ANTI DOTES FOR FACTOR XA | NHI Bl TORS AND METHODS OF USI NG THE SAME | N

COVBI NATI ON W TH BLOOD CQAGULATI NG AGENTS CROSS REFERENCE TO RELATED

APPLI| CATIVNS0{oaB360&F Thi s application clains the benefit poffyudnemwmesoss at es
Provi si onal Patent Application Serial 1tNunber 61/114,948, filed on Novenber
14, 2008, which is hereby incorporated by reference inits entirety. FIELD

OF | NVENTANYTDPPES FOIE FAICRORIX A TXENBITORSANIEMEPH Ot G aHEsi ng a
factor Xa (TXQAvAesi EOVMANATRONY TRSTON Ol PATIRIAATgg agent o

prevent or re eeding In a subject un goi ng anti coagul ant "t her apy
with a factor Xa inhibitor. The invention also relates to conpositions
conprising the fXa derivative and the bl ood coagul ati ng agent. The fXa
derivative has reduced or no intrinsic procoagulant activity, is capable of
bi ndi ng and/ or neut€CROSS REFERENQET) R¥IsATEDABBEECATIONSsenbl e into a
pr ot hr onbi nase conpl ex. The bl ood coagul ati ng agent has procoagul ant,
antitironbol ytic, a0d0Dr amkiapplidatiomolaihd the detddfitiof YnitBASKEROINDsiOral THE

| NVENTI ON. [ 0003] _Anticoagulants serve eed in the marketplace in
{1 eat ment PETGSYEHIO o NaRUEss b bl o BiFce Sovemisattonts: WhEh i ¢ endency

to form blogd, nlQbSrated Ui teRbenct & it€&RMRYye, those patients having clotting
di sorders, confined to periods of imobility or undergoing nedical

surgeries. One of the major limtations of anticoagul ant therapy, however,
is the bleeding risk associ at eHIRLPHOF ANVIENEKOMNt s, and limitations on the
ability to rapidly reverse the anticoagulant activity in case of overdosing
or if an urgent surl@002] ‘Phopreshnt erviestioreglitesed theThethodsplainfg afaated Xa

ef fective tidotes to all forns_of, anticoagul ant therapy are highly
dest r b S RMIEFE b sBiaSh ReroheBo) SREMnE fea SRR UGt P have an
ant | Coagulilééﬂin((Tﬁﬁhtd ARt Mk gdife AR oslaN &t ARFBRRL with a RV inhAAGH! ®Rd  dr ugs.
[0004] Currently availl abl e anticoagul ant-antidote pairs for
over ant i ciozgjiioatalsericlates thepapesitions spmpasing éheafdd deaivatayd and-thebloadi n K. Fresh
frozen pl nd_r iRant factor Vi rfVvi| hay | s n.used as
non- speei F e APy wisfile iR AN AE Dl Ret il b Ge PR i RiE
t r eat mentgapsblt be bindhef aharor meyedlizingdXaEnibitors, and does not assemble into a

15  prothrombinase complex. The blood coagulating agent has procoagulant, anti-

thrombolytic, and/or anti-fibrinolytic activity.

BACKGROUND OF THE INVENTION

[0003] Anticoagulants serve a need in the marketplace in treatment or
prevention of undesired thrombosis in patients with a tendency to form blood clots, such
20  as, for example, those patients having clotting disorders, confined to periods of
immobility or undergoing medical surgeries. One of the major limitations of
anticoagulant therapy, however, is the bleeding risk associated with the treatments, and
limitations on the ability to rapidly reverse the anticoagulant activity in case of
overdosing or if an urgent surgical procedure is required. Thus, specific and effective
25 antidotes to all forms of anticoagulant therapy are highly desirable. For safety
considerations, it is also advantageous to have an anticoagulant-antidote pair in the

development of new anticoagulant drugs.

[0004] Currently available anticoagulant-antidote pairs for over-
anticoagulation are heparin - protamine and warfarin - vitamin K. Fresh frozen plasma

30  and recombinant factor VIla (rfVIIa) have also been used as non-specific antidotes in



severe henorrhage. (Lauritzen, B. et al, Blood, 2005, 607A-608A.) Also
reported are protam ne fragnents (US Patent No. 6,624, 141) and smal

synt het i cwpeptidess(US Pat ent No. 6, 200, 955) as hepari npar/useswsmedoecul ar
wei ght heparin antidotes; and thronmbi 2 nuteins (US Patent No. 6,060, 300) as
antidotes for thronmbin inhibitor. Prothronbin internmedi ates and derivatives
have beerPatigpisrndeyy law melequdatved shtdiepiin deaimants sSuiasng dTqrg majer dryimg or

| nhi b L or & (U BaATL: N9S0sePH 200,08 RREBBIR)s A O8RSk leqBEo i 1o

form of anticoagu rapy ‘targets sever al

direct f )@aotanﬁnénfrhgmaqta(les ententeNbd.| /61401 i) bhesranl syitlkgepepfides! (USI Raadnt

devel opnent for use in anticoagul ant therap % One direct fXa inhibitor
g4he
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ort hopedi c surgery patients. Many of these are small nolecules. Wile these
new f Xa iinkiriediotes aschdavivarioed lsafye focﬂfn Itepemdmmndstpem Kiirclimad ghfredati ve

anti dotes_ar stl | f oagul ati on or requiremnent
for surgeP{Pibin e’lé Eﬁlg‘?@?{l egﬁﬂgrqg 8@)@22 hﬁ I'bitors, an agent may be
required to substantl ally neutral ize the adm nistered fXa inhibitor or

i nhi bitors and reSt[QO@S]nOOH@]fordﬂﬁéﬁﬁ St&sl Sf anki@SOR) anPthet HYtthipe@@dtbiakh e
agents, such as reconbinant factor Vila (rfVila), are mechanistically

limted ahdaherd Bpiees saveral diregtdireinfubitess afexcartiepty i dlffﬁ@nhﬁ@getsmghmﬁir oved
f AvE
opt i ofys &’ervefgﬁ}ﬁneﬁ foP L& 1ﬂ%ﬁ£§a§p 9?{h¥ra§§stf|%*raec ant\}ﬂyﬁﬁ& Tf’f d;pen dgnt

has been use reverse

f Xa i nhi birivafoxasdng hadechapg@pad forekinRaluse dii &Q&Iﬂrﬁp@ﬁn([BhgnSir&i’@ﬁiada foR et al,
Circul ation, 2002, 106: 2550- 2554; Bijsterveld, NR et al, British J.
of Haenat oqheggﬁve@f%mfl‘?a?us Brombmsmbolishdn pERopsHicsHETY Betientin MY Achese Vil a

(fVila) ige %ﬁ{aﬁ“ﬁ{ol&’uﬁ iR R e deafe b 19h1"5?[81§esﬁsw tpgtgr}-fgé £t tféca%&erf'?rsg)\%&iﬁ%i 'Sn

bl ood circulation to fXa to restore nornma enos I's in patlent
node of autdieffectiecasslates laye xﬂlllotead@s In ktastes tolﬁ evdriginesdgupnioe ot rejuirement
concentration of .fXa.that co gtefs% % to neutralize active site

di r ecPed PXSURANIBPRGTYS ety Y‘ﬂﬂfl ‘iOFscﬂ‘P ALV Y IPELAHICHAR ent r at i on

of fX Thé&%stﬁﬁ'@alﬂlq{eﬁﬂﬁlhz%l th@&drﬁﬁﬁgaaedi 9 it blem{b%rsti}ﬁréitsﬁ%nﬁm di rect
fXa inhibitors i$ mechanistically limted. Since the circulating plasna

concent r adngastagfs. f X i s 150 nanonol ar ("nM'), the naximal anount of fXa
produced by

[0006] Currently available agents, such as recombinant factor VIla

(rfVIIa), are mechanistically limited and not specific for reversal of {Xa inhibitors and

20  thus improved options for the clinician are highly desirable. In human studies, rfVIla has
been used to reverse the effect of indirect antithrombin III dependent fXa inhibitors such
as fondaparinux and idraparinux (Bijsterveld, NR et al, Circulation, 2002, 106:2550-
2554; Bijsterveld, NR et al, British J. of Haematology, 2004(124): 653-658). The
mechanism of action of factor VIIa (fVIla) is to act with tissue factor to convert factor X

25  (fX) present in blood circulation to fXa to restore normal hemostasis in patients. This
mode of action necessarily dictates that the highest potential concentration of fXa that
could be attained to neutralize active site directed fXa inhibitors is limited by the
circulating plasma concentration of £X. Thus the potential of using rfVIIa to reverse the
effect of direct fXa inhibitors is mechanistically limited. Since the circulating plasma

30  concentration of X is 150 nanomolar (“nM”), the maximal amount of fXa produced by
this mode would be 150 nM. Reported therapeutic concentrations of small molecule {Xa

inhibitors such as rivaroxaban have been higher (approximately 600 nM, Kubitza D, et al,



this node would be 150 nM Reported therapeutic concentrations of snall

nol ecul e f Xa inhibitors such as rivaroxaban have been hi gher (approximtely
600 nM Kubi2bomesBeset al , Eur. J. Cin. Pharmacol, 2005, PETBZB®988050 t han
the potential anount of fXa generated3by rfVila. Use of rfVila for reversal
of therapeutic or supratherapeutic |evels of anticoagul ation by fXa
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bel ow) . Regieodtulaivh by\fKhanlsibowedowd deseoregspads insdeqntd ldodle ofefticadyt y from
50 nMto 100 nM. hut the effect |eveled off hetween 100 nMto 200 nM

i ndi cat i ngs thexn inddewads wdpetatrdes lipdtediehpstdp npytraliziiedhe apteagulpan its

concent 1 afdiQfly of B rkdr 36f inhibiof Bé(hk@oaﬁ?@?s)@(ﬁﬁé@ﬁél&?ﬁ I%@c%hﬁ)ﬂqanpﬁ?ﬁé xaban still

showed a dose responsive inhibition o a, up to about 75 % i nhibition at
a concent shawiedn dofe 25fomivie afhdste abisatyvfadm OA nM tac Hitsn Mt euttthanefifdet feveled' s

pr oposed hani s foactiaon. This is al so supported.by studi es show ng
Phat Or fviTony ert JufpvES oM citiruianyr P aptRBE i i N Porgrears ect o
f ondapar i fiHx Rih fd€nRedABhe NS alPbf ROV foreneliahl RBteaNEkuRk Mah kQIbi N
activation (Cerotiafas, GI, et al, Thronbosis &Haenostasis 2204(91):531-

537). [ 00dpjvedrggenisaponatyeiinbiting of maotp thebadidrik snhabigidn di # eqickytrationa
subj ect | tmlar to rfVila. Unlj fVl]a ich has very | ow
or ool Sre Ol Th i g St Rt B Rl B A et ve

fXa is a patenlsenuppomedbidsti@ss ehomaheibai AV ITaibSkitsolf deputsticopldie] P rb@sdes .

Thus, the use of either rfVlila or active fXa as an antidote to a fXa

ant i coaguthathibifsy gHoctieh Songlapyinparinghe paramgronqt trnwbin generationgng need f or

i mpr oved ' : t ol ' t hat
aro of f ech oLt SO CBRAR O ol e L R AT BT %ok
fXa inhi b337r in the event of an overdose of the fXa inhibitor or in the
event that normal henpstasis needs to be restored to prevent or stop

bl eeding. [0009] Uni at es Pat ent |i catiop Publication 2009-0098
119, Which is ipcop[lﬂh&glt iﬁanma@%ﬁéﬁ? ?aﬁmpfta%e %@E%lmsmﬁc isedyed Syt
protein dgrdwat iivgar ey mhavaikedvendwalchias v rwxp%)k&co%lﬁ&&aaguh%nﬁq the

activity, are capable of binding and/or neutralizing f i nhibitors and do
not assendhisenderef afs gofacior Heswnthiaters vatowsrilaaxa patenbanzgit eod hyea peteitddries t o

prevent ofr LM BurhBSEL MM RY6F Sfrler HOTR'HALAL AL AGR3AHISR 0 o £xa

anticoagulant therapy has disadvantages.

20 [0008] Thus, there is a need for improved antidote agents that do not
cause undesired thrombosis and that are effective in substantially neutralizing the
anticoagulant activity of a fXa inhibitor in the event of an overdose of the fXa inhibitor or

in the event that normal hemostasis needs to be restored to prevent or stop bleeding.

[0009] United States Patent Application Publication 2009-0098119,
25  which is incorporated by reference in its entirety, teaches fXa protein derivatives that
have reduced or no intrinsic procoagulant activity, are capable of binding and/or
neutralizing fXa inhibitors and do not assemble into a prothrombinase complex can be
effective antidotes to prevent or reduce bleeding in a subject undergoing anticoagulant

therapy with a factor Xa inhibitor.

30 [0010] Since the fXa protein derivatives have reduced or no intrinsic

procoagulant activity, fXa protein derivatives alone may require a high dose to initiate or



therapy with a factor Xa inhibitor. [0010] Since the fXa protein
derivatives have reduced or no intrinsic procoagulant activity, fXa protein
derivati wee 2al0a03e768my require a high dose to initiate oremhsp@e/ 064060

coagul ation process in a subject unde#goi ng anti coagul ati on therapy, so as
to efficiently Er event or stop bleeding. Thus, there is a need for inproved
ant i dot e dyerdesthe peagulption racaest iN\isuRISEr WIdpTeoingmnticop BIlASon ARAraRY, pg as to
neutral i zifg: ' I . acthyit f .. nhi hi - as in
"ot ot ro PientE pA0kcR PN ARkAE bl i@l Fulcitol bl AndBR e 2% 1

i nhi bi t orthaf 20 &ff¢ctifdynadvfficidnlt irptubkiagadllyoresiralpah e tHentip@icahint appityofihi ons
mentioned_herein are hereby. incorporated by reference in their entirety.
SUMVARY R D tRIVERNTEDRS [DOALNE the coagyati@hpiosesdn thesy ediiaAio¥edPieg a
speci f§ ¢ anhi g0t Snlop factor Xa (fXa) inhibitor, together, with another

bl ood coagul ati ng agent woul d produce a synergistic or additive effect,
such as to allow for one or both agents to be adm ni stered at

subt her apeut i ¢ dosel¥01blr Aoy redialtpuldivptipot pattital pagind epiicheatsgndnfioped her

t d ta th d d d . 1t is further . t | ated that th
B ned e g e R B R Rk s teses i e R RIS by tor and & bl oad

coagul ati ng agent or another antidote, such as an antidote to heparin, may

result in 1) reduction in SUMMARE OPIHPINVENEEX fic antidote; 2)
reducti on of anount of the bl ood coagul ati ng agent conpared to the anpunt

needed to treat henppit] i ReScoterhflarll kY hdhhiftaadi §@ciictintiihe tdh eRebr
coagul ati ng agent al one; and/or 3) reduction of potential side effects of

bot h he Speaiap inhibifri tapetberawithanetheiklged aedgntytiagegent Woobl@pdyee thas now
been di sc Lt - 141 St ' f I i vat f . ot ei ns
i n conbi n§'¥l?%€r%%\?vio? %&%ggh&nﬂl%sc? ’rsgl i (l‘%)ér)l{&o O?)Vlr?égélfléc%gtbogﬁé%e:{l?\sggo\a{fgzagﬁjsln%%%g%t her
anti dot e siyderapsutadda@ss,iollad edtice hgpatdntiabsige efeftuby ¢ithepaganedtie @rthe educe

bl eeding in subﬁ;’@ects under goi ng fXa anti coagul ati on therapy. [00141 In some

enbodi menfeduceiigssrodi Fitwhgeprivapiarestherthe sempingd BieRS adgerbe aprpiete with
fxa 10 asemh kil b BdBiehANSIRY NaRC SABRXidBHE dldskafdnRidd @nd’ or
y I coag

substanti a neutralize the an ants, such as fXa inhibitors. The
deri vidt i viepaus.ehay readt ant)irdditcgion ar effendide tlpedfftaetperifianpdate?)nsdictioneduce
or renove jntrinsj {o oagul.ant and anti coagulllant activjties, while

ret ai ni ng’ aﬁréougb?# t?q??; Qo CB?%atEn@ 3egat compared to the amount needed to treat

hemophiliacs or to alleviate bleeding with the blood coagulating agent alone; and/or 3)

reduction of potential side effects of both the specific antidote and the coagulating agent.

[0013] It has now been discovered that administration of modified
20  derivatives of fXa proteins in combination with administration of blood coagulating
agents or another antidote such as an antidote to heparin are useful to prevent or reduce

bleeding in subjects undergoing fXa anticoagulation therapy.

[0014] In some embodiments, the modified derivatives of fXa proteins

do not compete with fXa in assembling into the prothrombinase complex, but instead bind
25  and/or substantially neutralize the anticoagulants, such as fXa inhibitors. The derivatives

useful as antidotes are modified factor Xa proteins to reduce or remove intrinsic

procoagulant and anticoagulant activities, while retaining the ability to bind to the

inhibitors. In some embodiments, the modified derivatives are isolated polypeptides

comprising the amino acid sequence of SEQ ID NO. 12, 13 or 15 or polypeptides having
30  atleast 80% homology to SEQ ID NO. 12, 13 or 15.



inhibitors. In sone enbodi nents, the nodified derivatives are isol ated

pol ypepti des conprising the am no acid sequence of SEQ ID NO. 12, 13 or 15
or pol ypepoi2dessbmsi ng at | east 80% honol ogy to SEQ | D ROI/uk2009084060
15.[0015] In one aspect, the bl ood coagul ati ng agent has procoagul ant,

antithronbolytic, and/or anti-fibrinolytic activity. In another aspect, the
bl ood coagul ati ng a@8h] nyorerispachttee Blood aerembading [agei had BrpgPaulans, anfin

anot her . i ng..ag Lahj bt f 1 bri SIS or
i ombol ya gt yisy b At AORRLR | AL BT bnd K bRl e boBIABLNERL S 00
may be sedgeat @dy fitde bhenhgheuiiocdosigatating. 0f amvtleoagpekgthedsiobdcdagulatiag

pol ypeptide related .to the coagul ation factor, a reconbi nant coagul ati on
factor amfcBURBY HAYGIERRIIAE ST thraRbal¥is yrt her cont enpl ated that the

coagul ation factor may be selected fromthe group consisting of plasma

derived factors Vi F[f“bi@], 12 é&ﬁ@emﬁ%t@thalt Eiellﬁ@oci‘/éﬂa{nga{iﬁgage\{/t M%y%@d
of. It hat

conbi nations there is further contenpl ated he reconbi nant
coagul at i sfecfeddtan theegrotyec@slstog efla toagmiatine faptoup pelynsitsieirelgtedfto thec onbi nant

factors VI FVII | Xa, X/ IFlla, . VIILEVIII /.Va. and conbi nati ons

ther eor . OBtHen fictoratesabnycpae ik e b e el 108

reconbi nafithé@n@impthtbd thal HREBhedlitidnStadbs ma§ 8Bk EBREATBE thbatouphe bl ood

coagul ati ng agent nmay be a non-specific anti-bl eedi ng gﬁent. t is further
%

cont enpl atadistief plpendlesgd éeagya VAl Vg, BybRe, Xy, Halas MIBEYIRG. Vibninche
o 0”P10CO”édn%%ﬂ%n?ihe%f?‘ﬂ%%ﬁﬁl%} cgrngrm)]tg%ld’thsﬁt elg!?&hﬁih%&t c%ggﬂﬁtfaorh'a&%b' "
i bri'n glue, desnopressin, cryoprecipitate an res rozen plasng,

coagul at i @8y basdleteChogend g@dup comidting A eetoabim@nfaawid VAYEHa AXeX, onbi n
conpl ex concentra eib atel et concentrates and conbi nati ons

te, Feiba Vh, CEI )
t her eof . Mot EMaNAIRXITE: VAYarndeerabinpidens teseful ation factors are avail abl e
inthe citation Brooker M Registry of Cotting Factor Concentrates, Eighth

Edition, Verld F_ede[roﬁi‘i’]_()nlnocfneﬁ%‘%@whhé biBod & latlwgia%ghtin%ayr&r RMmbiASAr por at ed
by reference inits entirety. [0019] It is also contenplated that the bl ood

coagul at i fagtoayéht may be sel ected fromthe group consisting of
t hronmbi n-activatable fibrinolysis inhibitor (TAFlI), protein C inhibitor

(PG D B0t 1S, R O 5 SRR A PSP EARITS 26 O
non-specific anti-bleeding agent. It is further contemplated that the blood coagulating
agent may be selected from the group consisting of an adsorbent chemical, a hemostatic
agent, thrombin, fibrin glue, desmopressin, cryoprecipitate and fresh frozen plasma,
coagulation factor concentrate, activated or non-activated prothrombin complex

20  concentrate, Feiba Vh, platelet concentrates and combinations thereof. More examples of

available blood coagulation factors are available in the citation Brooker M, Registry of
Clotting Factor Concentrates, Eighth Edition, World Federation of Hemophilia, 2008,

which is hereby incorporated by reference in its entirety.

[0019] It is also contemplated that the blood coagulating agent may be
25  selected from the group consisting of thrombin-activatable fibrinolysis inhibitor (TAFI),
protein C inhibitor (PCI), protein S inhibitor (PSI), alpha-2-antiplasmin, tranexamic acid,

aminocaproic acid, aprotinin and combinations thereof.

[0020] 1t is further contemplated that the other antidote administered in
conjunction with the fXa derivative could be an antidote for heparin or heparin-like drugs.

30  In one embodiment, the other antidote could be for example, but not limited to, protamine



[0020] It is further contenplated that the other antidote adm nistered in
conjunction with the fXa derivative could be an antidote for heparin or
hepari n- Iwbeotvasgss | n one enbodi nent, the other anti doteTasadod/obded or
exanple, but not limted to, protam neor novel slicylamde derivatives such
as PMX60102, PMX60126, PMX60138 and PMX60100. ]\%0021 | n one aspect, the fXa
i nhi bi t ororfgyeldiclamade dedivat vin supieagf K90 eh FMX PR 6o PV dP ard nux,

i drapari nleﬁX6B'1 i nyl ated idraparinux, enoxaparin, fragmn, NAP-5, rNAPc2,
ti ssue factor pathway inhibitor, heparin, |ow nolecular weight heparin,
DX-9065a, YM 60828, YM 150, api xaban, rivaroxaban, betrixaban, PD 348292,

ot am xaban, DU 176b[002M5 11A7dné,aspsSKIMSBABinkibitoc mak ibnatleand frbhethe @faup[ 0022]

One aspect of .the.present inyention js the yse of the factor Xa derivatives
and the b‘foéléldt”&%%fgﬁpgﬁﬂaﬁau’&d a‘B}uxolP]I‘?EPY 3??&1%6?3631“%@1066?%’ HAgMlbt es t o

heparisn and phepRIAPE2 | ik AELIaRREy CHMRS! fdp2RS, 168 HHALAIRNT L bR 1RBHE, t O
treat patl ents who have received or are receivi ng over - ant | coagu ation

t her apy WPKH®5:.a¢Mop0828, ¥ Nhil B, tapixabdth eivarsxhloms betrisatzing BDuBELHE, f or
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surgery. In one aspect, the nodified fXa proteins are distinguished from

natural |y occurring0022] i Oné hglecttdtale pavent iBdbiEadis e hsRF theattoNXiaC
procoagul ant activity and will not interfere with physiological fXa
functi on {eiivAGYRISE $hesbloggheeagulating peea papiher yttidptes dichylinhantidessttant i al | y

neut rgl i zi ng. Lohi-bigar [ .one t f rat.ei
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coagul at i ye agreivied ok Areanaditiap oaapaticoadulidioh Xeerpyyotvéeh a fakeoi Xainhitgtors

adm nistered after the adm pistration o he bl ood coagul atin gent. In
yet anot hEl® BEPHats aredf euﬁgé]a{]{waﬂté%s e L@%Pliewuﬂg%amcg?@ﬁ&r@ga ‘The sane
time as, ¥, ehikiRRdAd HeShal Bthel bPnehdi@ash! 04 SoaakabRecAgest - [0024] In

anot her aspect, the nodified factor Xa protein is co admnistered with an
agent capahdreensly sexgeen dinmge tabgecp ltesmadiiat £Xh pfateifparedlistioghiabédigorhal f i f e)

ft fact Xa deri i | t th t,.th tjdote. i
con] ugat S HOS R YR Mdhantbiartiive Fetiprd a1 pigeoibRE Y
provi ded gfdey PNt MES4E Wl ph§OIBRRRal PONEintRGH indRRoiabist WEile still capable of

binding and substantially neutralizing fXa inhibitors.

[0023] In one aspect, the fXa protein derivative is administered prior to
the administration of the blood coagulating agent. In another aspect, the fXa protein
20  derivative is administered after the administration of the blood coagulating agent. In yet
another aspect, the fXa protein derivative is administered at the same time as, i.e.

coadministered with, the blood coagulating agent.

[0024] In another aspect, the modified factor Xa protein is co-
administered with an agent capable of extending the plasma half life (or circulating half
25  life) of the factor Xa derivative. In yet another aspect, the antidote is conjugated with a

moiety to extend its plasma half-life.

[0025] Also provided are pharmaceutical compositions that contain the
factor Xa derivative and a blood coagulating agent or another antidote, such as heparin
antidotes. In some embodiments, the derivative is an isolated polypeptide comprising the

30  amino acid sequence of SEQ ID NO. 12, 13 or 15 or a polypeptide having at least 80%



factor Xa derivative and a bl ood coagul ati ng agent or another antidote,
such as heparin antidotes. In sone enbodi nents, the derivative is an

i sol at ed wol2ypapticde conpri sing the am no aci d sequence Poff/USE#Q9I0BXOBID. 12,
13 or 15 or a polypeptide having at |gast 80% onology to SEQ ID NO 12, 13
or 15. The pharmaceutical conposition optionally conprises a

phar maceutqrelpey/ oat@ B AP el 6 47 or &1, TP@@%Pa‘FWUéﬁé?Oﬁ?B@@?H opfprallynyent i on
provi des @O]ﬁi&d_tsgg;gg?z{ﬂn% gﬂ}t ggq:egtg{) Aeye and a bl ood coagul ating agent or
ote :

anot her ant fer” as I'S invention provides a kit
conprising a fXa inhibitor for anti coagul ant use and a fXa inhibitor

anti dot e/ bl ood coag@26]i nn Qi@@lﬂpeC( ahisfimehaon P vitkes ia\kaiattdomgxﬁlsin(gcacfX(aoagul ating
agent) for use when substant neutralization of the fXa inhibjtor'

ant i coaguqlieét’ﬂat“éf‘ctr}d\ﬁ bl 0‘? §038Y 88 ag‘[‘tﬁ@?%ﬁoﬁﬂrﬂpﬁé‘?w irb‘woéll&‘ﬂ BpREChitS i s that

the C(?Sﬁpoi%'véﬂt%%)ré’xhd&ei KlPQ&nﬁ@ané é’f)ti‘ﬁthtﬁ@mr'a%ﬁc@agﬁﬁﬁi hdengankygate of the
i sol ated pol ypeptide conprising a carrier covalently or non-coval ently

| i nked t oinhibgot gtrpeiptq/ldeocj osiguldgsg ngdne (or fadter Xa dcnlmtlvc@vtpmoagulatp@ one, a

m cel | e, r mace ble p utic

Rcept abi 2BHATRE MiepS Sy aBERERBRZ RaRS o arin 8P PRAIPROSMIN SRy be
found thrigughiedt the renai nder of the specification. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0029] Figure 1 shows schematically the domain structure of

human factor X (SE?ID NO. 1) shown in Table 1 as reported in Leytus et al,
Bi ochem, 1986, 25,[08%33- Bqlti@r prspregedihergdn isithatshe pRmpgsitipss & Methodg itce of

huma X S f 2) as
S hOV\IIr:lll OT n @ﬂggﬂco@' ihB8 @?t? &e rg}eoot%q%lﬁggﬁfgg Om g %H(IJE‘E %glrgna’%t ed am no
aci d sequenwaknilg or mcpet:ctxatbnﬂp hlnkgd 1S IﬁilyI&lptldBijCdilﬂnmbedl 98be cazfier GEdPB-a5102

and can be found in nBan "NM 000504" at <http anI.

nl m ni h. gléi%ﬁs@ﬁf’fael?}“\‘??e %af‘l%‘i@‘ﬂaﬁﬁm?&&%ﬁt@% aolgglet@z? smacepicallii no aci d
nunberi ng,d-gy ik 3a$igfuence i s based on fX sequence. Hurran f X precursor (SEQ
ID NO. 1) contains a prepro-|eader sequence (amno acids 1 to 40 of SEQ ID
NO. 1) followed by sequences corresponding to the fX Iight chain (LC)

(am no aci ds 4 1 td0028) ozﬁd@EQlalDHN@dlnlf)ntS efitbe RIRRNtiQN phebe fanmilno aci ds 180

to 18125 Ofthrsoltzl ou tfl\leoreml nder of: Ele specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 shows schematically the domain structure of human

factor X (SEQ ID NO. 1) shown in Table 1 as reported in Leytus et al, Biochem., 1986,
25, 5098-5102. SEQ ID NO. 1 is the amino acid sequence of human fX coded by the

20  nucleotide sequence of human fX (SEQ ID NO. 2) as shown in Table 2 known in the prior
art. For example, the translated amino acid sequence is reported in Leytus et al,
Biochem., 1986, 25, 5098-5102 and can be found in GenBank, “NM_000504" at
<http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=89142731>. The
amino acid numbering in this sequence is based on fX sequence. Human fX precursor

25 (SEQID NO. 1) contains a prepro-leader sequence (amino acids 1 to 40 of SEQ ID NO.
1) followed by sequences corresponding to the £X light chain (LC) (amino acids 41 to 179
of SEQ ID NO. 1), the RKR triplet (amino acids 180 to 182 of SEQ ID NO. 1) which is
removed during X secretion, and the X heavy chain (amino acids 183 to 488 of SEQ ID
NO. 1) containing the activation peptide (AP) (amino acids 183 to 234 of SEQ ID NO. 1)

30  and the catalytic domain (amino acids 235 to 488 of SEQ ID NO. 1).



removed during fX secretion, and the fX heavy chain (am no acids 183 to 488
of SEQID NO 1) containing the activation peptide (AP) (amno acids 183 to
234 of SBQoIl2DEs76%) and the catal ytic domain (am no aciPd3/tR3@0640488 of

SEQ ID NO. 1).[0030] Figure 2 (SEQ IDSNO. 3) shows the am no acid sequence
of mature human factor X. The am no acid nunbering in this figure is based

on mature fX sequen®83Q} aFigpreg? (ESHE ANO-N) sleawyi tharméro 3od paagprcectai n.

Factor X ¢j Sc | - - I n. e. Linke i sul fide
bond. . The St ERER: R Rt B U AR Rtk A% i &S 175
of SEQ | Beblidncd ptartésy filvre shealNce@tindlaif X 1igheclgrin. CBadaarXy girettlans i gadnth as
(da)-rich domain (am nqQ. acids 1-4 SEQ. I D i ncludi ng a short

ot | c b ey e bed by agindidpopt- SEOiED e G hral Fadedony o

epi dergmal - ) ol ' : j ' 46- 84, EGF2:
am no Sggi %fga @@1%%&%% 9%@8&% ﬁlc%olf%} 5%5@&2&%@ %1?1%8 %ﬁ@%@g Y306 am no

aci ds andcatlontyalufsnia abid (@ha)nichadvinttsn agiiny atido m-45eptSIEGRIN AR). 3ariheladiagiads
143-194 of SEQ ID NO 3) followed by the catalytic donain dgam' no acids

195- 448 ofoBEEPNEickdyrS) 1aing aeids Hide qfﬁ%lliafﬁi-éyfem\ge B M7- D102- S195
i n chynot ] | RE j A infX
sequence %%rgle@ggﬁgﬁc%é%éﬁga%%r:]g&g%flg?%%%ﬁgg%é%gﬁ%% o) %%(%ﬁllz% NO. 3).
[ 0031] Fi gpidse8531 28hafVidE @ b éNtt3) c dhé heaviyechdinndi() hets BUE tmine asfdsrmd ao@ainsman

factor, X shown.in Fjgure 2. The amino acid.nuphering. J is.figure is
based %on W@Ofaildﬁg’&?ﬁ‘éaﬁ]@&peﬁtﬁ‘? (gfgéglé’b%acé&t g‘@ﬁé‘rgfm mﬁ)% di gesti on
to remvefollb%e@b?%r@itdﬂytﬁcﬁﬁrﬁdiﬂtd?ﬁnf) hSETBOS 44 0T S‘EQEIDiIdO13)44TI@fca§EQC| D NO

3) and fX activation to renove the activation peptide are highlighted.
Chynot r ypiried dijgesieite to 067 XA2rel$1in shymotaypGirenwiolreinglasskocitxd al Hokdthg t he

of varyl N3 RSRCHRITG | IRL aP O P i e baind il S SRR on tne

anti coaguspQUDacdi ity of a fXa inhibitor betrixaban (described below) in a
t hronbi n generation (expressed as relative fluorescence units (RFU) assay
(as described in Exanjgl e 2)). The data show that a conbination of rfVlla
and thissue factor wd83Linabigare bshosimsranaticalhi thedemazbstiysgirg At MaB4gul ant

activity flmh i XVAhRh iR FiouPPS RN doft SORGERL A ORSuAR b0 NM of
rvila. [O é%% | gfjre Ebz shom}sgutfat anhy roo-c¥11 a w ?‘h iltsl(EﬁgLPgosrral A I ntact
mature fX sequence. The cleavage sites for chymotrypsin digestion to remove the Gla-
domain containing fragment (amino acid 1-44 of SEQ ID NO. 3) and fX activation to
remove the activation peptide are highlighted. Chymotrypic digestion of {Xa results in a

20  Gla-domainless fXa lacking the 1-44 amino acid residues (SEQ ID NO. 4).

[0032] Figure 4 shows the effect of varying concentrations of rfVIla in
the presence of tissue factor on the anticoagulant activity of a fXa inhibitor betrixaban
(described below) in a thrombin generation (expressed as relative fluorescence units
(RFU) assay (as described in Example 2)). The data show that a combination of rfVIla

25  and tissue factor was unable to completely neutralize the anticoagulant activity of a fXa

inhibitor, betrixaban, in concentrations up to 200 nM of rVIIa.

[0033] Figure 5 shows that anhydro-fXa with its Gla-domain intact
reverses fXa inhibition by betrixaban in a purified system containing active fXa and
betrixaban (open circle), while anhydro-fXa alone has negligible procoagulant activity

30  (open triangle) compared with active fXa. FXa chromogenic activity was normalized to

active fXa in the absence of any inhibitor (open square). This is more thoroughly



reverses fXa inhibition by betrixaban in a purified system containing
active fXa and betrixaban (open circle), while anhydro-fXa al one has

negl i gi blwopnmosemal ant activity (open triangle) conpar@dTaiseévometoswe f Xa.
FXa chronogenic activity was normalized to active fXa in the absence of any
i nhibitor (open s aref This is nore thoroughl ydescribed in Exanple 4. The
dat a shovdaserateddn kixamplerdcalhesdatnghom that anhyxeiodXaxs inaghee tostaed (Pt subsitaff ns t he

f Xa i nhi bj tt%éiugg gl%lf&glf’ﬂﬂb t(#:rt@{l’ldlilggéﬁsy Figure 6 shows that the anhydro-fXa
In

wi t h intact a potent inhibitor in plasma thromnbin
generatl on (expressed as relative fluorescence units (RFU)) assay (as
descri bed i n Exanpl [@03@}] Fitgusel rdstw sabbarpheedndlygro-Xu with aédadt o dinaingener at i on

at about 115 The show t hat _anhydro-fXa w t hout nodification of the
d a- dormai HEME s PR H{]i‘atétoffb“rp]ﬁ%a theo g@)&&nf‘rﬁﬁ?%( Fessadeas delpive [ 0035]

Fi gureg 7 ghougehdtaunt® @PﬁUb)saQEhyc{fas H&@nﬁécpitntﬂx'lﬁlp?&i)' M 51}&10@{&%1&% fXain a
96-wel |l plate format before chynotrypsin digestion, and m nut es

and 30 m inbibetsd momhmrg@mmylpsm at ahogelsltﬁrd‘ﬁ Ths dgttacshnwnlrrattahhﬁirmf@au mathogt ot ti ng
time (chan .of n| fican del a ed 1 t he f had been
i gest ed BTERg TBe i Torpidat i SRPLY e S LS PRibbhax S erved for up

to 20 m nutes when the fXa was digested for 30 mnutes. This result was

al so used to est abl[08B5]coRdutd Ditwsake Ediypmisoly PSihe ctit@@sidti@ity of aaiey dr o- f Xa
because it has no activity that can be nonitored during digestion. This is

nore t hor%@gm%%d@@lépliatﬁefermﬁ @ﬁ%ﬁh)@netryqsmsysnpngmdeaf@r é%mut@wdb}%du ng
f f
descripadinstERT hin SRl SrelstiBn' Alnd PRl Pl Rel P MO RS HERED 2P ed by

chynotry ptDD@iOii) wesd gmﬁcamﬂyalﬂhyekt ﬁ)f-tefr)ﬁh?e X lignheee dtgeete&ydbymonnypmrmallﬁl ng
fragnent (resi

dues 1- is able to bind betrixaban with sim.lar ff|n|t
as nati vemf%rsse@go Ciet | wapobsrived £aun 1q 29 Ayies v QA H qéﬁmﬁlme Pb037]
Figure 9 showkidevigisRbulPlval Q?o Q&H't&@ﬁ%lsﬁ%n&%hé’f&Mh;%oti/ s dl@estion
concentrations of betrixaban by addition of a concentrate of 680 nM of the

ant i dot e ¢idebydrGiXadebyde o-HaxXad activiey thircantbe mapetesdaturiog dagssagn. oFhiEwanpl e

2. At the congcentr t|on f 6 n es-d a anhydro-fXa was able to produce
subst'ant i @P1S i}ﬁ?:r(?}’rﬁlf éfigscrr]g’g‘ilg}gg’fal%}egf fXa activity. [0038] Figure 10 shows

reversal of the anticoagul ant activity of 250 nM
[0036] Figure 8 shows the binding affinity of des-Gla anhydro-fXa to a

factor Xa inhibitor betrixaban as described in Example 4. The data show that des-Gla
anhydro-fXa, prepared by chymotryptic digestion of anhydro-fXa to remove the Gla-
domain containing fragment (residues 1-44), is able to bind betrixaban with similar

20  affinity as native fXa (fXa: Ki=0.12 nM, des-Gla anhydro-fXa: Kd=0.32 nM).

