or other organ 15 transp
274: 1289- 1985th( 165551 . Hazhaam_ga_aﬂeiaanegwgh 95%9(15%%% and Sor ensen,
et al 20 J.Rintela, Med 326, 10&nteb (34989')679301996 eRiwhrd, Benealhs r gw

Transpl an. 65, (1 1% ased Ley of .ciycul protein C
have been ?—éé%gée 1?%@382% 530 [rlg rbalé rSOﬁt a 2l @iégv] Fr Hemat ol
35: 135- 140d¢8993be aorcase, studyl of Bohéewamﬁow qsfaﬁschildowlsa progen] ,

renal trangphanpaki eAvkSBReREeamIa! aﬁh Fux} puka! emm&fﬁdn326wﬂ81w&@5 (1989)],
and |iver ransgl antati on [ Harper, Lancet 924-9 1988)]. This

defi ci encyRhtpPgt EPnTESPR tBu?@QrFBSQBGaCW‘HEPEE)Qﬁﬁ?'aB %aEF‘ﬁ E-pl aci ng
pati enss arhei phtﬁ.ehtt wasTheeaited wichnplasaai-desivedr hamanppeotbepati ¢

| | |
Conp 1 cat | SamgpeEr 12e0, HR/ i pbife' - %h W3 ABORITHRTRE) Eblafing | (.
30 result &n gnaassp@a&ndpmr@emmneoébppagnappaﬁharuendomﬁuranelscul ar
deposi ti OnanreEtbblfncl[xﬁalc%'ll s1§hsalof tﬁboaévéioéﬂéﬁt?’éﬂséis%%) ]sthc'ik-

addi tion, V ses considerahl’e norbidity alit oW n
[Collins, && élte PHEEMNE 2 él‘lﬂé&?ﬁ 72R’z‘§t§§a('19§4)3;‘ lﬂ&?ﬁiagse &%’I of

30 the treatment of 2 adults with meningococcal septicemia

14

presented with purpura fulminans. The patients were treated
with plasma derived protein C zymogen at 400 pg/kg bolus
every six hours for 8-10 days. One died and one survived.
Rivard, et al., [1995] reported the treatment of four

35 patients with meningococcemia presented also with purpura
fulminans, who all survived following human protein C
zymogen therapy. These patients were treated at a dose of



35 protein C coincidént with the peak incidence of VOD has been reported
" [Harper, et al., Boné& rrow Trans. 5:39-42 (1990)] and is likely to be a
contri butypGohges or to the genesis of this conditi orpcatrgses21723
dysfunction a ter BMI including pul nonary, central nervous system hepatic

or renal, is a conplication that occurs in a high percentagf QAqumﬁplant
patients 5 [Haire, et al., JAVA 274:1289=1295, (1995)] ggle or gan
dysfunction in BMI is a strong predictor of multiple organ dysfunction

syndrome 4beDak/ WYl £B1us e z‘aﬁ%‘i&éﬂﬁoﬁé se ?&5%@ 51 LReSMinBak! 80LS

D ssem nat ar ul ation O a masslve actlvatlon of
the 10 coﬁgemaFPGEesF§P@#@§nésm5m§§§ne ed@§6§ﬁiiﬁﬁ 8Fserpatadi Withe

mcr OVGSCMEﬁhﬁgacgﬁc\éﬁﬁlaO'p&e@e@ﬁ%ﬁ bﬁtﬁgﬁhﬂ‘pﬁﬁrhaﬁﬁlﬁﬂaﬁﬁo%gb ?réaﬁer

devel F | 1:816-823 Th
et c1 encyOPR FOSL AFREHeey At A -p/liBa: SAAECAQES BABBRLER LGRS HTar fov.

o4 mar r ow
or ot tter Gﬁgan1953ﬂran§mhawmabl@m&ahsadshbseashyﬂéesoagaIabhduetede t hat

predi spos h ro ' Lcat or gan
ystunct | Grceauial SFETeud voapinden CTHaGTBRrEE CECELRORbLBERCIER 0]
humans mnﬁﬁraeﬁyébﬁé§§@mgamh@ ﬁﬂﬁﬁea@@bé@?&ﬁéénmpihtbﬁgaPYtWaﬁbplantatlons
20 utilizipegidatewapedteigf @.n C BURNS It has | ong been recogni zed t hat
severely burned patlents have conplicationg associated with

hyper coagul ati ¢f 289REH e IE%9°°9§ﬁﬁml§ur§urEBIal§$1T6§aP§974)]

Bur nexb patinéyioxr Dave hawver mr:mssomwtwo wiltht humngreaki batyegtdlf,r equent |y

devel ob DLG 4l clh pashiaraclerigal hudleniuidonconast pat dibfuse |

henor r hage; € con 'on o rinogen,
act|V|ty,1&Wﬂ¢@¢a§@uRmfeytﬂﬂaﬁMQﬁﬁa§d-@@b@h@&ﬁytﬁﬂbrKR9C¥¥|Mouanalblopsy

evi dence @bdteOirRveIdl JiMidiiite felved!,. typhugf I&éuva[é§a§b§1i22et

(1973)]. Recent] It was parted t hat ‘thé | evel s of protein C were
reduced d@dsti é§é5£§££4§£d$§éipﬂﬂﬂﬁﬂii 61831 419n41Bnat 97Ris reduction of
the res ur aJou'B:&ea:nt ieroagill , amEnmEls Iceeacrrt@mn maaaernast he :rngk2@h, DI C

Lo, et aly oo fur N 20, 186, 087 LEITOT . 1 ATTLLT 0 URLHR) Trotlh,

dlscu55|ng th pat ogenesi’s o
, Acta Haematol, 93:13-19, 1995]; Pneumococci

[Carpenter, et al., Scand J Infect Dis, 29:479-483, 1997]
Yersina pestis (Bubonic plague) [Butler et al., The Journal
20 of Infectious Disease, 129:578-584, 1974]; Legionella

pneumophila (Legionaires Disease); Plasmodium falciparum
(cerebral malaria) [Lercari, et al., Journal of Clinical
Apheresis, 7:93-96, 1992]; Burkholderia pseudomallei
(Melioidosis); Pseudomonas pseudomallei (Melioidosis)

25 [Puthucheary, et al., Transactions of the Royal Society of
Tropical Medicine and Hygiene, 86:683-685, 1992];
Streptococci (Odontogenic infections) [Ota, Y., J. Japanese
Assoc. Infect. Dis., 68:157-161]; zoster virus [Nguyen, et
al., Bur J Pediatr, 153:646-649, 1994); Bacillus anthracis

30 (Anthrax) [Franz, et al., Journal of the American Medical
Assoc., 278(5):399-411, 1997]; Leptospira interrogans
(leptospirosis) [Hill, et al., Seminars in Respiratory
Infections, 12(1):44-49, 1997]; Staphylococci [Levin, M.,
Pediatric Nephrology, 8:223-229]; Haemophilus aegyptius