[0037] Figure 9 shows reversal of the anticoagulant activity of varying
concentrations of betrixaban by addition of a concentrate of 680 nM of the antidote (des-
Gla anhydro-fXa) in a thrombin generation assay of Example 2. At the concentration of
680 nM, des-Gla anhydro-fXa was able to produce substantially complete restoration of
25  fXa activity.

[0038] Figure 10 shows reversal of the anticoagulant activity of 250 nM
of betrixaban by varying concentrations of the antidote (des-Gla anhydro-fXa) in clotting
prolongation assays using aPTT reagent in a 96-well plate format (as described in

Example 3). The data show that clotting time was comparable to that of control platelet



of betrixaban by varying concentrations of the antidote (des-d a
anhydro-fXa) in clotting prolongation assays using aPTT reagent in a
96-wel | plateldossTeat (as described in Exanple 3). The daca/ushaseotivat
clotting time was conparable to that ®f control platel etpoor plasm when
about 608 nM of the antidote was used to neutralize 250 nMof the fXa

i nhi bi t orPaséPlasalydien apogd9P ni glithe antideipiigs usgdeloaepigalize g0 mivkof the fXa

ant i coagu&%gﬁﬁto éth)(é " of enoxaparin (0.3125 - 1.25 Unl) by 563 nMof the
anti dote a anhydro-fXa) in clotting prolongation assays using aPTT
reagent in a 96-well pI ate format, expressed as fold changes after

normal i zati on. The [#83%y Eilgoteok:lcﬂhom ticbeefitrct bmdleiamtimmhmc?bivit‘y%é data show

et vi Ty SERPFEMDRIPSoUr A UHEr ght S heBaT ARG AT RO B eyl 6 12
shows 4 hecl@tftﬂhg/?)}olé’ﬁagahbﬁ a?s'a%f! ﬁ’s@ﬁgfaP”ﬁF?eagrﬁ ﬁ@@bﬁ%ﬁ@l’ ﬂlﬁ@,fo%tté}%re%%d Aty of

t hronbi n ts inhibition of argatroban, a specific
t hr onbi n iiotmmang@ra,fter nomahhatmmgﬂm a@saazss‘agocol'ﬁhéewnbcctlmltléxaoiplet XaTheHatbi t or

he:speci T0b PR iR apyall oh bt neEruby il Bl b sk Y s ) s

nor e thor@gg&hme}@@ﬁmépgﬁnbﬂo,ﬁpml e 14. [0041] Figure 13 shows the effect
on the anticoagulant activity of 400 nM betri xaban by varying

concentrations of the antidote, des-d a anhydro-fXa, in an aPTT assay using

a standard coagul at 0840} i Fignre TRrnbows dhgeffrchplobe pniidoty sle-(lp athyidfp-Banpl e 3.

The :ﬂ:ﬂ;ﬁ I I erses

t he fjﬁ)}u br'tion of%'t%gtﬂ% Wo@ t%ﬁ?}ﬂia@wg%wﬁ%&%%h?he 8%% dote was
est i mat edthtanlie idbbitdr, ﬁ&ﬁcmwhmgetnhn 40Py Mcheitiklbicalt &K a 11{1ﬁ|6mi‘]doEs aire 14 shows
the map of th construct for expressiqn .of the fXa h l.e mutant (SEQ

ID NO. 129etsoipbdyifect pitker tuiombyn artiviix oS Ihiliean Py Eie sRRHTE MRif¥ct ed i nt o

CHO dhfr (ar%F&Jah St cdriRbhPatidRs &p aebRoiad T © %&@%Ho?&}gﬂ[ﬁdés%@édem( HT)
defi ci ent di a plus nethot rexat e (MrX). Stable clones were screened for

hi gh protlexam@spé.essi on by ELI SA. The fXa triple nutant was produced in
serum free nedium and purified by conbination of ion exchange and affinity

col u L5 The nunberélggg}]l n the %W@‘%he f%?ecgor?ﬁle anlu ona%%ian acti(%lfe[y o?gbl(?nce

encodi'ng human f X
nM betrixaban by varying concentrations of the antidote, des-Gla anhydro-fXa, in an

aPTT assay using a standard coagulation timer. The assay protocol is described in

Example 3. The data shows that the antidote of fXa inhibitor substantially reverses the

inhibition of fXa by 400 nM of betrixaban. The ECs, of the antidote was estimated to be
20  about 656 nM with 400 nM betrixaban.

[0042] Figure 14 shows the map of the DNA construct for expression of
the fXa triple mutant (SEQ ID NO. 12) in CHO cells. Plasmid DNA was linearized and
transfected into CHO dhfr(-) cells. Cells were selected using tetrahydrofolate (HT)
deficient media plus methotrexate (MTX). Stable clones were screened for high protein

25  expression by ELISA. The fXa triple mutant was produced in serum free medium and
purified by combination of ion exchange and affinity columns. The numbering in the
map was based on polynucleotide sequence encoding human fX SEQ ID NO.1. For
example, an alanine mutation at the active site S419 (SEQ ID NO.1) is equivalent to the
mutation at S379 (SEQ ID NO. 3) of mature human fX discussed throughout the

30  application and more particularly, Example 7. Primers used to construct the

polynucleotide encoding the r-Antidote triple mutant are listed in Table 21.



exanpl e, an alanine nutation at the active site S419 (SEQID NO. 1) is

equi valent to the nutation at S379 (SEQ ID NO. 3) of mature human fX

di scussedwohnovgbwmat t he application and nore parti cul arcyjuskboanpioeo 7.
Primers used to construct the polynuclieoti de encoding the r-Antidote triple
mutant are listed in Table 21.[0043] Figure 15A shows a Western bl ot of
purified r-Antidot el0843]i ohigasecianywws aqitﬁmrhl@t;pfmurlﬁﬁﬁieémﬂéﬁte hypem
reduction [ hai ns,
the - ancr ot Rad ity R eRanh, MR R lRe el Be W A A AR T o
t hat of pihasight a]hdrhex{e}dc}fam tl"B&leﬁtlde lﬁﬁavﬁfzﬁeﬁn aﬁgﬂamstahex;ﬁbad@hmimuﬂarof f Xa
mutant results . in a | ower nolecul ar weight band of the r-Antidote |ight

chai n conpaebPiEagthaof plasma deved X8 difleionsn Oadraindhs Bindomiges- PAGE
and West efn, Bl Qht Ieguu%% bidwd: rﬁoléwlam&ghtbaana OPHRICARNDE e%g cRfihi nity

purification followed by size exclusion chromat ography. 45] Figure 16
shows betsanxzbantoploasmeX®vel in mce (n=7-10 per group) after ora
adm ni stration of betrixaban al one (15 ng/kg), or betrixaban (15ng/kg)

(pdl- Ant1 dot e) " pr o0 I ackiBP i M 8 BXae D SRR FRONE kR ni ot or ed

5 m nut espfiednr-Aidofebylion eREhankk AR B@inity puAfehtiBRUSBo W PBHsi sesfl@son( 0. 5 )
wer e taken at 1.5, 2.0, and 4.0 hrs followi ng oral adm nistration of

bet ri xabathrompeE@PbY.ood | NR, betri xaban and antidote plasma | evels were
anal yzed. Betrixaban |evel (Mean+SEM in nouse plasnma was plotted as a

functigpn of i me [ ofoSiceraliefs JouTBklaARARAANENT A0dS. AT

follomed by anti do Ion (open circ relatlon of
anti dot e groeptafer grabagmanstrhtibn bf bétiirebapaldane ((Hmyky)adittetriabin dohe/kg)

|nject|on€ was summari zed in Table 13. Single injection of the antidote
resul t ed OHOWS@%FIEMEQQ%WJEGFU%%@ HEri) o elasme s redanidatcdd ﬁtufadot@

measur e maﬁ} dred Q&f?zéh S%'I OWS 9 Fl Og@-{){ﬁsﬁdgﬁ%z{s RGN R AR s%mo% %9

Fi gures 1/A and esu nouse exp er 1 ment purified
r- Anti dote5 @ﬂ%ﬂnﬂ@oﬂt&ﬁn@ﬁ@u@blo&éiatﬁpl@di@rﬁ ey elre takentmsles pleaandh4 QFrgur e

17A) a ole blood IINR (Figure 17 we cQ red after or
adm et %PW%M&?@WP%%@WQ%{ b %es ﬂﬁlplegf)lgp I%tﬁefrae@%}halzcll@%yekg)

fol | oned él)(srhs[‘fe%él&’%Pé‘a%aﬂﬁle&c‘Bk@f}aﬁé’tﬂ@vmi/le%%m@%i Heh& piddanyyal ues for

each treated group were i1'ndicated
plotted as a function of time for mice after 15 mg/kg (open square) and 15 mg/kg

followed by antidote injection (open circle). The PK-PD correlation of antidote treated
group at 1.5 hr time point (5 min after antidote injection) was summarized in Table 13.
20  Single injection of the antidote resulted in >50% reduction of functional betrixaban based

on INR measurements. This is more thoroughly described in Example 8.

[0046] Figures 17A and 17B shows the results of a mouse experiment
with purified r-Antidote (n=4-10 per group). Betrixaban level in mouse plasma (Figure
17A) and whole blood INR (Figure 17B) were compared after oral administration of

25  betrixaban alone (15 mg/kg) or betrixaban (15 mg/kg) followed by intravenous injection
(300 pg) of r-antidote. Mean values for each treated group were indicated. As
summarized in Table 14, single IV injection of the r-antidote resulted in >50% correction
of ex vivo whole blood INR, justifying effective neutralization of fXa inhibitors by the
antidote via a single or multiple injections or other regimes. These results demonstrate

30  that the fXa variants of this invention have potential of acting as universal antidotes to



summari zed in Table 14, single IV injection of the r-antidote resulted in
>50% correction of ex vivo whole blood INR, justifying effective

neut r al i 280i2010/036766Xa i nhi bitors by the antidote via a gcmgiseoomne4vad ti pl e
injections or other reginmes. These reRults denonstrate that the fXa
variants of this invention have potential of acting as universal antidotes
t or ever seteveise tstandensgulagheitest pleicta iphibites ip pRfigts with blagdingtor eHes wit h

bl eedi ng a oughly described in
Beanpl o gt B GerERElce S ry§ TE RN Rl tbere B LM 00 Y PR oy
effect of enoxaparin in a 96-well turbidity change cl ott| ng assay. The
results are essenti[&[)n'y] sFiguteal8 showpd AAntdiotba'eeeréﬂio@theeinHib)toﬂymﬂfecad}ﬁ ng both

f Xa derivati ves, hav araBl e funct onal antlﬂ}% ct| Vi t%/ léﬁ
r-Anti doteé1°§ﬁﬁ?§]tndﬂta skt ]éiéfleadlgfﬁ %g PHY- i 6@{/”&15 ngiefly gmijaro 5
U L %nOXt%Rﬂ[AﬁidoT@@lgéré ayY) BH%Q&QBoth?XQ Hesentvednive c%ﬁﬂﬂﬁlbf‘e f%illetlc[ngp48]

Figure 19 shows r-Antidote reversal he inhibitory effect of
mol ecul aranAEpgraptlwepéﬂmM (Wﬂlﬂ))teesgbﬂemaﬁd coredtenhterY St dbermhdiiory cﬁﬁq‘t asay.

Bot h Fi 8 d 19 di 9] Fi 20 sh
The - Ant | GoLETH-E08r bR o A Sy RS LG TARAGH R AEP R 1 i varoxaban. Thi s
is nore thoroughly discussed in Exanple 12. [0050] Figure 2 1 shows the

al i gnment of the pojogagicl El(gtﬂedle) ﬁleﬁwemmdawiewr@dls)kateeidhﬂbﬁbbyp;efét:i@te
sequence of r-Antidote. [0051 ures 22A and 22B shows the results of a

nouse expemi rﬁelﬁﬁulw Vi ght lsqpﬁ@m hilSetéfﬁtP%Hl uman; plpssiea ¢l gpsaywdoth
i nj ecfy O?ﬁi)g{u%% jale&tl s%lscglg e'&i'?ﬁEFcinﬁEfe' igote (n=5 per group, 312 ug/200 ul

r-Antido ri xa evel ma (Figure 22A) were conpared after
oral adm nistration of betri xaban (15 ng/kg) followed by intravenous
i njection of vehicl[@049] rFiante Wothews sleer- Bradpe e2v8rshbof thet@idosgulaths shown in

Fi gure 22 a le IV ection of i dote.incre betri xaban | evel
1ol asmeliyt bk oA g TR eG B ouEn S S amea i ECUREE 0L Coont ol 1)
indicating the ability of the antidote to effectively bind betrixaban in

vivo. A second inj g[@ 50N Piloufetel dBivs @Rt 8idhehher thé pelyRagestideatbdqickaban | evel
by less than 2 fold conpared to the si ngl e injection, indicating limting

armount of angdranslrted aelypspidrussaudiico ol r-améidptever sal of its anti coagul ant
effect by the antidote. Figure 22B denonstrates that neasured | NR decreases

gfn;ﬁg ;ﬁéi 308‘;” Z”it["r(])?gic]f{ %%Efe%?%ﬂaa’ﬂdizﬁﬁrsﬁé‘%%leir@sﬁR%\?ﬁ RS PBpeRldnP W N9

with a single IV injection (1 injection) or two injections (2 injections) of the r-antidote
(n=5 per group, 312 ug/200 ul r-Antidote). Betrixaban level in plasma (Figure 22A) were
compared after oral administration of betrixaban (15 mg/kg) followed by intravenous
injection of vehicle or r-Antidote (see Example 8 for details). As shown in Figure 22A, a

20  single IV injection of r-Antidote increased betrixaban level in plasma by more than 8 fold
compared to vehicle control (control_1), indicating the ability of the antidote to
effectively bind betrixaban in vivo. A second injection of the antidote further increased
betrixaban level by less than 2 fold compared to the single injection, indicating limiting
amount of betrixaban in mouse blood and reversal of its anticoagulant effect by the

25 antidote. Figure 22B demonstrates that measured INR decreases as the ratio of

antidote/betrixaban increases in mouse plasma following single and double injections of

the antidote.

[0052] Figure 23 shows the combination effect of rVIIa with r-Antidote

on the anticoagulant activity of 250 nM betrixaban, a fXa inhibitor, in thrombin



the antidote. [0052] Figure 23 shows the conbination effect of rVila with
r-Antidote on the anticoagul ant activity of 250 nM betri xaban, a fXa

i nhi bi t orwoi2mwdss®EDI ngenerati on. The results were expr esTak2@o/06@db@t i ve

t hronbi n generation activity (% actividsty) after normalization of RFU in

pl asma wi t hout, any added inhibitor, rVila or r- Antidote. The data show

t hat r- Angangetien; %H%{féﬁ%ﬁ?ﬂefxp@@@ﬁs?ééelﬂ%‘@ tafﬁm%ag@ﬂr%tmn astifer{%of 250 nM

betri Xaba&tw%le?%hﬁ 1z9€1?1§9f21%19%% gla%r_ﬁ%\ Qo{a@%hgd) 1b1ttdf L0481, 4ncr eased

t hronbi n gene Ion activi e-concen 1’on, ile 100 nM
rvila al oﬂmldmd: yTid daghtlopw thacr-aadécte ﬁfﬁfepmﬂenﬂgﬁﬁefsaﬂ l;}fa:rhna&bag‘uldnYeﬁf(fttt he
absence of r-Antidote. rVila also sli aht |y increased. thronbin generation

activity 20 beirixabans fepmbingtiny of JOBRNETOHa with r Anfislofe furiheisiafrepiedur es 24A
and 24B shaywshih @@n&&’tﬁ@f Mth? Ot é%fcfl ?%ntﬂ%te bhiént@Rgh ! I‘P‘f&tl'déq{h@ b %R)nreef erred

to as "r-antidote" or "antidote™ in the figure) on the anticoagul ant
act i v! ty afly ShgiMynmmatsoddtrambnagdHXatmm Iactbntyan thermtmsmne@cﬂ riAntplott hiVolabi n ti nme

(PT) in hyman. pl asma. ure 24A shows that .in bsenc ri var.oxaban,
580" M 3Kt iS58 Treagrd Yo B Aot o HRag T e Pt 5N AV ORI AT oy o
prof ound wiffieshn | N the presence of rivaroxaban, addition of r-Antidote
(380 nM produced a 14% correction (21.5 0.2 sec), and 2.2 nMrVlla

produced a 46% correction. Single agent treatment (r- Antidote or rVila
al one) did not prod@883lcokighees 4Aemgr2§§ISh©WS§‘rﬂq0@&&1@ﬁﬁlloat€fféﬁOfAVé]@r@Bﬂnat| on

of 3 nM I EQ I rrection
(resultin Alﬁﬁ'&é %ggo ﬁ{}%d%o rg? I\}]z\iérll(rgl}(éak:aﬁpl nrgﬁ%g% Hgﬁ}}%% "glﬂ% tﬁigon Fi gure 24B
shows t haztntllcﬁagiuﬂtelt pEtBSErd (V1 riviavaiabxahdRa istdbiitdr] meamiedbfmbtlﬂ@hsm( 760 nM

produced a 28% correction. A _conbinatjon of 760 nMr-antidote and 55 nM
FVIla prodiie &RiDdn buges plasmao figuss @44 showtirbi thy ssangs ¢igivatoxabam 38@c) of

rivaroxa '&ﬂ%@sl@ﬁ&?&ﬁﬁéﬁ %:'Iﬁnwh g@@?%]M Rk h&d gﬁnsozé‘ﬁr\@?o&nﬁ% gimaf nat i on

ef fect of hunman erived fI'X and r-Antidote (a erre to as
"ant i dot ethe presel’me oft irigarogabamn addigoraot - Soddmue 6380 At protibgedaf 1448 Bomddtion

betri xab nhi tivated tial thronbopl ast
e AP S 0 Aananais hemat rVHE pirtcbiaBe orestin M Shukaech B errahe y
reduced aRi Tdd't@oﬁmﬂ%@%@no%@d&@%sﬂ@% I%E’J Ial(ﬁﬁnécoaguﬂm@@% was

prol onged by approxinmtely 2 fol .4 sec) upon addition of 400 nM
bet r i xabagpmbipattonef 380 nM r-antidote and 2 2 nM rVIIa produced a complete correction

(resulting PT = 12 sec) of rivaroxaban induced anticoagulation. Figure 24B shows that in
the presence of rivaroxaban, addition of r-Antidote (760 nM) produced a 28% correction.
20 A combination of 760 nM r-antidote and 0.55 nM rVIla produced a close to complete

correction (resulting PT = 12 sec) of rivaroxaban induced anticoagulation.

[0054] Figure 25 shows the combination effect of human plasma derived
fIX and r-Antidote (also referred to as “antidote” in the figure) on the anticoagulant
activity of 400 nM betrixaban, a fXa inhibitor, measured by activated partial

25  thromboplastin time (APTT) in human plasma. In the absence of betrixaban, {IX slightly
reduced aPTT in human plasma. The baseline aPTT (25.5 £ 0.1 sec) was prolonged by
approximately 2 fold (51.6 + 0.4 sec) upon addition of 400 nM betrixaban. In the
presence of betrixaban, addition of r-antidote (1.14 uM) produced a 42% correction,
whereas human plasma derived fIX (258 nM) only produced a 15% correction. Thus, fIX

30  alone is not an effective reversal agent for betrixaban anticoagulation. A combination of
r-Antidote (1.14 uM) and fIX (258 nM) was sufficient to produce complete in-vitro

reversal of the anticoagulant effect to baseline clotting parameter conditions.



presence of betrixaban, addition of r-antidote (1.14 nm\V) produced a 42%
correction, whereas human plasma derived fIX (258 nM only produced a 15%
correcti omo 20twse7661 X al one is not an effective rever salPCagspanes60

betri xaban anti coagul ati on. A conbi na4i on of r-Antidote (1.14 mM and fIX
(258 nM was sufficient to produce conplete in-vitro reversal of the

anti coagul ant ef f ecl008 bEigsIe Heshewsth pantiattionefiset fdiavith ssemborss)

Fi gure 26,_s t i pnat | f | [ n | dot e

(r ant 1 acriy B¢ GRTR BRhRLE AT by of 24 b SHRRIERLT 1 pAORL 1C

resul ts weee eeppsed e tbldshimkdatdrangasliative of therdating tine Gm pbmb hétholot t i ng
time in plasma w thout any added inhibitor, fX or r-Antidote (Control, No

FX). The datadehifiipattX1Fs-ndes (GansshiN 4bthl B darshavotet by tMie (0 nm
£ - AN IS0 BotriRMbaht Sbubl (I et Rty Ofimd 26 nBM-Apd¥ie: HOBR) SUBSHRRALF qlbﬁy ¥M gver sed

t he anticoagul ant effect of betrixaban. n X T ndependent reduced the
cl ot ti ng Antiptbyubs@@fialiyvreptrasththewntitpagnland ¢ffeotiof e@Sx abvhi Vi dN 8 .

Conbi nation of 170 nMfX with 125 nMr- idate further .corregct t he
i bi o JoePE g tesd IB0E Ry A L BEACRIERDEN e

| NVENTI ONphibiteeidombinds drd99aM M idrias ting & AdkidbReGuRR& 8 RtctbdMRNt i on wi | |
enpl oy, unless otherw se indicated, conventional techniques of tissue

cul ture, inhibitan) dtpet ofn>eddibaiiebasl.ogy, ni crobi ol ogy, cell biol ogy and
reconbi nant DNA, which are within the skill of the art. See, e.g., Sanbrook

and sell eds. (20 I Peleh nual, 3rd
edi tﬁgjrs]; the series %ﬁ%%@ﬁ%c%@d@% r?gﬁﬁ rotocols in

Mol ecul ar Bi ol ogy; the series Methods ﬂé&i@&g | ogy (Academ c Press, Inc.,
N.Y.); MacPherson et al. (1991) FICR 1: racti cal Approach (I RL Press at

Oxford University P ; -MacPher s et al..(1995) P - A Practical
moproach. tarow andosehs TSRS E Sty by Wi Eh8ru s Vanoa -
Freshney §BOQ5Ie ikdlichidd &olertiohmetcHagddes of AssivBauialre dmnRari oyl aeuRre, 5th
edition; Gait ed. (1984) d.igonucl eotide Synthesis; at ent No.

U. S.
4, 683, 195biolagmeBicietiolPRY; el dicdeey androgambingriITEY &, which arg withigithatkilbef

TransarT pT AR e i anTr ARSI R R L2 IR ACR OO L FlBrl oog
(1986)) ; Menidl 3'{ dH84); e Rriachuadle] &uil delst(QONDI@ctenaProGwiy ingviolbtdlher and

Cal os eds. . €1987) Gene Transfer .
ogy; the series Methods in Enzymology (Academic Press, Inc., N.Y.); MacPherson et

Bio
al. (1991) PCR 1: A Practical Approach (IRL Press at Oxford University Press);
MacPherson et al. (1995) PCR 2: A Practical Approach; Harlow and Lane eds. (1999)

20  Antibodies, A Laboratory Manual; Freshney (2005) Culture of Animal Cells: A Manual
of Basic Technique, 5™ edition; Gait ed. (1984) Oligonucleotide Synthesis; U.S. Patent
No. 4,683,195; Hames and Higgins eds. (1984) Nucleic Acid Hybridization; Anderson
(1999) Nucleic Acid Hybridization; Hames and Higgins eds. (1984) Transcription and
Translation; Immobilized Cells and Enzymes (IRL Press (1986)); Perbal (1984) A

25  Practical Guide to Molecular Cloning; Miller and Calos eds. (1987) Gene Transfer
Vectors for Mammalian Cells (Cold Spring Harbor Laboratory); Makrides ed. (2003)
Gene Transfer and Expression in Mammalian Cells; Mayer and Walker eds. (1987)
Immunochemical Methods in Cell and Molecular Biology (Academic Press, London);
Herzenberg et al. eds (1996) Weir’s Handbook of Experimental Immunology;

30  Manipulating the Mouse Embryo: A Laboratory Manual, 3" edition (Cold Spring Harbor

Laboratory Press (2002)).



Vectors for Mamalian Cells (Cold Spring Harbor Laboratory); Mkrides ed.
(2003) Gene Transfer and Expression in Mamralian Cells; Myer and Wl ker
eds. (198¥D bmsewshemn cal Methods in Cell and Ml ecul arcBiusbagyedobecademn c
Press, London); Herzenberg et al. edsi51996) Weir's Handbook of
Experlnental | mmunol o Mani pul ati ng the Mouse Enbryo: A Laboratory
Manual , 3rd editionl0f gﬁ dABpumsEcHiglepgRationpar &t Bytempagtire. 2puR) ) . [ 0057] Al |

nurer i cal co%‘ééﬂt%[%%h,' a%'&%noc}gcﬂar’weggk ﬁ{éfm‘ﬁ{g%}gge% arkly Efmxﬁy?ﬂ%ﬁé‘%?c%' 40, and

nmol ecul ar wer ght, 1ncluding ranges, are “appt oxi mati ons whi ch are vari ed ( +
) or (- varky (Hcor€rmlySn@Embntd of 011. iISis t®bdendendesd hbaehghalot hiowugh not

al ways epr|C|t%¥Hstated that . all nunerical designations are preceded by

the ter m ®RbeEYstatgd thay alnyraericgl dsignapenssie Brcedstidhig it Mo fP et twalf &150
expligitly téE@E&f&st&&?taltﬁ&%l%r %@91%%§ mﬂﬁﬁ&w Q8dq, hﬁa{t%@rea &tmsawedexerm' ary

and that equivalents of are In‘the art. used in the
speci f i calidrein asndechaéxemplirhend ihgedquavaléms of Sugh are! lawwIlamdhé' athe" i ncl ude
plural references unless the context clearly dictates othermﬁse For

exanple, the term™ ar paceu aII ccepta car, |er i ncl udes a
lral i1y of phar mol0RSEE cAT Fipd oSSR TS e Frar hb ot o os
thereof . {40384 “hs” 1eRde HaLrEl referénlaes ﬁrﬁémh@wmém%leaﬂ dictatés¥tRAMRR. tFor Mean
that the conpositions and net hods incl ude the reC|ted el enents, but do not

excl ude otaBIse, thedtari s phaigaeadisplly adceptable cafien mgbée& spledlitnel conposi ti ons
and 1 Icgﬂ%gnﬁ%ﬂk {;Ialﬂ;ea%g%ﬁﬁ%q% Ll ﬁ‘c{%ﬁ[ng]%‘%‘i‘& br.any essential

si gni Ion use Thus, a conposition
consisting essentially of the elenments as deflned herei n woul d not excl ude
trace contam nants [0089% t Aeusesldeadin,ahe ama ‘pompfisiagt isontendiditoaneandhat

pharmaceutically acceptable carrier such as phosphate buffered saline,
preservatﬁﬁieegmp ditonriad magends eslyds B Fesed pleasals byrelemobR¥q!irsi 4B fror e t han

trace el e‘@‘d?fsﬁuf?é eé%&ﬂi%!il IJr9GaEh 8RS0 %Qﬁ'ne%ﬁ?ﬁﬁ&%‘ﬁfdn@hn&&feﬁl%@is ShaPmehOr
adm ni stering the conp05|t|ons of this invention. Enbodi nents defined by

each of tdebdling ethgicdnents eff any caseatinl sigrificanke teiho pembfnatlhm $orithe/eatenidedh.

[ 0060]. A "su ect" of di.agnosi.s. or treatne a _ce r manmal
el uh ng"S: At coRBRHARAR P asrSEan Sape FBmanagnoerteFhr sapkbnt
include, {Qkx@8¥ARAR colthiliffhits ﬁb‘lﬁhh@fsofaﬁbﬁ and"h@&icafidhidéhodsiah as dogs,
| eporids, such as rabbits,
pharmaceutically acceptable carriers, such as phosphate buffered saline, preservatives,
and the like. “Consisting of” shall mean excluding more than trace elements of other
ingredients and substantial method steps for administering the compositions of this

20  invention. Embodiments defined by each of these transition terms are within the scope of

this invention.

[0060] A “subject” of diagnosis or treatment is a cell or a mammal,
including a human. Non-human animals subject to diagnosis or treatment include, for
example, murine, such as rats, mice, canine, such as dogs, leporids, such as rabbits,

25  livestock, sport animals, and pets.

[0061] The term “protein” and “polypeptide” are used interchangeably
and in their broadest sense to refer to a compound of two or more subunit amino acids,
amino acid analogs or peptidomimetics. The subunits may be linked by peptide bonds.
In another embodiment, the subunit may be linked by other bonds, e.g., ester, ether, etc.

30 A protein or peptide must contain at least two amino acids and no limitation is placed on

the maximum number of amino acids which may comprise a protein’s or peptide's
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3 1>,

and is listed in

Figure Ib and SEQ I D No.

wci d sequence and

domai n structure of fX ar

Bi ochem stry, 1986,

25: 5098-5102. The donai n

so described in

Venkateswarlu, D. et al,

$2: 1190- 1206. Upon

catal ytic cl eavage of the
I D NO. 3) of the heavy ch

ids 143 to 194 of SEQ

contains a light chain (S

(SEQ ID NO. 6). FXa
In

PP The g¢diro espondipngirgm no 4
eKkdescrijhgd in [LEV{dige et al,
sgudurg@TnmEm%ﬁ%ésal
pnySI (@h Jou ﬂ%'lqtarﬁi'h‘éé &
i "11' et T
¥ 1D N fﬁ\ an EAYYIPHDE@U chai
R Arg’ L-arginine”
D Asp L-aspartic acid
N Asn L-asparagine
C Cys L-cysteine

[0062]

“Factor Xa” or “fXa” or “fXa protein” refers to a serine protease

in the blood coagulation pathway, which is produced from the inactive factor X (fX).

10

Factor X is activated by either factor IXa with its cofactor, factor VIlIa, in a complex

known as intrinsic Xase, or factor VIla with its cofactor, tissue factor, in a complex

known as extrinsic Xase. fXa forms a membrane-bound prothrombinase complex with

factor Va and is the active component in the prothrombinase complex that catalyzes the

conversion of prothrombin to thrombin. Thrombin is the enzyme that catalyzes the

15

conversion of fibrinogen to fibrin, which ultimately leads to blood clot formation. Thus,

the biological activity of fXa is sometimes referred to as “procoagulant activity” herein.



(SEQ ID NO 9). The first 45 amno acid residues (residues 1-45 of SEQID
NO. 6) of the light chainis called the Ga domain because it contains 11
post -t ramnsbabvioosetssy nodi fi ed g- carboxyglutam c acid r e®Cuus3000@@50 |t

al so contains a short (6 am no acid r©&si dues) aromatic stack sequence
(residues 40-45 of SEQ ID NO. 6). Chynotrypsin digestion_selectively
renoves the 1-44 rdé0 sTliifé@iﬂlﬁthﬁg seqpemgcadéeaiumansiactox (BEQCpDbNO. 4) .

The seri te fak onpin of fXa locates at the C-term nal heavy
chai n. TE@ ﬁ&eglvy Bl h I@M‘P% qj's i ghly honol ogous to other serine

pr ot eas eS<}&tpC/VIvvﬁsz fidbi. olhih, gotfeyips/Niewan L gilebinaicot &d-e8HUD7 31>, pdBA] The
domain structure of mature factor X may be found in Venkateswarlu D et al,
Bi ophysi citedin Figge 3P ags SEQGHNe2b 6 Thar enpondiheBry FHCEHBrared b

ref er enceydnhih kGudiidf €% %re JAEHR A6k Gt QUHDJ%M:Q@ MBI S5 509%%1%2' s the
same as in Figure 3. The tripeptide of Argl40-Lysl41-'Argl'42 (the RKR

triplet a"Ehesdmmmn stmudfinguf enatyre fas alsoderedbed inhéerkiaghwardindd. ret 'ab t he

t t the f hat Kk th tri tid
e b edontHEvah ek P08 PGBy Soh con R sledtie AaMeiit ar e Shown | n
boxes. Thﬂe§1dh€bc(hh'1ﬂﬁ§ac€"d§| N9 189b4sr SEAID NOFB KdiTRe Kea(v?%i%lhm acBVated to

Functionally inportant catalytic residues are circléed, and "g" represents

G a (g- caXsdRyg) I B 6). aEX@l)?OthélQiS dlight 6[113016@]5(2 H&Nﬂ/é) fiht hepvy'ahiing- t ype

fXa" refe n resent ted inits
ori gllrQaI {S%%@%wggxiorﬁ]mymil @T};nogar%(grgélgggs 3 Sl@ v oI gl ggég%ml(ﬁy?of

activati n@e iRt Shaib icillddnBe Gﬂ@d&nﬁh@@&tuwg cbmnﬁtmq)ﬂstqfraﬂ@laﬁ@ﬂalm ot. The

termincludes naturally occurring GEJX 8 gtl des isolated fromtissue sanpl es

as wel | amodified msprbany tlytaprieaeié sebiqurs (Glapcltialse coxainsashert 46 pgitfoxgihavi ng
act

e vet SR Rt R et PR LB R B N Byt iy ser i wa

Deri vat i v@igestioh selo®dliefy @ehov&athearad’ lféelauas%m dg Bf GR-doatdifless XX ap s BOEDN”
refers to fXa proteins that have been nodified such that they bind, either

di rect) y BP- thdilTheearing proteasg cpabitisrdoxain ﬁﬁrﬁ?@d@%ﬂte%@%@ tegtinddieanibl e int o
th th t fied t
€ protht !@'ﬂ?e%%awml%gg%l@ ﬂghh’;{/ﬁ‘(%ﬁléﬁo %ﬁ{eﬂ’&%ﬂe Cpggtséﬁfe lg%gdc t: \‘jl tyo

provi de e| no procoagu uced pro
" Pr ocoaguthashbiactiypsir, yid acivaetierstei €.o her el n as an agent's ability to
cause bl ood coagul ation or clot formation. Reduced procoagul ant

[0064] The domain structure of mature factor X may be found in
Venkateswarlu D. et al, Biophysical J., 2002, 82, 1190-1206, which is hereby
20  incorporated by reference in its entirety. The amino acid numbering in this figure is the
same as in Figure 3. The tripeptide of Arg140-Lys141-Argl42 (the RKR triplet as shown
in Figure 1) that connects the light chain to the activation peptide is not shown because
the form that lacks the tripeptide is predominant in circulation blood plasma. Individual
domains are shown in boxes. This includes amino acids 1-45 in Figure 2 (SEQ ID NO.
25  3). Functionally important catalytic residues are circled, and “y” represents Gla

(y-carboxyglutamic acid) residue.

[0065] “Native fXa” or “wild-type fXa” refers to the fXa naturally
present in plasma or being isolated in its original, unmodified form, which processes the
biological activity of activating prothrombin therefore promoting formation of blood clot.

30  The term includes naturally occurring polypeptides isolated from tissue samples as well as

recombinantly produced fXa. “Active fXa” refers to fXa having the biological activity of



activity nmeans that the procoagul ant activity has been reduced by at | east
about 50% or nore than about 90% or nore than about 95% as conpared to
wi | d-t ypewbXalodissieng t he same period. For exanpl e, recomroirnsre09issB895A
essentially has no procoagul ant activisty as neasured by in vitro assays,
such as fXa activity assays. [0067] The derivatives have either nodified
active si¥é&sage predirembia. GhstivoRel Maanbe bottive FXadr madifiad fagdhatiretainsons are

al so Contméaghﬁﬂt%%ﬁit&.s cont enpl at eq that such nodifications may be nmade
in one or NOr€ o e follow ng ways: deletion of one or nore of the am no

acid fromthe sequence, substitution of one or nore am no acid residues
with one or nore difDeélent anDaovacis’ oresaifa] fXariat Gderivativgpudfat finator of one

or nore ino acjd_side.chains or its "C' or "N' termnals. [0068] The term
Yactive ShEBOWIBT B I DT mofay gy e ] sughhydRey A cher cal
react ison QY r irireFBHId b @L:ROLd MRibdol £d d@n@t{&s@%{Hl%ﬁt@ihre%réthgﬁ%@ﬁ‘@sebeen

nodi fied structurally to provide the active site with increase

decr easedcaniden. cStruatwaldy.ithe derivativespee imoddiedyto pFEwvadepdithsr nd preoigedangi t es
include, but.are not Iimted to, the talytic, d in.of .human, factor X
conpr 15! riHE oStk iiagtlan ey P Biniea b PR TR e BRaRy  c
domai n of aubeANS Iﬂﬁﬁtggb cf@ TSN doabigtidNer dSToAARIAMNRYAuES flof RSURHES
(Figures 2 and 3). anpl es of nodified active site include, but are not
limted tastivithéeant @pythe profensilant 6N beartredhcedabycas dgsst dlong>0%9501448

am n Ci I b, S j 1 least one
am nglogci %Olgeﬁtﬁgér?iﬂ%%ﬁ{ ?((I);'Wﬁ éi%élggﬁlﬁ%ﬁﬁg?%%ééc &ép%rﬁbo &gfiégpf\#ﬁ a@%&%f&awsﬂ&
or Arg424anfeQ268ll. Bor Slaaipis réddabinant be-S365 A\eadenii&idy lds dohgoddagelahi on nay
have nodified A a domajns or have the entire G.a domain renoved. Exanples
of fXa dettivHY pyBISASHRG Rbieii4e aAYS: dethe’ XA FHEDMEMNGds of this invention
are G a-donmainless fXa(SEQ ID NOS. 4 or 5), Ga-deficient fXa (SEQ ID NO 7

wi th modifications @egfr | PRAJDRALEIIhavE KandMrt dbifiRMdiE 3l QS HifiddE1a
catalytic site (SEQ IDNCS. 10 or 11), and fXa with nodifications at the

si tes knodwmaings drebaitimpbdddisinnal frpedifidAtiowaare i sorcaoteimphated. 1t \4 dointeimglatbd that
intergction, (SEQ.1D NOS. 4, 5. 7, 10, or 1 ith at | east .one am no acid
subst % ut TSR %?E%C&EP‘H DAY Ry G388 10 FePsfeore A é‘?g‘?flo‘ﬁ%%"ﬁs: 4_6‘3]/?%4)%8” A g424)
as descrifgg dfthdghmblactiet@h the fedidlRer susXaIRbESE e drveork Xdisteidivat i ves

contenplated by this invention are provided bel ow ' '
residues with one or more different amino acid residues, and/or manipulation of one or

more amino acid side chains or its “C” or “N”’ terminals.