35 (Brazilian purpuric fever); Neisseria (gonococcemia,
meningococcemia); and mycobacterium tuberculosis (miliary
tuberculosis).




stage of burn injury, concluded that nassive thronb|Cn _gener ation and
decrease of anticoagulant' activity may occur in proportion to the severity

of burns ARz et al., N ppon Geka Gakkai Zasshi 92:907pé#usd®At}3. DI C
I-s one of the common conplications in patients suffering fromsevere burn .
injuries. Protein C deficiency has been docunented in severeJ B@r@@l
patients as indicated above, however, there is little data a

whet her protein C replacenent t herapy would 10 be effective or regardlng

how to treat thegs thHd it pI e'ﬂ?.yh da’ FhiHMS e oftaéﬁaﬂﬂé known

t hat pregnancy causes es 15 i'n the coagul ati system whi ch
may | ead tRFFeIHE& AefdRigney é’c%dé- ions dy RS ?W%r%@‘?@]ﬁc?rand

pos: hpartlﬁﬁhéﬂﬁQﬂﬂeﬁﬁlQ{nQ/W C?de{rprmﬂa E‘dctcﬁnﬁ&t rimsdtés Vi@l eategher :hanI
in the non-pregn state i on ottin ctors ji.ncrease, natura

i nhi bi torsa'hgcf ego%g"c?f |1&rFq:&€ %@a{:ﬂa ‘t}‘ﬁ %0%3‘1" Te3E (5% bri nol ytic
systenb vthnserﬂisasns:h raataaﬁaase,d grotdin &3. | rﬁsmrsshmgalsmnanrdo-pury at
delivery fy t

[Bar bour, VR U exRERR 1) G WSO e JUIEHAER o1 o
a conpl i caﬁﬂ% tHRA tMen th vl thy Retgmandhianan &@ﬁwmvﬁlﬁml any risk
factors | spsdald .isvaiere dit &l YO reheofshddd Do aspdel ffcf&fnts are at an

i ncreased risk for recurren (ﬁhen t hey becone %é nant addi ti on, wonen
wi th under®5RBRF Hyfe Cl% gtb‘I AglonR| Igﬁo?ﬁénr(écent di scovery
of heweditary re5|stance to activated protein C, also have a hi gher

recurrence risk [ Dahl back, B|00dT§§N§ ng%é Therefore, it has been
suggested that wonen with a hi st e ronboenbollc events who are
found to 35 have wauieftciahdyrdnspiantahomiae$e¢iapedt thromoembpl dcei n S,

are at an é&ﬁﬁﬁf&&b;&né'&A&%cé@ﬁ%dﬁﬁwiﬂﬁ%@&é'rﬁaﬁf&wsmm d be considered
for prophylactlc antlcoagub$nt t her apy [ Conrad, et al., Throm Haenost

63: 319- 3205F HT(wu9¥ﬁeﬁweﬁ&ﬁ%ﬁ$5|%Faﬂﬂh%El%ﬁ%%?a i n pregnant
worren 16ppeafart§ph§ht8atsic6ﬁee Haire) eosesll cpamthpmbymssmnlssat €doby) an
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the place circulating proteln C have been reported after BMT
20 [Bazarbachi, et al., Nouv Rev Fr Hematol 35:135-140 (1993);
Gordon, et al., Bone Marrow Trans. 11:61-65 (1993)], renal
transplantation [Sorensen, et al., J. Inter. Med 226:101-105
(1989)], and liver transplantation [Harper, et al., Lancet
924-927(1988)]. This deficiency in protein C contributes to
25 a hypercoagulable state placing patients at risk for

thromboembolic complications.

For example, hepatic venocclusive disease (VOD) of the
liver is the major dose-limiting complication of
pretransplantation regimens for BMT. VOD is presumably the

30 result of small intrahepatic venule obliteration due to
intravascular deposition of fibrin. [Faioni, et al., Blood
81:3458-3462 (1993)]. 1In addition, VOD causes considerable
morbidity and mortality following BMT [Collins, et al.,
Throm. and Haemo. 72:28-33 (1994)]. A decreased level of

35 protein C coincident with the peak incidence of VOD has been
reported [Harper, et al., Bone Marrow Trans. 5:39-42 (1990)]
and is likely to be a contributing factor to the genesis of
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158: 491- 494, 1989J, occasionally devel op venous thronboenbolic
conpl i cations. Addi ti onal | y, investigators in Japan have proposed treating
m crovascul ar thronbosi s associ ated wWiBURNSiI nal cord injury [patent

appl i cation 25 JPBRZ518dAY Yhbh péeégﬁlgeal zﬁQt%e{,gle BhyRedose of 1-10

ng/day for an adult, or preferab divid ¥ times to be
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30 hemolysis; secondary fibrinolysis; and biopsy evidence of
microthrombi [McManis, et al., J. of Trauma 13:416-422,
(1973)]. Recently, it was reported that the levels of

protein C were reduced drastically in severely burned
patients and that this reduction of the natural

35 anticoagulant may lead to an increase in the risk of DIC
[Lo, et al., Burns 20:186-187 (1994)]. In addition, Ueyama,
et al., in discussing the pathogenesis of DIC in the early



-11_ such as residual proximl thronbosis or the neefl for frequent dose
adj ustnments. ARDS 5 Adult*respiratory distress syndrore [ARDS] is
charactery | ung edema, microthronbi, inflammatory cepbri§dgidiédaation,
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vasculsar 2fHentemfefibebmpMiicebibasanal paeisnte BLEfBYRPAGCEO26M BbieRet hat s
pr esent in DI C., Therefore, a need currently exists for an effective

t r eat ment BFntﬁPQuﬁ§S€rcoagulable state associated with ARDS. 25 For ease
of conparison BrotkéndCsdelfdcdencyl hasobeen Goruomedtid hntseatne&yand
patent JOGuPRBLSpaldlht s ascindioabBananai) 2 6dyd0se, | EKELS oL 7LETR
studies in non human pri nat es. é ata és I's ével s
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PREGNANCY
It is well known that pregnancy causes multiple changes

15 in the coagulation system which may lead to a
hypercoagulable state. For example, during pregnancy and
post-partum, the risk of venous thrombosis is almost
fivefold higher than in the non-pregnant state. 1In
addition, clotting factors increase, natural inhibitors of

20 coagulation decrease, changes occur in the fibrinolytic
system, venous stasis increases, as well as increases in
vascular injury at delivery from placental separation,
cesarean section, or infection [Barbour, et al., Obstet
Gynecol 86:621-633, 1995].

25 Although the risk of a complication due to this
hypercoagulable state in women without any risk factors is
small, women with a history of thromboembolic events are at
an increased risk for recurrence when they become pregnant.
In addition, women with underlying hypercoagulable states,

30 including the recent -discovery of hereditary resistance to
activated protein C, also have a higher recurrence risk
[Dahlback, Blood 85:607-614, 1995].