[0068] The term “active site” refers to the part of an enzyme or antibody

20  where a chemical reaction occurs. A “modified active site” is an active site that has been
modified structurally to provide the active site with increased or decreased chemical
reactivity or specificity. Examples of active sites include, but are not limited to, the
catalytic domain of human factor X comprising the 235-488 amino acid residues (Figure
1), and the catalytic domain of human factor Xa comprising the 195-448 amino acid

25  residues (Figures 2 and 3). Examples of modified active site include, but are not limited
to, the catalytic domain of human factor Xa comprising 195-448 amino acid residues in
SEQ ID NOS. 10, 11, 12, 13, or 15 with at least one amino acid substitution at position
Arg306, Glu310, Arg347, Lys351, Lys414, or Arg424.

[0069] As stated above, the derivatives of the invention may have
30  modified Gla domains or have the entire Gla domain removed. Examples of fXa

derivatives suitable as antidotes in the methods of this invention are Gla-domainless fXa



[0070] "d a-domainless fXa" or "des-Ga fXa" refers to fXa that does not
have a d a-domai n and enconpasses f Xa derivatives bearing other

nodi fi catworzfmyosstesaddi ti on to the renoval of the G a- deamius200&0649p6 es of
G a-domainless fXa in this invention ¥9nclude, but are not limted to, fXa
derivative |acking the 1-39 am no acid residues of SEQ ID NO 3; fXa

deri vat i VEEQEXNAY- thes S6-Blo-dahriget e GERRE H(ed voth mpdhficpiqedesribed

correspo I i nor e
ot ai 15 Do ¢ RudiRadt s SR SRGAC' P SRR B O NI RS Rpe 1 g
am no aciwith ﬁﬁdﬁl@ﬁoﬁatﬁ@1ﬂe@kh@zn&be:mpoetapoﬁodm\lhmtdasncﬁ(ar fXa after
chynotryptic di ﬁestl on. of human fXa (SEQ | ure 3); and fXa

der i vat i vi&/ TN A grtempetinSHQID NAS- & %fd70r1rﬁ1 i 1r1e‘§1iﬂ’HEFe1§a56PneSE@nI°BCNO 3 as

descrige i 7-966 (SEQ
| D Nosg) fjsulcblgtﬁtgﬁ ex;l?rygl es | %3(?6 gié&%lg)fsw %Avg]lﬁ IOL S)%%g%%AQér )%é 10, gI'abI e

10) and déssei@hedl ih MataBIig@a. (SEQel Exdi@pledldf, thd ﬁ?ﬁd éeril_\ih)lveq @D%&hjplitad bp theis

enbodi nents, the des- Sg féa conprises at |east ami no acid residues 40 to
448 of SE‘QV‘?II_‘)‘OI’QI@re%mES Ke!98ui val ent thereof. In sonme embodi ment, the

des-d a fXa conprises at |east am no acid residues 45 to 488 (SEQ I D NO 4)

or 46 to 488 (SEQ I[90M SG1LHorkRlekPHNO or 3dey-GROM Y RS fKheHagbes [ 0072]
In some enbodi ment, the des-A a fXa conprises at | east am no acid residues

40 to 139nqihavenEla-domaig agd emEmpaFeNEXa Qelavat@qmb«mné wther pppsittecation(s hins ome
nb 45 t
oo 5 55 AR TR RIPIASH. Blach B8Rl AT ARARLE ks dies 20 o

enbodi nern‘ﬁweﬂthﬁ iflesdGbat afré(aoclﬁlﬁiléd oesXalerhadst 1aamng®heelpsa afr@sd shies 46 to
139 and 195 to 448 of SEQ | or equival ents thereof. [0073
"GI a- def | €igRES FREQ H_NGQ- S f?éa fi%vam Fﬁck@éd]&%@ﬁﬁ@%’é‘? agdd resicues of ¥eQchai n

- car boxy p, R
G a-defi cﬂlDeﬁtUT? ?(aéoé%eﬁp %rfd%cgqggaaf?& gnt n%ﬁag e|gclgt| onsélmgegé%ﬁe ?1(1: |me0r€% f Xa
i ncl udes detabrbetowy [SH@ M) NOWJE: EfablbdszyIfxaddrlwtd/edlmkargbhawddtaeminb Xeid
"Uncarboxyl gt ed ecar box atedf rs to fXa . derivatives that
do ng]tgj dé@%PTﬁeOfggég?aﬂgm gF%‘E]f‘ﬁBO%ULm% e egﬁ)&ézé(ﬁa WHXP%YBU%gigBSt’roé‘sqfdues of
the Ga damifeXay SE@f ASNDXa, Figuied; ald f)@fdehwn% 1ac141§grafera:ngrecmb@fygl utam c
acid replaced by different amno acids, or fXa having all of its side chain

g- car boxydomapmsaticoppf MaQ@RBPANQy3 ardassribagcih Padmandbhan eodl, Jaesrd ¢l Bat.i on,
etc. 1993, 232:947-966 (SEQ ID NO 5). Other examples include des-Gla anhydro fXa (SEQ

ID NO. 10, Table 10) and des-Gla fXa-S379A (SEQ ID NO. 11, Table 11).

20 [0071] In some embodiments, the des-Gla fXa comprises at least amino
acid residues 40 to 448 of SEQ ID NO. 3 or an equivalent thereof. In some embodiment,
the des-Gla fXa comprises at least amino acid residues 45 to 488 (SEQ ID NO. 4) or 46 to
488 (SEQ ID NO. 5) of SEQ ID NO. 3 or equivalents thereof.

[0072] In some embodiment, the des-Gla fXa comprises at least amino
25  acid residues 40 to 139 and 195 to 448 of SEQ ID NO. 3 or equivalents thereof. In some
embodiment, the des-Gla fXa comprises at least amino acid residues 45 to 139 and 195 to
448 of SEQ ID NO. 3 or equivalents thereof. In another embodiment, the des-Gla fXa
comprises at least amino acid residues 46 to 139 and 195 to 448 of SEQ ID NO. 3 or

equivalents thereof.

30 [0073] “Gla-deficient fXa” refers to fXa with reduced number of free

side chain y-carboxyl groups in its Gla-domain. Like Gla-domainless fXa, Gla-deficient



For reconbi nantly expressed protein, uncarboxylated fXa is, sonetines, also
cal | ed noncar boxyl ated fXa. "Undercarboxylated fXa" refers to fXa

deri vati wee 2nemisesr educed nunber of g-carboxy groups i rCrhms20acgenai n as
conpared with wild-type fXa, such as %Xa having one or nore but not all of
its Ga domain g-carboxyglutam c acids replaced by one or nore different
ami no acilde cagrlspyeganeihergodificationst Gindefisient A¥e inglydep pngarkoxyiaied. chai n

g- car boxy. %%HV Ne i cation,
etc. [007 de e glr?gelrdnarﬁgt%lrégagk)%?yeﬂ%?%tjmn éﬁbgj-gorraln egga%ac{% %(lehma be
found i n Radreeatba@kadbriddtives that &hot Bvethe,y-kPky #ddhs F4e-§66, which is
hereby incorporated by reference in its entirety. The nunbering of the

am no aci @fb@(ygh%?é@ilc@ﬁldtfétﬁ@m%gﬁ & Glaglompaa. én@ees fgathe vyt i8R n, where,
for e rrpchon’lau? grclar%%éygﬁ}l afiil tlace§%r %i ere a 1igd! %ﬁd? é)\f?fa haVHé%gllllan mat ure

f X nurbering | nser |on are W ers "eti ons

are indi Cﬁ&@&laﬁ}y}/ SarBUEA SRR FHATRREL Bﬁ&ea&@@tcﬁﬁ@aﬁﬂﬁﬁgn te@tehﬁ@iﬂonc%' n

nunbering to difrerentiate fromthe heavy chain nunbering. b363 is
b- hydr oxcharS‘pfaJmtanmﬂy@IXa&a@ profding an@riprxgtates] ai is, sohedumgedsoohasled ved i n

crystalllzd equen f a- dopai nl es lackln the 1-45
anmi no aci d"r% é‘g?aééii{a@gb é’@elf?ﬁlf 3?‘21 ?eaf%é f?rﬁq@ a ggria VT‘?I #uto | D NO
5. [0075] pdnih@Rey-emiped) BRbs 1ﬁﬂﬂﬁ(§lﬁ@mﬁéﬁ1la¥% F%emthlxﬁﬁclﬂtﬁ) |fXthtucH|3§’" n of
fXa but still contal ns & serine protease catalytic domain present in the

heavyl (0c hafiXa halvingagheior ineme bt moe nA of s Gha ddrha@n ysartiongglptantie asids cplabd dy c
domain may be used. to nake sub tit tions in the heavy chaipn. [ 0076]

"pd- Ant i dOteet e 35%%}%&%9 i) 3 bpytine allggsbpre by nphet,\?a@é SGQ%C@thdr 0
fXa deriv [0077]
"r-Anti doflr:é‘rg&yf11 r e@ge?rlﬁ)}r %ﬁ?‘gﬁa}?}p g%%sceép&?g %#@ﬁttlgg a térg%cg;@/né% |&ve | acki ng

the 6-39 am no acid residues of SEQ ID NO 3, correspondl ng to a fXa
mut ant expressed i n [0PDt]c eThesd@naln afro@nrercdimomnah (G-dbmeinléss Ketordesmay bed i n

nor e deta (S }q’% F 2;;;13) %2% g nt i co uI ant agents”
or "anti HE}% Vgénané nﬁgﬁtj q%algw nﬁ%% P : I‘?SIEIA}F Exanpl es
of ans CQ%%%Eed%%F&eﬂc@% Héj@ntlr%'ft THE GuRfBkrihd 81‘ el ac‘%cP?sOdaEécPon
i nhibitors t hrortbi n, factor factor Xa, factor Xla, factor Xlla or
factor Vitoaglopigplaaguivatendesdeith vlatm@te@,smv iwherei for Kxanplag&Smil%‘i sqrreapends to
anti-ti Sséle%?)’;@ﬁltlﬂoléure vlvlll)eOdt & Ruman mature £X numbering is used. Insertions are

indicated with letters, and deletions are indicated by 2 successive numberings. 300 are

added to light chain numbering to differentiate from the heavy chain numbering. 363 is

20  B-hydroxy aspartate. Slashes indicate proteolytic cleavages observed in crystallized

material. The sequence of Gla-domainless fXa lacking the 1-45 amino acid residues based

mature X (SEQ ID NO. 3) is listed in SEQ ID NO. 5.

[0075] In one embodiment, the fXa derivative may lack a light chain of
tXa but still contains a serine protease catalytic domain present in the heavy chain. In
25  addition chimeras with other serine protease catalytic domain may be used to make

substitutions in the heavy chain.

[0076] ““‘pd-Antidote” or “plasma-derived antidote” refers to the des-Gla
anhydro fXa derivative and has the amino acid residues of SEQ ID NO. 10.

[0077] “r-Antidote” or “recombinant antidote” refers to a fXa derivative

30  lacking the 6-39 amino acid residues of SEQ ID NO. 3, corresponding to a {Xa mutant



Exanpl es of specific inhibitors of thronmbin include hirudin, bivalirudin
(Angi omax(r)), argatroban and lepirudin (Refludan(r)). Exanples of heparin
and deri WaDi208%0s56T66| ude unfracti onated heparin (UFH), | @errmasb@owvtaso wei ght
heparin (LMAH), such as enoxaparin (L@venox(r)), dalteparin (Fragmn(r)),
and danaparoi d ('Gﬁr ant&r)); and synthetic E?ent asaccharide, such as

f ondapar | xespost in{¢HQ cedly andmfierpaneeyabef the diakerflercriied Ay Biorasdefail helpwde

war f ar i noﬁgﬁij(ﬁ)ﬁbl@f@ pcoumarol , acenocounmarol (Sintrom(r)),

cl ori ndi curaro di phenadi one, ethyl biscoumacetate, phenprocounon,
pheni ndi one, and tioclomarol. In one enbodi nent, the anticoagulant is an
i nhi bitor of factor[0¥@8] | ffAatiecagniaadaguant’ or t'heicamiul ood'gut agintd thatiehibitxaban.

[0079] "Anticoagul ant therapy" refers to a therapeutic regi that is
adni ni _stg?S fla%ﬂaa&l?rbﬂf%aff%ﬁweﬂfoa@ﬁ a53geal | flid by %f?glogﬁm_ftﬁ? Bhbosi s.
An antj Cos%géih@’i'ﬁhiBiH% BPWr&APR! 2207 IRAMLALSKEr hft8r KDL fR%rBX AL PPIBRE I On Of
two or nore anticoagul ant agents or other agents at a dosage and schedul e

sui t abl e YHn, hepean ambdaivaprey enaminK thtegemgesind edtibisswdagboaibodies.hr onbosi s

in the patient. 080]. The .term fact.or Xa inhibitors" or ‘inhibitors of
factor xapBe SRR e Pt iR el an bR (Andpeih®

i ndi r ect | ygatkdhan GA@ BplralinQR efladdn®). X&hm?le@@ff h¥aiiy 288 deavalwe idthdeonver si on
of prothronbin to thronmbin in vitro and/or in vivo. Exanples of known fXa

i nhi bi t orgfragtpnpdesd heparip OUEH).ilow maelpamar veddphidwpdin (LOANEDasyahus,

idra in |0t i i . 0 I Jir i 5, rNAPc2,
oo 1 adamthl GRS, BB Bl AR ot (OB S > LT
J. M, et @nthefic PhansmaciokidExfcH hefondd200uR (Afi3)a® 1 03GmEles of MiaOB2R ( as
described in, e.qg., Taniuchi, Y., et al, Thronb Haenpbst. 1998 79(3):543-8),
YM 150 ( aRN1Re08ists 1pelyds warfarip (Coumadin®)h phergepumaol, agenocpymaial SHOEOMSS( | | ) |
Abstract . i y Ak ihed in, e.g.,

Pi pel i ne %ﬁ@%%eﬁm&ﬁﬁgﬁzr%%%%?%é%%éggﬁ?%g%ﬁ%e(@%té rrllseiggsehr (%r’ ophyl axi s

Mar ket , 2@@7#)ndiokammideatsikmarpiaZaxab ambODREAO Bl arBidyadBant 8635 iabibttescfr i bed i n,

e.g., durpie, AG, etal, J. Thromh. Haenost. 2005, 3(I1):2479-86),

edoxaban ﬁ@réésS?P%ﬁ%%ImﬁmgH‘,eaPm%guEMm Fa8Hln I nvest Drugs 2007
8(9):778-783), LY517717 (as described in, e.g., Agnelli, G, et al, J.
Thronb. Haenost. 20@679|( 4)AkA€oa2d)ant KB B3RISs tdgtHekapRBEN e Saskr | bed

bel ow) and derivatives thereof. Low nol ecul ar wei ght heparin ("LMMH') is
al so considieinistered toadqragentya praviehtpindgsired blood clots or thrombosis. An

anticoagulant therapy comprises administering one or a combination of two or more
anticoagulant agents or other agents at a dosage and schedule suitable for treating or

20  preventing the undesired blood clots or thrombosis in the patient.

[0080] The term “factor Xa inhibitors™ or “inhibitors of factor Xa” refer
to compounds that can inhibit, either directly or indirectly, the coagulation factor Xa’s
activity of catalyzing conversion of prothrombin to thrombin in vifro and/or in vivo.
Examples of known fXa inhibitors include, without limitation, edoxaban, fondaparinux,

25  idraparinux, biotinylated idraparinux, enoxaparin, fragmin, NAP-5, INAPc2, tissue factor
pathway inhibitor, DX-9065a (as described in, e.g., Herbert, J.M., et al, J Pharmacol Exp
Ther. 1996 276(3):1030-8), YM-60828 (as described in, e.g., Taniuchi, Y., et al, Thromb
Haemost. 1998 79(3):543-8), YM-150 (as described in, e.g., Eriksson, B.L. et. al, Blood
2005;106(11), Abstract 1865), apixaban, rivaroxaban, PD-348292 (as described in, e.g.,

30  Pipeline Insight: Antithrombotics - Reaching the Untreated Prophylaxis Market, 2007),
otamixaban, razaxaban (DPC906), BAY 59-7939 as described in, e.g., Turpie, A.G., et



[ 0081] In one enbodinent, the factor Xa inhibitor is selected from

betri xaban, rivaroxaban, api xaban, edoxaban, LMM, and conbi nati ons

t her eof . WOQ8RJosdtee term "betri xaban" refers to the conpown$2000864060 4-

[ (di met hyl am no)i m nonet hyl | phenyl } ca2bonyl am no) - 5- met hoxyphenyl ] - N- (5-ch
oro(2- pyridyl))carboxam de" or pharmaceutically acceptable salts thereof.
"[ 2- ({4-al, J. Thromb. Haemost. 2005, 3(11) 24779-86), edoxaban (as described in, e.g., Hylek

di neth [ ']-N-(5-chl
oro(2- pyeraviy) QB Dl B0 TS B AR s R REER 1 S g
struct ur eAgedlli,aGt atdl e @hb. Fhamvec 2007 SE: I7§!663); e}ﬂI@iBwsavletnxtahﬁr @@f
[ 0083] Betrixaban is described in U S. Patent Nos. 376,515 and 835, 739

and U. S. $Saeiéhd &) avddetivatipigh egeaf 5ﬁwmole%eww11tmgﬂnf %\YPB’H iNovenber

7, 2006, agpaﬁgﬂkﬁﬂgghg£rg@ﬁﬁﬁmﬁﬁe i ncorporated herein by reference.
Betrlxaban Is knowmn to be a spe0|f|c i nhibitor of factor Xa. [0084] As used

herein, the term"antidote" or "antidote to a factor Xa inhibitor" refers
to nol ecul es, suchIQQSHerhMHEkmﬁEﬁbﬁaﬁxh¢ﬂmhﬂéﬁﬁmhhﬁsubsthmtﬂ@bhy

neutralize or .reverse he coagul ati o lVIt a.fXa
bt b t or BB T A R Ao g TR B iRl B e
i nhibitors. Exanples of the antidotes of this invention are fXa derivatives

with reduced phosph@b8pi dTrerbhabearikihei neferssoiehe @mpdaad “[@ @4f Xa or
G a-deficient fXa, and fXa derivatives with reduced catal¥t|c activity,
M

such as tM@H&&hxlwng?lm@mhxli@anﬂk‘é@ra@mlwpiréémtmfa’pa@? Nt Ovblorgit h

e verh et RAABI o Pl lucalt Ao ible o BEATE B28hy i c activity

i ncl ude, [lodltneﬂryéamb)ﬂrnrrnnh@hiylnmpnyiesarﬂmdmhy)dﬁ@néth(acywerqmymﬁrcylmrb(2

di gestion_ of ydro-fXg (as described in Exanple 1), des-d a fXa- S379A
(S195A | npygwﬁgc@r%gmﬁﬁena égrtPr%f)C%‘S}P%‘B@%‘élﬁég:‘)esfopa‘é““@é%f;‘iuﬁéd in Exanpl e
6). [0085] Other exanples of antidotes of the invention include proteins or
pol ypepti des containing serine proteaseg ,ﬁ;ﬁL ytic domai ns whi ch possess
sufficient structural simlarity to X chtdl ytic domain and are therefore
capabl e of binding small nol ecuf:& f tors. Exanples include, but are

not limted to, thronbin which bln che f Xa inhibitor GSK913893 (Young
R, et al, Bioorg. Med. Chem Lett. 2 7(10): 2927-2930); plasm
kall i krein which binds to the fXa inhi bi i xaban (Luettgen J., et al.,
Bl ood, 2006, 108(1 1) abstract 4130); anngmxﬂsin (or its bacterial

or a tautomer or pharmaceutically acceptable salt thereof.

15 [0083] Betrixaban is described in U.S. Patent Nos. 6,376,515 and
6,835,739 and U.S. Patent Application Publication No. 2007/01120309, filed on November
7, 2006, the contents of which are incorporated herein by reference. Betrixaban is known

to be a specific inhibitor of factor Xa.

[0084] As used herein, the term ““antidote” or “antidote to a factor Xa
20  inhibitor” refers to molecules, such as derivatives of fXa, which can substantially
neutralize or reverse the coagulation inhibitory activity of a fXa inhibitor by competing
with active fXa to bind with available fXa inhibitors. Examples of the antidotes of this
invention are fXa derivatives with reduced phospholipid membrane binding, such as des-
Gla fXa or Gla-deficient fXa, and fXa derivatives with reduced catalytic activity, such as
25  the active site modified fXa derivatives, and derivatives with reduced interaction with

fV/Va, or fVIII/fVIIIa. Examples of antidotes of the invention with reduced membrane



honol og subtilisin) which binds the fXa inhibitor C921-78 w th subnanonol ar
affinity (Kd=500pM (Betz A, et al, Biochem, 1999, 38(44):14582-14591).

[ 0086] | rwonelcasbwdi nent, the derivative of the inventi ®eaThispew/oc®ce her
directly or indirectly to a factor Xa3i nhibitor. The terns "binding,"
"binds," "recognition,"” or "recognize" as used herein are neant to include

i nt er act | YASING apdessHcefotasdyficeactivin inchyde. B agepeidireiged tei ¢ry;Clpgphediarnyre, a
hybri di zat The. te i At b0 .3 hi _Rdigg”

ot er act | DneBE e SRS En A R JEAe 8 rhIBLIES: 4.061 A

pr ot ei n- pS3M9&A ($,19PAGH ehymaetuysii munateirice) Py slueighnesin@t desonberinl Exaatplsoml |
nol ecul enucleic acid in nature. Binding may be "direct” or "indirect".

"Direct" binding co ises direct physical coptact betweepn nol ecul es.
“I'ndirect” binding @Bg@eeﬁﬂ}%?@é’ﬁﬂl&gfiﬁ& ??%8&1?%%%?%3’8[]”& PRYTPRET di r ect
physi eal %e??gcsmotnthiﬂlﬂg sfﬁne’ﬂé’ét@aée%@ﬂﬂﬁ%oﬂaﬁqs@l‘ﬁ?ﬁ?lr)ﬁ@sssshfﬁﬂiérﬁneous| y.

For exanpl €, is contenplated that derivatives o e invention
i ndi r ect | yrustuna sanidargy bs Penedtayliydoreun madl nreghérelorerodpablel dbimeigydrhalhepar i n

and other _indiregt.inhibitors qgf factor, Xa. Thi.s.bindin an resylt in the
f or mat | or™Bee TR ftilor. Eiipiles WERERD T RiedioRlipy Srob et bR Bl ex
refers toottherd mdibigr GEKOWS3 I (YHahe R GE UbBsr 84, tngrther 2by7,coval ent or
non-coval ent bonds, interactions or forces. [0 Q&i& "Neutralize," "reverse,"

“Corr ect , FT(): 5431 Khaptasme el ikestn which tordseh B bPDBIODIPIIEN O S 11 | ar
c A antiditon simlar
Funotion G hedils ik hbe 0B R TRt gt Mook ot BENs RGP Tor

bl ocki ng fmdlbe sdbsiieini) Shichetsindvwetht £85 irthibiton AioRi {78 rvgittosubbhiekélmoaffmisy or al |
of fXa inhibitoractivity, in vitro and/or in vivo. These ternms al so refer
to correct§Gr0RYD HBetr Sast 2labigaterp0bd%Gs 3¥RD 1 M2oi4o8}) dependent

phar macodynam ¢ or surrogate markers. Exanples of markers include, but are

not limted to , |NgogéT: 1AL bmtdFmerth dEXAYObE fhe iAHNABRbMAISHGEAL | ON
(Technot hronmbi n TGA, thronboel sat ography, CAT (cal i brated autonater

t hr onbogrdinctizedindirect!y toa faf©OB8]inlibitaerkhaitermeribodimgntsnds’he factor Xa
b O Ul 220 BB AN LG L0 ST SBACE ABeh HSgRL) PO
i ndi rect| MoletSled ﬁﬁﬂﬁﬁﬁﬁ bOYeéted ﬁﬁﬁ}, f@p%%étrm O,Qa %f@liz&t@(%ﬁ asd O./0T1?65t%/9ms3%}% 35%
40% 45% 50% 55% 60% 65% 70% 75% 80% 865% 90% 95% or 100%
also meant to include “binding” interactions between molecules. Interactions may be, for
example, protein-protein, protein-nucleic acid, protein-small molecule or small molecule-
nucleic acid in nature. Binding may be “direct” or “indirect”. “Direct” binding comprises
20  direct physical contact between molecules. “Indirect” binding between molecules
comprises the molecules having direct physical contact with one or more intermediate
molecules simultaneously. For example, it is contemplated that derivatives of the
invention indirectly bind and substantially neutralize low molecular weight heparin and
other indirect inhibitors of factor Xa. This binding can result in the formation of a
25  “complex” comprising the interacting molecules. A “complex” refers to the binding of

two or more molecules held together by covalent or non-covalent bonds, interactions or

forces.

[0087] “Neutralize,” “reverse,” “correct,” or “‘counteract” the activity of
an inhibitor of fXa or similar phrases refer to inhibit or block the factor Xa inhibitory or
30  anticoagulant function of a fXa inhibitor. Such phrases refer to partial inhibition or

blocking of the function, as well as to inhibiting or blocking most or all of fXa inhibitor



[ 0089] The term "phospholipid menbrane binding" refers to an active fXa's
ability to bind to the negatively charged phospholipid nenbrane or ot her
cel | ul ar wenbroaseisssuch as platelets, in the presence ofPcCa®20mon860 Thi s
binding is nmediated by the T-carboxyg4utam c acid residues in the Ga
domain of fXa. [0090] The term "reduced interaction" refers to fXa

deri vat | Vastigity, lmvm%ﬁ@dorawvm yhess Bivpgalen relffartﬁf@rr@éwm ekatigashahoyhs or

other co-acteps, WliGH AT onRINESd Wrthsite rPer‘é"' ,L:Q s ofxanpl es
b? pL}{cfe ut are no’?{alnﬁg{)ggof bin g wmth Ca2+

of such int’eraction 1nc
i ons and phdsphintlugd, dunaeioelgited GNRC,PITQE]PW tA;CT\é{nfn\tXa udiits fthﬁlolrﬂHnﬁ/ VIlIa,
etc. It is preferred that the interaction of a fXa derjivative with the ions

or ot her ¥gerben sFechpathrampie d§4-ghigmpostsatographpiCAT (Faligratsautqmptsr

pref er5ablt§zlr0nt,1 érﬂ)tg{dqﬁ“ﬂg@ is reduced to 10 % 1 % and 0.1 %of that of a
wld-type f his refers to the derivatives' ability to "assenble into
t he prot hronbl nase conplex." [0091] "fXa inhibitor binding activity" refers
to a nol ecul e's abill0D8§] tln dsitauh cambadithértss, it faofor Kanhibitoinnpdotlieedf t he

i roct |y DS RNTDBE Ry R G008y fhsnpab s iani gty g %4t P FaEObRe bl o

hal f 1if eelthl’e?ﬁﬁ!é&lyto@ indiRclly,Terédaesd tyest 1ERf abhesrl, agwr1 DRNEEAL 134, 309,0f an
antidote that circulates in the plasna to reduce to half of its initial

concent r at3%it086 1491, 2084, 3§ e 68%@51%57@%75% Y £ 1% g S te95400%n of

i nfusion.[0093] The term "conjugated noiety" refers to a noiety that can be

addedf o 2 fXa der | ggsh erhychALFhadn A KA A LARGN fheidyd Spldie of the

f Xa rivati ve. The nolet I rect ares
deri vat i viXads abrifity tb dirmah ta thmneghev&ly bhmged/\p}tdSplaolipndlkemanemln other taltubarf or ns a

coval ent bond with a residue of the fXa derjvatiy 0094 us ein,
an "ant i bBEPranGSIGYASPIRS e I%WF.%&P@SO&% Eﬁlﬁ. Sﬁ&%ﬁf m&%m or
a single ?Qgﬂbﬁx%aﬁ{aﬁﬁ{ acJFéé fiukdf heTn d @rﬂ&h%‘?‘f’%& i ncl udes any protein or

peptide containimg nol ecu “hat conprises at least a portion of an
i mmunogl obul i n nol ecul e. Exarrpl es of such include, but are not limted to a
conpl enentarity det[@ﬂ%]ni”ﬂ@sﬁe&gi“mdu@@ﬁ)ermjtio haéa‘ayo tXa dérghativekai n or a

lr IeS?(r)]]r% bi 5‘ &glgfp g{télitg Ec]%‘t)m i% ﬁqrnb%%thﬁp %/ wit e}l)r?s é)rrother Qtfaé;cgras' IW 1<\:/harr1(%r%1tg1llly
binds or complexes with wild fXa. Examples of such interaction include but are not
limited to fXa’s binding with Ca** ions and phospholipid membrane, interaction with
fV/tVa, or tVIII/f/VIlIa, etc. It is preferred that the interaction of a fXa derivative with
the ions or other co-factors is reduced to 50% of that of a wild {Xa. More preferably, the
20  interaction is reduced to 10 %, 1 %, and 0.1 % of that of a wild-type fXa. This refers to

the derivatives’ ability to “assemble into the prothrombinase complex.”

[0091] “fXa inhibitor binding activity” refers to a molecule’s ability to
bind an inhibitor of fXa. An antidote of the present invention possesses fXa inhibitor

binding activity, whether it is directly or indirectly.

25 [0092] The term “circulating half life” or “plasma half life” refers to the
time required for the plasma concentration of an antidote that circulates in the plasma to
reduce to half of its initial concentration after a single administration or following

cessation of infusion.



constant region, a framework (FR) region, or any portion thereof, or at

| east one portion of a binding protein. [0095] The anti bodi es can be

pol ycl onavoaniwsems| onal and can be isol ated from any sectralst@obsobogi cal
source, e.g., nurine, rat, sheep and 2ani ne. [0096] The term "bl ood

coagul ating agents" as used herein refer to agents that are capabl e of
initiating or enhan®PPY bllsvdreosgireatebmoisty itaterviotd meiey hatwasIsi s or

t hr onbosi 4 . j L VL E t ed by
thi o i mecnrdis » PAFRLRNION hBuRPEeRaRd B B8 hddie i SO RIRARNE

pr ocoagul g mobyt inhn bomddikectlly ¢o a asviblverof @t fiXaf debif htivad yttrhay faciiavdolvylent N sone
enbodi nents, a bl god coaqul ati ng agent may be a coagul ati on factor, a

pol ypept i RPdvafiht Haker gvhigein et # eovaferé bend with adesitisi Hdhg oagul ati on

factory orggRuRiNations thereof. In some other enbodi nents, the bl ood
coagul ati ng agent may be a non-specific anti-bl eeding agent. Exanpl es of

bl ood coagul ating agents include but not limted to plasm derived factors
VIFVI 1 a, |X/1Xa, X [R8941 FAbased\Herdiv)anl‘antihgdys inaledse mijiokeaanttibbdict amdangl FVI | a

(Recombi nant _h n factor Vila (,NovaSeven tacoq al f.a (activated), ATC
Code. B02BRb8Y PTARE SaR) Xt SpEFREATOITEN (TS TOr9a S BB ELET bhs

t her eof . fXaiFBleRSorde philOQht£RAY W ALduNOthag@MiprRaks & 1EREh YoRioRWF adl © not
limted to an adsorbent chem cal, a henostatic agent, thrombin, fibrin

gl ue, desifpyrossibylip malerals dreenplompAvpch seludpttart arg neit fiprted te gy opr eci pi t at e

and fyesh_ f . as | ati t.qr r.at. I vat. r

mon- v AR SRR Bl DR A nep EPUE SRR or SR g
concent r ap@gomthdreoditicaay clis of hehitebiinAddable aepadn, @hanp) @mirddr Idho okhin

coagul ating agents include but _are not limted to thronbinactivatable

fibri nol y&ingtaptikeiont dfrapewerk) (FRY regien. or eny peftipn thereqf s af leagh gredionion

i nhi bi tOrOf(aﬂ§§]ain ﬂcﬁgﬂ- 2-antiplasmn, tranexam c acid (comonly marketed as
Cykl okapron(r |% the U S. and as Transanin(r) in Asia), aninocaproic acid,
aprotinin and conbi nati ons thereof. Mre exanples of avail able bl ood

coagul ation fact or s[089% aVkd draiblodics part beepdi¢landl onmBnodkeal aMl cRelbg st ry of

Clottjng Factqr. Concentrates, Eighth Edition,. Wor|ld Federati.on of

enophl 11 010 5 0ROl e R S ot SUHRC e O R FEHEE  he. 1 xa
derivative is admnistered in conjunction with another antidote. Additional
anti dotes cont enpl g0e9%6 by ThdYesm BB b A 2abiith def @sd kB yefdd té he art,

such as for exanple, antidotes to heparin or
agents that are capable of initiating or enhancing blood coagulation or inhibiting
fibrinolysis or thrombosis. All agents known to possess this activity are contemplated by
this invention. In some embodiments, a blood coagulating agent has procoagulant, anti-

20  thrombolytic, and/or anti-fibrinolytic activity. In some embodiments, a blood coagulating
agent may be a coagulation factor, a polypeptide related to the coagulation factor, a
recombinant coagulation factor or combinations thereof. In some other embodiments, the
blood coagulating agent may be a non-specific anti-bleeding agent. Examples of blood
coagulating agents include but not limited to plasma derived factors VII/VIla, IX/IXa,

25  X/Xa, Il/IIa, VIII/VIlIa, V/Va, recombinant factors VII/VIla (Recombinant human factor
VlIla (NovoSeven, eptacog alfa (activated), ATC code B02BD08)), IX/IXa, X/Xa, 1I/Ila,
VIII/VIlIa, V/Va and combinations thereof. Examples of blood coagulating agent also
include but are not limited to an adsorbent chemical, a hemostatic agent, thrombin, fibrin
glue, desmopressin (trade names: DDAVP, Stimate, Minirin), cryoprecipitate and fresh

30  frozen plasma, coagulation factor concentrate, activated or non-activated prothrombin

complex concentrate, Feiba Vh, platelet concentrates and combinations thereof.



heparin-1ike drugs. One additional agent contenplated to be useful in the
nmet hods of the invention is protanmne, e.g. protam ne sulfate and other
novel salwoybawmsemsderivatives, e.g. PMX60102, PMX60126 pCcPNs6@28840and
PMX60100 (avail able from Pol yMedi x C®r., Radnor, PA). It is contenplated
that when these agents are used in conbination with the fXa derivative
ant i dot esAddigendlisaamples ef ploodceppylatine ag¢nds Helude Bt arg aoelimied tofhrambye-

observed, ’ . i iy W i.al

et ral | 75 Fank oAbtk i iSen RARY: pREHC iR HRT ARMER SOIF, ey,
t he ot her (P8} nighbi-@santipkkméile sianedaade weill l(cdremorfy endrieeled as @gklokeppad® in the
antidotes." [0098] A "conposition"” is intended to nean a conbi nation_ of
active agémt 2heP HRBIIEROIBmpUrIMIGPCaREtH 8Sit #REAHNIN 3BT FOPPigRUIRARTFY: a

det ectsabl ﬁ[o?@&{ﬁh@ s I %_pﬁla)oleorgloé&&ia\éﬁkag§ﬂ %t(ﬁ'? al%:'hvgﬁuﬂl'é/ﬁﬂhe c{tagg)%%ro@ker

"pharmaceuti cal conposition” is Intended to 1 nclude the conbination of an
acti ve agdnRegistrin oAChuting Eactori CracentmtesaEtghtteEditaki Worltl Federetigosfi t i on

suitabIeA%or qgﬁggﬁigic or therapeutic use in vitro, in vivo or ex vivo.
[0100] " An“BPRBEEiVESanpbunt” or "a therapeutically effective anobunt" refers
to the anount of a fXa derivative, when adm ni stered al one or together with

a bl ood coagul ati ngoagENt in cekthin K& oft the iMVAHES, TedBSI degidatdiedk 0gi cal and/ or
t herapeutic result. It may also refer to the anobunt of a bl ood coaqylatlng

agent , whadnigisiered igtconipacgnovish epotheygatifete. widdHionakadidgies conenplated by

suf f % entthistiﬁv igH%Fe hti 81:%% E{S(qwg ﬁnot!hgg Cﬁlch%g%r%(aﬁlﬁﬁf Qrﬂfd#és 0 Elgl\?/a 'ln.to'r It may
al so refer to the amount of a conposition conprising a a derrvative and a
bl ood coagphab-likg dageNOns wliditicoh&nkett@ohpeiptaedrotesise it inthe haghwdlof erd/ or
therapeutic result. That result can be alleviation_ of the signs, synptons,

or causesiN¥§ntionds Brokaine ¢ 2 pEgfaginserligeand sthen now! slicylngle aeIHiV%ﬂVé‘gi cal

system '%tﬁf}\g{(Bbﬁ?z?@Mkébﬁ%,t'M%oﬁ’@z?aﬂc?ﬁw)#ﬁo%é WE‘ ficablypdipvelike one or

nore of t 'ow ng: neutralization of a fXa inhibitor that” has been
adm ni st eCed ., tRadaoipBA)) ekitis comarepls@t tiodt whee tlane ngoagaut asdd iacbombirtayionf t he

f Xa inhibitor, val .of the fXa i.phjbitor from.the plasma, .restqration of
henostasi ¥ith &W&%%H&WV&?“H OtE%Q%S&’ElB BENpY DEGFAYIC oFRddiLie S’Eff“?t\Y@ﬂé’i%unt

wi |l var yoideReddiReHiantht fRa sesitdrival fo¥aublesdiial ke fbuthilioafmaagul ati ng
agent used, the specific fXa inhibitor the subject has been adm ni stered,

the dosi rgjtheegitiviote weretthbe fixa alorisi Kiclloetjvely.thgthof ansidafenjust dereiibsd will t he
antidote,bthF sgqgechland di sease, condition being treated, the weight and
age of th& feereatoas eparin antidotes.

[0098] A “composition” is intended to mean a combination of active
20  agent and another compound or composition, inert (for example, a detectable agent or

label) or active, such as an adjuvant.

[0099] A “pharmaceutical composition” is intended to include the
combination of an active agent with a carrier, inert or active, making the composition

suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.

25 [0100] “An effective amount” or “a therapeutically effective amount”
refers to the amount of a fXa derivative, when administered alone or together with a blood
coagulating agent, sufficient to induce a desired biological and/or therapeutic result. It
may also refer to the amount of a blood coagulating agent, when administered alone or
together with a fXa derivative, sufficient to induce a desired biological and/or therapeutic

30 result. It may also refer to the amount of a composition comprising a fXa derivative and a

blood coagulating agent sufficient to induce a desired biological and/or therapeutic result.



subj ect, the severity of the disease condition, the manner of
admnistration and the like, all of which can be determ ned readily by one
of ordi nawg 28t0vdsb7ésn the art. "An subeffective anobunt” ®CT/B2009/064060
sub-therapeutically effective amount"27refers to the amount of a fXa
derivative, or a blood coagul ati ng agent, when adm ni stered al one or in
conbi nat i Bt resyftcar be Aleviasionyd @]@eglﬁlsbﬁﬁﬁnﬁi@méafl’r cantgs of adiersgpeiaiycthesul t

uhi ch TRYnRte LEARACTLLER SYE ISR, pRsRaRIhuEUNer 0 Rbaer,

coagul ati ng agent or eri mni stere

[0101] Efiheclve eae umnnbredﬁslﬁxsfo(blbmﬂge nauti-dldati @softteSer inhiditohtbehas baee descrl bed
in United States Provisional plication Serial No. 61/225,887, filed on
July 15, ovoisied t@rﬁnapp%tdmvwlto fipg antiegrerir proHDor! e i Xaighiitoror Fact or

Xa In fgl bi &Ho%al%ﬂh@@&ﬂﬂgﬁ)ltgf fr9§1' thd Pfagﬁﬁa %@ﬁ@raﬁo%f Hé}nbs%asﬁe Eﬁcp%dh&fd?lrcgor ated

by reference in its entirety. Specffically, it is contenplated that the
uni t dosecefsmtlnnloﬁb]eedmgoﬂ“bc e eatye anphar wiceuy dqa:lntiylgamoapi’(eadpbeﬁcﬂ(m er and

a two chaj n. pol e conprisin am no..aci d. uence of SEQ.ID NO. 13
v ARt S A AR (R AT Rk o G s IS 2t Sl
f rom aboutdndiQistardd, 'tIercﬁu@’ﬁl 110 iBRAWE e fKaaN®ibRGT, Eﬁr@x’i%@tb%ﬁini%ﬁﬁ’tidﬂ dfth@rans to
about 1.5 grams or from about 200 milligrams to out 1 (gram or from about

400 ni || iytidats, the sabjecitand @isenel qonglrtlan@elngttrela@dcfdmwmtan aget ¢fethe by
adm 0St ! lb%eg,t Itl? s%(\)fg tyI Cf’hll Ocﬂ%ﬁatse con% t10n ﬁ% ngz?agr otaz}cfnﬂ 1s9gt??r)]1i[ and € hgose of

the anti dot ess ernative € anoun coagul ating

agent mayalber \leﬁidhl e&fbaddleriil feBFRANL b;oéneacsﬂdraii@mej SWLHnah® et adAh Rilst er ed
according to the amounts just described, The standard dose for the blood
coagul at i fﬁf&cﬁﬁ%@ﬁ?ums ofned fubpiiherapenticpldy efifgqtive japoppte refiegs. to el gpunteéa net hod

of deter g n{u} %B?a BlogkiedA r%ﬂtln%r ERELARE WA Gidi&SHhibnk Sr i%%hﬁ)‘f ohS

measuri ng I'tor epe SRar fmacodynam ¢ or surrogate ersin a
patient. shfficiomrté ﬁfdumay blagogicdd lahd/bsthlamq)elhtldmm&d wihich mhyxlﬁbt Pdch aadfé'EiEed ACT,
anti fXa units, and thronmhin generation (Technothronpin

t hr onboel '5¥¢ 3¢ icaHG ag@&felth@érhe@#%dé@aaﬁﬁ%wat ) ﬁ%%a%m fleriyasivelis As

used herejdhinthfed 64E “treating,” "treatment” and the |ike are used herei n
to mean obtaining a desired pharnacol ogi ¢ and/ or physiol ogic effect. The
effect may be prophylactic in ternms of conpletely or partially preventing a
di sorder or sign or[04Qhipt Bifeativenaofdosesrd sy antidyteb deschibediperaimiaze i n t er ns of

a partial delrited R I[Euted SHIt& Provisional Application Serial No. 61/225,887, filed on July

15, 2009 and entitled “Unit Dose Formulation of Antidotes for Factor Xa Inhibitors and

20  Methods of Using the Same,” which is hereby incorporated by reference in its entirety.
Specifically, it is contemplated that the unit dose formulation comprising a
pharmaceutically acceptable carrier and a two chain polypeptide comprising the amino
acid sequence of SEQ ID NO. 13 or a polypeptide having at least 80% homology to SEQ
ID NO. 13 is an amount from about 10 milligrams to about 2 grams or from about 100

25  milligrams to about 1.5 grams or from about 200 milligrams to about 1 gram or from
about 400 milligrams to about 900 milligrams. It is contemplated that by administering in
conjunction with a blood coagulating agent, the dose of the antidote would be less.
Alternatively, the amount of blood coagulating agent may be reduced and the amount of
antidote would be administered according to the amounts just described. The standard

30 dose for the blood coagulating amount is well within the skill in the art.

[0102] One method of determining if the biological or therapeutic result

is achieved is measuring fXa inhibitor dependent pharmacodynamic or surrogate markers



for a disorder and/or adverse effect attributable to the disorder. [0104]
"Treating" also covers any treatnent of a disorder in a mamual, and

i ncl udes:woapiopisexent i ng a di sorder from occurring in arPsuhjse@b/otdvad may be
predi sposed to a disorder, but nay hase not yet been di agnosed as having

it, e.g., prevent bleeding in a patient with anti coagul ant overdose; (b)
i nhi bi ti ng asPagiertorldemarkerdnay bg rlug {5 pey limitedde v BYR e rP TTe AT, apth AXdi t i ng

ol ccdi ng. o8 WAENE KRRl BB BBIPNG AL P aBt ARl oer i oI CIT ("

amel i or at (calibrated th@nsysdphamboassoni at ed wi th the pat hol ogy and/or a del ay
in onset of synptons. Cinical and sub-clinical evidence of "treatnent”

will vary with the ol , the .individual and the treat t..[0106]
Further, the term "@i@&eng%%ﬂds@re_r”éftg? Erng UiatREpi {rHgient [ag@(?)hﬂ ke i

" Adm nj st§Q@l iheRin ©aRedpObefifigs hedsitdy ;Qﬁﬁ‘m%&%ic £RDS PRI oYe @Fect. The .
intermttently throughout the course of treatnent. Mt hoc%s of determ ning

t he nost d@feceniay be praphpkicant tdossagiecoofpletdyionipsittially ipmventing kdisowdet @ t hose of
skill in the art and will. vary with the conposition used.for thera t he
ur pose. o1t e PHET Yot iRy i P PP tlsdt abeshar (HBP Eha it

bei ng tr et @disorleR gh@oOidveHb Bt @ ABMaBlesb iRl digigeican be carried out with
the dose level and pattern being selected by the treating physician.

Sui t abl e dosage formul ations and nethods of adnministering the agents are
known in the art. [[0108] ThHeatigedtss cands apnpedmeniifs dsordedn greanal.

i nventy o u | . - [ r the
L eat et s B g o O P e o R PR B0 gance wi th
convent i opradlisposed edaudrsides bahmag have @t tyetveeeh dipgadiednt having itae.pppsiventc al

conpositions, [0109]. An agent of the present inpvention can be adm nistered
for ther alﬁ?daeé lélr?ypa]élﬁm %1? ént%@agléﬁntwé@ﬁ?;g‘é) mﬂlbﬁwgﬁaﬁhéw &b L+ HETHER ng

subcutan ei%veio@hfeﬁw € lihlllﬁ’f)i’tin% 'Biéeﬁﬂ%{‘@# %c)qféﬂ@eviiﬂlgt SRR AR th g%ﬁ’é@i@&ﬁ&ﬂ ati on.
It will also be apprecCiated that the preferred toute will “vary with the

condi t i ore.andecagegdfleadez.r eci pi ent, and the di sease being treated. [0110]
One can determne if the nmethod, i.e., inhibition or reversal of a factor

Xa infifbitor is achiygysd. \BY & fUIREE “Blac Rurtilel {121 RS &Yfami2 UkhiBRb T Ol n
of the symptoms associated with the pathology and/or a delay in onset of symptoms.
Clinical and sub-clinical evidence of “treatment” will vary with the pathology, the

individual and the treatment.
[0106] Further, the term “prevent” also refers to “inhibiting.”

20 [0107] “‘Administration” can be effected in one dose, continuously or
intermittently throughout the course of treatment. Methods of determining the most
effective means and dosage of administration are known to those of skill in the art and
will vary with the composition used for therapy, the purpose of the therapy, the target cell
being treated, and the subject being treated. Single or multiple administrations can be

25  carried out with the dose level and pattern being selected by the treating physician.
Suitable dosage formulations and methods of administering the agents are known in the

art.

[0108] The agents and compositions of the present invention can be used

in the manufacture of medicaments and for the treatment of humans and other animals by



generation assay and anti fXa units, and clinical clotting assays such as
aPTT, PT and ACT. [0111] The term "isol ated" as used herein with respect to
nucl ei c awods10/Bemwl as DNA or RNA, refers to nol ecul es separsateadsfos@m ot her
DNAs or RNAs, respectively that are m9%sent in the natural source of the
macronol ecul e. The term"isolated nucleic acid" is nmeant to include nucleic
aci d fragifEHnStUakeIcl age@dase Wil epnypntiongbrigeedurgs. sishfas a8 aetivtesingigdiedoul d not
be found | : te. The term"isolated" is also used herein to
refer to %’ %%%%?ﬁ%%i@%ﬁ?ﬁﬁ%séins that are isolated fromother cellular
proteins and is neant to enconpass both purified and reconbi nant

pol ypepti des. |n ot[0209]enhodpeent she fdreent @ventionsah &t edthinieears feahanpy ed
fromconstituents, cellular_a glothermﬁse, in which the cell, tissue,

pol ynucl bt ?@é?ltb‘élﬁf‘?lﬂ%,spﬁ%ﬁ@ag i REEEN ] (BCBIdNE SYREVBRARYS- dPUIPUISHERL ( s)
thereaf, wWhhEMoRd Snd@EABIrnd)2ARRGERIRA. W IBIW B afpPecifX ARl fie pRitedr&P! at ed
cell is acell that is separated fromtissue or cells of dissimlar

phenot yperoote widlnary peh tiscanditappard ege of e rémpientofndsthe diseise being tegated. a
non-natural ly occurring pol ynucl eoti de, peptide, polypeptide, protein,

anti body or fragnme t her eof , . does t require "“isplation' tag
st Engui h 11 Trondt Tl nOREER) 4 BER PRl b e R e WP Bh B s g s
herein, tfetol BanhhiBsHiv adigded! bies @OhboE TN bRFEIsEdROsuch adthréfBinence protein,
pol ypeptide or nucleic acid, intends those having mninmal honology while
still mai$ANRAPRGSaBaNG arfl FXmetisornd glinjcal Floting asgiys vl at®d T RAtandny

nodi fjed ggqlein menti oned herein al so includes equival ents thereof. For
exan&le, the honol ogy can be, at |east 75 %onol ogy and alternatively, at

| east 80 % or alternatively at least 85 % or alternatively at |east 90 %
or alternatively at[0lléHst TRSte¥y “oolaadd’ @s nstd heediy WOt ¥peccemuckonwidgy and

exhi bit substanti al l qui val ent bi ol ogi cal jactivjt th

Fof er enceel JpDRH BERBA- Brigedr MoIR B ruriere Boma e ar ShaNASo i de regi on
(or a pol aé%%@ﬁvég {1 aRQYrYRAEPH tHEn4 B Qe @Sth@nfaioh@istuRerBRNERge (for
exanpl e, 80% 85% 90% or 95% of "sequence identity" to another sequence

means _t hafisolsthénudtic gridd is mhant tpichennageicocidiazasentovhighiarrondairdsdllyar e t he
ane |

S conparing.the two sequences. Jt shoul d be oteg‘that‘wh nly the
neavy cha igPer AT aEBn APl B findip i ey Jhg i S
honol ogy 4Tk giMed berelOiaEfek Bapol yRSftidsy st fsteisAhatR¥aiRPlad fadoter &Midovnever ,
the desired functionality remains. This alignnment and the percent honol ogy
or sequenieteins and is meant to encompass both purified and recombinant polypeptides. In other

embodiments, the term “isolated” means separated from constituents, cellular and

otherwise, in which the cell, tissue, polynucleotide, peptide, polypeptide, protein,

20  antibody or fragment(s) thereof, which are normally associated in nature. For example,
an isolated cell is a cell that is separated from tissue or cells of dissimilar phenotype or
genotype. As is apparent to those of skill in the art, a non-naturally occurring

polynucleotide, peptide, polypeptide, protein, antibody or fragment(s) thereof, does not

require “isolation” to distinguish it from its naturally occurring counterpart.

25 [0112] As used herein, the term “equivalent thereof” when referring to a
reference protein, polypeptide or nucleic acid, intends those having minimal homology
while still maintaining desired functionality. It is contemplated that any modified protein
mentioned herein also includes equivalents thereof. For example, the homology can be, at
least 75 % homology and alternatively, at least 80 %, or alternatively at least 85 %, or

30  alternatively at least 90 %, or alternatively at least 95 %, or alternatively 98 % percent

homology and exhibit substantially equivalent biological activity to the reference



identity can be determ ned using software prograns known in the art, for
exanpl e those described in CURRENT PROTOCOLS | N MOLECULAR BI OLOGY (F. M
Ausubel ewoabio/0seds., 1987) Suppl enent 30, section 7.7. P8T/USaémomcd0ow. 1.
Preferably, default paraneters are us®d for alignnment. A preferred

al i gnment programis BLAST, using default paraneters. In particular,

pr ef er r edPPYRSGHANE! RIOEIBLAFPAnEFgoBlens TRl ynysieatide eiondpr »aplypeRise | t

par amet er s; (G = ofilter = nonRgs a(%ﬂg/: ; ecutoff =
60; expeclf(ﬂ\ép%ﬁ};&E k?%%oﬁl?ggia E%@Bﬁ%&%ti%s(ﬁri%g fnginéé gi%S@%’equé’n%?é%s%rt by =
H GH SCOREpqueatahiesets” o manhdraeyirdaninecasahBawkentalkviBl, thatifeBkntacPbB +
GenBank CDS translations + SwissProtein + SPupdate + PIR Details of these
programs R GEIMGRFIGH 2CHES 1819 BUECATIAE 1S Sgainesss: It should be noted

http: /4 V\N\fﬂamll?én- &hmﬁ%‘ﬂ%a%pc\!}{a%gbf @iarkloﬁlr‘rbég:ced E%ﬂrog&%) {s&IsB® the overall

"pol ynucl eoti de" and "ol 1'gonucl eoti de” are used I nterchangeably and refer
to a pol yimenology might bt lowrrltient 7T¥essuct aghigr dx@emgld) 65@i drtd@fe however, the

deoxyri bonucl epti des or ribonucleqti des or, anal ogs .t hereof. Pol ynucl eoti des
can have SEJeT HPSBORHREHETNal s FLEOMEPLSHRC R SO EY SRy RUHES | on,
known or dBKiRO W bd B&efnfhéOWiRgsAveard Pekdni ko YRR, §8r &fample those

pol ynucl eotides: a gene or gene fragnment (for exanple, a probe, primer, EST
or SAGE tdagyribagkn G3/RRENT PROIEDCONE 6 Mo ar UIRNABIOMRNANE. M.rAwsyberer RNCdsy | bosomal
RNA, 14 bo DNA,. sreconbi | epti-d r.anched

ol yrifk R ERu AR G ERIBL 27 ot Pl Bl 5 R0 R nereare 1581 at e
RNA of anfyr sk €A prefeled ali@ahéeht ﬁf&gbﬁﬁ i@BOABIT 0®8hSdefAulppinimeetLahi de can
conprise nodified nucl eotides, such as nethyl at ed nucl eoti des and

nucl eot i dearéfdaropisierrer ppgramaare RatPTNadilnsSTlo ushe thrudllevinaéetatlt uct ure
can be i ”%?%&Q sbéfa?eg{% Rlie A1 A ASHROLL Yol B&ih% :Pf?&}{%hg%f?i%gdg? %épelb‘_i‘

sequence nucl eoti des can be I nterrupted’ by non-nut conponents. A
pol ynucl etii; iMieric arBIb@S UMk Bresdriptiohs €d0atdencgobyhey £ FHGHRCORIE; h as by

conjugation with a |abelin onponent . The termalso refers to both doubl e-
and s} nglQ@%?qsﬁfhﬂé‘an‘ﬁ?ﬂ”é‘éﬂﬂqeé‘er%ﬂke%@/{ﬁlhém%%+%P {qeataps &Péqui red, any

enbodi meng, Qfa4Bh$+ SAN&PEAR +t§ﬁi dhi@ -+2PIRO! YL &%ésgg)r@g}%graﬁ%@ﬁ)ul@@w the

doubl e-stranded form and each of two conpl enentary single-stranded forns

known or the édictieg Ittenptedddrasp htipe/ vdewbicht.slnr. sihded/ckobimMBILAITA] A
pol ynucl eotide is conposed of a specific sequence of four nucleotide bases:

adenine (A); cytosi g 410 IR A% ReieotiB Ml ofifducAlladl 8€lked U T O
interchangeably and refer to a polymeric form of nucleotides of any length, either

20  deoxyribonucleotides or ribonucleotides or analogs thereof. Polynucleotides can have
any three-dimensional structure and may perform any function, known or unknown. The
following are non-limiting examples of polynucleotides: a gene or gene fragment (for
example, a probe, primer, EST or SAGE tag), exons, introns, messenger RNA (mRNA),
transfer RNA, ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides,

25  branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated
RNA of any sequence, nucleic acid probes and primers. A polynucleotide can comprise
modified nucleotides, such as methylated nucleotides and nucleotide analogs. If present,
modifications to the nucleotide structure can be imparted before or after assembly of the
polynucleotide. The sequence of nucleotides can be interrupted by non-nucleotide

30  components. A polynucleotide can be further modified after polymerization, such as by
conjugation with a labeling component. The term also refers to both double- and

single-stranded molecules. Unless otherwise specified or required, any embodiment of



t hym ne when the pol ynucl eotide is RNA. Thus, the term "pol ynucl eoti de
sequence" is the al phabetical representation of a polynucleotide nol ecul e.
Thi s al phabebioab7esepr esent ati on can be input into datalpazas2m/oss06@nput er
having a central processing unit and 3ised for bioinformatics applications
such as functional genom cs and honol ogy searching. [0115] "Honol ogy" or

"i dent i t ythisgpvendiopithad is @ polypusieatide eacosargess cbethstihﬁgmd:ﬁ?warbi@ﬁixﬁﬁr@han

pepti des Qr I G.aci . C term ned
By compar tot L e e S e o R A O B Poces
of conpardsbie-stibheéed forposi tion in the conpared sequence i s occupied by the
sane base or amno acid, then the nol ecul es are honol ogous at that

position. A degree gof honpl o bet ween sequences is.a function of the
nunber of mat ching Grdormistiuet 05 FieBmEoRH Y aapy it alle ie¥s. An
"unr elsat eglic1kide BARs:NRAERLLIRY T VIRREYENCRaSHAIES thRRide (PRANG A1 ‘%'@?Fdrt y, or
alternatively less than 25%idéentity, wth one of” the sequences of the
present ithymmteielen the palghude @l ynBdAe othuwiethe terpofpphuckeotiddeqrewiedrs (or a

pol ypepti de | ypeptide regi.on) . has a.certain percentage.(for exanple,
Bovs " 6554 18 g BB Rl G a1 B R Qe b G ishee ©aenti ¢y
t 0 anot helepsesiianmecai®amgpu: b datbess &l 4 @eshteltthaingRelcaeMt e sahg Rases (or
am no acids) are the sane in conparing the two sequences. This alignnment

and the paydased fadiiniogpaiiss spelbicpsinae sycian fincjioad rgepemigs mad hpmelwetisi ng
softwﬁyed%&% Q%ns known in the art, for exanple those described in Ausubel
et al. eds. ? 07) Current Protocols in Mlecular Biology. Preferably,
default paraneters are used for alignnment. One alignnent programis BLAST,
usi ng defaul t paran@iésls. “Hompéodyi’ oul@entitp? ogy sumiadty? rdBeiASd heqaankceBLASTP,
using the follow ng default paraneters: Genetic code = standard; filter =
none; st rAMYAEYRSHFeeNdBEeptices sy betwerp dyo nuglgic agidipolgculesy Hgsplgsy can

Descri pt i @& termpte o a$RitioRYn FacklsEheRGORRich PR feRed for,

non-r edundant, GenBank EN%L + DDBJ + PDB + GenBankCDS transl ati ons +
Swi ssPr ot mirposes SPupazersor: WhRn aDesidioh sn gie cohgsedpeggnens occawpiteby tend at
the faollowi ng | nternet a

dress;: .
http: ¥ vt HeBPS R AP ﬁ?‘go@‘Fﬂlﬁh"s@?lﬁfﬂgﬁ A é‘]ofnoi%&ls %tcth%té)soé‘&loan AeLstsdr 26,
2007. Bi ohRgbl6@) batwesiHicyakRRt iskofuidtis Sahé HASLATF A@Se: Hadndlosdif
speci fied percent honol ogy and encoding a pol ypeptide having the same or
positions shared by the sequences. An “unrelated” or “non-homologous” sequence shares
less than 40% identity, or alternatively less than 25% identity, with one of the sequences

of the present invention.

20 [0116] A polynucleotide or polynucleotide region (or a polypeptide or
polypeptide region) has a certain percentage (for example, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98% or 99%) of “‘sequence identity” to another sequence means that,
when aligned, that percentage of bases (or amino acids) are the same in comparing the
two sequences. This alignment and the percent homology or sequence identity can be

25  determined using software programs known in the art, for example those described in
Ausubel et al. eds. (2007) Current Protocols in Molecular Biology. Preferably, default
parameters are used for alignment. One alignment program is BLAST, using default
parameters. In particular, programs are BLASTN and BLASTP, using the following
default parameters: Genetic code = standard; filter = none; strand = both; cutoff = 60;

30  expect = 10; Matrix = BLOSUMG62; Descriptions = 50 sequences; sort by = HIGH
SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank



simlar biological activity. [0117] The term "a honol og of a nucleic acid"
refers to a nucleic acid having a nucl eoti de sequence having a certain

degr ee ofwbammsgiwswi th t he nucl eoti de sequence of the maTlusc@meciodo or
conpl ement thereof. A honolog of a doble stranded nucleic acid is intended
to include nucleic acids having a nucl eoti de sequence which has a certain
degr ee of CR8BNYgyonRsi+ PvissPigteih+SFapdwepIFdRe fetails of dispe progragiecagdsect |

honol ogs cl el j I Ldi.zj ic.acid or
conpl enerit ph e RSIAGhE Byl FARAR' Dl Do LR ORPBINECE ™ D
at | east moessepemNoeatdbsr@of 260 KiCkig)catlpatjuivslestgpapnivelcofidencodiosg a
particul ar pol ypeptide or protein after bejng transcribed and transl ated.
Any of t W&V 9 sleqcdd ReErest hYIBPloBE prd ensoding rirddsPidsipietic sePerh may be

used ts0 iggatifi%id fgaggcrﬁvjtgagrrents or full-length coding sequences of the
gene with which tI%ey are associ ated. Methods of isolating |arger fragnment

sequences are known to those of skill in the art. [0119] The term "express”
refers to the produ®lidn e @rgéadopobdudta. nufRi2@jd Asfauswch hetad agid

"expressipon’ refers to the process by which lLynucl eoti des are transcribed
it 6 RIS P SRR SRERE T el e e TR RS B S nent |y
being trapghéicedf tRtiicRapididesSsoniReNBRRkdE6s A REmPloQlfhdSublbkurhiied

pol ynucl eotide is derived fromgenom c DNA expression may include splicing

of the nRN&ldiqacd issnieadgbioiiacledd nuclgipagidy hatiee ¢ sudeotisisseaencewhich haga

appli t I I I r I i de ich.ils said to
"enc o@g " %ﬁg& %"’%ﬁ%ﬁ’?%@? O,Sgyi ‘ﬁfﬂ?éiw%lgpﬁvcgﬁlg éaweglt ?f&%%'e %H\inléen%% %(Is[’at ed by

met hods wvielnholkgosukeid dvidsears kigabrobfihgbitidiginartd the tuclidladie of camsiememed

and/or translated to produce the nRNA for the polypeptide and/ or a fragnent
t her eof . HA&%hNti sense strand is the conpl ement of such a nucleic acid, and
t he encodi ng sequence can be deduced therefrom[0122] A "peptide conjugate”

refers to the aSSOCﬂOQB]OnAb‘éeE@%@%e% a%fol;%@re%ﬁéfé‘&%éinﬁ ndieng HE ofl¢ or
nore pol ypepti des and anot hér chem cal "or” bi ol ogi cal confpound. In a

non- | i nmi tieadjngkamel(ORD et 1scapphigaf emodingfa mrpoilyrpeptpepedortpromincteni cal
ic? rsrpol%nd ll)’e?r?gutlrgnsscrii‘tr)]ecf a%rtga\{lglgteaj[ %Eliyl oifttIYe I%lyr(laljcﬁeio%gg e I())glylgerf)%dg (S)E|3 RE etsi de for
described herein may be used to identify larger fragments or full-length coding sequences
of the gene with which they are associated. Methods of isolating larger fragment

sequences are known to those of skill in the art.
[0119] The term “express” refers to the production of a gene product.

20 [0120] As used herein, “expression” refers to the process by which
polynucleotides are transcribed into mRNA and/or the process by which the transcribed
mRNA is subsequently being translated into peptides, polypeptides, or proteins. If the
polynucleotide is derived from genomic DNA, expression may include splicing of the

mRNA in an eukaryotic cell.

25 [0121] The term “encode” as it is applied to polynucleotides refers to a
polynucleotide which is said to “encode” a polypeptide if, in its native state or when
manipulated by methods well known to those skilled in the art, it can be transcribed
and/or translated to produce the mRNA for the polypeptide and/or a fragment thereof.
The antisense strand is the complement of such a nucleic acid, and the encoding sequence

30 can be deduced therefrom.



i nt ended purpose. In one enbodi nent, a peptide is conjugated to a carrier,
wherein the carrier is a liposone, a mcelle, or a pharmaceutically

accept ablwopolousetes [ 0123] "Li posones” are m croscopi ¢ PEJUs@/ 060661 Sti ng
of concentric lipid bilayers. Structusally, |iposones range in size and
shape fromlong tubes to spheres, wth dinensions froma few hundred
Angstrons to fractil@432lof Aapartdeicentugnte” veleisp Bregssacigionibyicasalantersel ect ed
to achiev t conpl ex
provi di ngf%nﬁcowlﬁ%# lédn%ﬂl OSI f&(r)%fo(r)% 1) %{gé an Aan%g%k rC]ép%elsc%l J}r%églh@@%lr al

(chol est esomhpouad. bi zpﬁdnahmanm:g éxaalpld &eph@ﬁjpgaidnﬁloda,posypeptlc&sWuh a

phosphati dyl chol i ne Phosphatl dyl et hanol am ne ﬁ@

phosphat i Wml%g?%@m@ﬁ?ﬁul SamANRISHF BRI 9P ey oA ROLYREPLids f08 dfs of

b ' pol ar | i,pindsd %ﬂgbé&d'lﬂgnp%b%hlehf te?tqjdetlg conjugated to a carrier, wherein the

di ol eoyl phosphati dyl et hanol am ne DCJg a”hydrocarbon chain l'ength in
t he rangecacmierManﬁpsomu;lamtﬂkwbedpMmMed&geaagbptmlb@odmdnl e C=C bonds.
Exanpl es of |ipids capabl e of produci ng a stable |iposone, alone, or in
conmbi nation with ot i i. pnents ar hos hoI|

hydrogenat ed soy ph@igﬂ i Si & %@5&3@9@&‘5%@& 1s9ng of et

phosphat i ﬁyh 81RO |S@ﬂﬂit:tﬁl@ally| Mﬁ@doﬁﬁ:b t4Hgh in biys amhampd abhtivhehibenel sphaidk ne,
phosphati dyl serine, phosphatidylinositol, sphingonyelin, cephalin,

cardiol i pWH dishessionafiont & feachwiidreded gsitionisde &ractipnstob amelimeters Mssicledy | et han-

ol am (R o) p

di pal nrqet oy ﬁﬁﬁ% n quiist%rgg &ﬁ&ﬁ)n%ﬁ%ggﬁé &?fjﬁ)éél‘ln m %}%Da“idlt P r%)gsdlit*ya?f tge Pc%ol i ne
(POPC) p@imrplépyﬂooida@/ﬂhp ﬂn@ﬁnfb&iﬁpoéyioﬁtoh ﬁﬂ:Odu'ﬂeEfIlEﬁr ('H@E)treamdtral (cholesterol)

di ol eoyl phaosphati dyl et hanol am ne 4- | ei m do- met hyﬁ%q(%cl ohexane-| car b-

oxyl ate (DdmRRlpEnd inglpds ph %Hléﬂh%ﬂsﬁl‘k?é phePdaddeinliae i pids that can
becone i n&%'sﬂ%ﬂ?f%ﬁmh@fa ihd Wg;{ﬁgﬁpﬂaﬁﬁ#r];ﬁgﬁﬁélt Xﬂlcﬁgihfﬁggu rrg}/%ﬁﬁgﬂ/lﬁ‘ﬁh&‘e

hexadecyl am soprop nyri amn ate
al kyl - ar ycbthemy}batoé bippdatlipidspatlniingtbet ngllpndexdab ri ci nol eate, hexadecyl

and c P FBRPR e hlarbe IOTRRY o bR sehi hopen B e aptebocs.

DOTAP ( DQJiMAL22, @E@Eﬁraaaw%ltm%w,m%dMe r=0¥%aat imahpighanged |ipids
i ncl ude phosphatidic acid (PA), dipal mtoyl phosphatidyl glycerol (DPPG,

di ol eoyl ptapsiphaf ppdhghg eetadle lamﬁlomb)@h@)e di imecopibyrasiop hvditheothérdipidir e abl e to

based on ety B diose! B lRErREPar e b RESRRR EE (RRERS. ' The

lecithin, phosphatidylethanolamine, lysolecithin, lysophosphatidylethanol- amine,

20  phosphatidylserine, phosphatidylinositol, sphingomyelin, cephalin, cardiolipin,
phosphatidic acid, cerebrosides, distearoylphosphatidylethan- olamine (DSPE),
dioleoylphosphatidylcholine (DOPC), dipalmitoylphosphatidylcholine (DPPC),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoylphosphatidylethanolamine
(POPE) and dioleoylphosphatidylethanolamine 4-(N-maleimido-methyl)cyclohexane-1-

25  carb- oxylate (DOPE-mal). Additional non-phosphorous containing lipids that can
become incorporated into liposomes include stearylamine, dodecylamine,
hexadecylamine, isopropyl myristate, triethanolamine-lauryl sulfate, alkyl-aryl sulfate,
acetyl palmitate, glycerol ricinoleate, hexadecyl stereate, amphoteric acrylic polymers,
polyethyloxylated fatty acid amides, and the cationic lipids mentioned above (DDAB,

30  DODAC, DMRIE, DMTAP, DOGS, DOTAP (DOTMA), DOSPA, DPTAP, DSTAP,
DC-Chol). Negatively charged lipids include phosphatidic acid (PA),
dipalmitoylphosphatidylglycerol (DPPG), dioleoylphosphatidylglycerol and (DOPG),



three classifications, as devel oped by the New York Acadeny Sciences
Meeting, "Liposones and Their Use in Biology and Medicine," Decenber 1977,
are nul tiwbanmsldserssvesi cl es (M.Vs), small uni-Ilanellar wesiusb@/0¢66d/s) and
| arge uni-lanellar vesicles (LUVs). [8124] A "micelle"” is an aggregate of
surfactant nol ecul es dispersed in a liquid colloid. Atypical mcelle in
aqueous sErefyipbesphaterfiatare Bdgidiganacsirieh ThacHdHppiomes €an hediyideddafioons i n
contact iy SHLLAUNALOD P AN by SEAUTT VR hAGe LR BXLARNARLE Fhi T edi ons
in the mcelle €enter. IS {ype of ‘mcelle 18 Known as a normal phase

m cel | e (thide-dlasifi@iitbynsnasaieiveleped bynthe Naav WoteAteenyaBtencbeMpetatk, gr oups at
the center with the tails extending out (water-in-oil m'celle}= Mcel |l es
can be usédPes8mst eadhhelr P {mBiolegytand dedigng p&lsesaker 18h 1 o ayltytamellar
composy ti o ARSHINAGANAY fillahOid Aglibid GV SfdhlitlieOhndShio NG vestcfest he tar get
cell or tissue. [0125] The phrase "pharnaceutical Fy acceptable pol ynmer"
refers toltthé)group of conpounds which can be conjugated to one or nore

pol ypepti des described here. It is contenplated that the conjugation of a

pol ynmer to the poly, ide.s pabl e of extendi the half-life qof the

pol ypeptide in vi vo[wig%] i% \Wl‘fég INBhA g8 FRats ﬁgugjﬁ]‘%ﬂ%%@eﬁflﬂ Chffgrseg na

pol yet hyligfigd 8bys@! 4 typdall iédmeliRXauedlt saa®sh fopak Yiv hgrk adte afalise cel | ul ose
derivatives, polyacrylates, polynethacrylates, sugars, polyols and m xtures

t her eof . olToMiiliA'hegenggipab ineanjacy efith spaouidingw Yy deaueseipe sl ecul e t hat
can ry.J r J t] j host . : ne

ol 1 vy RERLE AP NG, B hAEe Lt iR TRl R RIR SR Fho®RNC, i g
nat ur al psHayabiicellansi]l-ay whtee hiicelloR| Iyversesmidellgopive tied ad gpalpy peme iceies:

pol ysaccharj des; |i popol ysaccharides; .artificial viral envel opes; netal

parti cl esVith i Bikcedending gt (Ypterieeil micrdls)-aMigsiletirbe trsd tayEB Wi rus and
retrovir i . a1\ e . t her
reconbin;%ﬂgﬂé§%ﬁ?%ﬁ§§&%§%?%gﬁﬁ¥%zégggﬁﬁb§%%1g%?ﬁh%y%%&ﬁgigﬁ ggﬁ descri bed
for expredfcient dahiverysartheetygeotelbaktasyot i ¢ and prokaryotic hosts, and may be
used for gene therapy as well as for sinple protein expression. [0127] A

poly | eoti de of this_inyention .can be delivered a.cell, or tissue using
B gerl del i very verkOrs " REHE TR el R R e EE ! ng.
andt he |i&gugst ebigsbui@¢ @hlth cah Be L&IjIBaté Lo eiddehdr® pblyBeptides AsEbéPN Of an
exogenous
J here. It is contemplated that the conjugation of a polymer to the polypeptide is capable of
extending the half-life of the polypeptide in vivo and in vitro. Non-limiting examples

include polyethylene glycols, polyvinylpyrrolidones, polyvinylalcohols, cellulose

20  derivatives, polyacrylates, polymethacrylates, sugars, polyols and mixtures thereof.

[0126] A “gene delivery vehicle” is defined as any molecule that can
carry inserted polynucleotides into a host cell. Examples of gene delivery vehicles are
liposomes, micelles biocompatible polymers, including natural polymers and synthetic
polymers; lipoproteins; polypeptides; polysaccharides; lipopolysaccharides; artificial viral

25  envelopes; metal particles; and bacteria, or viruses, such as baculovirus, adenovirus and
retrovirus, bacteriophage, cosmid, plasmid, fungal vectors and other recombination
vehicles typically used in the art which have been described for expression in a variety of
eukaryotic and prokaryotic hosts, and may be used for gene therapy as well as for simple

protein expression.

30 [0127] A polynucleotide of this invention can be delivered to a cell or

29 < 2% C¢

tissue using a gene delivery vehicle. “Gene delivery,” “gene transfer,” “transducing,” and



pol ynucl eoti de (sonetinmes referred to as a "transgene") into a host cell,
irrespective of the nethod used for the introduction. Such nethods include
a vari et ywohowalsbzeknown t echni ques such as vect or - medi areu/ugeons/ot40anst er
(by, e.g., viral infection/transfecti®n, or various other protein-based or
|'i pi d-based gene delivery conplexes) as well as techniques facilitating the
del i very ¢ likpaxewd heeigpieteans 1desing sudR ipfsoducken ploPor@ees " gene gun”

del i very d f

ool yoel ST OSRRI ISR B85, SRS IS FLERE Ry v
transienhhwhmahnmabﬂ&ﬁ1nmmhh30mosmdmmﬂhodémaMHeanmmmyeﬂaﬁn&mbwplcalIy
requires that the introduced pokznucleotlde either contains an origin of

repl i cat i EFEGIR) ARThAsereqiofr ihadiadedherdie tRgsfer @ -8t SYRHPESUPHERNASGHEP] Sicon of
the hast gelols 5&'1%@%1%?61@'3%%@0? %gﬁr %9&% deﬁleﬂly'c% le(x%s)ghs welll é%lt@élmcﬁ%s or a

nucl ear or mtochondrial chronbsone. nber “of vectors are known to be
capabl e OﬂaCIMBﬂhngﬁhﬁI@IWBarlﬁf‘hakﬁof’ pgbyrmeslebtmdetmmms akcoeapdratiommSgdns gandwn i n

the art descr,i bed here raI ector i i.ne a
Feconbi nafMGTAAGE hF SIS pid ToniteliaretERat Otupebogs - The

pol ynucl el‘ﬁﬁb@’tﬁ:eﬂ(ﬁogﬂug%tﬁdé%%dbé a8y @r asdiertBl thain@ided8H tHeho¥l AP, Rapl¥i VO or
in vitro. Exanples of viral vectors |nclude retroviral vectors, adenovirus

vectors, la@l@ma@@srmmdbe@qwrw}hat\ﬁb@tméucedl H@hampleg@dfv@&tema@ltan@lam pegini ke.