Therefore, it has been suggested that women with a
history of wvenous thromboembolic events who are found to

35 have a deficiency in antithrombin-III, protein C, or protein
S, are at an appreciable risk of recurrent thrombosis and
should be considered for prophylactic anticoagulant therapy
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25 in women who have a hlstory of thromboembolic events.

Although the possibility of severe complications such as
preeclampsia or DIC is relatively low, it has been suggested
that it is essential to start therapy of DIC as soon as it
has been diagnosed by onset of inhibition of the activated
30 coagulation system [Rathgeber, et al., Anasth Intensivther
Notfallmed 25:206-211, 1990]. The complications of
preelampsia or DIC is analogous to the situation that occurs

in sepsis in that there is a hypercoagulable state and a
decrease in the levels of protein C.
35
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establ i she oklco ogi cal res resen I Nven
provi des anmehbqlessweat deyassahingnapét pEhes ﬁ\naal awhem gt redcurs.

hypercoagut@giflﬁgatgtoglacquhrgdsgggt61§4C§¢§13§benfy7yblCh conpri ses
adm ni stering to said gatl nuous i nfusion for about 24 to about
n addition, patients undergoing coronary artery bypass

15 grafting (CABG) ([Menges, et al., J Cardiothor Vasc An.
10:482-489, 1996], major spinal surgery [Mayer, et al., Clin
Orthop. 245:83-89, 1989], major abdominal surgery [Blamey,
et al., Thromb Haemost. 54:622-625, 1985], major orthopedic
surgery or arthroplastic surgery of the lower extremities

20 [LeClerc, 1997)], or other types of surgery [Thomas, et al.,
Am J Surg. 158:491-494, 1989], occasionally develop venous
thromboembolic complications. Additionally, investigators
in Japan have proposed treating microvascular thrombosis
associated with spinal cord injury ([patent application

25 JP8325161A] with plasma derived protein C at a dose of 1-10
mg/day for an adult, or preferably, 2-6 mg divided by 1-2
times to be administered as a bolus or by intravenous
infusion.

It has been suggested that anticoagulant therapy is

30 important as a prophylactic therapy to prevent venous
thromboembolic events in major surgery or trauma patients
[Thomas, et al., 1989; LeClerc, 1997]. For example, many
patients who succumb from pulmonary embolism have no
clinical evidence of preceding thromboembolic events and die

35 Dbefore the diagnosis is made and the treatment is instituted
[LeClerc, 1997]. Existing prophylactic methods e.g.,
warfarin, low molecular weight heparins, have limitations



144 hours a dosage of, about 20 ~, g/kg/hr to abouf 50 ~.g/kg/ hr of activated
" protein C. The inventi'on further provides a net hod® of treating human
patients begw?ﬁggcquired hyper coagul abl e state or 5 acqui pegegte C
deficiency Wwhi conprises admnistering to said patient an effectjyve
amount of activated protein C to achieve activated proteinp Z:MMbQ | evel s
in the range of 2 ng/m-to 200 ng/m . dhus, the present invention
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hyper coag “1&&8111 €a 8t 9&5;@@@ ﬁLSkEm& d@ﬂf&dﬁﬁ&i/s aéf‘%fﬁétrfé’ed"' & Sepsi s,
pur pura ful mnans,” and neni hgococcema 1 n hunman patients: € present
i nventi on Esedapenthdesaeafddustoentszing aPC to treat the hypercoagul abl e
state or protein C deficiency 15 associated with severe burns. The present
i nvention establishes nethods utilizing_aPC to treat the hypercoagul abl e
state or protein C deficiency associ at i th bone marrow and ot her organ
transplsant ati onsduf rfespprasepy disenésonspsdddbhe simrDgEtwds utilizing
aPCto tre t he hg eréog u#able gtate or ﬁrgﬁeiﬂ?C:defégienc assoc% ted
with hunangﬁﬁf?gﬁ? fhde 80'H890F B2 oVBEF R T O hj U HPURYSF Br S aver e
trauma. Thinpidseationyeandohatet 8bbresis. nePivotalitid i tewe aRl2iple treat
the hyperc e at |,N LSLEengy. SO st
conplicatigﬁgfggg%naﬁ%r%gﬁgégﬁée%ﬁg anéﬁ%%%% ?ﬁr%ﬁiréﬁﬁéﬁégkéﬁa&ﬁethod of
treati ng hofagupatient Serihing aBqai PERCRGPRIVEARLE aPFRERt at EOWHRORCquUI r ed
proteirp C Arbscheseyiageacicohgdl vt bn ARDSord8r §0inPLE@O SEst Pdvaseupaesent
i nvention, as disclosed and cl.ai,ged herepn _the. foll ow ter are.as
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of acute lung injury. ~ Sepsis, trauma and other critical
15 diseases are important risk factors that lead to ARDS
[Hasegawa, et al., Chest 105(1):268-277, 1994].
ARDS is associated with an activation of coagulation

and inhibition of fibrinolysis. Considerable clinical

evidence exists for the presence of pulmonary vascular

20 microemboli which is analogous to the hypercoagulation that
is present in DIC. Therefore, a need currently exists for
an effective treatment of this hypercoagulable state
associated with ARDS.

25 For ease of comparison of the dose levels of protein C
noted in literature and patent documents, Table I sets forth
normalized dose levels of several studies in humans or non-
human primates. These data establish dose levels that are
higher or lower than the dose levels provided in the present

30 invention. Significantly, the human studies were done
utilizing plasma derived protein C zymogen while the non-
human primate study utilized recombinant human aPC.
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25 Only after carefully controlled clinical studies and exhaustive
experinental studies have the applicants discovered that the dose | evels of
about 20 ~.ghkeKdes t 0 about 50 ~, g/ kg/hr continually infusededpusmizons 24
hours to about™ 144 hours results in efficacious therapy. The nost 30
preferabl e dose | evel of aPC to be adninistered for treatind huikth 2082 i ents
with an acquired hypercoagul ablé state ol4acquired protein C deficiency as
described herein will be about 24 ~g/kg/hr. 35 Preparation 1
Preparation of Human Protein C Reconbi nant human protein C (r-hPC) was
produced in Human Ki dney 293 cells by techniques well known to the 5
skilled artisan ReSRiks these ¥epPorssyhhpweyey, Chs dpgiedt rRgimg §9r, 952,

the Sntl rﬁ s@pehang efribaehous haeegpyl gﬁomﬁaabedubrewhgr eﬁr@m aﬁf&esgene
encodi ng human prote se cl ai_ ned -

bt ent Ko, SCHHEE83 hYpREcRABlIar EaChRRG OF AR ZPS PAESRLH: Bt ed 10
herei n by r@éﬁ:enencyThespbaaned wieh Bepsxpuesxahspianpabuena Cbumn293
cells was P h n n t t No.
4992, 373, wheTinBy, pHIoE sutodeyy Epatinkl BIARDS, Femaills upkAbeA.