Al pha1 Cfe}\)/ 1ca 103 Lot C[kbl os{ ce OrI‘elfsl'E[e %:Jﬁrslilrslto%ar% elgco\rlleo(fttﬁ)er i Eceql Si ndbi s
Vi rus- ase ectors, have FHE ek odevrd % for usk'Sf gene Therapy and

i munot hequapys aﬁeﬁracm@smag@ph@aae@wmdi 49PNl bf mitphdhdrill ot echnol .
5:434-439 and Ying, et al. (1999) Nat. Med. 5(7): 823-827. In aspects where

gene t r and POy NHMBEN RV etOFEATE SUPWR L0 beeapable of meditiae tia¥et ofuct refers
to the po %Q%'ﬁ%hﬂgsﬁs’égﬁgésﬁkﬂﬂoM?m{h%ft%\éhh@%m%@&‘fi&% por part thereof, and

a t herapeutic erern retroviral medi ated gene transfer" or
"retroviral transductlon carries the sane neaning and refers to the
process by which a [§¢28] oA.huaﬂekunéﬁkﬁﬁsaqmemuesmhnmn&yp@ﬁyaﬂk@mskerred

into the host ce virtue of the virus enteri cel | i.ntegrating
its g]£on’é‘rq ﬁ?%lc{eﬁBa‘%/‘r‘BE‘cP“é‘éﬁ 3 P94 Ud@r%b‘?/?iél{Y?eBgﬂweﬁioéFc ”hsnlilché’f cell via
i ts normal;,dre¢haBicsm Pirol rﬁxﬁﬁlﬁe@r@fs)ﬁamcmiinauaé ré&iHRAYaf NRtord, tad@ﬂcﬂ%st 0 a

different host cell surface receptor or ligand to enter the cell. As used
herei n, rectaouiadeno- %@QQI@ﬂed vefierestars, aéphﬂwrrm vasaors ped éledétpaléllehaairuis nt r oduci ng
ﬁégﬁ:ﬂiogrsﬁ/ec o% es{lc emhk1 tF%re%t \%%s—basgc{ ors Ind Sln%hlsc{frlru\s/—lbasaed Vlelct%(ras %Q\;er y

also been developed for use in gene therapy and immunotherapy. See, Schlesinger and

20  Dubensky (1999) Curr. Opin. Biotechnol. 5:434-439 and Ying, et al. (1999) Nat. Med.
5(7):823-827. In aspects where gene transfer is mediated by a retroviral vector, a vector
construct refers to the polynucleotide comprising the retroviral genome or part thereof,
and a therapeutic gene. As used herein, “retroviral mediated gene transfer” or “retroviral
transduction” carries the same meaning and refers to the process by which a gene or

25  nucleic acid sequences are stably transferred into the host cell by virtue of the virus
entering the cell and integrating its genome into the host cell genome. The virus can enter
the host cell via its normal mechanism of infection or be modified such that it binds to a
different host cell surface receptor or ligand to enter the cell. As used herein, retroviral
vector refers to a viral particle capable of introducing exogenous nucleic acid into a cell

30  through a viral or viral-like entry mechanism.

[0129] Retroviruses carry their genetic information in the form of RNA;

however, once the virus infects a cell, the RNA is reverse-transcribed into the DNA form



[0129] Retroviruses carry their genetic information in the form of RNA
however, once the virus infects a cell, the RNAis reverse-transcribed into
t he DNA fwormtwshresnt egrates into the genom c DNA of thecirnfseawadioeel | . The
integrated DNA formis called a providus. [0130] In aspects where gene
transfer is mediated by a DNA viral vector, such as an adenovirus (Ad) or
adeno- assWeichimegrgies (o themagnomic RN ¢frthe Bedted gall. rldredntsefagedtINNA form is

pol ynucl egtj.ge goq;mrsi sing the viral genone or part thereof, and a

t ransgene. RdeRovi ruses (Ads) are a relatively well characterized,
honobgenous group of viruses, including over 50 serotypes. See, e.dg.,

I nt ernational PCT A9pB0]caln speddowhdh® g8bd @713k .is Awddiatkd hyat DNAquiral @ector,

integration into the hos el |l genone. conmbi nant Ad derived vectors,
par ti cul aFel 2 HHAdEnPKiLys @ﬁeﬁéd%ﬁ-easmaégﬁe VIS (PGYY | 8RBT SRSt refets to
gener at i offe Bb1yWhL1EsHAR®mMPrsihg thd1RY.A \%ﬁé‘rﬁe Qﬁ%ﬂt ®eRSE IHE L ’hns RRE.

| "PCT Nos. 95/ 0065

I nt ernationa Application 5 and WO 95/1 1984. Wl d-type
AAV has hisd¢novinfigst(Ads)taye andatspbewell chargctemied ghandgegoungroup heviness, cel | ' s

31" 6c6- ORI MRI EERKSIRRP: eroiar & (1SR OROIPC IAPRIeoHpBRe 3 38aR7060

[0131] Veg#iPdSndthaduifenteatafioRdith tiee IRIs08A @homRd RecEhBinhMAS Hédrednt 0 which a
pol ynucl eoti de can be operatively linked are well known in the art. Such

vect ors arastasapapicelagly thesgihat redyica ghemaerential {or recombinatign ang geneagipnnte
conmefCi val: f ch, a : I and
promeda o by Sk S S PRt S Sy AOPES AR Sy W0 1)
vitro tragsmerd5PtanowOId5/ NMeg4 bwyinkses 2Ny hhOhikk iifeeivigdid dpedafi¢igr 5' and/ or
3" untransl ated portions of the clones to elimnate extra, potential

i nappr opriniEEtiAR P Hhg herecell aagNoaS: oteei Hemongt ¥ Myawake 0P86t her- Naéthuences

that may Apiegtefgast. 4625?—647%%81&%&5&&%% ANe1988F 0!, Cil, BB%. é:?é’s%'-?%ggi. g

transcription or translation. Alternatively, consensus ribosone b
sites can be inserted immediately 5 of the start codon to enhance
expression. [0132] [G#3H d¥Eitumsrthatyehtagl mgh alpsonétacinddeclDNAE kitpimsowbich

conpl exes icelles and targeted viral protein- conpl.exes. Liposones
Char 3ot pdiiiotios BSpe Sh e is D ay Bl Kb Qe Re SBEF Ve B beed i n
t h_e met ho&%alﬂfa of Hh&chﬁﬁl@fﬁﬂmﬂn Vil &Uﬁ@ﬁ@?&l@@ﬁé} Y&hhetcl By eﬁzﬁiléble h’_@ﬁl nucl ei c
acid or proteins of this invention can be conjugated to antibodies or

bi ndi ng fyoatpee fech askieragageneliadiellpi (GY) ansl Promged BeadechniMagieses, W).gln ordercel |
to optimize expression and/or in vitro transcription, it may be necessary to remove, add or
alter 5° and/or 3’ untranslated portions of the clones to eliminate extra, potential
20  inappropriate alternative translation initiation codons or other sequences that may
interfere with or reduce expression, either at the level of transcription or translation.
Alternatively, consensus ribosome binding sites can be inserted immediately 5° of the

start codon to enhance expression.

[0132] Gene delivery vehicles also include DNA/liposome complexes,
25  micelles and targeted viral protein-DNA complexes. Liposomes that also comprise a
targeting antibody or fragment thereof can be used in the methods of this invention. To
enhance delivery to a cell, the nucleic acid or proteins of this invention can be conjugated
to antibodies or binding fragments thereof which bind cell surface antigens, e.g., a cell
surface marker found on stem cells or cardiomyocytes. In addition to the delivery of
30  polynucleotides to a cell or cell population, direct introduction of the proteins described

herein to the cell or cell population can be done by the non-limiting technique of protein



surface marker found on stemcells or cardi omyocytes. In addition to the
delivery of polynucleotides to a cell or cell population, direct

i nt roductwonrzoofosttee protei ns described herein to the celrcTars2aelob4060
popul ati on can be done by the non-1im7ting techni que of

protei ntransfection, alternatively culturing conditions that can enhance
t he expr es¥iststiah@ltemapydpsuléuringeonditiops that e anhangs the exniession angfog
inventio 0, - =l g mtiF hnl e . Ssolid
suppor t - POprehP SERr dIbbR dRRMAES: ol ik ho FIFREY BFadR, T
chi ps" or "mcroarrays."” Such gene chips or mcroarrays can be used for
di agnosti c and t her[@p33it i Thephrpesaslidyupportlindfers tohot-eglaoug setacknowh ako one
of skill in the art. In ne,;eghnigue, Qlég nuclegtides.are arraé d on a
gene chi p PEFCRIET mERMHgPH e DRACTSFEHENC fﬁygetnﬁé WY 0F FET 2396152 gﬁr oach,
such as thal rQufi n'&tgt‘ijc Al dHer@pePRIRI0sBOBy a ﬁulgfgéﬁ dk%&hﬁf@ﬂe%km %ke of he

pol ynucl eoti des 0 his invention can be nodified to probes, which in turn

can be usskdll frothe det dronotaclofiqee, gbgatickosdapuan emaye8woh geae khipdaes have been
descri bed, for _.ex A 1n U S Patent. Nos. 5 968,740, an , 858, 659. A

or obe. 2l <t BE D A Seerehy SR BRF R AR SR ben L BRPFSEhem cal
det ecti onugf Phksl RbS 6a25d 36 @HYBMEEH4SUTHe pSlyHEIESIdRE B 1Y iKaMRioh@hn BE . U. S.
Pat ent No. 5,952,172 and by Kelley et al. é{999) Nucl ei ¢ Aci ds Res.

27: 4830- 488dified (o B@pesyahidiis tugenn be pgsksfor detectipnef genetissseqagigesiSueh ar

tech 0gJ . Kk I r l. f I t are not
Iini?g% %%aﬁfikggﬁgg%%h@ﬁ&&% ?8%%%|e céégi%g}Y@gﬁgﬁggﬁ?%g?%&?ghetrix, I nc);
LabChi p (55858,0%). Aecdbeclwdiatde @il to an ERwrctensifaye fufi tiayel¥dttddhemical

el ectrochem cal sensing (Clinical Mcro Sensogé%; LabCD System (Ganera

Bi osci enc®¥tehiPp of nudipifiacidsearcpegnachat fisrakgd byXareagt Y ddmePrniNe ) ; a

hi ght hr oughpily zﬁfatlgf@%l JTBE $1RF RUERIEA LM RYS LM 3WiskNy | i qui d-phase.
expressi on technol ogy ne Trace Systenms, Inc.); a thermal jet spotting
system (Hewl ett Packard Conpany); Hyseq HyChip (Hyseq, Inc.); BeadArray
(I'l'lumna, Inc.); dBIB4Il n¥ytieusMgenaodripdyor Systreas)ys” andbighlat Fechugbgias

mcrogrrying systemthat can di.spense frogm 12 to .64 spots anto .yl tiple
gl assl ol HEAEY i Bl dnet o AEeT QReHt o Thellied Vit pCay At e {on
and NanoGBioBcidNRBOBeN; GERChip (AfFPeRiRf Ind);diabCalp: ng@ TRchiI6HiEdCorp); a
bi osciences, Inc.); BioChip Arrayer wth four PiezoTip piezoelectric
dr op- on- demedrisity pgay PEk kiecdoshestieal sensing, (Clineca) Miap Sgpears)( Rakelp tSaystem
| nphar mat | I oy %- ( .S L er. fHogaun s ' ker 2 and
P T P By EES SRR MR ED: AR EL RSB
throughput, automated mass spectrometry systems with liquid-phase expression
20  technology (Gene Trace Systems, Inc.); a thermal jet spotting system (Hewlett Packard
Company); Hyseq HyChip (Hyseq, Inc.); BeadArray (Illumina, Inc.); GEM (Incyte
Microarray Systems); a high-throughput microarrying system that can dispense from 12
to 64 spots onto multiple glass slides (Intelligent Bio-Instruments); Molecular Biology
Workstation and NanoChip (Nanogen, Inc.); a microfluidic glass chip (Orchid
25  biosciences, Inc.); BioChip Arrayer with four PiezoTip piezoelectric drop-on-demand tips
(Packard Instruments, Inc.); FlexJet (Rosetta Inpharmatic, Inc.); MALDI-TOF mass
spectrometer (Sequnome); ChipMaker 2 and ChipMaker 3 (TeleChem International, Inc.);
and GenoSensor (Vysis, Inc.) as identified and described in Heller (2002) Annu. Rev.
Biomed. Eng. 4:129-153. Examples of “gene chips” or a “microarrays” are also described

30 in U.S. Patent Publ. Nos.: 2007-0111322, 2007-0099198, 2007-0084997, 2007-0059769
and 2007-0059765 and U.S. Patent Nos.: 7,138,506, 7,070,740, and 6,989,267.



and GenoSensor (VWysis, Inc.) as identified and described in Heller (2002)
Annu. Rev. Bioned. Eng. 4:129-153. Exanples of "gene chips" or a

"'m croar naPO1020s6768l so described in U S. Patent Publ. NesT/US200/064040 11322,
2007- 0099198, 2007-0084997, 2007-005%869 and 2007- 0059765 and U.S. Patent
Nos.: 7, 138 506, 7,070, 740, and 6,989, 267.[0135] In one aspect, "gene

chi ps” or "nicroar ri§3%] cBrangiaspass iSeesHEEPGIOr HRTIGHERIEN O AN BIGBILTORES R

pol ynucl g &1&? ho&%loégﬁfp{o %l ﬁuc?e%hﬁ&%%}’ pl%gﬁ(?é SGHLE c?ég@n@e{d%?&ﬁ&?er ed. A

sui tabl e 'sanple I's ain extract

RNA, protgepared. Anyitaderkingt isosbtiihet #om the pandeetradioarnd ganimhllcfmézéi [ f
necessary. The sanple is contacted to the gene chip qr m croarray_panel
under condiNA: BFCIB QF RLFenBIRtaN heeef is a@il%t%ifanfi REPYERS (fg)eC%%sargeryI

produgt ( Ss)anﬁile s %ﬁ{a&% td heloBfe Hﬁ? %?ﬁﬁéro%ayﬁ%dn@?ﬁr(&} it s REfaOrdne gene

chip or mcroarray. The prdébes or primers be detectably | abel ed thereby
i denti f yi ndridivatige nihs eewd(s) cnt@nepltodudtst) of irmms/ted) ;lqe peoliemir palmen(s)

bi ol ogi cal reactlo used to id ro es oy ri rs which
yor a5 ctprbiresd aie Rk O BRACs P T I rmetey SepRimeraracte BBIE oty pos or

phenot ypejapdled ﬁﬁre%@ttldi&l'ﬁtfylh 8 tHeNRRe debeh e dANE BT sath8m@dal bPBiological
af orement i oned apparatus and nethods. [0136] Qther non-limting exanpl es of

a solid plagwngogploresed mcldsm@fygh%@beq)@ﬂ Brgtl@m ehéch Ipdided piithethe DNA or
pol yethyl Xtra nat a an nDdlfl d .cel | ul oses,
pol yglcoryl %&n f‘%ﬁe %%HBEP OP}/ntereg aﬁ{gﬁ %Ypees NG t%ef Pyt eteéélgernl er can be

ei t her SOdldﬂéihﬁnddezﬁl@ﬂE a@d<bi€tﬂlb aﬂfremé}&f&ns@hﬁ)aréfﬂﬁarﬁuﬁ@tﬂbcﬂs material nmay have
virtual ly any possible structural configuration so |long as the coupl ed

nol ecul e i s capable of binding tg a. polynucleaqtide, goly pepti de or
anti body. Thus, the[O%é@po?)fhe&B?ﬁ ligliting $ompienefBeokid RBISF sapPPOrEiscivde o bead,

or cyli noélhs%afr)olﬁ?& }15‘ é)tom) i p(?lxéetilgﬁﬁ?,%fex@aﬁ, %?%)e, ﬁ?ﬁaségr fig1 &t er nal

surf ace ace my at such as a sheet,
t est strippdigied celbrdosb tpeﬂmrylamidys [pabyrst,yand meagoetdtd sTheTivose of khel daedbri n t he

art I n her suitable carriers for bindin nti ntigen,
it R IR o Rt Rt b ROl e P iaetiel Bl nafl on

[ 0137] Eéh‘ﬁfo){ﬁB]e(‘strﬁ@tHaT mﬁpzmo%eso%ﬁg é)sfth& b@uﬂlécf &oiébﬁ!g(ﬂpé%aﬁlé%?pt noner a.

They can bé easily distinguished through a nenbrane-bound nucl eus. Ani mal s,

pl ant's, flmn@ung tamdolynudlégids, mlepmdapymté@dmrTlnxsg@n|serms>rt\/m§eul@ebm g1agr e

or gani zed, | 140, conphex, sty uCtyr s By e il mabranes and a2 pyg oskel eton.

external surface of a rod. Alternatively, the surface may be flat such as a sheet, test strip,
20  etc. or alternatively polystyrene beads. Those skilled in the art will know many other
suitable carriers for binding antibody or antigen, or will be able to ascertain the same by

use of routine experimentation..

[0137] “Eukaryotic cells” comprise all of the life kingdoms except
monera. They can be easily distinguished through a membrane-bound nucleus. Animals,
25  plants, fungi, and protists are eukaryotes or organisms whose cells are organized into
complex structures by internal membranes and a cytoskeleton. The most characteristic
membrane-bound structure is the nucleus. A eukaryotic host, including, for example,
yeast, higher plant, insect and mammalian cells, or alternatively from a prokaryotic cells
as described above. Non-limiting examples include simian, bovine, porcine, murine, rats,

30  avian, reptilian and human.



menbr ane- bound structure is the nucl eus. A eukaryotic host, including, for
exanpl e, yeast, higher plant, insect and mammalian cells, or alternatively
froma prwbanywasswmscel | s as descri bed above. Non-1imti rgTamsacmloesco ncl ude
sim an, bovine, porcine, nurine, rats39 avian, reptilian and human. [ 0138]
"Prokaryotic cells" that usually |ack a nucleus or any other nenbrane-bound
organel l es and are @13ldedrkargoticesllgothal paallplack amuslegner yctibea.

Addi ti 0“%L1¥1bra'11£'-%%§&i’or% nd1f2Y 'a{%‘c@al%*aﬁx%ﬁ?é@mw%aigﬁ%% e{fflldds?rc&%ﬁe“ c
information is In a circular Toop called a plasmd. Bacterial cells are
very smal AdditiondRl instehé oBhaénoéhraimossmharddN Al thechetisT gepstid Alf@utation 2 im i n

di aneter and 10 nm | ong). Prokaryotic cells feature three mgjor shapes: rod
shaped, shHEMEAPOP cilgd 8 piasaid. Basterigherlsrreguirn gmehrigbigHy dreatis: @

replicati Qﬁ‘m&lrrﬁﬁg&%ﬁérli&ﬂ &%Bﬁtulkéﬂﬁﬁ% %?anlle!?éf%ﬁrlb%m goglgb.sfl%ké{ﬂ gfic byfsbi nary

fission. Exanples 1 nclude but are not limted to illus bacteria, E coli

bact er i unfeamredth8&l majomedhapesd ast @rapernspfedit 89 hndréeral . dnsteddefremmeathtdulgbdy”  as

used herein, is intended to include antihodies havinhg, vari.abl e. and const ant
Fegi one. GRSV MRS LRTARS GG it GG BB S0dde b EE TR unan
ant i bodi egxShplei@ciuBY Bkt 4r® RotBiitdd e J4e 81BN A doff BRiURS apat encoded by
human gernl i ne i mmunogl obul i n sequences (e.g., mutations introduced by

r andom orSdinprelkpeictiug. nut agenesis in vitro or by somatic nutation in
vivo). However, the term "human anti body" as used herein, is not intended

). Hovever, the term’h t endec
anot et el | an- Spaas TG R SF MNARESS L OEUKER AL (M5 BRpEME T P

f r amewor kargidgdienbesng Firiuble @l doasanttegiohddertviee fitodt humiigamliaat i body" refers
to an antibody in which substantially every part. of the protein (e.g., CDR,
f r amewor kiMegnogghul egusacese 1ge humpp antigdics afthe inveqtigganay Wpeludg/pying g
substanti a4 ¥..fa9 "c?I'EH 8y Sl RIS il dd e Bibu¥n R Rhc S §IUE NG R JA@Nges
or vari atzlﬁ:Jtl)nse.S S?srrll!1 arf[&g ak?llugggi%es gl‘geslfl}g{rllat ggﬂ%pr{lnac{ﬁg %m%n'géy, taboon,
chi npanzeetroddced py ramidensdr (iteopsafic matggenedirbintvitrrgur hesonpaty, minatst 2r, and t he

i ke), and .oth ma | s desj gnate such, speci es, . sub- genus enus,

;ub-fléﬁ1 | Yol gﬂw%&ﬁwcﬁ%ﬂw HuPAL PG R £ t?@@&%_? MsBifces

i ncl ude apyibe@RPINRhiRTIH sddden@R Q¥ ByedIWGH tEN@NEERe BF antRitdr ddnRngliApt i onal |y
and preferably retain or reduce the immunogenicity in humans or other

speci es rwkeits.sech & noauseobiaei edn grafied odiodmimanHumneveork seguenedst i hoslyasi s
used herein, the term “human antibody” refers to an antibody in which substantially every
part of the protein (e.g., CDR, framework, Cy, Cig domains (e.g., Cui, Cmz, Cus), hinge,

20  (VL, VH)) is substantially non-immunogenic in humans, with only minor sequence
changes or variations. Similarly, antibodies designated primate (monkey, baboon,
chimpanzee, etc.), rodent (mouse, rat, rabbit, guinea pig, hamster, and the like) and other
mammals designate such species, sub-genus, genus, sub-family, family specific
antibodies. Further, chimeric antibodies include any combination of the above. Such

25  changes or variations optionally and preferably retain or reduce the immunogenicity in
humans or other species relative to non-modified antibodies. Thus, a human antibody is
distinct from a chimeric or humanized antibody. It is pointed out that a human antibody
can be produced by a non-human animal or prokaryotic or eukaryotic cell that is capable
of expressing functionally rearranged human immunoglobulin (e.g., heavy chain and/or

30  light chain) genes. Further, when a human antibody is a single chain antibody, it can
comprise a linker peptide that is not found in native human antibodies. For example, an

Fv can comprise a linker peptide, such as two to about eight glycine or other amino acid



distinct froma chineric or humani zed antibody. It is pointed out that a
human anti body can be produced by a non-human ani mal or prokaryotic or
eukar yot iwoceldossteat i s capabl e of expressing functi onalPcy/use@wnasged human
i mmunogl obulin (e.g., heavy chain andfoor |ight chain) genes. Further, when
a human anti body is a single chain antibody, it can conprise a |inker

pepti de tIgaidugss Whish coBIGsE tha varRahle e gmmefihaheavy shaiaand fisrvaginbigpegion ah Fv
can conprj i, nk i . . i . gl ycine or other
am no ac”%?ggﬁﬁ%%gfg&ﬂf@ f%g%%%%?gﬂ?ﬁéméﬁgﬁgﬁngfﬁg?%h "t he heavy chain
and the variable region of the light chain. Such Iinker peptides are

consi dered to be of[0hddfanAeusagilereif,Glihanfmtibsédisldegvad, franhupamicalat i body

is "derived from' a particular gerpnline sequence if the antibody is
obt ai ned §FBHIG SEPERE, ﬁ@%&%}%ﬁﬁ@%@ﬁ@@l%ﬁ@% uggduMBs, e.g., by
I Muniszi nigh Buddofibegd s RefueHRUSE o CBY Elﬁm%ﬁizﬂmaﬂsgéﬁ@%h@éﬂﬂy%@ﬁﬁ% or by

screeni ng a human | munogl obuf'i n” gene |ibrary. human ant’i body that is
"deri ved imowmogiobulingangyer iy isareeninga hoglao buhiunoglebulengme dbrarpe A ldemni f i ed

as such by conparing..the ino acid seqyence of the human antibody to the
ami o aci WEERLBIHEE 8 RET B PR PR ST TG DGR SRRICPHAT AUs e Ser B8 human
anti body fdyiiffal ds¥udtSbypéorh Rl tROYnindeiid @ghericd opeMndéidEbsBAYERce 10 an
am no aci d sequence encoded by a human germine i munogl obulin gene and

cont ai ns #niNAGCidcraranes puesan gramling anmungelebidingu deselegind iyorp aa8berdi ng
h“ma’ﬁo"me@ RRMP R ab Qo BB} Nirlo BHAQ &By& {ofhoHIiNG a8 sCqREAHCTCBS of
ot her spe P&s (e.g., murine géernline sequences). |In certarn ééses, a human

anti body ¢myddiebyad hheas terBbiie idmuavgobdin ¢@@ahd 969@in® AHinOR94 revidud9%
identical in am no acid sequence to the am no acid sequence encoded by the

gernl i ne haRdeRsHy Ssuhymangagbodyrgsdredng ymanwhehegnrasgd 19dbs e&ievinged from a
particul & A%ME% J: A i.S.pi o Hapel0 amno acid
differengég r gﬁgﬁggg%?ﬁ%§§0| Q@%ﬁggh%gpéngggéﬁ'bgﬂ?hgg%unaﬁ gernine

i Mmunogl ofeghémregemecerthim aneest ahnmaemseshody meayrhenm heaan?3%b.cohevemayt ldass pba@y no

nore than r ev no nore.than 4,. 3, 2, or amno acid difference from
t he ér#] n097§76’i9§30/§é)cﬁ§§%c1éielétffé gy atidsegEnng Fohtée PPARTRSYT BHUFTSS e&%‘?FE?. [0141]
A "hunman Wﬁ_@%kﬂﬁ!ﬁle i\;ﬁ}]aﬁliclﬁgﬁ%ﬁnﬁ 23\ Sl“}fp@caﬁg% 4 BadhesmbodPhayidaddn gl N9l e

bi ndi ng specificity [ ave vari abl'e and constant regi ons derived from

human gerprriigydar hymangglobed sequersg ive HolisplayTivemorertharal Gaminetagidddifferwoersbi nant

huran from the amino acid sequence encoded by the human germline immunoglobulin gene. In

certain cases, the human antibody may display no more than 5, or even no more than 4, 3,
20 2, or 1 amino acid difference from the amino acid sequence encoded by the germline

immunoglobulin gene.

[0141] A “human monoclonal antibody” refers to antibodies displaying a
single binding specificity which have variable and constant regions derived from human
germline immunoglobulin sequences. The term also intends recombinant human

25 antibodies. Methods to making these antibodies are described herein.

[0142] The term “recombinant human antibody”, as used herein, includes
all human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from an animal (e.g., a mouse) that is transgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared therefrom,

30  antibodies isolated from a host cell transformed to express the antibody, e.g., from a

transfectoma, antibodies isolated from a recombinant, combinatorial human antibody



anti bodi es. Methods to making these anti bodi es are described herein. [0142]
The term "reconbi nant human anti body", as used herein, includes all human
ant i bodi esothmioseres prepared, expressed, created or i solratras2my/oseeonbi nant
means, such as antibodies isolated fraaman animal (e.g., a nouse) that is
transgeni ¢ or transchronosonmal for human i mmunogl obul i n genes or a

hybr i donelireparkintibrdics preppied egiprasersi esated o aiogaée¢ bYoyOthggneaps that

t ransf or t nti bodi es
S0l at od Troe sRAESE AR, ARREuE ot sel bk Ao S AR Rne A,

ant i bodi eSudhrreqafitdaynt @¥pae asEthdicsrhaas eahabﬂe argladoat@ck rbmoﬁsn&erﬁteﬁéfom[reans t hat
i nvol ve spI|C|ng of human |nnunoglobulln gene sequences to ot her
sequences!URToIMEES HBHENR IO HURER A 4HHCT b 08 C8LUA SR O iR AL PEW Y S@S]Plst ant

re9i 0 depdrkERlal R UTRRoE! ShitRSubERUAR0) DM LU SRALSNGR Sydrihcer tai n

enbodi nents, however, such reconbi nant human anti bodi es can be subjected to
invitro mmmagﬁnmgmncﬁpmpnmhégsamwmmmmmhednawa@ennmntonnhynaHngdﬁaquences

is used, in vivo matic nmu and. thus_ the am.no aci.d ,sequences of
e v e g el R R ST R b RSkt P o SRS s har

whi | e derkﬁ@éméi@ﬁl%ﬂﬂw&@h@&ﬁﬂmh%nbwaﬁﬁdQﬁﬁﬁhmﬂgxMMnéﬂd{Mki32%@@&%@%, may
not naturally exist within the human antlbodybggrn1|ne repertoire in vivo.

Met hods  t mayraki nagrrelheedstanithip dui lewnagraatibedycgdrdie repeepie i) 0ia 3)lefwdysed
her ei " "i sohy t"hereegl‘n%rbodlteso thesc%%tea%ere}/n class (e.g., IgMor I1gd@) that is
encoded by ﬁ@ aln cons fegron genes. [0144] The terns "pol ycl onal

anti body" or poncIonaI antlbody conposition" as used herein refer to a
preparation of antifeeddlesAt bhedd Irren deotyed réfesno did dngibedy clBssaelgl, IgMnes.
They are a mxture of imunogl obulin nolecul es secreted agai nst a specific
anti gen, @ééﬁl}@ébﬁﬁp%?qéfé by h&PYX@P@h‘EOUéBPEIES’ﬁ@n ge0945] The terns "nonocl onal

anti body" or "nonocl onal antibody conposition” as used herein refer to a

preparation of antipedy @ﬁ@&%??&{ml@ﬂaﬂgﬁt@oo@?*’%P%dﬂcl&%ﬁr@%(;d&on A
nonocl onal anti body conposition displays a single binding specificity and

af finity doorpoaitipal’ a$ cuﬂénereapretf@pea prépbaBionAd ansledidyehaiarg derhed fiemm " | abel "

i nt tly .det bl d t that |
cons gat ctitaferbbrty Toes | bt o iy St SHER G bEREN B e eRtaeshs o g, | °
pol ynucl epijed®icntipéQ et tesaiH iAs a BFfcddttiepghe. SO as to

[0145] The terms “monoclonal antibody” or “monoclonal antibody
composition” as used herein refer to a preparation of antibody molecules of single
molecular composition. A monoclonal antibody composition displays a single binding

20  specificity and affinity for a particular epitope.

[0146] As used herein, the term "label" intends a directly or indirectly
detectable compound or composition that is conjugated directly or indirectly to the
composition to be detected, e.g., polynucleotide or protein such as an antibody so as to
generate a "labeled" composition. The term also includes sequences conjugated to the

25  polynucleotide that will provide a signal upon expression of the inserted sequences, such
as green fluorescent protein (GFP) and the like. The label may be detectable by itself
(e.g. radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may
catalyze chemical alteration of a substrate compound or composition which is detectable.
The labels can be suitable for small scale detection or more suitable for high-throughput
30  screening. As such, suitable labels include, but are not limited to radioisotopes,

fluorochromes, chemiluminescent compounds, dyes, and proteins, including enzymes.



generate a "l abel ed" conposition. The term al so i ncludes sequences
conjugated to the polynucleotide that will provide a signal upon expression
of the i nmenvedsemquences, such as green fluorescent preceius2¢@docand t he
| i ke. The | abel may be detectable by 42tself (e.g. radioi sotope | abels or

fluorescent |abels) or, in the case of an enzymatic | abel, may catal yze
cheni cal Hralebelmarbestimplysdgiestadarat maype avantiied c Srigenonss at wsieyi s
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but are netpdnis¢ritaend duantifédi @hsiailppesprifdsuatgohsoimesng cheimtiliabit negcent
conpounds, dyes, and proteins, including,enz¥nes”The | abel nmay be sinply
det ect ed ‘Brmricallyyepegablehvalng such as an iiepinsRoIIzatoR.and{oRSIhyr pEapeity-el

gener al | yi,6RMREARES: AubESRABS & IOFE LHLAbRNESH B! 1%5%’ bl SerfcPRtbd BiRGy, Wher eas
a response that 1s quantified generally conpri'ses a response having a

quant i f i alpliree { Bingnophouner flweibphore epocittath wedh anadssey @ugionas aamallpimodictly,
pol ari zati qn, .and/ or .other .property. In | ym nescence or fl.uorescence
Posays. iHOSEer HiEtTEunBhe b i’ g b aRaGe arpedloryviH it (L.

| um nophokgo@r o inRERRNesBpafaeci ated with an assay conponent actually
i nvol ved in binding, or indirectly using a | um nophore or fluorophore

associated with another (e.g., reporter or indi catorcg conponent. [0147]
Exanpl es of | uni nesi®d?] | Bxangles efdpmpresenig Eabslsghiipsoduge bigads insldeabe not

limted tg. BLPﬂir}H{I@J‘%S&&ﬂﬁ{?ne%Q&cg Eﬁﬂﬂe%ﬂlﬂl%ggs‘%gﬁc% &‘?ée%oﬁé‘ﬁl'n%?és‘dgﬂc’éescence

response generally conprises a change I n, an occurrence O

| um nescemleNSé gerkallySwinipaidtea cirihbBe s oamtlodduRieRaITOS BBnihecehdensigiatcent | y
| abel i ng assa%d%orrponents are_known in the art and described for exanple in
Haugl and, SUaekapetheds qnglduinophergh Esuginepenty ddeing aPpYHHUBPUIRESRES ear ch

Chem cal s : l r { PGl , not
o in @Rk drt a@%&}%’%ﬁc‘eﬁf% 3 S&erkgﬂ_lé' Fhsﬁ larfdf, R2&3rd 1“'3#9%"?#%%?’%‘% &

limted to, aequorin an 014 Exanpl es

f | uor esceftoleatzal BrobacinddReselah Chemiaabt (61"iedi)t &damples bf lnoriesscentprorehodam ne,
t et rﬂ]get rl\l}.él rgo am ne, Fosi n, erythrosin, .{:oumari n, methyl-coumarins,

pyr ene, Flyes-(ut grediohimited kg, apqrorin 0 dugiteasey ow, cascade Blue(tn), and

Texas Red. Other suitable optical dyes are described in the Haugl and,

Richard P. (1996) Hana$ookxfhplEd K05 uRS6E fluo Qe fbaRdndRe&e 8liChe fhen cal s
(6th ed.). [0149] In another aspect, the fluorescent |abel is

f unct i onalimitedto; Jupigedein, thadamies, stenethylthadsmeat cast, arygapsinl ecoumasiiponent
present | &et?lgfl—gg'untia}}ﬁls,s I%‘Jr&%? E/Ia%citte ré?een, stilbene, Lucifer Yellow, Cascade BlueTM, and
Texas Red. Other suitable optical dyes are described in the Haugland, Richard P. (1996)
20  Handbook of Fluorescent Probes and Research Chemicals (6th ed.).

[0149] In another aspect, the fluorescent label is functionalized to
facilitate covalent attachment to a cellular component present in or on the surface of the
cell or tissue such as a cell surface marker. Suitable functional groups, including, but not
are limited to, isothiocyanate groups, amino groups, haloacetyl groups, maleimides,

25  succinimidyl esters, and sulfonyl halides, all of which may be used to attach the
fluorescent label to a second molecule. The choice of the functional group of the
fluorescent label will depend on the site of attachment to either a linker, the agent, the

marker, or the second labeling agent.



cell or tissue such as a cell surface marker. Suitable functional groups,

i ncluding, but not are limted to, isothiocyanate groups, am no groups,

hal oacet yWwogooupsiesmal ei m des, succi ni m dyl esters, andpsultSesglocdvad i des,
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t he subj eatvatingfof exiicime brdingtin afsulyjeftamtiargoXa apricda@uhandterapatbiyve and an

effective anount. of bl pod coagul.ati ng agent. or heparin.anti dote. The
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anti-fibrinolytic activity. In one enbodi nent, the derivative has a

nmodi fi ed @egilengageat amditer orgnhodies blodd Aoafdontipm hereemybodavémgthei t her
reduced or n rocoaqul ant activity. The derivative. acts .as an. antidote and
Subst ant | SaPgaReRaR SEFop R L bar R a8PhL iy A RarnEe WA o6y ©i
one enbodéd¥RiMbodiiént HBE d¥i@¥dte hhSa follTRI odive d&fdnal@Atm&ifiéd et-desmdinl ess.

I n one enbodi nent, the bl ood coagul ati nga‘ agent is selected fromthe group

consi Ist i ngeishy haipagitheatedined aichProcengyiiny pripity dd he driavatiyeraetstapan
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t her eof . %n anot her e coagu ng agen

non- speci drhisodmtit; thkecedi niyeageitier lndafivétionr Giadodnimit., Inde bl ood
coagul at i ngba ent ma)g be sel ected fromthe gr oup_consi sting.of an adsorbent
cheni cal , ™ @%@t theibloodrengulating agehs i selestpd fiRmyihg erovgeohtipitesian,

cryopr eci ﬁa%@ltaﬁo@fh@tolf,r,\r/ a‘;—@géﬁ%‘rﬁ%{? Ebrlgcr%%e cSRAMAFLQE, haclflbig@pcent rate,

acti vated or non-act In co ex concentrate, Feiba Vh,
pl at el et «opclendn s and dornbimbiioratthans. tthenabér. enMardementatip bésdof avai | abl e
bl ood coa%ulétﬁi.on factors are avacié%.abl e ]

@g

n.the citation Brooker M Fegi stry

of Q6L t | RPERALREFEcBE K RE A A0BS PG bIEBNP GRS pep e AEPRE B gFe
Hermophi | Iﬁoo@Q&%umﬁhg aSHRIRG be B 1RE R nTBETIRupUon IR Pantddesibasd ¥, a
human. [0151] Patients suitable for this therapy have undergone prior

chemical, a hemostatic agent, thrombin, fibrin glue, desmopressin, cryoprecipitate and

fresh frozen plasma, coagulation factor concentrate, activated or non-activated

prothrombin complex concentrate, Feiba Vh, platelet concentrates and combinations

20  thereof. More examples of available blood coagulation factors are available in the
citation Brooker M, Registry of Clotting Factor Concentrates, Eighth Edition, World
Federation of Hemophilia, 2008. The subject may be a mammal or more particularly, a

human.

[0151] Patients suitable for this therapy have undergone prior
25  anticoagulant therapy, for example, they have been administered one or more of an
anticoagulant, such as an inhibitor of factor Xa. Examples of anticoagulants that are
factor Xa inhibitors, include but are not limited to, fondaparinux, idraparinux, biotinylated
idraparinux, enoxaparin, fragmin, NAP-5, INAPc2, tissue factor pathway inhibitor, DX-
9065a, YM-60828, YM-150, apixaban, rivaroxaban, PD-348292, otamixaban, DU-176b,
30 LYS517717, GSK913893, low molecular weight heparin, and betrixaban, or any
combination thereof. The source of various anticoagulants is found throughout the

description.



anti coagul ant therapy, for exanple, they have been adm nistered one or nore
of an anticoagul ant, such as an inhibitor of factor Xa. Exanpl es of
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nodi fi ed active site and/or a nodified or renpved omain. I n one

aspect, tREIpEAUP 48 Heioi4rt PrAd RS of S@)@ﬂ%Nps3r?6 e%‘lu%lﬁ%téﬁheé‘fﬂ tivity.

In thiss agpaf: aspte@@ t}féQ{eh\(fQﬁ\'fch%nﬁﬂfgpsr étslga%t %1ﬂo%ﬁre§%&%5%'1@9 ahd 'lgyfbs 40 to
448, 45 to 448, 'or 46 to 448 of NO. or equivalents thereof. In

anot her a@fﬁecm% tb a9 ded ile&MS/efS:E@ﬂDll‘i@s3 aieque\aadﬂntmhmmfam d residues 45 to
139 and 195 to 448 or 46 to 139 and 195-448 of SEQ ID NO. 3 or equivalents

thereof. [0153] In hey aspect of t inventign Xa derivative
otains the thtee dOMNG BHRRTET praRruitdioERE B e it e ping o

protein. thideQtimBhdial se@aidionthetddavd kiteest-tl fRNslotna! InSérith€ibh i@alfing he
des-d a fXa nay be found in Brandstetter, Het al. J. Bio. Chem, 1996,

271: 29988the Jueadinasmapl stncarveiibe desplctXagnay befaund énBrasdstetiereHfekal.
deri Vﬁl)tl Vf%lgnacy eﬁﬁcllg)%hfn%@?g@%gb as well as either one of the two EGF
e ) .

domains. I'n ano aspect 0 I'nvention, the fXa derivatives are
conpletely lacking the light chain. Oher modi fi cations of the heavy chain
may conprise the cai0ab4it i m dother aspett sfehaineentier theeXprdetieabes mayiladk ar e

capabl e of | nhi bi t or The rel at eri ne proteases have catalytic
domai ns MF@ 8 s ehene of F%éw&%ﬁéwmar i 3nofher Aspece it ﬁ?yt. c

domai n angy&ftRnt ﬁ%@ﬁﬁ%&ﬁv&%@@e%o E;lé?él?@dcﬂﬁlgstﬁ@i %htmﬂhﬁc ‘@tﬁerfr%@dlheﬂio%t ors.
Exanpl es of related serine proteases ihclud€, buf are not limted

manmmal i anofphc)h@azsf@halsumry @snplsedhreecakdytia daredin of teﬂmghmrme@rmeascywhlch or the

o oat TRPRE TN iy s el e Bt Pty BrehBEatiRine i (o

serine (SER3i 9)>ss@§s @%ﬁk@éﬂt's&u@ﬁfa@ s1ﬁﬂﬁﬁ%)fﬂa%§ta@;ﬂﬁ&io@%@ﬁﬂd3ﬁg ti@éreien. [ 0155]
I n some enbodi nents, the factor Xa protein with reduced
capable of blndmg small molecule fXa inhibitors. Examples of related serine proteases

include, but are not limited to, mammalian proteases such as plasma kallikrein, thrombin
and trypsin or the bacterial protease subtilisin. These derivatives further include
20  modifications at the amino acids residues equivalent to the active site serine (SER379) or

aspartic acid (ASP282) residues described herein.

[0155] In some embodiments, the factor Xa protein with reduced
procoagulant activity comprises a modified light chain, wherein the modification is
substitution, addition or deletion of the Gla-domain to reduce the phospholipid membrane

25  binding of fXa. In some embodiments, the prime amino acid sequence of fXa is not
changed, but the side chain of certain amino acids has been changed. Examples of the
modified Gla-domain that reduces the phospholipid membrane binding of fXa comprises
polypeptides or proteins having the primary amino acid sequence of SEQ ID NO. 3 or an
equivalent thereof, with at least one amino acid substitution, addition, or deletion as

30  compared to the Gla-domain of a wild type human factor Xa protein. In some

embodiments, at least one amino acid being substituted or deleted is a y-carboxyglutamic
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uncar boxyl at.ed, . under car boxyl or d | ated. factor Xa protein. In
Some. enboHPHEHIEN SRRt ke e Dradiel 20NN of Bizeiked B e et 36
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I n some eSHQADMDL3, Intdomedattiodahénte tiodpivias escdn@isasihrandad dcid eeyience of
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Xa protein ve conprises a nodified heavy chain th tains the
cat al yti cSIHQARINOof5.sai d factor Xa protein. In sone enbodi nents, at |east
one am no acid substitution is present at one or nore am no acid position

of fXa selected fr 0['6‘18&9 A SRR &&F Q)%iimslér;tQ,Qheo actco;r %]p%telcr;l‘ d’é%%fgﬁvepgo%%p%zsés

a modified heavy chain that contains the catalytic domain of said factor Xa protein. In

20  some embodiments, at least one amino acid substitution is present at one or more amino
acid position of fXa selected from the group consisting of Glu216, Glu218, Arg332,
Arg347, Lys351, and Ser379 in SEQ ID NOS. 3 and 7 (Glu37, Glu39, Argl150, Argl65,
Lys169, and Ser195 in chymotrypsin numbering, respectively). In some embodiments,
the antidote is a factor Xa protein with active site serine (Ser379 in SEQ ID NOS. 3 and 7,

25  Serl95 in chymotrypsin numbering) residue modified to dehydro-alanine or alanine.
Such modifications may be made to wild type fXa protein or to any of the modified fXa
proteins or fragments described above. For example, the des-Gla anhydro-fXa with active
site serine residues replaced by dehydro-alanine described in Example 1 has shown

antidote activity.

30 [0157] In other embodiments, the derivative has reduced interaction with
ATIII, cofactors fV/fVa and fVIII/fVIIla as compared to wild-type or naturally occurring

factor Xa. In some embodiments, at least one amino acid substitution is present at amino
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reco nant serine pro eas i VI capabl e of cleaving
prot ei n s¢Hagdcteais8& dfuhe adtivelsitporfess the structural char acteristics of the
active site cleft. [0159] Al so provided by this invention are

har maceuti cal co i ons cont.ai one or nore of the dified factor
§)<a derivati ves, ”p%i$5l Eocprov%f] B GEdNETRGNIER PHETAGERE GPIRSHEP I

anti dot eScd’iH'E'ﬂmﬁ BRALIRERU (R0 fRA F8RE2R) BefAlivELbne JNBoRUTRRSHLLONS are
adm ni stered to a subject in need thereof In an anmount that w [ provide

the desi redgbletied agent ar he_epduc aintodotorandtagihpimareoficablyeediptaple ddvgerc difposi ti ons
o eran Bt HRBORL Heory o <Pt St ReEBEFieo b ol e B3FREeh |
a stabil ik agsirgdRheffaP AEHET or@Xd Pl Thiddaeh Pl BeBantpabitiohd é@ wfcot he fXa
derivative. Exanples of suitable stabilizing
administered with any suitable agent or therapy that complements or enhances the activity
of the factor Xa derivative. An example of such is a stabilizing agent capable of
extending the plasma half-life of the f{Xa derivative. Examples of suitable stabilizing
20  agents include but are not limited to an anti-fXa antibody recognizing the exosite of {Xa
heavy chain or an alpha-2-macroglobulin bound fXa derivative. Formation of the
complex between fXa derivative and a stabilizing agent (exosite antibody or alpha-2-
macroglobulin) would block macromolecular interactions but retains the ability of active
site dependent inhibitor bindings. Examples of anti-fXa antibodies suitable for co-
25  administration include but are not limited to those described in Yang Y.H., et al, J.

Immunol. 2006, 1;177(11):8219-25, Wilkens, M and Krishnaswamy, S., J. Bio. Chem.,
2002, 277 (11), 9366-9374, and Church WR, et al, Blood, 1988, 72(6), 1911-1921.

[0160] In some embodiments, a factor Xa protein is modified by
chemical, enzymatic or recombinant means. For example, the active site Ser379 may be
30  chemically modified to dehydroalanine, and the Gla domain may be enzymatically

removed by chymotrypsin digestion as described in Example 1. A modified f{Xa



agents include but are not limted to an anti-fXa anti body recogni zing the
exosite of fXa heavy chain or an al pha-2-nmacrogl obulin bound fXa

deri vat i w0 2pmwvoseteson of t he conpl ex between fXa deri varcrarsand/0e4060
stabilizing agent (exosite antibody o7 al phasmacrogl obulin) woul d bl ock
macronol ecul ar interactions but retains the ability of active site
dependent dasebadihestin plaxalsedys. Presueash Pr sccombaint meses tympdaxing hesaqyeast e f or
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et al, Blood, 1988 72& 191 1-1921. &9160 In sone enbodi nents, a factor
Xa pr ot ei < POHR ¥ilthithgdasired modificaiion gy prreduced by EcamBIMANRCsans. For

exanplse, {Newd¢bhy Ké’m%'u&? tost?l"e %&1@9&%%&#&&&%% YufPR f ifafle L&hom, o

dehydr oal ani ne, and G a domain may "be enzyndtically renoved
chynot r y pRugseldlis ggst wermmsandesmpld&esjoﬁ fivIEaspd ctor oAfIadMIlled f Xadescri bed
herein nmay al so be produced by reconbinant nmeans by nmodi fyi ng the sequence

of the cDNA encodi | d- t ype ribed in re details
"n Exanpl e 7 for oA ClbBE it B e R B SRR (PR dot ey or
al ter nat i @cied feorh th r@ﬁ;ﬁwhsmlhgof&eoaﬁgﬁmbﬁcﬂadmdhbblcygédptm@ réBiedhe ter oduced
by reconbi nant nmeans foll owed by activation to the nodified fXa by an

act i vat orcoagylghoniicr shigkembiapeiraoagulgtionsigstoe ppd eonyhipationy divseaf. dhsorednpl exes

of f I0| al érhl?osdlﬂ%elgtg(\tflg £ a%{llaftlog?écfto\{lﬂli A die?r Om]f{ Igt}ger%g p&g&éﬁg?lg& éla%r%ng':

bl ood coagul ati ng agen e sele

coagulat|@ﬂw%@@kﬂﬁsvaﬂvﬂhypenxadeXbeﬂakﬁNqﬂnnﬂhevaaagwkahﬂﬁmukagtor a
reconbi nant coagul ati on factor and conbi nations thereof. I n so

embodi menihgreot: nid seBsgaLeingEnts. Abq isrombipaycoagylgiandgeter @ﬁvﬂoﬁéela?t%ﬁom
consi st NYe ;ou lc%ﬁgﬁcr%ﬁ(ﬁ*rg%ﬁlﬁﬁﬁ AF’] or fIf/VﬁaaIX/bé/l, l)é fglfsa,’[vsﬂlﬁhglg,

VH / VIl a, i nati ons thereo In sone e odlnen
r econbi navitVcodguhdinaions tetcof. may be sel ected fromthe group consisting of
reconbi nant factors VIFVIla, IX/1Xa, X Xa, IFlla, VIIFVIIla, V/Va and

nmbi nat i th 0162] | t, the bl | at t
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coagul at i peopgent may be a non specific anti-bleeding agent. In sone
enbodi nents, the bl ood coagul ati ng agent may be

[0163] In some embodiments, the blood coagulating agent may be a non-
specific anti-bleeding agent. In some embodiments, the blood coagulating agent may be
selected from the group consisting of an adsorbent chemical, a hemostatic agent,

20  thrombin, fibrin glue, desmopressin, cryoprecipitate and fresh frozen plasma, coagulation
factor concentrate, activated or non-activated prothrombin complex concentrate, Feiba
Vh, platelet concentrates and combinations thereof. More examples of available blood
coagulation factors are available in the citation Brooker M, Registry of Clotting Factor

Concentrates, Eighth Edition, World Federation of Hemophilia, 2008.

25 [0164] In some embodiments, the blood coagulating agent may be
selected from the group consisting of thrombin-activatable fibrinolysis inhibitor (TAFI),
protein C inhibitor (PCI), protein S inhibitor (PSI), alpha-2-antiplasmin, tranexamic acid,

aminocaproic acid, aprotinin and combinations thereof.

[0165] In some embodiments, the blood coagulating agent may be one

30  agent that has procoagulant, anti-thrombolytic, and/or anti-fibrinolytic activity, or may



selected fromthe group consisting of an adsorbent chem cal, a henostatic
agent, thronbin, fibrin glue, desnopressin, cryoprecipitate and fresh
frozen plwermalo/semgul ati on factor concentrate, activate@#corusean/oemso vat ed
prot hronbi n conpl ex concentrate, Feib& Vh, platelet concentrates and

conbi nati ons thereof. Mre exanples of avail abl e bl ood coagul ation factors
are avai | @BMise en¢ pemera difesat Beobikbat hoye Rogpagulapt.gmticthepmbohyfic-aed/ef
Concentr Sgy Fl =di.ti.Qn; i f [ Lia, 8. [0164]
In sone géﬁ%lo%?lrﬁf{eogﬂgac{a glet§’bal(g?(1)sﬁ%§%%glutlﬁ§?d ?hg&é{gagh% d&%@@ mséelteg?tagegl%f romthe
group congit&it apglicatiotsvraisrmefeatésy at kaddven ihithe ammol ysi s i nhi bitor (TAFI),
protein Cinhibitor (PCl), protein Sinhibitor (PSlI), alpha-2-antiplasmn,
tranexam c acid, aminocapyoi.c acid, . aprotipin and conbi nati ons thereof.
[0165] In some errb%ilgént ‘?bJ?‘H%&’ﬁT Wﬁﬁgﬁgb{}?@ttﬁ%@%ﬁm?%yp% one agent
that has RIQsRARHL 88 ib@Ndreih Rh@MROIHE IBan 3B e o nk rudk RdsB @lay hieC
activity, or mayconprise one or nore différent agents that have

pr ocoagul experiermmtg, ot predivbedeylttd e climinal/roxjonble¢difg branhot y elimcalytsignifigant as

disclosed in this, application, or djsclosed.in.cited patents t ent

appl i cat i Hsmaier BieRdiRe sty Efables g oy gt s BRb itk s ¢ hat
wi | I benethe brdup@Bhdiken asiHeRiosihb &, ibwadﬁa% 1h108/i@PERRAN, blebdisi o d@pGindRd herein
and the acconpanyi ng nethods include those that are experiencing, or

predi spose§ratongpr @newi therppersicarodsiusdingy bigeding sidey otk A edthiap si gni fi cant
non- ngy or i : I f ! o) DGy S are
el ecieq Fretre ARsFUER. (TRHATRARS, . N/l ARy PR REE Y
organs, biheeabjag ni8th dxipaifercarpepaddigosal toar MevnmhjoebRpdiug ecerpreleaedir e, and
a bleeding index of > 2.0 with an associ ated overt bleed. (Turpie AGG et
al, NEJM frepdhe eroup corsisting o epistagiyithat dhegrigtent Haeaijisnbdnd ingydysential

experi encj i . = 18| | . omt he
o b con B O B o P EL RS !

subst ant i ade tarden] raguing 4 thapegicqpossidinteo sbsiantielr heantioroas, at ilgettain soes ur i nary

tract bl eeding. that does not rise to a level requiri a.therapeutic
pr oceldur " i éﬁ%@f‘tgﬁ@ PRAPANG RSO Ly 1 t@ﬁfﬂé;ﬂ@%ﬂ@ﬁl@éﬁ%@ﬁ@ﬁfﬂ%ﬁ are
spont aneosn R§ual§ gbhro_ci%]efdhvirtﬁ h VilBlcal fratifire BP&RRbI Rhuikl @athab®Sganore than

usual Iy associated with a surgical procedure that does not require
dr ai nage, blegstinptegedinggnplgudd iragfusigpl anned transfusion. [0167] In sone
enbodi nents, the antidote is admnistered after the

[0167] In some embodiments, the antidote is administered after the
administration of an overdose of a fXa inhibitor or prior to a surgery, which may expose

20  subjects to the risk of hemorrhage.

[0168] In any of the methods described herein, it should be understood,
even if not always explicitly stated, that an effective amount of the derivative and/or the
blood coagulating agent is administered to the subject. The amount can be empirically
determined by the treating physician and will vary with the age, gender, weight and health

25  of the subject. Additional factors to be considered by the treating physician include but
are not limited to the identity and/or amount of factor Xa inhibitor, which may have been
administered, the method or mode that the antidote will be administered to the subject, the
formulation of the antidote, and the therapeutic end point for the patient. With these
variables in mind, one of skill will administer a therapeutically effective amount to the

30  subject to be treated. It is contemplated that a therapeutically effective amount of the

antidotes described herein sufficient to counteract, or substantially neutralize, an



adm nistration of an overdose of a fXa inhibitor or prior to a surgery,
whi ch may expose subjects to the risk of henorrhage. [0168] In any of the
met hods dweanilsercterein, it shoul d be understood, evenPri/usetovabivay s
explicitly stated, that an effective ®#mount of the derivative and/or the
bl ood coagul ating agent is adm nistered to the subject. The anount can be
enpi ri cal Mficerguiiindeitiget My copiag frery apayid) @ miliargm of fiXa deslvgtiNgRes t he
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a therapeutically effective anount to the subject to be treated. It
cont enpl abeadiottad macrbhetaap Bliddocabiylatedd eehisveayamoadminsferechia aarmabot es

described herein suffjcient to counteract, or substanti neutrali ze,
anant i coar@mﬁ n%SC?IFﬁl%FJS%? Qekleﬁ%lyn%ht TR B b B EC ﬁP@%MH& PGram of fXa
deri vati vigi ey ki | O8AMoRfano Sl Se Lot BOM¥MGIGMntifisch R 834 dote
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cont enpl adradcdntadhartt figctdrXaudhedssirVala mey nmye frempiboui dpgd td D0A hepaujogcim i N a
concentration a range of from about 10 nanonolar to about 100 m cronol ar,
or ablut afPodunsigtaPetisoRiBeif M3y BF edirditetied abeutdbg e S900e Rahvwiscarltt o

about 2.5 m cronpl ar 00 oagul at | ts be adm ni st er in an
Srount -1 adPiPRRE, artheaR e IHiefh A RATE el eain BT hE E 200 pange
fromO0.0 perMop@m (kﬂﬂo@? Ryeat O Tlhe RAHickiclaagspre /imidadtedBdt@hén atfoRl 1 exanpl e,
adm nistration of the factors or reconbi nant factors such as rVlila may

range fr orndaldung perdglogenp obady weightkp keabiaeh of body wei ght. Desnopressin
may be adm ni stered about | ng to 500 ng per subject. It is contenplated

that the effiecti ve RN 1lucrehhd HOpERIGRS: AORTAORL R A R0 D, Per

kil ogram of body we ranexamc aci adm ni stere ween about
1ng arkd 1106 admirperatin lo6 greanowl coagalytingaght. hanathstiljpect the[fBh G8dteinn one
aspect, the fXa protein derivative is adm ni stered prior to the
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coagul ati ng agent. anot her aspect, the fXa protein derivative is
adni ni st ecoagdulating igens alfet inianethaisaspé, the @¥a protein derivative is administered

together with the blood coagulating agent.

20 [0170] In still another aspect, the inventions is directed to a kit
comprising a) a fXa protein derivative that binds to the fXa inhibitor and does not
assemble into a prothrombinase complex; and b) a blood coagulating agent having
procoagulant, anti-thrombolytic, or anti-fibrinolytic activity. In another aspect, the
invention is directed to a kit comprising a) an isolated polypeptide and b) a blood

25  coagulating agent having procoagulant, anti-thrombolytic, or anti-fibrinolytic activity. In
one aspect, the isolated polypeptide comprises the amino acid sequence of SEQ ID NO.
12 or a polypeptide having at least 80% homology to SEQ ID NO. 12. In another aspect,
the isolated polypeptide is an isolated two chain polypeptide comprising the amino acid
sequence of SEQ ID NO. 13 or a polypeptide having at least 80% homology to SEQ ID

30  NO. 13. Yet in another aspect the isolated polypeptide is an isolated polypeptide



coagul ating agent. Yet in another aspect, the fXa protein derivative is
adm ni stered together with the bl ood coagul ating agent. [0170] In still
anot her aspeoto/osstes i nventions is directed to a kit conpcirdaise@oag40s0 f Xa
protein derivative that binds to the FXa i nhibitor and does not assenble
into a prothronbi nase conpl ex; and bé&a bl ood coagul ati ng agent havi ng

pr ocoagul @mprisie: the amingss] saapenceof SER IR NObhAp 9k pelvecrtideihaving at jegstanot her

aspect, t%tg%gl%lggﬁglyggg!a?o@ ﬁ@gtlgd to a kit conprising a) an isolated

pol ypepti coagul ati ng agent havi ng procoagul ant,
anti-thronmbolytic, or anti-fibrinolytic activity. In one aspect, the
i sol ated pol ypept i dé1Zhnmphi sidsanbther aspecrothadnbnsien udmeetoof pHaEQadeDtitND. 12 or

a pol ypepti de having at | east 80% honpl ogy to SEQ |.D 2. anot her
aspect | (HRASBOR BB arPECh briElnedhe plfosgu gheh %tjéﬁtaréfgep_u de
conprissi Nghipher AFhiARRE! & §§1%?{i%ﬂ ¢emBfisiRERIMRi Mind sh Gfechve An¥RERIadRahavi ng
at | east 80% honology to SEQ 1D NO. 13. "Yet in another aspect the isolated
pol ypept i dkivagveaan e§ottacadhquot 9ipeplodd ecgppting iagent ahé a phimomcawicdllsequence of
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activity of a factor Xa inhibitor adm nistered to a subject, conprising

adni ni st ePrPligorahinePIwiax Gpacapiniandvhalalaodieri vati ve, an effective anount
of a blood coagul ati ng agent and a pharmaceutically acceptable carrier,
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enbodi nents, the antidote is any. one of the antidote s described above.
In sone e?fﬁé&ﬁnp@wtt ?Cl{%atgﬁthaﬁfoltfé 0 Qlecﬁé‘ﬂfi%a?%&)% #Hbed GRSt cmpbie of
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the noiety is selected fromthe group consisting of "pdl yethyl ene glycol, an
acyl groupyrier protpims amertifigiat ahospbelipd otemibnaneaandaa nrfdpeitele. ghrospioplepd d
menbr gne, and .a nanpparticle.. For. exanpl a.non-gctive site |lysine or
Cyst ehne TsTHE B Dame v5 Culins Gridve OhRSE? PRIHTNE AEIHOMRAPBE Bk cal | y
nodi fi ed é_lfénﬁéaﬂl@z%diﬁecﬁtopﬂﬂame£Mg&g&hﬁkﬁ{&g&bcmh&§éﬂ1@.- Offleh BfetiBRt hods
provided in Wrle, M & Bernkop-Schniirch, "A. Strategies to Inprove Pl asma
Hal f Li f eprovided in Werle, M. & Bernkop-Schniirch, A. Strategies to Improve Plasma Half Life

Time of Peptide and Protein Drugs, Amino Acids 2006, 30(4):351-367 may be used to

extend the plasma half life of the antidotes of this invention.

20 [0173] In other embodiments of the invention, the half-life of the fXa
derivative is improved by coupling the antidote to Fc carrier domains. In one
embodiment, the antidote is coupled to an Fc fragment, such as an immunoglobulin
peptide portion or an IgG1 fragment. In one embodiment, a chimeric protein is
contemplated which comprises the fXa derivative and the immunoglobulin peptide

25  portion. In yet another embodiment, the fXa derivative and the immunoglobulin peptide
is coupled by a chemical reaction, such as a disulfide bond with the human IgG heavy

chain and kappa light chain constant regions.

[0174] In some embodiments, the pharmaceutical composition further
comprises an agent capable of extending the plasma half-life of the antidote. In another
30  aspect, the pharmaceutical composition has been co-formulated with an agent capable of

extending the plasma half-life of the antidote. In some embodiments, the co-administered



Time of Peptide and Protein Drugs, Am no Acids 2006, 30(4):35 1-367 may be
used to extend the plasma half |ife of the antidotes of this invention.
[0173] | nwotzhawosersbodi ments of the invention, the half- pcrasedostobmcd Xa
derivative is inproved by coupling the antidote to Fc carrier domains. In
one enbodi nent, the antidote is coupled to an Fc fragnent, such as an
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| i ght chain constant regions. [0174] In sone enbodi nents, the

phar maceuti cal conposition furt RactoedEpDerseives agent capabl e of extending
the plasma half-life of the antidote. In another aspect, the pharnaceuti cal
conposi tion has begio178} f brongl dped omihe prasntdgeditios apabk € dafvagixtemndy bg t he
pl asma half-life of the antidote. In some enbodi nents, the

co- adni ni Slaedaserin deficie fxaradetClidé® is an anti-fXa antibody recogni zing
the exosite of fXa or an al pha- 2-macrogl obulin bound fXa derivative. I11.
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e sub mmnoge ect. A fXa
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[0177] Factor Xa is a serine protease in the blood coagulation pathway
responsible for converting prothrombin to thrombin. It is produced from the inactive
factor X upon activation by either the intrinsic Xase (complex formed by factor IXa with
its cofactor, factor VIIIa) or the extrinsic Xase (complex formed by factor VIIa with its

20  cofactor, tissue factor). Activated fX (fXa) may undergo further autocatalytic cleavage at
the C-terminal of its heavy chain, converting fXaa to the subform fXaP (Jesty, J et al. J.
Biol. Chem. 1975, 250(12):4497-4504). Both fXaq and fXap are suitable materials for the
present invention. fXa itself converts prothrombin at slow rate that is not sufficient for
supporting coagulation. Only when it forms a prothrombinase complex with cofactors

25 Ca*, phospholipid, and factor Va, fXa can activate prothrombin at a rate rapid enough to
support coagulation (Skogen, W.F., et al., J. Biol. Chem. 1984, 259(4):2306-10). The
complex requires binding between the negatively charged phospholipid and y-

carboxyglutamic acid residues in the Gla domain of fXa via Ca®" bridging.

[0178] Therefore, although the Gla domain does not contain the active
30  site of fXa, it enables fXa to form the prothrombinase complex through the y-



responsi bl e for converting prothronbin to thronmbin. It is produced fromthe
i nactive factor X upon activation by either the intrinsic Xase (conpl ex
formed bywbaotomseieXa with its cofactor, factor Villa) orcrhms@msionsi c Xase
(conplex formed by factor Vila with if2s cofactor, tissue factor). Activated
fX (fXa) may undergo further autocatal ytic cleavage at the C-term nal of
its heavycaébfaqyalut%ﬁ@@ﬁtrpﬂ gues xdAtso's dpmoriiiafedihin selestve rarvpl ofJfX@tGla1
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forms a prothronbinase conplex wth cofactors, Ca2+, phospholi EIQ)dhand

factor Vadigsignc Lirhas beengpertast SKAsesiah/ dtiok Ghgpnel $84p23P (@K Y@ppor t
Coagm5at '19901{8 othygrﬁbmafetcoﬁ{ lex corﬁhﬁhn ﬁtﬁg‘ d&iﬁﬁﬂ}esszfé@a( ‘@’Q/a 2306-10) . The

conpl ex requires bindi ng between the egatlve y charged phospholipid and g-
car boxygl pltoaphtham aaid rcelsiuhu ems 'pmduh@ t@reentdo pea sigoificintly redece@ae (bOVdgi ng.

[0178] Thergfore é( g % aldomall n does. not .co %I n the active site
of fXa, il ?%@F%?atr: SONBUPOF R IE! B8R AT S%Flﬁﬁ%la&%ﬁﬁz K OP R QUYH' t he
g- car boxyg H&Wa’@%&t@vﬂﬁ%lcﬂu%rma'ﬁlahSva.'s %aﬂﬁﬂ? n&ducad Qﬂi’erbb{e pel ®&d dh‘g@stéd? nmoval
of fXa G adomain by chynotrypsin digestion (See Fi ?ure and Exanple 1).
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lgure .25 g%%‘t[)lz gﬁg%t"ﬁ ﬂt Blo%h%iotgug% 0%1 PR &S PRDLS, 319bb! %e‘%\‘jll%ﬁ arter the

f Xa was trypsin m nut es’ an he "acti y was
conpletely lost after 30 mi nute of digestion. Undercar boxyl ated or
decar boxyl at ed f Xa, [0WA?]c hithackls¢ beenapmbbgredaba (fanomaar dediciegt fXasi ¢ aci d

residuyes re for cal ci.um.i on dependent bi n ve thus
been FPoundPt eﬁgginﬁ%ﬁéBYfé“@rnélﬁeéml “8@;?@3%52?&&‘6 g‘ﬁﬂ%ﬁ# 8%11 g P-ex
assenbly @apd, np@96891ﬂ1099¢88bi9@©§> ClRtd hi@ HeMRRiportKEr &ty sea 1@gr§ﬂﬂ§p§l‘| smeP90, 76:

1-16). [0179] It has al so been established that G a- domai n cient fXais
capabl e am0bplnid|f?iglrdnbltqré>ognd w-dtisr(de heahan AXd.biltior Bavefpréwded {tBicandst etter, H

et al, 7 99 ere ve b r ts of
cryst aI | O%ersgb[m?n ﬁ tléén%:]ﬂlve Site gl t]t (ﬁran§8tet%er ?Zézo C-l-}}z-| , 1 %, 57 5688 59985
and Roehrig, J. Med. Chem. 2005, 48(19):5900-8). Figure 8 shows that a des-Gla
20  anhydro-fXa exhibited a binding affinity of 0.319 nM with a fXa inhibitor betrixaban,

comparable to that of a native fXa.

[0180] It has now been discovered that des-Gla fXa, and other fXa
derivatives that have reduced procoagulant activity but are capable of fXa inhibitor
binding, can be used as an antidote to a fXa inhibitor. As shown in Figure 9, the des-Gla

25  anhydro-fXa exhibited complete reversion of betrixaban’s anticoagulant activity at a
concentration of 680 nM. As detailed in Example 2, the thrombin generation was
initiated by adding TF-containing reagent (Innovin) and, thus, indicative of coagulation
factors function in the extrinsic coagulation pathway. It has also been demonstrated in
Examples 9-13, that the recombinant antidote is useful to reverse a wide variety of

30  anticoagulants.



nol ecul e f Xa inhibitor bound to des-d a human f Xa, which have provided
structural description of the active site cleft (Brandstetter, J. Bio.
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factors functlon in the extrinsic coagul ation pathway. has al so been
denonst r at@hN¥n FEguambl el ve-the, des (it anthelro-€EXomas ahntapaalbia afotersinsg thwef ul to
reverse a w de arl e 0181 otti

i ts. | o
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coagul ati on pathway al so indicate that the des- é a anhydro-f Xa possess

anti dot e labtbutvr agatrehagu FQU&Oh%Mvﬁlatath@Q%arles p@?@i%@n@dﬂtﬁ (ﬂ@‘tfé(aef fect of

des- r01(‘)s afn aa%a 1@50 r SE ng afp bceota " r?tbaﬂ 1n1t1ate e e fever si on
at 6 |gure :ﬁ A %ﬁ ]ft X&Was ar'so %apable of

rever si nge;amlcamm@mgml@pﬁtha@yl Vi ty of anot her fXa i nhi bitor, enoxaparin.
Figure 12 shows that des-d a anhydro-fXa did not exhibit significant
antidote activity ﬁal nst _a direct thronmbin inhibitor argatroban. Thus, the

des-d a anhydr o- f Xxa0182la E‘éﬂ@é’tth?/éntmfi HEVEY PhAes Rl RKAISTEGr¥sand i s
capabl e o t t he

b e oSty B9 el AOARM N AL odulnba W' (ARl LI 2.
of des- G tamanhydshowhXa Fise dendesnsiln atledrdyXs heelGiF hoptietomgal T Hof assays
rreasured W|th t radi n coagul ation ti Fi gure 13,

des- G’a a‘iﬂ’i‘yrﬂ a?%a‘i ‘L%& efr‘iégn%&}“étﬁ‘?f@é‘f““dﬂ&éﬁ%f Q@@ﬁ?"r b%&’&’i’ﬁ% at the
hi ghest conGRIRY LT Mte RO 6129 7Phid Mhei-A2Q Ve BECRBLEIXaPANs xlefiaded aPTT

nore than two folds. This anti-coagul ant effect of betrixaban is reversed
by des-Gla anhydro -fXa in a dose-responsive manner, with return of aPTT to near normal

level of control plasma at antidote concentrations higher than 1610 nM.

[0183] It is contemplated that further truncations at the fXa light chain,
20  for example, additional deletion of the EGF1 domain, EGF1 plus EGF2 domains, or
fragments thereof, and inactive f{Xa with only the heavy chain may be useful antidotes of

this invention.

[0184] Gla-domain deficient fXa does not support normal coagulation
under physiologically relevant concentration. However, the protein has the ability of
25 cleaving many substrates and causing clotting at higher concentrations. For example,
Skogen et al (Skogen, W.F., et al., J. Biol. Chem. 1984, 259(4):2306-10) showed that
bovine des-Gla fXa has about 0.5-1.0 % prothrombinase complex activity relative to the
wild type fXa. Thus, modifications that further reduce or completely eliminate a fXa
derivative’s procoagulant activity is contemplated by methods of the invention. Such

30  modification may be, for example, in a {Xa’s catalytic domain.
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exanpl e, fXa's cat ic.do 0185 ver al di f |ng t he
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are cont eggalated. THiRex A¢b tatSetfilolrBade@BindBe SIAR RS lihHgid@ tonb@WAall N SEQ 1 D
No. 7), for exanple, can be selectively replaced by dehydr oal ani ne (see
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smal | ol ecul e bi ndi ng abi the activ IS exosite targeting
reagent i tngisind@spmbirt drdixta, ismapabd& oforindinp small omd¢cudndubbiode eXKuralmgeKi etg a

region re rom tiv (Wl kens, Mand Krishnaswany, S, J.
Bi 0. ngiqogg’ﬁ)ézhe"’?'}g?f 3%1)1) @?g 1‘3\3,)74) or a-2-macroglobulin. It has been
known that t he a-2-nmacrogl obul i n-seri ne protease conplex, such as with

trypsin, thrombin opi8éfa, 1tiiSalsaRaIN Ethaf abinhetivegxaRati mBieEHR s§léE5i‘hr ates
(Kurolvva K. et al, din. Chem 1989, 35(11), 2169-2172). [0186] is also

knownl 3t hathe Aeaviyreletn whilef bespinictits lighti¢Haircwndhangedsuoudd gctiag ap h@lbﬂw\pf c hai n
L KB gk AU TR PRSP Aol 00 LB
357-62) bigeafess with procoagulant activity of normal fXa as shown in Figure 6. Therefore, in
one embodiment, the f{Xa derivative has modifications both in the light chain and heavy
chain. It has been discovered that these modifications reduce or eliminate both
20  procoagulant and anticoagulant activities while retaining the inhibitors binding ability of

the fXa derivative.

[0187] Several methods can be used to produce Gla-domain deficient
tXa derivatives or other fXa derivatives described herein. For example, the Gla-domain
may be completely removed via chymotryptic cleavage, producing Gla-domainless fXa.

25  Alternatively, a Gla-domainless fX may be produced by chymotryptic cleavage of native
tX. The Gla-domainless X may then be converted to Gla-domainless fXa by a £X
activator. fX may be isolated from plasma of the same or a different species as the
subject to be treated. Bovine X, for example, has been shown to be functional in human
plasma assays. Examples of a fX activator include, without limitation, a snake venom,

30  such as Russell’s viper venom, and complexes of fVIla/tissue factor or fIXa/fVIlIa. Such
means is known to a person of skill in the art. For example, Rudolph A.E. et al has

reported a recombinant fXa produced from a recombinant factor X (fX) with a single
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Exanp SO provides a e produci ng a reconbi na ntidot e havi ng
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Modi fied fXa may be prepared according to these procedures using a _
genetical ly nodifi e@188NA hasdnidnlatel elae adivdesie eaueRE er faRRUNatNe desired

fXa nutant. Exanple 6 gives nore details for direct

deficient Gla-domain, such as under-carboxylated fXa, may also be useful as fXa
inhibitor antidote. Under-carboxylated fXa may be prepared by recombinant means by
withholding vitamin K derivatives during protein expression (vitamin K derivatives are

20  needed for post translational modification to form the Gla residues) or by adding vitamin
K antagonists such as warfarin during tissue culture. Decarboxylated {Xa can be prepared
by heating (Bajaj P., J. Biol. Chem., 1982, 257(7):3726-3731) or by proteolytic digestion
by chymotrypsin (Morita T., et al., J. Biol. Chem., 1986, 261(9):4015-4023). The

antidote may also be generated in prokaryotic systems followed by in vitro refolding or

25  constitution of the fXa inhibitor binding site.

[0190] The Gla residues can also be chemically modified to remove the
carboxyl group responsible for calcium ion dependent membrane binding. For example,
the carboxyl groups on the Gla residues may be selectively removed under
decarboxylation conditions or may be capped, for example, by esterification or amination.

30  Itis desirable that such esterification or amination be resistant to in vivo hydrolysis so that

the modified fXa is not readily converted to active fXa, which may cause thrombosis.
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proteol ytic digestion by chynotrypsin (Mrita T., et al., . Biol. Chem,
1986, 26139flo%B15-4023). The antidote may al so be generated in prokaryotic
systens followed by in vitro refolding or constitution of the fXa inhibitor
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i nvention enconpasses _use of catalytically inactive fXa nutants to prepare
f Xa i nhi bfhYBIOtYREIN AYmdsrinPoWherg Ahgpracodgytanh pddivity aasieaunated. gpaymdso kg | et

al, Protej i F i . 2h24 ot AL B W th
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i n Nogami actiee siad serine Bisodue iChemsiblyHe9lated Adl{idIB)s: sBill @PbIF of hiXdingistaallact i ve

chy ok v pRPIseHE PG FRe b daBte e RTe paede CriR 2aaiss Ton Phod Ml ng,
or fXa- SIQ5R i eCdy m{d@' PS93) saagm{im) suhRl&stheaRlPeRABHARE, iact i vity

was elimnated, may al so be used as fXa inhibitor antidotes. The invention
al so envi &ipabls of Naedlepéndani preduation Ipf pgteve fXa and may lead to an excess of active

tXa over a time period. The deacylation rate may be reduced by strategies similar to

those described in Lin P.H. et al, Thrombosis Res., 1997, 88(4), 365-372. For example,
20  fXa molecules with Ser379 (Ser195 in chymotrypsin numbering) acylated by 4-

methoxybenzyl and 3-bromo-4-methoxybenzyl groups recover less than 50 % of their

original activity when incubated in a buffer having pH 7.5 at 37 °C for 4 hours.

[0193] One embodiment is directed to the use of fXa derivatives with
mutations at fXa residues known to be important for fXa interaction with cofactor fV/fVa.
25  Such residues include, without limitation, Arg306, Glu310, Arg347, Lys351, or Lys414
(SEQ ID NOS. 3 and 7, these amino acids correspond to Argl25, Glul29, Argl65,
Lys169, Lys230 in the chymotrypsin numbering). Examples of such mutants are reported
in Rudolph, A.E. et al, J. Bio. Chem., 2001, 276:5123-5128. In addition, mutations at
tXa residues known to be important for fVIII/fVIIIa interaction, such as Arg424 in SEQ
30 ID NOS. 3 and 7 (Arg240 in chymotrypsin numbering), may also be used as fXa inhibitor
antidotes. Examples of such mutants are described in Nogami, K. et al, J. Biol. Chem.,

2004, 279(32):33104-33113.
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[0195] | npa@t”&ﬂé‘r*]@ﬁﬁl‘ s@Gitnced %lcrhec%dg%ljth@f)@z?@é}%h@&td@&%eﬁ'a‘bMvé)fT}?c@e
antidote, as assessed by am dolytic substrate cleavage assay, be < 1 %,

pr ef er abl qancas)mbe%etermmﬁ Inr tednsfagib g yhep Dy [@ptide sfqubnesemacipindsthe deri ved
native fXa. For there is measur.abl e procpagul ant tivity for
e o nacirersandBE TR ah TR & kel Bl SR R B 5ol FRTLIP ity s Vi
nunber i Ngdsel Sre’ tBBdACIEEh R¥d 36 s G PKPRA si0R b dfé@e@ﬁreﬁ%%rgﬂnﬁﬁ. thehhdiag
assays.

y acid sequences can be prepared either by site-specific mutagenesis starting from the

natural fXa gene sequence or else by complete DNA synthesis.
Polypeptides of the Invention

20 [0197] In certain aspects, the invention is related to an isolated
polypeptide comprising the amino acid sequence of SEQ ID NO. 12, 13 or 15. Also
encompassed by this invention are polypeptides having at least 80% homology to SEQ ID
NO. 12, 13 or 15.