ref erence. Theseoatudiesi & ﬂfeoﬂoﬁl @mdé%gwe rE &F‘?ouéésélfl 5@§0mhleaﬁ<§pean

15 Patent R&@fiﬁ&ﬁé@npygtegn4@50&3Qheaﬁgeb@n€7hﬂﬂ%bhaoﬁt1ﬂ|the1987
Blo/TechnoIogé?Emll89 1 the te i.jngs of which are al so incorporated

herein by r& eBt Bf I COeRg I %ﬁl&tﬂé§st95n§FSBP§8 i REGt248 Lo | s,
t hen stabl edéfsoséncyainns humans.dentified, subcultured and grown in

serumfree nedia. 20 After fernentation, cell-free nmediumwas obtai ned by
mcrofiltration. The human protein C was separated fromthe culture fluid
by an adapt ati onTbe pheseathiinyesdion Vddsclosss pieemseNof 4,981, 952, the

entire teachppgiff a“’@l‘i?xl'cilh%:@arl %51 IRQRAROT sb)baft%fe?xft%nce InTIE?;ese
clarified nedi ymwas nade nM i n EDTA before was absqrbed to an anion

exchange r eBRRIERES: - FIh(?WrQaPIQné:rrﬁﬁ’tFleQ) grwerde\w&aﬁtﬁ&tm Ftatdstdeal
vol unmeg sof iﬁpMEmESx): 490 orgaa Gunariohst am\rehe@ WINDIQ widRkedls dAdTM

Tris, 150 nd 3 rec | nant h rotein zynogen
was eIutedna%Fﬁeﬂﬁe Mqitgﬁif péﬁf&ﬂ% ﬂ#aqeyp CoRk, 4; ut ed
protein  wg¥oygpeat 8het Idaas%%ﬁom&ﬂ atStee} igl whieoersgeudgps ilsy pebdent s

pol yacryl arq,ggeggb e'l%Ct RPh YRI5 4 r RY i '4Csatﬂd%ﬂ- 3%&%%&“ Gipe Was

acconpl i shed by the pr of ei In NaC followe rption to
a hydrophobfiE’SFﬁt Qlfa(:,"tzl dré'sq d‘g(}hﬂ)c}ﬂedﬁr%mﬁle fertyve in this

20 study. Surprisingly, the doses of 24 and 30 ug/kg/hr used
in this study were efficacious and are considerably and
unexpectedly low as compared to published pre-clinical
pharmacology data.

In addition, the applicants have found that pre-

25 clinical toxicology studies in non-human primates indicate
the safety of aPC for a 96 hour infusion is limited to a top
dose of around 50 ug/kg/hr. These data are also unexpected
when compared to the prior art. In fact, the dose levels of
r~aPC for humans that have been based on previous pre-

30 «clinical and clinical studies will be above the
toxicological range established in the above toxicological
studies.

The present invention provides a method of treating

35 human patients with an acquired hypercoagulable state or
acquired protein C deficiency which comprises administering
to said patient by continuous infusion for about 24 to about



. TosoHaas) equilibratéd in 20 "M Tris, 3 MNad, 10)nM CaCl 2, pH 7.4. After
washing with 2 colum vol unes of equilibration buffer wi thout CaC 2, the
reconbi nago symasyy protein C was eluted with 20 nM Tri s, pHp@rAsIsRITie
eluted protein was prepared for activation by renoval of residual calcium
The reconbi nant human protein C was passed over a netal 3ffipiR 21gdl um
(Chel ex- 100, BioRad) to renove cal ci um¥d again bound to an anion
exchanger (Fast Flow Q Pharmacia). Both of these columms were 10 arranged

i n series jand rAdd i Pradnthd LA IS udlAY MY MaCapoatMdloERE kg HYS- 5.
Fol | owi ng | oadi nq{ of i?&égrqtel n, the Chel'ex-100 col um was waShed w th one
col um vol Y@ T Yate Y545 &1+ before di sconnecting it fromthe series.
The ani on exchange ixoremiioyasfuwatied pydvides e wathod wietréatihg

equi | i brat}] r_hefare.elutin h QL €i | -4 M . .20 mM
Tris-acet éi"g'&‘gﬁ%"e’f‘p%;r 31%%\ af%%n%e lrrgﬁ(foh ec]):%o\rg@élgr?%lﬁar?ﬁgﬁugnﬁﬁ protein C
and reSontamritrestipneietn i? cled kcienyy whisls cesps imess @ded i pterdsg nm
extincti on £G4 Hh 401 it laP D FESPOR | fduht 2E %&&@aéﬁe‘tdo%x%té‘iw ‘t‘é‘t ion of

Reconbi nant Human "Protein C Bovi ne thronbin was _coupl e o Activate

CH Sephar &R AR SR 3R At et RFRE$I e RIETHR JEViSHEPEShepMapae &f 25
4C. The cauplgfgl remczo®mgyasl done on resin already packed into a colum
usi ng appr oxi ely 5000 units thronmbin/m resin.. The thr i n solution was
circul ated thp'glf}b th%’%o?ﬁ%e’?torué‘ﬁerﬂto&‘?%‘?se afq?s}’ﬁﬂ é“%@’P e addi ng MEA
to a toncertt¥kitziiorg ciPO. tn kel txfeatimentt af rithes diypdmmoadiiiablEAs3@ate
cont ai ni Ng,,s d Sq&t bt Q1 S to assure
conplete b o%l_;%eé)%%V?heéu{l%ﬁ}ggagéﬁ%%%%ﬁ%p%ﬁég'Fé)lulxg)\?\#[?g bl ocki ng,
t he t hr onthhiRiARed 24| ReRERIQERFRMIH t1P fman RAtieAtSres of. 1 M Nad

20 MM Tris, pHTthé preseibvinvdde 1on-sPpeavlinndd indvisdk Ritdlidizingrdbovas 35

used 11 aqti VAL {8h)S0SA S S LLELEN IS gAY Al AL Al T

15 associated with severe burns.

The bresent invention establishes methods utilizing aPC
to treat the hypercoagulable state or protein C deficiency
associated with bone marrow and other organ
transplantations.

20 The present invention establishes methods utilizing aPC
to treat the hypercoagulable state or protein C deficiency
associated with human patients undergoing or recovering from
major surgery or severe trauma.

The present invention establishes methods utilizing aPC

25 to treat the hypercoagulable state or protein C deficiency
associated with complications during pregnancy.

The invention further provides a method of treating
human patients with an acquired hypercoagulable state or
acquired protein C deficiency associated with ARDS.