[0198] Polypeptides comprising the amino acid sequences of the
25  invention can be prepared by expressing polynucleotides encoding the polypeptide
sequences of this invention in an appropriate host cell. This can be accomplished by
methods of recombinant DNA technology known to those skilled in the art. Accordingly,
this invention also provides methods for recombinantly producing the polypeptides of this
invention in a eukaryotic or prokaryotic host cells. The proteins and polypeptides of this

30  invention also can be obtained by chemical synthesis using a commercially available



[0196] The invention further relates to nucleic acid sequences, in

particul ar DNA sequences, which code for the fXa derivatives described
above. Thweeomasemasi |y be determ ned by transl ating thecpaisg@eptiode
sequence back into the correspondi ng 3NA sequence in accordance with the
genetic code. Codons preferably used are those which | ead to good
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conprising the no aci d sequences of the |nvye tion can be prepared by
expr essi ngoeol yruehgats, seh snovu agds dnel queynpeptd likisegaetheebe amindi s
invention in.an appropriate ho%].cel | . This can be acconplished by nethods
of 1 econtiaT UINAOPSHISBIBE) Wah bR (€ RSse ki [l ed in the art.
Accordingly, this invention also provides nethods for reconbi nantly

produci ng the pol yp@R99ider iPkndwh © théheaRille@Mn the ad BatkAsJAtdtnoEaPbokar yotic
host cells. The proteins and pol ypeptides of this invention also can be

obt ai ned Bydecthary Paptidptapreddsit gaihrdtegpdqweasties: dlolypeatidds| oA Brcdavensiont ed

epti synt | 7 f u i i ed

Bi gsylg)teen%/a{ﬂ bpﬁﬁééﬁ%%gﬁaﬂg%iﬁ%@gﬁwIggis%'e{r % @yé ,p% g&%ﬁs&gﬁ %&g@iﬁt hesi zed
pr ot ei N o4mipolayidept dodebitatontad Dpraae il pirhimbedida hdfwaribherdepighérd iagtno hdds

exanpl e l;e/ his[gh Eerfor mance |iquid chromat ograph (HPLCL. Accordingly, this
i nvent i onleed -SomsHol paEy agidsy reBsthybrmitpaasidsatd N oy iehgsaminegicidiectBy ot ei ns
of this inventio rovi.di S 1) of, 1t r ot ej N .re nts,
such as atﬁiC%Végcsi%agXlalﬁag eerhg%/t% S bﬁ%& ' ?*?dﬁ%‘)ﬁ%” ’obd'eatqglgﬁm ﬁgécéfrln‘?%%mgca% S in the
proper orit8pédific osuphing slep§)@aptics qulenG-aelide® ORnsl, B sh&etk oawms! sndidyose ski | | ed
in the art that nodifications can he nade to any peptiede to provide it with

al terled preppdessaade peptpisdpicawallprit shelieyaddhatidohrlicalsependapuitricede £o

i ncl ude I i i Oysy the peptides may conprise Dami no
aci ds, awgg #ﬁgt{opg%ygﬁu%?feagareﬁ am no acids, and various "designer" am no

* 2

aci ds
[0200] In a further embodiment, subunits of polypeptides that confer

useful chemical and structural properties will be chosen. For example, peptides
comprising D-amino acids may be resistant to L-amino acid-specific proteases in vivo.

20  Modified compounds with D-amino acids may be synthesized with the amino acids
aligned in reverse order to produce the peptides of the invention as retro-inverso peptides.
In addition, the present invention envisions preparing peptides that have better defined
structural properties, and the use of peptidomimetics, and peptidomimetic bonds, such as
ester bonds, to prepare peptides with novel properties. In another embodiment, a peptide

25  may be generated that incorporates a reduced peptide bond, i.e., R{-CH,NH-R,, where Ry,
and R are amino acid residues or sequences. A reduced peptide bond may be introduced
as a dipeptide subunit. Such a molecule would be resistant to peptide bond hydrolysis,
e.g., protease activity. Such molecules would provide ligands with unique function and
activity, such as extended half-lives in vivo due to resistance to metabolic breakdown, or

30  protease activity. Furthermore, it is well known that in certain systems constrained

peptides show enhanced functional activity (Hruby (1982) Life Sciences 31:189-199 and



(e.g., b-nethyl amno acids, Ca-nethyl am no acids, and N-a-nethyl am no
acids, etc.) to convey special properties to peptides. Additionally, by
assi gni ngvepemvdsssam no aci ds at specific coupling stepsT/Uuse@biocedso w t h
a-helices, b turns, b sheets, a-turnsy and cyclic peptides can be
generated. Cener al | i s beljeved that a-helical secondary structure or

random seldowbast 1. élt%QbBLﬂChemé W@r?@d the OOt ipYENHOR RFQViRSs agnesbed feent |
subuni ts e@%du?ﬁ%' aycg)%ptuhgﬁz%etpﬁﬁé th%?ﬂl %o&’a%@sfﬁh?&ﬁ%au%ﬁ‘ées%&'u St ;&%s&ﬁo%'

properti es’ conpri sing am no aci ds
may be resistant to L-am no aci d specific proteases in vivo. Mdified
conmpounds wi t h D- anfi0261 JacThisfohteyitzen@yeibséal arvthowcids nidyebeantarporacidds

aligned in reve der t.o produce .t he peptides of the jnvention as
retro-inv ngptb% Beatvanfion e ingyale CpPaiEHEr PORERRIGAAIRUS] ons

pr epars ng; @@pluqu@ycfr&%qlﬂ%’lﬁle@&atrgéxﬂﬁé U@@z‘?m%%sky&ta%'r(@©919rJ0Rﬁ{ Ones. sahd the
use of peptidom neti cCS, pepti dorm neti ¢ bonds, such as ester bonds, to

prepar e pbl@tlﬂéﬁmﬁl N2$L6$)3meﬂrybpb¢rtyﬂ3é@nnd 112 S RB1- hefrthﬂﬁlﬁ‘(myltabmme @Re3DE | de

" iner e re gt e BR AR R B G G PRl acRiedR e Mol ept 1 e

bond nay "P&rdh@&ﬂbﬁ(l!é&eslz(a? : 9L FRY; I demmeRiaah fdromiphthafeneDl eGbbRylOatid be
resistant to pe1pt|de bond hydrolysis, e.g., protease activity. Such

mol ecul es(Lapdis ¢ 350oFhde ﬂhﬁgad&sw%wwmrlm),fhm&ﬁmm Arfd activity, such as
ext enged J@ﬁ'{lﬁyd.r 1¥oeq§.1]1:rlu htn% 3Vé)arlgol§<§llatt«%(M§/Ek§ f:tlazﬁkﬁ J?E%l?e%ﬂlﬁeg Ofps afion,

pr ot ease acti-Vvi er nor e In cer al n syst em;

constrai ngg hﬁmﬁlﬂedﬁﬁquﬁhﬂh\ﬁle embaﬂylﬁzchcidjmt:he)reahl al®l9ﬂyln1tyl pep. le@fte(nJI%%Z) Life
Sci ences 31:189-199 andHr uby (1990) Bi ochem 268: 249- 262 t he
present i 3Rt oh D Iﬁlgs%stmeﬁ-‘dah% Bregh élah%rémaracgaﬁas%traéu (h&WP) daipd i B5@- t hat

| ncor por ap,g [u{ RQ?QE{B%@“@’?%&&([gﬁarélhhogﬁ&e& anﬁbstnz')ﬂ]&% cr s%ﬁlygs@e fol I ow ng

non- cl assi ca mno aci ds'may be In por at e e pepti of the
i nventi ord8:2¥rtx¥1)t o i ntroduce particul ar conformational notifs:
|, 2,3, 4-tetrahydroi soqui nol i ne- 3- car boxyl at e (Kazr nierski et al. (1991) J .

Am m Soc. 113: 2 S, 3S - phen IaI ni ne

met hyl>- phenyl al ani n@%ﬁZ@db&@ l)nﬁﬁé‘rqf%ﬁ °§?ﬂa Omlmétlcg ay?’be)

(2R 3R) - rﬁﬂ&&gbm&@qm{)i PHPALOR {nladdrehwdfisparitc McHﬁ)d’arfz @t@&lﬂreg_iﬂ akpdrpn Lett.
32(41):5769-5772); 2-am notetrahydr onaph?hal ene-2- carboxylic acid (Landis

(1989) Ph3- E)fmrfﬁh%fpmpenidnn&féfosrhoyym adidl), 2 Br@myn indydngdipeptideang]og-(Kemp
Eg})gahigrgzﬁ ((I.]élé{“} b C%e g&ggﬁ gé??S)([li\As eaéi‘ﬁ?nd%&nglanalgésggiggmp et al.-laggga Res.
Tetrahedron Lett. 29:5081-5082); B-turn inducing analogs (Kemp et al. (1988)
20  Tetrahedron Lett. 29:5057-5060); a-helix inducing analogs (Kemp et al. (1988)
Tetrahedron Lett. 29:4935-4938); a-turn inducing analogs (Kemp et al. (1989) J. Org.
Chem. 54:109:115); analogs provided by the following references: Nagai and Sato (1985)
Tetrahedron Lett. 26:647-650; and DiMaio et al. (1989) J. Chem. Soc. Perkin Trans. p.
1687; a Gly-Ala turn analog (Kahn et al. (1989) Tetrahedron Lett. 30:2317); amide bond
25  isostere (Clones et al. (1988) Tetrahedron Lett. 29:3853-3856); tetrazole (Zabrocki et al.
(1988) J. Am. Chem. Soc. 110:5875-5880); DTC (Samanen et al. (1990) Int. J. Protein
Pep. Res. 35:501:509); and analogs taught in Olson et al. (1990) J. Am. Chem. Sci.
112:323-333 and Garvey et al. (1990) J. Org. Chem. 56:436. Conformationally restricted
mimetics of beta turns and beta bulges, and peptides containing them, are described in

30  U.S. Patent No. 5,440,013, issued August 8, 1995 to Kahn.



76) histidine isoquinoline carboxylic acid (Zechel et al. (1991) Int. J .
Pep. Protein Res. 38(2):131-138); and HI C (histidine cyclic urea),

( Dhar ani pyvagatesetésal . (1993) Int. J . Pep. Protein RespPcaask)ovd84+06y) and
(Dhar ani pragada et al. (1992) Acta. Goystallogr. C 48:1239-1241). [0202]
The follow ng am no acid anal ogs and pepti dom netics be i ncor porated
into a peptide to ilf80e Bis knayray togheseis ﬂ@d§@&@ﬁ&éh%1§@¥ﬁﬁﬂﬁmé§MJ@l Acp

el og ( RURE & oR PSRN i GRAP I oorfoRShflaadPullibhe bESIRLED B0 g
anal ogs (fitecgonatly afjuiv{l#&83)ind a&lﬂaﬁﬁddm nbeilter ti2ObibdgilcabB2ion &fF-their n

i nduci ng anal ogs (Kenp et _ al 1988%h Tetrahedron Lett, 29;5057-5060);
a-hel i x i RBtiEs b AardEs hxanpoacidhat is i@i@@}ut%lw Hh@BIGRCidifpt possesses

29: 49 4 a Chem
20, 1007 1A infrrkh hobdtfltCinBGiBRe A%t HREPIE hyBlophdbhdfRhig or e, IO

(1985) TeMlethloédu@:d tb determi26 ﬂ&élal)pﬁﬁﬁ;atmnhnmiami to besulzshtut(édlﬁﬂlgt)ar WthhCh em

Soc. Perkin. Tra s 1687; ;fﬁ tur g éﬁahn et. é %1
Tet r ahedr PP EEE. °2’§¥L‘P)°ne %“@ darf PRIREEGHPlesdpe 3?16 PRIGSH)
Tet rahe‘erﬂBsﬂi{ﬁﬁ@n n1%8€1§§5§es@§§&i)by be{HAZ&! € (ﬁ@ﬁ?ﬁ@%lﬂ'as 8t Pkein 6dQRBee J - Am
Chem Soc. 110:5875-5880); DTC (‘Sananen et al. (1990) Int. J Pr ot ei n Pep.

Res. 35: 501:B0gjure Yok Saﬁmapbééect M@q@awhof@ 99&@3@ Na(lqlge@@omedicakm Chem
Sci 2 lréezs%ar?’j?f‘I"Eoun{j {160 \X’eXhlrel%E? Ibccg &’]ﬁ%% attncets 1nclgd1n age?f? n161trllces

Conf or ITB.tI ona PestT i et ed urns a ges, and

pepti des @RRAbAiIeNbNY I7TBERUpRAL 6r HESRairkedad desttited thaltoasd ethp.(159%4
i ssued August 8, 1995 to Kahn. [0203] It is known to those_skilled in the

art that i Biasgit $3n5-283andopagiet alo(L9y) peptaedSopyt4dUn st thaematicahe or
mor e am ng @ﬁ'a@&ﬁ%%ﬂ%g.’aﬁcﬂ d@%&%@% ﬁfd9§?f‘1\héﬁ RO g@h&?%é‘%@&o@ﬁ' ds that

does not alter t ogl ca epti n one aspect, the
am no aci sﬁhbtﬂrtanon sagides (BLOSEM )by daseribad hp }Emk(dfﬂdmatHemdsﬁﬁas)é%) Bioni | ar

intrinsic propertjes jncludin not limted to, hydrophobicity, size,

or - chiar g EheRacselousn 805 haSuplitiEoihen HoBr e FREEbEhINB AP o be
subst i t utiodicandr EO5IMED RALAS. @Gk MuR! BnKBRND Pas %Gy Fforiskhdd kN the art.
Non-1imiting exanples include enpirical substitution nodel's as described by
Dayhof f eManlmun(l Laz8hodch(ML) Methofl aPdesceibed Be dlidlec et @n@0GErMot. lhie. Heodl, 5
suppl . ﬁjegl M O Dayhoff), pp. 345-352. National Bionedical Research
Foundati o \}\gshi ngton DC, PAM matrices including Dayhoff matrices

Blood Coagulating Agents

20 [0204] In some embodiments, the blood coagulating agent may initiate or
enhance blood coagulation or inhibit fibrinolysis or thrombosis. In some embodiments,
the blood coagulating agent has procoagulant, anti-thrombolytic, and/or anti-fibrinolytic

activity.

[0205] The blood coagulating agent may be selected from the group
25  consisting of a coagulation factor, a polypeptide related to the coagulation factor, a
recombinant coagulation factor and combinations thereof. It is further contemplated that
the coagulation factor may be selected from the group consisting of factors or
recombinant factors VII/VIla (as described in e.g. Bijsterveld, NR et al, Circulation,
2002(106): 2550-2554; Bijsterveld, NR et al, British Journal of Haematology, 2004(124):
30  653-658), IX/IXa (see e.g. U.S. Patent Application Publication No. US 2008/0075711),
X/Xa (see e.g. U.S. Patent No. 7,220,569), [I/I1a (as described in, e.g. Gallistl S. et al



(Dahoff et al. (1978), supra, or JTT matrices as described by Jones et al.
(1992) Conput. Appl. Biosci. 8:275-282 and Gonnet et al. (1992) Science
256: 1443-wb4b10/asbmsenpi ri cal nodel described by Adach amdTHas@gaeac( 1996) J
. Mol. Evol. 42:459-468; the block suastitution matrices (BLOSUM as

descri bed by Heni kof f and Heni kof f %1992) Proc. Natl. Acad. Sci. USA

89: 10915-Blpod §oapdi@melyy 8092 3(74623%p). DEH/ Yl laNsee ¢.898P) PaBhtecul ar

Evol uti on . i . i L MELShAY VR Y . and the

Vaxi mum Lo RaI g S s RO L8R e S e N8 2002, wor
Bi ol . Evol,123848-ah3 coBbimadosahgubat i ng Agents [0204] I n sone enbodi nents,
the bl ood coagul ating agent may initiate or enhance bl ood coagul ati on or

inhibit fibrinolysi t hronbosis. I.n sone enhodjnents,. the bl oo

coagul ating agent h@g&gr oﬁésa Eﬂ%%??m%}ﬁ&eﬁ-@w 87 ?qaé}lﬁ‘gﬂ%if‘%fim mayqtl’ea

anti - f5 brjdpodpetirie af6I1ddinG aokR2AB]s rlARerRbRRA pERAROMhALL BhoAIBRSulRYE be
sel ected fromthe group consisting of a coagulation factor, a pol ypeptide

rel at ed tagehhmay basplécitd momfthe gonp cansigngmbian adsorieana ghdnaicilom hémestatic and
conbi nati ons, thereof ...t s further contenplated that .the coaqul ation
Factor  mgEh METER Btp e P rouR BSRERLPIg b PRt EErE BMEconi nant
factors Mda¥Mblién fa@for des@hiritedadtifaed 9r ndi-h&hatedglréthrddbigtodblexC r cul ati on,
2002(106) : 2550-2554; Bijsterveld, NR et al, British Journal of

Haenat ol otppceae Feba)Vvh, phelggrncentigies xad cembinatiens thprepf. Pdoksrpxamplssiofat i on
Publ i ¢ati qQn. Q.. ) t
7 220 B ke Bgﬁgégggjsl%?ﬂz‘gééof%a?e 2&% %ﬁbgﬁ?ﬁ}{?ﬁgﬂ@g@kﬁf %%Sé%%%géul

Fi bri nol ySlosingZ@Rr T égntbes3; BichthMElifid, [Warld Federsticgh. of Wlémophalize 0008,
Application Publication No.: US 2008/ 0076702), V/Va (see e.g. U S. Patent

No. 7,125,846) and inatiaons thereof. [0206]. It is al.so contenpl ated
that the bl ood coagﬁ)?ﬁﬂ n l%ﬁ%fomplst@déﬁ%Sw-ﬁﬁ%imaigelaaﬂg PESHY BBAIPRG agent
It is furfhefeddRith aEahSbdshahe bREuhoiadcaeagt #blingy a9 aHivity TREDSE! ect ed

fromthe group consisting of an adsorbent chem cal, a"henostatic agent,
t hr onbi n, (séd bgi B.SgPatent Nedh®dpL8$.5B), prrtsio b iebibpor () ead efer Bsh Pateozen

or ot neora ot ERbeBiegNer BRa0RET TR bt SrutbiciBsfiién e Usa
conbi nat i pasnttApplieafon PAMiBatRHANP €S 20d8/0057059), alpha-2-antiplasmin (see, e.g.
U.S. Patent No. US 7,078,479), tranexamic acid (as described in e.g.
http://www .patient.co.uk/showdoc/30002117/), aminocaproic acid (as described in e.g.
Eaton, M.P. Anesth Analg. 2008 106(4):1087-100), aprotinin (as described in e.g. Liu
20 C.M. et al World J Gastroenterol. 2008 14(9):1425-9) and combinations thereof.

[0208] In one aspect, the fXa protein derivative is administered prior to
the administration of the blood coagulating agent. In another aspect, the fXa protein
derivative is administered after the administration of the blood coagulating agent. Yet in
another aspect, the fXa protein derivative is administered at the same time as the blood

25  coagulating agent. Yet in another aspect, the fXa protein derivative is administered

together with the blood coagulating agent.

IV. Polypeptide Conjugates

[0209] The polypeptides and polypeptide complexes of the invention can
be used in a variety of formulations, which may vary depending on the intended use. For

30  example, one or more can be covalently or non-covalently linked (complexed) to various



avai | abl e bl ood coagul ation factors are available in the citation Brooker
M Registry of Cotting Factor Concentrates, Eighth Edition, Wrld
Feder at i omoabiodsemphi | i a, 2008. [0207] It is al so cont erplraseabato t he
bl ood coagul ati ng agent may be sel ect@d fromthe group consi sting of
thronbi n- activatable fibrinolysis inhibitor (TAFI) (see e.g. U S. Patent
No. US 7,abar 1591?9111%@?1&@%6 cf Whishpnayoyary pepondingens the gartlp}ﬂgf P‘F’ﬁ@%@ntFor

(Soe or g, SR pLEB AP SRR SR BHRA or BHOGR BBl Dbt o )
al pha- 2- amhérpmakular ée&ﬁer,, mhgingbSt ndtaingirdd thimatldd ahdGyBthddOpolyineanexamn c

acid (as described in e, g. p: [/ wwv. patient.co. uk/showdoc/30002117/),
am nocaprmpt?lréep%maaghaa@%mowéapvd?séarglnoea{déh polyvny! alsehelnpoddny. 2008

106( 4) ti i ridJ
Gastr C)Sentl%g Fo-hd%g%)agd ?g{dg) :Anbe%%géga)@%ﬁ%{ng%%dﬁg? ?%t saﬁg?%ﬂfmg%%%géﬁ%l n one

aspect, thkpds¥mepseatlebnPdertiNmt>id83&,248. adpeptidstad rtlmjmpentmm cho bt hemplexed

adm nistration of the bl guI t|n ent ot.her ~aspect, the fXa
oot o n A RGALY BMEo R Y OB b L BRTE RO SHabi ot ORI SROBE 1 6 % oo
coagul at i iy RYEPed h¥Rlin.1 An %ﬂ@ée!ﬁ?cf e%ﬁ@@@fnto he deXavafihehnbegisbviathve is
adm ni stered at the sane tine as the bl ood coagul ating agent. Yet in

anot her asjikeen antigea-frsgnippomeirix weh ayan MHC cemaldnivrithserevidhbut eget her with
t he bll ood co uI atl egulagent | V. Pol ypeptide Conjugates [0209] The

pol ypept| len%u AMC pept| de conpl exes of the invention can be used in a

variety of fornul atl ons, which may vary dependi ng on the intended use. For
exanpl e, one or nor@2ten Bearslvadbeibleih @irie1o nchéab@niid yotllinmkeidto( conpl exed)
to variousother nol ecul es, the nature of which may vary dependi ng on the
parti cul avPHRRHES. seEgR Albkatp tefanys txeid; %Vélltalﬁnlflh@ﬁ%@ﬂv}hndﬁyq;%?b

coval ent | y sQf AR RPYELENt Iy conpl exed to a macronol ecul ar carrier,

i ncl udi ng, but nog 'imted to, natural and synthetic polyners, prot ei ns,

pol ysacchari des, pol ypeptides (am no acids), polyvinyl alcohol, polyvi nyI
pyrrolidone, and Ii[ﬁ%lb] Eemiép{pir@einc;arridwot;mqruglaybdfcnrmedllfsmgty acid, for

t t t Pa 37 t d f
A Sy R R £ v RO e A Sy o 1 o el A S AR

support, RAcyashekly 390 -nmibkdlin3(-e4-KiROWRaiRdfiMtleatiM@Nd-deaaiped herein. An

antigeni c peptidé epitope of the invention can be associated wth an

ant i gen- pHiesdyainyppreyl) carkadeimide (ECMNG totipl &x4-arama-a4-diipethplpentyl)
costi mul aéa%o%iumlde.

[0212] Examples of other suitable cross-linking agents are cyanogen

20  bromide, glutaraldehyde and succinic anhydride. In general, any of a number of homo-
bifunctional agents including a homo-bifunctional aldehyde, a homo-bifunctional
epoxide, a homo-bifunctional imido-ester, a homo-bifunctional N-hydroxysuccinimide
ester, a homo-bifunctional maleimide, a homo-bifunctional alkyl halide, a homo-
bifunctional pyridyl disulfide, a homo-bifunctional aryl halide, a homo-bifunctional

25  hydrazide, a homo-bifunctional diazonium derivative and a homo-bifunctional
photoreactive compound may be used. Also included are hetero-bifunctional compounds,
for example, compounds having an amine-reactive and a sulthydryl-reactive group,
compounds with an amine-reactive and a photoreactive group and compounds with a

carbonyl-reactive and a sulthydryl-reactive group.

30 [0213] Specific examples of such homo-bifunctional cross-linking agents

include the bifunctional N-hydroxysuccinimide esters dithiobis(succinimidylpropionate),



nol ecul es. [0210] Exanples of protein carriers include, but are not limted
to, superantigens, serum al bum n, tetanus toxoid, oval bum n, thyroglobulin,
nyogl obulwo,20emdeicsmunogl obul i n. [ 0211] Pepti de- prot ei nPCRIUS2@O/0pOEY Mer s
may be formed using conventional cross-Ii nki ng agents such as carbodi m des.
Exanpl es of carbodi m des are |-cycl ohexyl - nmor phol i nyl - (4-et hyl)

car bodi i ndigeecanEyl suheé%twmdshsclscmmlﬁrﬂttwre@ﬁﬁ iBmgtignat Fpidedistens de ( EDO)

and | -eth Y, | es of
ther sui Tt SBEE0E: Al TRLINRERE Yo SRERRFUMfind. S OhaEaR oo
and succi mlﬁhy@nyhyeibuebecroistmngﬁ@erml, [/ ;gfrld@zldimhrd)@lro;ﬁénmm]bufauact i onal
agent s includi ng a hono-bifunctiagnal al dehy bi functignal epoxi de,

a hono- bi iseieiyAgexAs- @8d B Rrmalginidon. %PFtaﬂ‘btt%‘?iéancN@ﬁ%l&%W]é@Féch i mi de
ester,s a jaNhob i uifkbnatnd B M H8uod- 19 Wn i EHélﬁﬁéu%ﬁé tﬁfumlo&@' ide, a

honmobifunctional’ pyridyl disulfide, a hono-bifuncti'onal aryl halid a
hono- bi f upmitcvromulve hyctagictas ba- [Fmd#mzhio{salmftarmd@)ethyl]drsolﬁdumhdé)[fumatqn\ab and a

Pore. O {15430k I BLESCL Y5, SRRV TRl By sed i ] vied are

am ne-r ea&ﬁpa\l@eh@rﬂéi oifilkfithall bydxideachiay € 1A QMR od P el etlef; Ahan
anine-reactive and a photoreactive group and conpounds Wi th a

car bony| - himetipned hadrdzidesadipiaydidydih ydseridd, V@bghﬁhwldq 62d SjccBpesdidi c exanpl es
KI hsw hcﬁﬁodrgmfdéj qge 1 19 acltlonal%sz?zolnfurr]nksl n%hggle nctilgzdtll}gcli lzilrcliéa bltS Qieaz%luz %Ct i onal
ydroxysuteifir i de

di t hi obi Slﬂesluﬁmentﬁmdmha@tﬁmn @mg abmiesilNLN’cuﬁylml@lbis(lsa&eétam@de)amﬂN
di succinimdyl tartrate; the bifunctional I mdo-esters dinethy

adi pi m daesamgihpsnayisodaggeramidey b“NaﬁGd‘%ﬁaﬁ@th%neé%ﬁé}dPﬁﬁeéPdﬁ@e) phwell

bi functi o nker A | di t hi 0)
pr opi onam?[gzdej‘%”itu{aﬂr?eéglEzl (Iig%’alﬁglgtﬁ”l g %é@giléia g 8%:;3 Xl&’&{k ng?%é ggl-d %?ﬁ&g_@%ct ane;

t he bi f undiloroetall)anivk, fespdcdedyl, 5- difl uoro 2, 4-di ni trobenzene and

4, 4" -difluoro-3,3" -dini trophenyl sul fone; bifunctional photoreactive agents

a1 Gorbies. for mal derlpALAT rar-GHRlF AP GOV ot Uiy S ST As &Y oy de
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limited to, SMCC (succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate),
MBS (m-maleimidobenzoyl-N-hydroxysuccinimide ester), SIAB (N-succinimidyl(4-
iodoacteyl)aminobenzoate), SMPB (succinimidyl-4-(p-maleimidophenyl)butyrate),
20  GMBS (N-(y-maleimidobutyryloxy)succinimide ester), MPBH (4-(4-N-
maleimidopohenyl) butyric acid hydrazide), M2C2H (4-(N-maleimidomethyl)
cyclohexane- 1-carboxyl-hydrazide), SMPT (succinimidyloxycarbonyl-a-methyl- o -(2-
pyridyldithio)toluene), and SPDP (N-succinimidyl 3-(2-pyridyldithio)propionate).

[0215] Cross-linking may be accomplished by coupling a carbonyl group

25  to an amine group or to a hydrazide group by reductive amination.

[0216] Peptides of the invention also may be formulated as non-covalent
attachment of monomers through ionic, adsorptive, or biospecific interactions.
Complexes of peptides with highly positively or negatively charged molecules may be
done through salt bridge formation under low ionic strength environments, such as in

30  deionized water. Large complexes can be created using charged polymers such as poly-

(L-glutamic acid) or poly-(L-lysine) which contain numerous negative and positive



bi functional hydrazi des adi pic acid di hydrazi de, carbohydrazi de, and
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posi ti vecieatlged thmoegipeatfuy edntrol Afldempdliantiobf pephylded paptyddre adlireoit 0
surfaces such as mcroparticle | atex beads or to other hydrophobic

pol yner s, StieBi non-coval ently associ at ed pepti de-superanti gen conpl exes
effectively m m cking cross-linked or chemcally polynerized protein.

Finally, peptides npgife ARBHAMAER hs dppNk@bntdd BUGRpHDE aHge of
bi ospecific interactions between otHer nolecules. For i1nstance, utilization

of the stpdyrgptiflfs deiserybedthetsiimeomugated toradnkdligsg.sutlhorgsceay pulbinluprinescent
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polypeptides can be bound to a column and used for the detection and purification of
20  antibodies. Suitable fluorescent labels include, but are not limited to, fluorescein,
rhodamine, tetramethylrhodamine, eosin, erythrosin, coumarin, methyl-coumarins,
pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade BlueTM, and Texas Red. Other
suitable optical dyes are described in Haugland, Richard P. (1996) Molecular Probes
Handbook.

25 [0218] The polypeptides of this invention also can be combined with
various liquid phase carriers, such as sterile or aqueous solutions, pharmaceutically
acceptable carriers, suspensions and emulsions. Examples of non-aqueous solvents
include propyl ethylene glycol, polyethylene glycol and vegetable oils. When used to
prepare antibodies, the carriers also can include an adjuvant that is useful to non-

30  specifically augment a specific immune response. A skilled artisan can easily determine

whether an adjuvant is required and select one. However, for the purpose of illustration



binding sites that can interact with biotin in solution or be covalently
attached to another nolecule. (See WIlchek (1988) Anal. Biochem 171:1-32).
Pept i des wanotmsemdi fi ed to possess biotin groups usi ngPCTIURIVI/064060

bi oti nyl ation reagents such as the Nmwgdroxysuccini m dyl ester of D-biotin
(NHS-biotin) which reacts with available am ne groups on the protein.

Bi ot i nyl 2@y sgiphle adigvarieinclulg, b afenal hiatied tovikreungys dpmplste Adiuspittavi din to
create | I s of such polyners can be
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peptide to avidin or streptavidin. [0217] Also provided by this application
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e.g., a fluorescent or biolum nescent |abel, for use in the diagnostic

met hods. For exanpl [@219]et €d plebant irnbeti@drepepttd deserapuaitip odeylpeipdfi des can be
bound to a col um and ,usg? for the detection and purification of

ant i bodi e¥eVesling fpFEIUFING S B8R 2 sUberINdFgP igAntisRASURNEREIPY] {ift ed to,

f1 uor esceldienfIAGR Hal the dhBUSRIBE MY bFROHAN A on %ie%zieb@ sh&i g idlﬂigs% pgerin,

met hyl - coumarins, pyrene, Malacite green, stil Lucifer Yell'ow, Cascade

Bl ue(t m ,usaddh dlextas dReterg@nhesitsitichawhichopt sdely ady épecaﬁicalldelsuuriltzed in
Haugl and, . Ri.chard ,P. (1996) . Ml ecul ar, Probes ndbook. [ 8] The

pol ypept ifa%nﬂ@lt%f ol 8?%1‘38?%‘8"“8%03%“%%%% aawntgﬁgfé#%s_ i qui d
phase carfdnfidynaBkCideas fe&tedr dxBce@bat R WE S ro Blekdtive RascubR 2ESFBRRUD ligiaky. Y
acceptabl e carriers, suspensions and enul sions. Exanpl es of non-aqueous
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[0219] ThRpaRRBhy bRGERE!DS) FELARE Bof fadhrt MAHARSHLNG EIRS fieteRimpgvgNt | NG

or reducing g In a subject undergoi ng anticoagulant therapy. It is
cont elfpl attedlatdpitarmheutodlipdatedsreoin dhimalbredisemitiires v exgeriomrentm yninels. The
short-durat.ion drggf to be . . . . .
antidotes or derivatives of this invention may be administered once or several times when
needed to neutralize the effect of a fXa inhibitor present in a subject’s plasma.

Preferably, the antidotes of this invention is sufficient when administered in a single dose.

[0221] It is contemplated that a typical dosage of the antidotes of the
20  invention will depend on the actual clinical setting and inhibitor concentration in plasma.
In in vitro assay, such as thrombin generation, clinical clotting assays such as aPTT, PT
and ACT, a therapeutically effective amount of an antidote is expected to produce a
correction of ex vivo clotting activity of 10 % or more. In vitro assays indicate that an
antidote/inhibitor ratio > 0.5 should show reversal effect. The maximum plasma
25  concentration for antidote is expected to be in the micro molar range, probably at 10

micromolar or below.

[0222] In aclinical setting, one of the criteria in determining the
effectiveness of an antidote is that it produces any change of actual measures of bleeding.
In clinical trials, categories of major bleeds include fatal hemorrhage, bleeds into vital

30  organs (intracranial, intraocular, retroperitoneal, spinal, pericardial), any bleed requiring



used in elective or energency situations which can safely and specifically
neutralize a fXa inhibitor' s conventional anticoagul ant properties w thout
causi ng debevsviselss henodynam ¢ side-effects or exacer baciras2@b/ot4v60
proliferative vascul ar response to ineury. [0220] In one enbodi nent, the
therapeutically effective anmount of an antidote exhibits a high therapeutic
i ndex. TH&-apeexiapennewitherapeutis prasedede 2r atnigtipe phiepParyRyd kneend

t her apeut fect i i D50 and
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neutralize the effect of a fXa in tor present 1n-a subject’'s plasnma.

Pr ef er abl hlged s stabilizdd (i@erahs pdridecilimrent i on i s sufficient when admi ni stered
in a single dose. [0221] It is contenplated that a typical dosage of the

antidotes of the i ion wll depend on.the actual linjcal setting and
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clinical setting, one of the criteria in_determning the effectiveness of
an ant i doherapeuticrpipcedirede g ieWsinsgtion HahlhRlen FatBRie Rl CYNR RIS SRSEipeedi ng.

In clini C&'bsttaﬁtjiﬁrlémafbﬂ{ﬁqgfnié?:ﬁof?fsit&?dr%[se@h@r%‘iﬁatiaFl% Went k) opartithage,
bl eeds into vital organs (1 htracranial, Intraocu a#i retroperitoneal,

spi nal , peiviat andinal Jubstamyal bleeddosseblaedingggeiropematanoed wanséusiew Ahesedpeut i ¢
procedure (e.qg,,.aspi i of an operated ee, thoracoto t ybe insertion
for henot ?l_ax,subﬁﬂﬁgi%)grf@ﬁe o cbagaraer Siposdetye,s @9@"%_%%@ i ndex of
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henogl obi n val ues after the bleed has stabilized (in grans per deciliter).

[0224] In one embodiment, the derivatives of this invention have
sufficient plasma circulating half life for substantially neutralizing the fXa inhibitor
20  present in plasma. Activated fXa has essentially no circulating half life in humans, as it is
effectively inhibited by ATIIIL, TFPI and other plasma inhibitors (Fuchs, H.E. and Pizzo,
S.V., J. Clin. Invest., 1983, 72:2041-2049). In a baboon model, the half-life of a fXa
blocked in the active site by DEGR ([5-(dimethylamino)1- naphthalenesulfonyl]-
glutamylglycylarginyl chloromethyl ketone) was approximately 10 hours or 2 hours, as
25  determined by isotopic or enzyme-linked immunosorbent assays, respectively (Taylor,

E.B. et al, Blood, 1991, 78(2):364-368).

[0225] It may be desirable to extend the half life of an antidote fXa
derivative to 24-48 hours. It is contemplated that conjugation or addition of one or more
of the following moieties will increase the plasma half life of an antidote:

30 a) polyethylene glycol;

b) an acyl group;



[0223] Another criterion for antidote efficacy in clinical settings is that
it reduces clinically significant non-mjor bleeding. This category of
henor r hagwe 20twiseme bl eedi ng that is not mejor but is npce/ushe/ose@l and
warrants clinical attention, including epistaxis that is persistent or
recurrent and in substantial anmount or wll not stop without intervention;
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cystoscopi c i nspecti‘on), substantial hematonmas at injection sites or
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that agmount usually,assogjahafci th surgical procedure. Substantial blood
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noieties w i ncrease the plasm of an anti dote: ol yet hyl ene
gl ycol ; biprgatfingthelexgsicupayiedhecqiosomesnaifidn icdpsaainatefingnafenysh d) carrier

rotejns,; rtificial ph . pi rane; f) .imunogl obulin: an

g ag;g]épts l, @g%or%o{ecula? su%str teso gIPCP i%L{bE)togs, gru% as %roechron%in gg&’ an?ghr%%%m ﬁI, and g)
while leaving the active site cleft unperturbed so that the complex can act as an antidote to
bind active site directed small molecule inhibitor. Formation of a-2-macroglobulin-fXa

complex can also be of useful as an antidote for fXa small molecule inhibitors.

[0228] Efficacy of the antidotes in reversal of the anticoagulant activity
20  of fXa inhibitors as well as its procoagulant activity may be determined by in vitro assays
and animal models by those of skill in the art. Examples of in vitro assays are thrombin
generation, anti-factor Xa units, clinical clotting assays such as aPTT, PT and ACT. An
antidote of this invention is contemplated to be capable of producing 10 % or more
correction of ex vivo clotting activity. Several in vivo animal models of bleeding time
25  and/or blood loss in, for example, rodents, such as mice, dogs and primates, such as

monkeys, may be used to measure efficacy.