30

For purposes of the present invention, as disclosed and
claimed herein, the following terms are as defined below.

aPC or activated protein C refers to recombinant
activated protein C. aPC includes and is preferably human

35 protein C although aPC may also include other species or
derivatives having full protein C proteolytic, amidolytic,
esterolytic, and biological (anticoagulant or pro-



-21 Purified r-hPC was n‘ade 5mM in EDTA (to chel ate arw resi dual cal cium
and diluted to a concentration of 2 mg/m with 20 M’ Tris, pH 7.4 or 20 mM
Tris-acetwpRwnpds6. 5. This material was passed through a t PeTusemIcz UM
equilibrated 5 at 37C with 50 M NaCl and either 20 MM Tris pH 7.4 or 20 nM .
Tris-acetate pH 6.5. The flow rate was adjusted to allow fpr) MARr @802atel y
20 min. of contact tinme betweén the x-RBE and thronmbin resin. The effl uent
was coIIected and i nmedi ately assayed for am dolytic activity. If the 10

mat eri al r@ﬂbl?@é%)aaﬁgﬁgﬁkh%saCtE&hh%ﬁé%”b@ok¥5£€lncﬁ %&QQ%%JV%é”1

est abl i she st and it was rec over the thr in co

activate PKE PeRPEiped biypCerildsz TEits 8das PofloRadeRy Noi &.14&3.&YDf the
mat gr Io al(I amahpaﬁtgh‘! 0t &1 .9s Ut’glllSQVf’at\dhthNat PH, {ghsaemgeltt@ielix{tth\l%een t7h4
or ei ng _pr.efera revent au gradati_o o keep the
aPC at gﬁ ggﬁgénto at“&’d‘ﬁ R g‘eirfe §' F‘FQEPPHQ gx%’}'pfr&é& S5 st ep.
Renovd oRebembhednmhmmﬂhhntbﬁopmbmelaPc mayebeabrodscedctiypl i shed by

bi ndi ng t h F

equi | i br atg‘gaal?r% %gﬁa\r%at I on 6%?‘? 2 el t @fggm%l %?’I“OE Q’H ? ZI'Por pr(ei% erably
20 M Tri bYaddggcs seigmetdpnyiofh t.hso aﬁﬁ‘llMQGEd fl@ﬂ-’@nﬁifnpﬁés@é@ thr ough the

col um angrgkalies (.d‘dfdyngbea ueeldu TR \6@1@.@9 WRKA Y ?’oftficz‘&efiwsequ' l'i bration
buffer. Bound aPC.is él.ut wth a ste gﬁadlen usi.n M Nad in

oithor 5 WRPRPOERICoERITals, OT; t3A SRS 1hFLof iR TAR
washes of ekhepdel,usedratilon #reth mmmmwmhetye 21emeedl sofast lae zymogen

dodecapep ter 9 ST.Q &« either in a
frozen SOH}% I‘I(;'L a’-} n% a%tliér%@l [ }t?fegg%v\ggrk ettg)m g"el ytic (
activity @K@)ll@ﬁ mw -det er ni ned by rel ease of p-nitroanaline fromthe

synthetic substﬁ@ae;ﬂﬁgbph%%d@w&r RHY hafdlehed® GRa’edde R @hased from

Kabi Vitrum ysi ng a Beckman 400 di ode array 35 spectrophotoneter. One
unit of aPANERd ftEs F@%edé"ffl GRRL 10Ge a5 A3 G0RSEH  SPRPHE 3TYui r ed
for ti®e r elre@isordelr ami mfclmdust e iddmiaiist ratiion oft a?C, pH 7.4, using

ct.l.on f en n|tr n| |ne at 405 nm of 9620
M lcm 1. %o%)ﬁh'll%céoté"gc[ﬁﬁﬁf acﬁ) i 1}[ey oftrgc fl &t er mi ned
by measur icegplieairisingn gt ithe ol sdase o:tqndng:lon, or dlsorder
or administering aPC to eliminate the disease, condition, or

disorder.
20 Continuous infusion - continuing substantially
uninterrupted the introduction of a solution into a vein for
a specified period of time.
Bolus injection - the injection of a drug in a defined
quantity (called a bolus) over a period of time up to about
25 120 minutes.
Suitable for administration - a lyophilized formulation
or solution that is appropriate to be given as a
therapeutic agent.
Receptacle - a container such as a vial or bottle that
30 is used to receive the designated material, i.e., aPC
Unit dosage form - refers to physically discrete units
suitable as unitary dosages for human subjects, each unit
containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in
35 association with a suitable pharmaceutical excipient.
Hypercoagulable states - excessive coagulability
associated with disseminated intravascular coagulation, pre-



5 tinme in the actlva(eg partial thromboplastin time (APTT) clotting assay.
A standard curve was prepared in dilution buffer (1 ng/m radioi nmunoassay
gr ade BSAwWoA320343Tris, pH 7.4, 150 nM NaCl, 0.02% NaN3) r argi/ospsra7asr ot ein
€ concentration fron1125 1000 ng/m, while sanples were 10 prepared at
several dilutions in this concentration range. To each saqp? GRVEIIRE,
~.1 of cold horse plasma and 50 ~.1 oflfeconstituted activa @ parti al
thronboplastln ti me reagent (APTT Reagent, Sigma) were added and i ncubated

at 37 C f@ﬁrémﬁbﬁchEbﬁalhﬂéﬂgath@Emvﬁglanloﬁfcé@@uﬁ&@i&@r'@ie 15 sanpl es
or- standards were_added to eaﬁrﬁc vette. % on buff r was used in place

of sanpl e°BRISRARALr %t BOGBLER BESERCY| Bt t FHOEEIRR. %‘E"emf? nBRCBf the

fibronet eas(&p84. Screener annstasis Anal yzer, American Labor) was started

upon the additggﬁogg 0 3L § nS g&%gggLZ L9 SS&Q @ég?f%rgt ndar d.

Activated prot concentraftion i nmplf es~are ca e li near
r egr eSsi oaeeyetiedon inacthvesfannsg: dwbether chet changnt¢misww eploaing, here are
t he averagg %Eo%eqhnb”UW‘Of three replicates, including standard curve

sanpl es. he above descriptions enable one with ap groprlate skill .in the
art to prepareJHPEn&ﬂG utPIPE@aPtPPﬁlﬁﬁé ipelvding Bt mokrEesktiahee

st at es or tacfewbegngl,otitifan€sdebnd ehdydaenogbanger Wwhanbus yeidrsi sfted to
sepsi s, transplantations, burns, pregnancy, major surgery/trauma, 30 and
ARDS. ExaftBFfe 1 Human Plasma Level s of aPC Six hunman patients received an
i .v. linfusi on EEffeRCiye amountyg/nR thewapentiaballyOebPilcaglidégshamount a 24

hour peri gg. TB%aQﬁQd%ﬂE&@Eﬁt%B ? §.a lyophilized formulation a

standard curve'rangi ng I n concentrations nl. The linmt of quantitation of
the assay The EPGPMG§efPéWéP§n§nd sesbymokireskinsLeaions, abBVIEr24 hours.

The dose ai;pbtéh@io&h ms&&@aa@eacmthaba@meeiaabgé sheyr¢irgxanpl e 2

Doubl e- blgndﬁd Rl_gceho- co%trolled ﬁa atleg Wth Sepsis,
Stage 1 2 & 5o 8 HF 8283 g2 gé°n50ub &2 BFTHBRY®PI acebocontrol | ed

triallin patirewvasomlar seagméasapmlas usugfldyeptesentotal of 72 patients
were infused for 48 hours with reconbi nant human activated protein C

(r-aPC). Entry criteria included three of the four commonly 30 accepted
criteria for sdps Prafeat inyeationsgelatssyter £bet treatentear decr eased

t enper at Upgevieht/ias & a\gwlra@;w eedces! brceuqhireahgr@eéiﬁnts al so
had to degggstrate soneéﬁs%&%%.of an d%sf nctlog ng # asbelther
-shock, defF&d&EFH APS 3t GEEHS4. “EBUFP38RHRFE8PEnt PHEBEs were
uti | ized; pt2gnBdicy?4 ma3®r- aprgery,. tHaama, aBe ARDS|, nWwiishdatbivd8ellours by a
gg?éi;“ouirkﬂkHﬁiQﬂ MO G pel R He TH20S BIP ReBhii i Ghe ENv81 £ KAYWHELE:
the art utilizing eukaryotic cell lines, transgenic animals,
or transgenic plants. Skilled artisans will readily
understand that appropriate host eukaryotic cell lines
25 include but are not limited to HEPG-2, LLC-MK,, CHO-K1, 293,
or AV12 cells, examples of which are described by Grinnell
in US Patent No. 5,681,932, herein incorporated by
reference. Furthermore, examples of transgenic production
of recombinant proteins are described by Drohan, et al., in
30 US Patent No. 5,589,604 and Archibald, et al., US Patent No.
5,650,503, herein incorporated by reference.
To be fully active and operable under the present
methods, the aPC made by any of these methods must undergo
post translational modifications such as the addition of
35 nine gamma-carboxy-glutamates (gamma-carboxylation i.e. Gla
content), the addition of one erythro-beta-hydroxy-Asp
(beta-hydroxylation), the addition of four Asn-linked



containing 10 ng aPC, 5 nM Tris acetate buffer and 1@0 mM sodi um chl ori de
reconstituted with two m of water and adjusted to pH 6.5. Pl asna
concent r afigyemesdh aPC were neasured using an 5 | Mmunocapt uPeTASOSIITE i C
Assay. Bl ood was collected in the presence of citrate anticoagul ant and
benzam dine, a reversible inhibitor of aPC. The enzyne wag gampgglrMZfrom
pl asma by an aPC specific nuri'ne nonocR&nal antibody, C3, 'inmobilized on a
mcrotiter plate. The inhibitor was 10 renoved by washi ng and the

am dol yti elagbbabbﬁawideec(pﬁcese@a.%eengﬁ eaeaeedoiqupetft itdfe GlyLIEgeni c
substrate an' nc 7C, the absorbance was

measur ed §EIHEHCHR daaapa éFé%ﬁ&F’}?&&sbya&dV\éﬁgﬂVéd Ofhdhe curve-fitting
al gori t hmaipBptaaeceynsr ab6oATgasg . 15Weshbutt sdch posh-wHahsll} itglal Was
1.0 ng/m aogcen%r.ati ons g Q24 /Iﬁ ﬁ'g % Sg (FgH at .24 -24 as a
funct ron BPAgeeEakiango gel A5 rlY HhdY FoeBiRRall off 15 apc 1o correct

coagulsopanbyp asuactdpovgilen of dose and dose duration. Mrtality information

| ncludes all dopesapevednt Be FoiAiIakeA8E80HILES L OMIRIM SRciRRR] ed It

is inportant to note that our 0 norta consi st e
antici pat B eﬁlaa@eEbaﬁBPFQPFﬂFalAYZ81565}11a99m9&§'§§1|961|5t al IThe \RRE tid 1

end- poi nt pieN apAingBteredc phrenteMada§Pe oV ensidel QRtleS dedGfiethnG HtARhe 10
The overahll %% ved pl.acebo rg\%g al |t rate was .38%,(10/ %}% and the overall
observed PLEPESEEEAN iR aR £ (”5)“4 1R] vol ving only the
top ta® dappxopfrlata:PﬁoeMasn«bom1nugmlsg/1htf)15\wnplfmelahqmi i2ntto had an

observed el hlyy Emt%h‘}s"f e 3%‘}):0t 2 n@g%&&%ﬁi@%‘&’%ﬁﬁa?’ s

i ncl uded at| enfs h~an acquire as a
basel i ne ﬁﬁ@ﬂelai?ogta@tol mr/ygdm &ss ahcva\tt S0Vt a/the 64 Maud ents that have
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with late deaths were in |}9 dose group (
over 24 hours to 144 our

25 Only after carefully controlled clinical studies and
exhaustive experimental studies have the applicants
discovered that the dose levels of about 20 ug/kg/hr to
about 50 ug/kg/hr continually infused for about 24 hours to
about 144 hours results in efficacious therapy. The most

30 preferable dose level of aPC to be administered for treating
human patients with an acquired hypercoagulable state or
acquired protein C deficiency as described herein will be
about 24 ug/kg/hr.

35



=25 ug/ kg/ hr). Both of these patients showed |n| ﬁl al inprovenent. Wthin
two weeks both were off mechanical ventilation and transferred fromthe

| CU." One %igg@zgpi ed a week later from sepsis induced respicraigIsg1dBst ress

after 5 requésiing a 'do not resuscitate” (DNR) order inacted. The second

patient died on day 28 after suffering an epi sode of pul npnary,

i nsufficiency related to a second epi sdéde of sepsis. Thig?dhﬂ%%%ﬂnwgd al so

requested DNR status and therefore was not reintubated. It should be noted

that 10 retreatnent with r-aPC o ggggééxeggfoﬁ hat devel op a second epi sode of

severe sepsis during the 28 day approved under the treatment
protocol. The nortality A€ 8 ® _Surprising and

unexpect ed. NOR%G%;QL%QI @mkahhn eetemhaeel@g ﬁ@@‘)r%lseﬁréﬁuééash.ﬁ study has
gener at ed_dat a nstrat.i ng_[li Bked reduc(t—"tL I n daé all cause
nortal i tyHuE?&mE FERSYFGPu a8 ¥ tﬁE Pvdpeg Be e?‘HOEn26°At Babl e
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activat ecr}T&Lr ot%élga)icgr%ab %;h%lgﬁtiﬁg Eégngggpggbgﬂ ?Llé éfghgg and a
sodi um ci tneorporRted M\nmgeatepﬁegre&‘her genaneacsdbmg hument bxetesns. 5.

Addi ti onald g 141 c3laale anoRibl ead 1 hopEHLAt BN Aaf. a6t kvabgdeRtokei N C

conpri ses I§ hilizing a solution conprising about 5 mg/nl activate
protei n C2-do&utt2do entigeoseaching: o3sWhirh 1Radncozrerater: r at e
buf f ero hatieieia by Sifeif&tr@ndehanT5e5pmubmh.ﬁs‘&sbhaﬁoﬁe&pr&@sﬂl&m&ﬁt i o of

aPC: sal t: bul ent I's_an ortan in_a_for Iatlon
sui tabl e Pd:tpi%eﬁgl %g g(g‘(g{r feﬁ%sp?"ggeg ?ﬁg Pgﬁ? %‘ rheé'sdgﬂfgﬁg?’ %bn the
concent r atiroBagly ,afe€, asdal,t &. ePaitentalo . c8nd8Rt, BaBi,othenenbalklei ng agent
sel ection QN HIRC &JH ruﬁh'd’i‘ﬁ 1sp%fcb‘ibb§%'t)éd ﬁe%él Wr%ffe%@‘ﬁ% 1 Raft

activated protein Cto ab parts sal parts bulklng agent
i s pref erc@pstruction qf tpléﬂ‘&&epwpnﬁlsaﬁléﬁ S}es&c?tlh%ﬂt &8 FREPBRATC
sui tapbe freftemimitAtiiaition Ny .conitsuoas,i ahdsiion cadsnenepaeed agy ,m xi ng

act i vated pfof el O didon SHFE0350020d 530U HD PeblcBiBal ol Sire
also incorporated herein by reference. Briefly, the plasmid
was transfected into 293 cells, then stable transformants
were identified, subcultured and grown in serum-free media.
20 After fermentation, cell-free medium was obtained by

Q

microfiltration.
The human protein C was separated from the culture
fluid by an adaptation of the techniques of Yan, U.S. Patent
No. 4,981,952, the entire teaching of which is herein
25 incorporated by reference. The clarified medium was made 4
mM in EDTA before it was absorbed to an anion exchange resin
(Fast-Flow Q, Pharmacia). After washing with 4 column
volumes of 20 mM Tris, 200 mM NaCl, pH 7.4 and 2 column
volumes of 20 mM Tris, 150 mM NaCl, pH 7.4, the bound
30 recombinant human protein C zymogen was eluted with 20 mM
Tris, 150 mM NaCl, 10 mM CaClz, pH 7.4. The eluted protein
was greater than 95% pure after elution as judged by SDS-
polyacrylamide gel electrophoresis.
Further purification of the protein was accomplished by
35 making the protein 3 M in NaCl followed by adsorption to a
hydrophobic interaction resin (Toyopearl Phenyl 650 M,



5 was transferred to a unit dosage receptacle and |yophilized. The unit
dosage receptacle containing about 5 ng to about 20 ng of activated protein
C, suitablgofegheRdM ni stering a dosage of about 0.02 ny/ kg/ perigesthos 0. 05
ng/ kg/ hr to patirents in need thereof, was sealed and stored until use. -
27 WHAT IS CLAIMED IS . 1. -A use of a dosage of about 20, ~ ghggl to
about 50 ~, g/ kg/hr of human activated pR®&tein Cin the 5 Lé% i g e of a
medi canment for treating hunman patients with an acquired hypercoagul abl e

state or | r kAls KkCLen I NYyo L.husikan {0 ut 24
t o about ?ﬁ%&ﬂ%ﬁng %éﬁgglgﬁgeégehgc%gr@%nggg%' apﬁf%ﬁéﬁeggiﬁhsgﬁgag'
hyper coagutbT e4 st ahEter washiéng @itbf Rceduyni yvodugesi afed with sepsis. 3.

The use acédcg;ijif@ré@iglaioﬂfffeW%.ShBuﬁabgci R r%%%%%%ﬂ%ﬁt%ﬂlpﬁnor
protein C Iciency I's associated wth purfura fullmnans.” _ 4. € use
accor di ng poot@imn nC Iwakeedirthedaiwd thy pér mMafuliabl pHst7ae or protein C
deficiency is S L ake Lk kLN ' 5 aggording to
c ain1§ m%ereiﬁpgéigfﬁgﬁgnggﬁ%%gﬁgégg ggggéggg}g?rzgcgag?gggasggaccqrding
to d ai m remeya}l roSarashgpalceadgridm.e Thet ¥egombinaaitn humgar pepErRdR i s

associ at edc W8 Ppalsséd évefha meeaaCcagrdnigyt eoTusinm (bhehekehposaipyd 030
medi cament for humans sufferin frmnwmﬁ? 28thMmamg|c

conplicaii%éé)ag oFFUEPEE GRLAIHENEATTaPEEW aRP Bt &P APy ER1PPaREFPERESE on

(Fast Flow Q, Pharmacia). Both of these columns were
10 arranged in series and equilibrated in 20 mM Tris, 150 mM
NaCl, 5 mM EDTA, pH 6.5. Following loading of the protein,
the Chelex-100 column was washed with one column volume of
the same buffer before disconnecting it from the series.
The anion exchange column was washed with 3 column volumes
15 of equilibration buffer before eluting the protein with 0.4
M NaCl, 20 mM Tris-acetate, pH 6.5. Protein concentrations
of recombinant human protein C and recombinant activated
protein C solutions were measured by UV 280 nm extinction
E0.1%=1 85 or 1.95, respectively.
20
Preparation 2
Activation of Recombinant Human Protein C
Bovine thrombin was coupled to Activated CH-Sepharose
4B (Pharmacia) in the presence of 50 mM HEPES, pH 7.5 at
25 4°C. The coupling reaction was done on resin already packed
into a column using approximately 5000 units thrombin/ml
resin. The thrombin solution was circulated through the
column for approximately 3 hours before adding MEA to a
concentration of 0.6 ml/l1 of circulating solution. The MEA-
30 containing solution was circulated for an additional 10-12
hours to assure complete blockage of the unreacted amines on
the resin. Following blocking, the thrombin-coupled resin
was washed with 10 column volumes of 1 M NaCl, 20 mM Tris,
PH 6.5 to remove all non-specifically bound protein, and was
35 used in activation reactions after equilibrating in
activation buffer.




, 8. The use accordi ng(t@ Caim1l wherein said 5 medi canent is for humans
suffering fromvenous thronboenbolic conplications associated with surgery

or traumaywodepdsys use according to Claim1l wherein said 10pORUSSATEIR | S
, for humans suffering with an acquired hypercoagul abl e state or lgrotei n C
defici ency associated with conplications during pregnancy] 2dMARTR80Lise
according to Caim1 wherein said 15 lm@lercoagul able state or protein C
deficiency is associated with ARDS. 11. The use of Claim1 wherein the
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continuous infusion. 12. The use_according to Claim1 for treating said
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material with 20 mM buffer as above, with a pH of anywhere

15 between 7.4 or 6.0 (lower pH being preferable to prevent
autodegradation) to keep the aPC at lower concentrations
while it awaited the next processing step.

Removal of leached thrombin from the aPC material was

accomplished by binding the aPC to an anion exchange resin

20 (Fast Flow Q, Pharmacia) equilibrated in activation buffer
(either 20 mM Tris, pH 7.4 or preferably 20 mM Tris-acetate,
pPH 6.5) with 150 mM NaCl. Thrombin passes through the
column and elutes during a 2-6 column volume wash with 20 mM
equilibration buffer. Bound aPC is eluted with a step

25 gradient using 0.4 M NaCl in either 5 mM Tris-acetate, pH
6.5 or 20 mM Tris, pH 7.4. Higher volume washes of the
column facilitated more complete removal of the
dodecapeptide. The material eluted from this column was
stored either in a frozen solution (-20°C) or as a

30 lyophilized powder.

The amidolytic activity (AU) of aPC was determined by

release of p-nitroanaline from the synthetic substrate H-D-
Phe-Pip-Arg-p-nitroanilide (S-2238) purchased from Kabi
Vitrum using a Beckman DU-7400 diode array

35 spectrophotometer. One unit of activated protein C was
defined as the amount of enzyme required for the release of
1 pumol of p-nitroaniline in 1 min. at 25°C, pH 7.4, using an
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deficiency associated with but not llmlted to sepsis,

transplantations, burns, pregnancy, major surgery/trauma,
30 and ARDS.

Example 1
Human IMlasma Levels of a2PC

Six human patients received an i.v. infusion of aPC at

35 1 mg/m2 /hour or about 0.024 mg/kg/hr over a 24 hour period.
The aPC administered was a lyophilized formulation

\
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m&aEBrddYusing an oligopeptide chromogenic substrate.
Following incubation for 16-20 h at 37°C, the absorbance was
measured at 405 nm and data are analyzed by a weighted
linear curve-fitting algorithm. aPC concentrations were
estimated from a standard curve ranging in concentrations
from 0-100 ng/ml. The limit of quantitation of the assay
was 1.0 ng/ml. The aPC dose levels and plasma
concentrations were measured at about 24 hours. The dose of

0.024 mg/kg/hr yields a plasma concentration of about
50 ng/ml at 24 hours.

Example 2
Double-blinded Placebo-controlled

Trial in Human Patients With Sepsis, Stage 1

This protocol is a two-stage, double-blinded placebo-
controlled trial in patients with severe sepsis. In Stage
1, a total of 72 patients were infused for 48 hours with
recombinant human activated protein C (r-aPC).

Entry criteria included three of the four commonly
accepted criteria for sepsis (heart rate, respiratory
effort, increased/decreased temperature, increase/decrease
white blood cell count). The patients also had to
demonstrate some degree of organ dysfunction defined as

either shock, decreased urine output, or hypoxemia. Four
different doses were utilized; 12, 18, 24, 30 ug/kg/hr.
The r-aPC was infused for 48 hours by a continuous infusion
method. The primary endpoints of this study were: safety
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10 The overall observed placebo mortality rate was 38%
(10/26) and the overall observed r-aPC mortality rate was
20% (9/46). A subgroup involving only the top two doses of
r-aPC (24 and 30 ug/kg/hr) vs placebo patients had an
observed mortality rate of 13% (3/24).
15 A second subgroup analysis included patients with an
acquired protein C deficiency, defined as a baseline protein
C activity of less that 60%. Of the 64 patients that have
baseline protein C activity data available, 61 patients or
95%, had an acquired protein C deficiency at the time of
20 entry into the study. The observed placebo mortality rate
for protein C deficient patients was 41% (9/22) and the
observed r-aPC mortality rate for protein C deficient
patients was 18% (7/39).
A significant piece of information suggesting that low
25 dose treatment with r-aPC is of benefit with patients with
severe sepsis includes the mean time to death in placebo
patients vs. treated patients. Of the ten patients who died
in the placebo group, the mean time to death was 6 days. 1In
the r-aPC treated patients, the mean time to death was 14
30 days. Additionally, 4 of the 9 patients who died in the r-
aPC treatment arm survived 21 or more days and subsequently
succumbed to an event unrelated to their first episode of
sepsis. Two of the four late deaths occurred in the low
dose group (12 ug/kg/hr). Both of these patients remained
35 in the ICU and mechanically ventilated the entire duration
of the study until their death (day 27). The other two
patients with late deaths were in the high dose group (30
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hypercoagulable state or proteln C deficiency 1is

associated with sepsis.

3. The use according to Claim 1 wherein said
15 hypercoagulable state or protein € deficiency is

asgociated with purpura fulminans.

4. The use according to Claim 1 wherein said
hypercoagulable state or protein C deficiency is

20 associated with meningococcemia.

5. The use according to Claim 4 wherein said

human patient is a juvenile.

25 6. The use according to Claim 1 wherein said
hypercoagulable state or protein C deficiency 1is

associated with burns.

7. The use according to Claim 1 wherein said

30 medicament is for humans suffering from venous
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8. The use according to Claim 1
5 medicament is for humans suffering
thromboembolic complications associated

or trauma.

9. The use according to Claim 1
10 medicament is for humans suffering with

hypercoagulable state or protein C

" "Fbadlng 23]c"
3]c" "Heading 73]c"

wherein said
from venous

with surgery

wherein said
an acquired

deficiency

associated with complications during pregnancy.

10. The use according to Claim 1

wherein said

15 hypercoagulable state or protein C deficiency is

associated with ARDS.

11. The wuse of CClaim 1 wherein the bolus

injection of human activated protein C is followed by

20 said continuocus infusion.

12. The use according to Claim 1
said patient by continuous infusion for
about 120 hours a dosage of about 20

25 about 50 pug/kg/hr of human activated prot

13. The use according to Claim 12

said patient by continuous infusion for

for treating
about 36 to
pg/kg/hr to

ein C.

for treating

about 48 to

about 96 hours a dosage of about 20 pg/kg/hr to about

30 50 pg/kg/hr human activated protein C.



, Yd- AK<SCKOQXT el It {; & r~\$q( 7/ 7?KX[ <c(| A1/ _QP*4

G'((_, c0147' 9k<L?9AFFLNORTI UUWVVW W XPXXYoYYZZZf [ | [[[P\\\4]111:4 2 MAR 2002
ANNY “s  E kT #aGa\ aehJi mogr: ulwx| ~l .t 4G v[6Ti nes New RomanAri al Couri er
‘New'h Root EntryWr dDocunent " #$9R' ()*+,-./0123456789:
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

29

14. The use according to Claim 13 for treating
said patient with about 22 ug/kg/hr to about 30
pg/kg/hr human activated protein C.

5 15. The use according to Claim 14 for treating
said patient with about 24 ug/kg/hr human activated

protein C.

16. The use of an effective amount of activated

10 protein C to achieve activated protein C plasma
levels in the range of 2 ng/ml to 200 ng/ml in the
manufacture of a medicament for treating human
patients with an acquired hypercoagulable state or
acquired protein C deficiency by continuous infusicn

15 for about 24 to about 144 hours.

17. Activated protein C for use as a medicament
for the treatment an acquired hypercoagulable state
or acquired protein C by continuous infusion for

20 about 24 to about 144 hours a dosage of about 20
pg/kg/hr to about 50 pg/kg/hr of human activated

protein C.