VI. Pharmaceutical Compositions

[0229] The present invention further provides compositions comprising a
tXa derivative, a blood coagulating agent, and optionally a pharmaceutically acceptable
30  carrier. Also provided are compositions comprising an isolated polypeptide comprising

the amino acid sequence of SEQ ID NO. 12, 13 or 15 or a peptide having at least 80%



[0226] The conjugation site may not be limted to special chain or residue
so long as the conjugation does not mask the inhibitor binding site(s) of
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[0227] In general, adm nistered anti bodi es have nuch |longer half life than
ci rcul at i MINUPBOE THAGRIND h 1p et siatlood ¢oagylaiag agent and eptipgiallnaconpl ex

consi sti 9&a&%ﬁdﬁgﬂ§%a¥ﬁ§ ent fXa and an antibody bound to the exosite

of fXa as an antl nded circulating half life. Formation of a
conpl ex between fXa and the anti body targeting the exosite may reduce
interaction of an @02a3@loméPhardetéwcicelty adcptabletchrriencrrofond ®amly diluenthst r at es

and inhibitors, such as prothronbin. and antlthronQJ JI1, while |eaving the
active siPERFEOr ﬁﬂﬁ@’ﬁsttﬁ?t%ﬂ’ Regiseth 4t thegamparpPese ég‘hmé(ﬁlﬂuoé‘s an antidote to

bind acti M?an%hée%tlgzﬂ E%aﬁ%ﬁﬂnefmh@lﬁ&l@ fén e&bﬁéﬁ'g@@ralullﬁﬂ{a”ﬂhhﬁﬁhrﬁ’fstearate
a- 2- macr ogl obul i n-f Xa conpl ex can al so uSeful as an antidote for fXa

smal | ol lecithie, serwml brateins suc[mm}naﬁfswma@liaumin bhHeambitdateessuch as ever sal  of

the antic ct|V|t |nh|b| ors_as S|ts [ |.ant
acti vty TP EueBEh: aidic B itor iR Srb e i P s E P LB e o
skill in $detaBletfattF¥AON RSerOfalts Br ¥ebtidlyRS SAVS adFiBtanlih® hfafe, dBdefuat | on,
anti-factor Xa units, clinical clotting assays such as aPTT, PT and ACT. An

anti dot e I@rdrqg@msphpmhém PeassiuM bydroaprpphasebpte.copentejeatidce Zor sw%a@mlﬁfé 10 %
or Nofe CSQ]"b{ eﬁlt ' tr?sxhca ﬁrlvfhé/ﬁ hﬂ?elﬁﬁ)ﬁlk\/&eﬁl Ios<§3Xs%d%in§te(h Xé vo ani mal

nodel's of e and/ 0SS I'n exanpl e rodents such as
m ce, dogpolwhlylmd gt@t&cﬂssodﬁm barasxymdtkgydlul saeypdlgadusleds t@amqﬂlyeﬁl}&érfel- cacy.
VI . Pharnaceuti cal rlv;ggom tions [0229] The present invention further
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[0231] The pharmaceutical compositions of the invention can be
manufactured by methods well known in the art such as conventional granulating, mixing,
dissolving, encapsulating, lyophilizing, or emulsifying processes, among others.

20  Compositions may be produced in various forms, including granules, precipitates, or
particulates, powders, including freeze dried, rotary dried or spray dried powders,
amorphous powders, injections, emulsions, elixirs, suspensions or solutions.

Formulations may optionally contain stabilizers, pH modifiers, surfactants, bioavailability

modifiers and combinations of these.

25 [0232] Pharmaceutical formulations may be prepared as liquid
suspensions or solutions using a sterile liquid, such as oil, water, alcohol, and
combinations thereof. Pharmaceutically suitable surfactants, suspending agents or
emulsifying agents, may be added for oral or parenteral administration. Suspensions may
include oils, such as peanut oil, sesame oil, cottonseed oil, corn oil and olive oil.

30 Suspension preparation may also contain esters of fatty acids, such as ethyl oleate,

isopropyl myristate, fatty acid glycerides and acetylated fatty acid glycerides. Suspension



Phar maceutically acceptable carriers include ion exchangers, alum na,
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sur f act anfo3ne iits BE NG D%k A0E Mpar L1y SPHsihby | Tk RER Pbﬁrent@_ﬁ}" Reyseddadisf or oral

or parenteral adm nistration. Suspensions may include oils, such as peanut
oi |, sesaimeludéd subcgtncovnsgedaenbys, ovramuwedlamndragdiiigdanidtra-Suepehsi on

reparati.o al so_contain, esters of fatty.acids,.such as ethyl. ol eate,
P opetsny 1R beS Raufa: odndRlE udksinbl i AREBnyT HiesoR of (1 sef
gl yceri degechnRUFRE PRMRREDTTRAAL WIS tHERK al iRKibHEEheh OB BzedTHG R 188 €t hanol ,
i sopropyl al cohol, hexadecyl al cohol, glycerol and propyl ene gl ycol.

Ethers, shletmakalpbfeyt eetipueneingisicion)a suiained iedease giardemnbonsbe raehicds
m ner al Otlolbil%f' % RERKP in%bli't%} afid! guc%}e% rup TRY ac%!v% ?XQ %rigrs {%d[hé Blearance of the

tXa inhibitor from the body.

20 [0235] Sterile injectable forms of the compositions of this invention may
be aqueous or oleaginous suspension. These suspensions may be formulated according to
techniques known in the art using suitable dispersing or wetting agents and suspending
agents. The sterile injectable preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent or solvent, for example as a

25  solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For
this purpose, any bland fixed oil may be employed including synthetic mono- or di-
glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the

30  preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive

oil or castor oil, especially in their polyoxyethylated versions. These oil solutions or



suspension fornul ations. [0233] The conpositions of this invention are
formul ated for pharmaceutical admnistration to a mammal, preferably a
human beiwg@.20fusk7éphar maceuti cal conpositions of the i neemttsemomsdpche

adm nistered in a variety of ways, pr#ferably parenterally. [0234] It is
contenplated that in order to quickly reverse the anticoagul ant activity of
a fXa i nhiuspansionp My ak coptai plongehamalenhgkditnenpordisnpsiagbresh a5 t uati on, t he

antidote r
ot cut at i ST oA Sl FR RS RRTHA! SR IRBFIER £ o
coagul ati ﬁogma‘gealﬁ ofipharineceadoalhi steitettle depat ddralsyindudinggetubésns ahbie term

"parenteral” as used herein |ncludes subcutaneous |ntravenous
i nt r amus cSRENSIoNE Pthes commanky used surfactanis suchas Twesns.axpans #d othemy ¢ at hecal |
intr afsepaédl19151f§1ii‘%Bgén?s%lod}@a{vaﬁ%lh g%h%%%ﬁ'ch b @RihQfly Abed 1Hftfﬂ§' on
t echni ques , I'n cases whére the fXa 1 nhibitor bei ng neutralized has
a | ong plmasmeadialefof Iphirmaceutealy acneptable sofidsliqnd,ar othes detage feths med yed se

formul ation be required.to bind to the Xa i bi t d such free up
the acti Vi R fortfop Epghes e fuwdiide S RptPoEes 1By FmyissF e pRRRERL body.
[0235] St &hhihBirhilrL6y RRlcBoh NidiBas By HollR 1ﬁ3@8ﬁ’&§(’)ﬂdoﬁﬂ§udﬁfs ihfkidn! AV@RL | on may
be aqueous or ol eaginous suspensi On. These suspensions nmay be fornmnmul at ed

accor di ngdasega eehdpguestikimows bean aingowes ouginmytisigre edtaneiBsper si ng or
wetting agents and suspending agents. The sterile injectable preparation
may also be a steri nj £ct LUtk r HﬁE 0,8 -1 oxi C
paren 0Zrally acceptllag?{ia] ﬁ‘11 G@ﬁ{‘ﬁtg% y"l g% § egg%]%]pgs acglg{lﬁl{l on in
1, 3- but anedémhble Amip@nﬁs had asmem a&hh|d©sageffbﬁh£§re ge@brslq} MewStotthede sklledbe
enpl oyed are water, Ringer's solution and isotonic sodiumchloride

sol ut i on. inthe ¥gand 415 ﬁnchﬁeérln the inpentiog. & sheuldrhs vadpisone it a15pscilinfrdsed as a
sol vent may be
enpl oyed %nﬁéﬁgﬁﬂg&%rﬁgﬁgr:ﬁ@ r?gﬁfg}l fapkétd& ltl()@gggqega%o@g%%etg &gt&such as

ol ei c aciidcladohgithsaqivitg ef tldespeafic watidotesmploged) skef age, bqsﬂyc\haghnr epardt i on of

i nj ectabl es, as ar e natur arma eut.i cal.l y-accept e oils, such as olive
oi | calgf'laHP SB?‘Ian dichdeh Ia’i“ijjﬂ‘?ﬂ?tlf ‘e‘}CPOBBW%WH?IﬁyT@%‘BUWr i ons. These oil

sol uti ons,fiSHERENS rALSF éE&Yetﬁ)'nSQru%Q@%hﬁu@n Jeegn&h% Ehea&eraaﬁgbhﬁﬁdlum or
di spersant, such as carboxynet hyl “cellul ose or” sim|ar di spersing agents

whi ch ar evatgymapiah yndissvdrifyrofttheparticular disease being treated.

VII. Kits

[0237] The invention further provides kits or packages. In some
20  embodiments, the kit of the present invention comprises: (a) a first container containing a
tXa derivative or an isolated polypeptide comprising the amino acid sequence of SEQ ID
NO. 12, 13 or 15 or having at least 80% homology to SEQ ID NO. 12, 13 or 15, (b) a
second container containing a blood coagulating agent. In other embodiments, the kit
further comprises a fXa inhibitor for regular administration for the treatment of
25  thrombosis. In other embodiments, the kit further comprises a label explaining when

these agents should be used.

[0238] The first and second container can be a bottle, jar, vial, flask,
syringe, tube, bag, or any other container used in the manufacture, storage, or distribution
of a pharmaceutical product. The package insert can be a label, tag, marker, or the like,

30  thatrecites information relating to the pharmaceutical composition of the kit. The

information recited will usually be determined by the regulatory agency governing the



formul ati on of pharnmaceutically acceptabl e dosage fornms including emul sions
and suspensions. Qther commonly used surfactants, such as Tweens, Spans and
ot her emweizbyiosgreagent s or bi oavail ability enhancers wrcthisass/ocmrmonl y
used in the manufacture of pharnaceutiically acceptable solid, liquid, or
ot her dosage forns may al so be used for the purposes of fornulation.
Conpoundsarpiip Wweich Sierahpgnecguticn compentien kito heipelai sich as themiediSitect i on such
as by bol i nj i . 0t P nfus] i 0: f or

i oat i ont U HEiuk ARl MERRLLD ElBRae ol e PR ARFL B} -

addi ti on indicdosadger Whichshdgsemnidradcdlkomposifb@hieeenppaled, Bocgpkakl e

exci pients and carriers_and dosage forps are generally known to. those

ski |l ed iAs¥h@a%Pe MaAg oY MACTRRIGVhish 8 PETsPR Gahtaad forpatinsengingd

under 5t 00foefilr e SHECPlGaSIPSAO ALk I ERITPRIn IR0 HARRiA] QlicrPilpapat L cul ar
patient wll depend upon a variety of factors, 1ncludingthe ac}% vity of

t he speciddhesiamrbadket paparphoipedd, foile oaglestich aatl/thagikghin wijehéreadeshiehl t h, sex
and diet,. renal. and hegat.i o functi%n of the patient, and the time of

adni ni st rlﬁhr@ﬁflo? ﬁ?sebCS PEREASE PRR®ddr ug combi nation, judgment of the
treating physician or veterinarian and severity of the particul ar disease
being treated. VII. Kits [0237] Th&XAvEpESn further provides kits or
packages. In sonme enbodi ments, the kit of the present invention conprises:
(a) a first contai n@p3gontRd Mivedich it KatHdeuhdkddtbdEDL Pef@Bndes i ®Uowing

pol ypeptide conprising the am no acid sequence of SEQ ID NO 12, 13 or 15
or hal ngexamplasawhicB@% intardedpybet prrdFEx¢mpING ofithe imvgntgm. TBe gredentn second
cont ai ner. cont ai.ni. ng. a. bl.ood cqaqgul at i ng..agent,. I n ot her .enbodi ts, the
e fur o nas st Gl G ERANE RIS g el i PIRPRGIRRGS e

t r eat mentill@trdtion© 6DOHEIS aspedts@if ey ineeiodiofBNt Sny bthols that Metfhittioggpri ses a
| abel expl ai ni ng when these shoul d be used. [0238] The first and second
cont ai nere¥EIGHE aig Wiship (the scppg of the Hiventiery skariay mgdificatiophef thg agyengen any

ot her cont ai;per i TeRR (g i i i a
phar mmceuy oafon 3 fist Besitfcd AL AGH tEbomhghRaE o Bb i I BB 2 )
t he li%ke, thti@tgsieg deespiind ardmtompanydhg@figurgs. t Sudhheoditieativac &l withih the
conposition of tﬁlhe kit. The information recited will usually be determ ned
by the rel§aPathiy 2BRFEHEd Clg8%%er ni ng thearea in which the pharnaceuti cal
conposition is to be sold, such as the United States

[0240] Unless otherwise stated all temperatures are in degrees Celsius.

Also, in these examples and elsewhere, abbreviations have the following meanings:

aa = amino acid

ab = antibody

ACT = activated clotting time

aPTT = activated partial thromboplastin time
CHO cell =  Chinese hamster ovary cell
CHO dhfr(-)cells =  CHO cells lacking dhfr gene
hr =  hour

INR = international normalized ratio
v = intravenous

kg = kilogram

M = molar

mg = milligram

mg/kg =  milligram/kilogram

mg/mL = milligram/milliliter

min = minute

mL = milliliter

mM =  millimolar

nm = nanometer

nM = nanomolar



Food and Drug Adm nistration. Preferably, the package insert specifically
recites the indications for which the pharnaceutical conposition has been
appr oved.wohelopaecicage i nsert may be made of any nateri alPcorusedmobsoso per son
can read information contained thereim or thereon. Preferably, the package
insert is a printable material, such as paper, adhesive-backed paper
cardboard, foiPO or plastic, andot#he |ike, on which the desired information
has been printBBPor applied. EXANRLES rjodrdBmaThe i nvention is further

under st ood by PE&ference to the f oldtlowimbgn emanpl es, which are intended to be
purely exenpl aR¥Uof the inventi orelathledlypiesenrt unitvention is not limted in
scope by the exenplified enbodi mesdosd Which are intended as illustrations
of single aspegts of the inventi gga@Fhdfor ANy nmethods that are functionally
equi val ent arepw,ihin the scope gfit/haiipyention. Various nodifications of
the invention -ﬂoﬁﬂﬂi tion to thogg.deseribed herein will beconme apparent to
those skilled {y the art fromt h(raniir%r %ga(%i ng descri ption and acconpanyi ng
figures. Such ¥odi fications fall "WtHI%"t he scope of the appended cl ai ns.
[0240] Unl ess ¥&herwi se stated alt“Céifferatures are in degrees Cel si us.
Al'so, in thesef®Xanpl es and eFsefté&¥el? abbrevi ations have the fol | owi ng
meani ngs: aa =P@hi no acid ab = aptdtgjodyinhtitos activated clotting time aPTT
= activated paP$i al thronboplast prot¢inseniibi@cel | = Chi nese hanster ovary
cell CHO dhfr(TAEEI I s = CHO cel | shrbmbli-mgivatable fipemelyhis ishihnor | NR =
international DeIWHI i zed ratis | Yow molktdveneight kgasn ki | ogram M = nol ar nig
=mlligram

Example 1. Preparation of des-Gla anhydro-fXa by Chymotrypsin Digestion

[0241] Des-Gla anhydro-fXa was prepared according to the procedure of
Morita, T. et al., J. Bio. Chem., 1986, 261(9):4015-4023 by incubating anhydro-fXa, in
5 which dehydroalanine replaces the active-site serine, with chymotrypsin in 0.05 M Tris-
HCI, 0.1 M NaCl, at pH 7.5 and 22 °C for 60 minutes. In a typical experiment setting, 0.5
milligrams/milliliter (mg/mL) anhydro-fXa was incubated with 5 units/milliliter (U/mL)
o-chymotrypsin-agarose beads with gentle agitation. At the end of the reaction, the o-
chymotrypsin-agarose beads were removed by centrifugation or filtration. This was
10 followed by incubation with excess amount of inhibitors 4-amidino-phenyl-methane-
sulfonyl fluoride (APMSF), tosyl-L-lysine chloromethyl ketone (TLCK), and tosyl-L-
phenylalanine chloromethyl ketone (TPCK) to quench the residual fXa activity or any
activity of chymotrypsin possibly leached from the beads. Gla-domain fragment and
inhibitors were removed from the final product, des-Gla anhydro-fXa, by an Amicon
15 Ultra Centrifugal filter device (YM10 membrane) or by conventional dialysis.

Concentrating or buffer exchange, if necessary, was also achieved at the same time.

[0242] The Gla-containing anhydro-fXa was prepared according to the
procedure reported by Nogami et al., J. Biol. Chem., 1999, 274(43):31000-7. As shown
in Figure 5, the Gla-containing anhydro-fXa has diminished enzymatic activity but is

20  capable of binding fXa inhibitors such as betrixaban. This is described in detail in

Example 4.



ng/ kg = milligramkilogramng/nL = mlligramimlliliter mn = mnute nL =
mlliliter MM = mllinolar nm = nanoneter nM = nanonol arPO = oral PRP =

pl at el et wochippisewsa PT = prothronmbin time RFU = rel ati pveTfisa@wpsmence uni t
S = second TF = tissue factor UnlL =®Bnits/mlliliter mL or uL = microliter
mM = mcronolar ng = mcrogramfXa = factor Xa PCl = protein C inhibitor
PSI = protein S inhi0B#3lor atAmmetyphincighiose beask wasatuadhiased fromiSigny sidthe

i nhibitor L =.L | ecul ar i ght hepari.n e 1..Preparation of
des. & o arvir 6o S8 RS Ehy SRy R oS SR E ebsitd IEPRRbC 6. e
was prepajsed according to the procedure of Mrita, T. et al, J. Bio. Chem,
1986, 261(9):40 15-4023 by i ncubating anhydro-fXa, in which dehydroal ani ne
repl aces the active-site serine, with chynmotrypsin in 0.05 MTris- HCO, 0.1
M Nad , at pH 7.5 afd44l> Oymefyrso ¢ieetiossf a¢tived Xaywan barasirperi ment

sett1 A9, Ledrdffld ol Bh AMROE Uk Wil IR ABNSENRYALIRS LRiNAT LSRR W L S
units/milTilit (a a- chynot rypsi A- agarose beads wi th gentle agitation.
At t he endbtafitdiebef@achd diymdilypsia-digehyomtany pgémiSadannd 60 bemdss afer e renoved
ntrif ' filtration. Thi
by centri ch%/ %tcrlygglln %Iiges‘clior;[ acacE)rld(l)ng to tﬂé Sro\élgc?ure described in Example 3 below. Figure
7 shows complete loss of clotting activity after 30 minutes of chymotrypsin digestion.
The incubation time were extended to 60 minutes to ensure complete removal of the Gla

10  domain.

Example 2. Thrombin Generation Assay in Platelet Poor Plasma (PPP) or Platelet
Rich Plasma (PRP)

[0245] In this example, human platelet poor or platelet rich plasma

samples were prepared from blood of healthy donors drawn into 0.32% citrate. PRP and

15  PPP were prepared by spinning the anticoagulated blood at ~100 X gravity or 1000 X
gravity for 20 minutes, respectively, at room temperature. 75-100 microliter (uL) plasma
was mixed with CaCl, and Z-Gly-Gly-Arg-aminomethylcoumarin (Z-GGR-AMC, a
thrombin fluorogenic substrate). Tissue factor (Innovin, Dade Behring) was added to
initiate the generation of thrombin. For a typical experiment, the reaction mixture

20  contained 15 millimolar (mM) Ca™, 100 micromolar (UM) Z-GGR-AMC, and 0.1
nanomolar (nM) tissue factor (TF) (Innovin). Thrombin formation was monitored
continuously at 37 °C by a fluorometric plate reader (Molecular Devices) measuring the
relative fluorescence units (RFU). Inhibitor and antidote, when present, were pre-
incubated with plasma for 20 minutes at room temperature before initiation of thrombin

25  generation.

[0246] The results of various experiments using this assay may be found

in Figures 4, 6, and 9.

Example 3. Clotting Prolongation Assays

[0247] Two clotting assay formats were used to test the effects of factor

30  Xainhibitors and the antidote on clotting prolongation. In the first format, a 96-well plate



foll owed by incubation wth excess anount of inhibitors

4- am di no- phenyl - net hanesul fonyl fluoride (APMSF), tosyl-L-Ilysine

chl or onetwgl2otoatserse ( TLCK), and tosyl - Lphenyl al ani ne chipararsedoapb4oket one
(TPCK) to quench the residual fXa actMvity or any activity of chymotrypsin
possi bly | eached fromthe beads. G a-domain fragment and inhibitors were
renmoved fYVe&nHsehE mepare prubipletamplessat dreasagierirag- olglftb@secspd aanRIEgh U tra

Cent ri fugglf L r%gasﬁlf‘@ With Sgange{l@@ %ﬂatf%ﬁs\fmﬁ%%’ gﬁLA‘E@ uigBh YSI S

Concentra i'ng or er exc so achieved at the
sane ti meaut¢@d2doaghietiéd ameont ai ni ng anhydr o- fXa was prepared according to
the procedure reported by Nogam et al., J. Biol. Chem 1999, 274(43):3

1000-7. As shown i i gur , .the d.a-containin dro-f Xa ha di m ni shed
enzymatic activi tynwg?gj' Ienctgf)géw\?ll&latﬁ%?fﬁ?aﬁ&leﬂ)é ﬁ rbpllaf?ieé Pg% ashaa

bet ri xabag). plzﬁ@l‘e@n&lﬁpl@ﬁﬁ&Wapﬁl‘éphﬂédgﬁﬁl?dﬂy ds@)r@éﬁﬁﬂ%k | éxa[ng)@éé] 75-100 plL,

a- Chym)tryp3| n- agar ose bead was purchased from Sigma and the specific

activity glaymd yawesalbdsdavidnCatdnunabatedeat 33 *Qéarad igruteshed s doriatioh ot

acoor i g P MBI G BHBUN B CROTOU O BBR) B Bt 8 T ARt U of |

active fXas Wagle GRhES. r@@hn@@f)pomt)ﬂem@hwmbfem%hﬂmﬂiug@siylmateMeafter 15,
30 and 60 m nutes of chynotrypsin di gestl on according to the procedure

descri bedMelegtzirpices). Heloging trngwaedefingenshecionp (seeend) 3disn dfe kalfot t i ng
activjgy 1.8 ti rre
wor ¢ 5 oty SAuEbrHhERaRle T R AT EE, RS RN O
Exanpl e Zantillbtepwhemplesdie, wérk re-Astioated W1t1?|paisﬁl|a%t rdoaotentfeasura f(:PRP) or
Platelet Rich Plasma (PRP) [0245] In this exanple, hunman platel et poor or
pl at el et PiREes Pt idaing B hesrdiqr epar ed from bl ood of heal thy donors
drawn into 0.32%citrate. PRP and PPP were prepared by spinning the

anti coagul at ed bl oo@284] - h3Rn %n AERN 504 s tésQ&Pfo%(lt%R)Yﬁﬁ%_acanfty 20sHBwRhes .
respectively, at room terrper ature. 75-100 mcroliter plasma was mi xed

wi th Cad Figmg 727& 190 @Lyf)@d@cmmt pbmaa (¢ wen Karg BlofMedm IWD wa re¢nlafred n
Fluoragen) g, BUPE! [i2hShed &' 37580t 3 Hiflied AR HoalBdBnBR Y A ot8psiddded to
digestion was added to the plasma to initiate clot formation. Change of OD405 was

continuously monitored by a plate reader as described before.

[0250] In Figure 13, the effect of 400 nM betrixaban on aPTT
prolongation of normal human plasma and the reversal of betrixaban inhibitory effect by
20  antidote des-Gla anhydro-fXa was measured with a MLA Electra 800 Automatic
coagulation timer. 100 pL pooled human plasma was mixed with 400 nM betrixaban and
different concentration of antidote. aPTT reagent (Actin FS, Dade Behring) and CaCl,

were added per manufacturer’s instructions for measurement of clotting times.

[0251] Results of additional experiments using this assay may be found

25  inFigures 10 and 11.

Example 4. Reversal of Inhibition of fXa by Betrixaban by anhydro-fXa or des-Gla
anhydro-fXa

[0252] To measure the inhibition of fXa activity by betrixaban and
reversal of its inhibitory effect, purified active {Xa, different concentrations of betrixaban

30  and anhydro-fXa or des-Gla anhydro-fXa were added to 20 mM Tris, 150 mM NaCl, 5



initiate the generation of thronmbin. For a typical experinment, the reaction
m xture contained 15 mllinolar (M) Ca2+, 100 m cronolar (M) Z- GGR- AMC,
and 0.1 neoammEs766nM) tissue factor (TF) (Innovin). Thromiseo®os4vet i on was
nonitored continuously at 37 OC by a #l uoronetric plate reader (Ml ecul ar
Devi ces) neasuying the rel ative fluorescence units (RFU). Inhibitor and

ant i dot e, M\heR  pinss hfe BaydipceSqupia) AMbumat &b Ani tAf gL [igH3t ro@Mni nut es at

roomtenperature befare. initiati of  t hr ok energ@t i,on. g0246] The
rasul t o orr i e bR & b bR R PR BR ATk gures 4,

6, and 9. subX@¥®| Americakl Dihindigcvelsaagéat ioQhe Assatksand Wdhte Jabale ti ng assay
formats were used to test the effects of factor Xa inhibitors and the

ant i dot e deprveRdwves MgnieisH eprfatioBHy fo1rp miyaitesi at 405 paramater (AmMI Sy wellate p| at ewas
used t r i pl les. : ] y
format, APEF bl bt e SRS Ehert IS T rhERY o} RS DATE RIRAEAREY
El ectra 8fGinguitldbiasri dniciabgliddtyi @prédurefoymali @48 fuhatidmer i9Bibivert dndpl at e
format met hod, hunman pl atel et poor plasnma or platelet rich plasna was

pr epar ed &itidpiegopgengation yasanplwediby neplingsr geesessipg tq gejimate Hlepdinitiels

recal ci fil?e%%\ﬁbtaﬂt antid&t@?}big%%‘. at 37 0C for 3 minutes and clot formation
was initiated by adding tisstie factor (Innovin, Dade Behring) or an aPTT

reagent (Actin FS, Dade Behring). Change of OD405 was nonitored
continuously by a pl0353 r Eaaeffect Mihe@ntidote BesyGbemihydiCHXat dmrambme was

( coaohny i i P EaRRehe Rl S3bR GATRRD B st P Gnen -

present, w6 wittor wightR@heshtiibh ANpa&iB shll MRNeauleP eihaitbr eAf &fpedRdm nut es
before initiation of the reaction. [0249] Wen an active fXa was tested for

its cl ot tthagntgdate (338y1Midosh samffast hegmidolytic 7aivitlgef bia (F xMetriisiidnbitighas ma

(George Kin | ical, Inc.) was recalcified with Cad 2, incubated at 37
0C for SI%rﬁ %)U@QA%%&?%& products followi ng chynotrypsin digestion was

added to the plasma to initiate clot formation. Change of OD405 was
cont i nuous| Examiplé Sr Peepayatiop bbifXa withd¥scaslsoxyiaed yiEadbbefguamif AED] |1 n
Figures 13, the effect of 400 nM bet rResdd@ds on aPTT

[0254] A fXa derivative with decarboxylated y-carboxyglutamic acid
residues can be prepared by treating fXa protein, for example, based on the procedure
reported by Bajaj, et al. J. Biol. Chem., 1982, 257(7):3726-3731. 2 to 5 mg of purified or
recombinant fXa in 2 mL of 0.1 Molar ammonium bicarbonate at pH 8.0 is lyophilized.

20  The resulting powder is sealed under a vacuum of less than 20 um and heated at 110 °C

for various periods of time to obtain decarboxylated fXa.

Example 6. Preparation of Recombinant des-Gla fXa-S379A

[0255] The fXa derivatives may be produced by recombinant DNA
method with one of the following procedures based on fX cDNA (SEQ ID NO. 2) for
25  expressing fX (SEQ ID NOS. 1, 3) or fXa derivatives (SEQ ID NOS. 4, 5,9, and 11) in a
suitable host organism according to general procedures of mutagenesis and molecular

biology.

[0256] Recombinant fX and fX derivatives can be expressed in, for
example, human embryonic kidney cells HEK293 based on procedures described in

30 Larson, P.J.,, et al, Biochem., 1998, 37:5029-5038, and Camire, R.M., et al, Biochem.,



prol ongati on of normal human plasma and the reversal of betrixaban
inhibitory effect by antidote des-d a anhydro-fXa was neasured with a M.A
El ectra 990 20um36®msi ¢ coagul ation timer. 100 nL pool ed ROTAIS2@9A64080 WaS

m xed with 400 nM betri xaban and di ff®rent concentration of antidote. aPTT

reagent (Actin FS, Dade Behring) and CaCl 2 were added per manufacturer's
i nstruct i W9 $drl4adhd tdBhBeeoabingntdXtqan e prtigaded toaDba by Rety Pt actiyptor

addi tion K} i ' ' i and 11.
Beampl o SRR MER Vot By} o AR el UL G MBS AN S0
des- 3 a amkydowpioedrO2de2tribed indaamp: t.he i nhibition of fXa activity by
betri xaban and reversal of its inhibitory effect, purified active fXa,

di fferent concentrations Qf betrix nd dro-f Xa or, des-d.a
anhydr o- f Xa were a?ﬁ?égﬂt oﬁ%@“ﬁﬁwaﬁt %&Z@é_(ﬁ%@ &Ymtﬁmpé}azm,mbaﬂa@o. 1%
Bovi ng S%g]ghél RUOL e S5 res}ﬁ;&%&in‘g?&ﬁl@éﬁd‘tﬁ&lﬁﬁn& QQ&T})fej@éﬁ’lﬂ!’y@ﬁéﬁcﬁvﬁt@H 20

m nutes, 1 nmV Spectrozyne-fXa (a factor Xa chronogeni c substrate,
Aner i can DXaagniost, ifca)SIVAL, adgdd expresied, for gkampleand higse HarsteofOvanbst r at e

cl eavage moni t or ed continuously. f .mionutes, at . 405 nanonet (nm by
o ot r TR loes hRien GargbesatieR ecafionhby Sithe et Pl G PRt
active fXpoon3tng-shsenae mf. any, j BRICASE. ; 190i 2écb1)ved706i1By3@f product
formation as a function of inhibitor and antidote concentrati on was

anal yzed by nonlinear regression to estimate the affinity of betrixaban to
the antidote (Fi gurl®288] "Peo&h Xme3 B way beprapreed hytshypoeyprds digegtion
annydiep- f Sexars HORORRLRIACH iHd:HykOUBLAE: fiitQRgent ¢ substrate 52288 (200
m) was maasureg sim ar‘ng s belore w th or W thout Argatroban, a specific
smal | nol ecul e Ha inhibitor. As expected, the antidote (538 nM does not

af fect the am dol ytli025%ct Mord yrefeiratip, D&S-GM)fXarSI704 mmhbbdextpremedyira@lynM

Argatroban. Exanple 5. Preparatia f Xa wi.th Decar boxyl at ed g- Car boxy
Gl Gt an o REP R PR IR RSO A oA ks oM RO Byl
g- car bOXy}]S}bégd%PQSCF@t(EXQmE% FRUEDifafNpRRIPEGRELRA Y bb LERL ﬂorégFIfe%@ dpg-ot ei n,
for exanpl e, based on the procedure reported by Baj 3% , et al. J. Biol.
Chem , 19@R(1-39)AXASITP26afzBemopal of Glardymuin fyagméritdd>et SEQ ID NO. 3;
15 des-Gla(1-44)-fXa-S379A, equivalent to SEQ ID NO. 10 with dehydro-alanine being
replaced by alanine; and des-Gla(1-45)-fXa-S379A with entire Gla-domain being

removed (SEQ ID NO. 11).

O

[0260] Further truncations at EGF1 or EGF1 plus EGF2 domain (Figure
2) can also be made to express des(1-84)-fXa-S379A or des(1-128)-fXa-S379A

20  derivatives.

Example 7. Expression of Recombinant fXa Mutant in CHO Cell

[0261] This example describes the recombinant protein expression
construct and the cell line for the direct expression of a Gla-domainless fXa-S379A
(S195A in chymotrypsin numbering) variant. The recombinant antidote does not require

25  activation or chemical modification steps necessary to produce the pd-Antidote and has

comparable affinity to the plasma derived protein in the in vitro assays discussed herein.

[0262] In this example, a fXa mutant (SEQ ID NO. 13, Table 12a) was

directly expressed in CHO cell (see Figure 14 for expression vector) and functional



reconbinant fXa in 2 nL of 0.1 Mol ar ammoni um bi carbonate at pH 8.0 is

| yophi l i zed. The resulting powder is sealed under a vacuum of |ess than 20
mm and hewoedioais¢x3i0 OC for various periods of tine to ®oTAISR009/064060

decar boxyl ated fXa. Exanple 6. Prepardti on of Reconbi nant des-d a fXa- S379A
[ 0255] The f Xa derivatives may be produced by reconbi nant DNA net hod with
one of t h&¥ofesl WanpPHElas e gorddonpsdeeflivg ap degepipd pdee |H9€N@m291t gngigote

expr essi nQ' Aﬁg&ﬁ?@bricgoﬁjaq? tlglty \%As t%gtecfi %ﬁwg ahé{"f\i llﬁ‘iﬁl%l 1@1%5&%1) dEPa 4 5 9,

and 11) organi sm accor general ‘proc es of
mut agenesi s and nol ecul ar bi oI ogy. [0256] Reconbl nant f X and fX derivatives
can be expressed i n0263r E@Rmzxisel,sedmrmmta&rtm y]leAcselqhﬂmeyof € l($BQHEKRO3 based

on proced res, descri be i Lar son, Lochem, 1998,
37: 5029- 5038 IEn L &Be IRt fputatydn ‘?é‘fs th%??)lﬁ‘ﬁ%ﬂﬁf gégea “‘g% Giﬂ??alilzﬁfm

Reconty najag (§ QErN@eZ% qiiéllrg @Ee@hé QcbhdBubiYioh a&k %plﬁ%l {h'e\é@tti@itloﬁl}')'éﬁt@dé S

Vi per Venom ( Xa can further processed es-d a anhydro-f Xa
based on wqmddﬂéé%l@swﬂlbadm anﬂ@eQamKRRhobﬂrbpnmmg WeS379A (S

195A in ps nber,ing). with the ve site serj.n si dye bei ng
repl aced By anihRRL eV ET ) U Reirinc i et riat i AR F ks Ton
may be exprasseshainf fXa B¥lesME eThé thildthiteséen Hamh®sn SMefive (ifeHS)ideebs® based
on procedures described by Sinha et al., Protein Expression and Purif.

1992, 3: ®P8-Aaaesidysif, D.L. et al, J. Biol. Chem, 1991,
266(21) 13726- 13730. [0258] Des-3d a f Xa- S379A may be prepar ed by

Baame L [0250] NOERAEy ThEPpy P BRREl o QORISR QDR eCy
directly @aﬁbedumgestcﬁb@i BVl ables 1 ¢SHe O NS 1\m)t1ﬁhcdﬁig1tm@anobﬂhe G)&J-Adcmthen

f ragnment gen SIS roced re For exa r econbj protein
expr essi oRP)'/%ﬂ?tlg awn i Pt S Thicfa-chyiy al@glfmrlszgr o5 aftf‘éﬁ?%ﬁﬂ%mvm

of da- doqsmmj N@m@pfs alhgh%pjm %}nh@ cﬁ@nb%d ifes5161 26 ksé@mfﬁ@ 53434

equi val ent to SEQ 10 wth hydr o- al ani ne bei ng repl aced by al ani ne;
and des- Ghea(«ychlﬁyfmmemwlhmanebitllﬂe(ﬂ@-ﬂ?d‘ﬁ@l P)bei ng renoved (SEQ I D
NO. 11). [0260] Further truncations at EG-l or EGHl plus EGF2 domain

(Fi gulrSe [0265] The first 1-5 aa in fX sequence was reserved and used to connect
the polypeptide of fXa mutant to the prepro peptide of X (SEQ ID NO. 1, Figure 1),

ensuring proper processing of the prepro peptide in fXa mutant.

[0266] DNA sequence encoding the polypeptide of fXa mutant described
above was sequenced and inserted to the expression vector shown in Figure 14. The
20  polynucleotide of the expression vector is shown in SEQ ID NO. 18. Plasmid DNA was
linearized and transfected into CHO dhfr(-) cells. Cells were selected using
tetrahydrofolate (HT) deficient media plus methotrexate (MTX). Stable clones were
screened for high protein expression using a X ELISA kit (Enzyme Research
Laboratories, Catalogue Number FX-EIA). FXa mutant protein was expressed in serum

25  free medium and conditioned medium was harvested and processed for purification.

[0267] Target protein in the conditioned medium can be isolated by ion
exchange chromatography and subsequently purified by single step affinity
chromatography (such as an anti-fXa antibody coupled to a matrix) or by a combination
of several chromatography steps such as hydrophobic and size exclusion matrices. The

30  affinity purifications may include chromatographic material that selectively binds to fXa



2) can also be nmade to express des(l-84)-fXa-S379A or des(l-128)-f Xa- S379A
derivatives. Exanple 7. Expression of Reconbinant fXa Mutant in CHO Cell
[0261] Thwe 2ewarspiée descri bes the reconbi nant protei n ePpTAS000064H6MSt I UCt
and the cell line for the direct expr®ssion of a d a-domai nl ess fXa-S379A
(S 195A in chynotrypsin nunbering) variant. The reconbi nant anti dote does
not requidEvasits %%4 yeh 8y berramidiag-saphaioss eatoyseansttdsy! iHBibEe5agajoteo produce
t he pd-An(tsiﬂ_%t %rc?s@fj has conparable affinity to the plasna derived protein
in the inVitro assays di scussed herein. [0262] In this exanple, a fXa
mutant (SEQ I D NO. 13, Table 12a) was directly expressed in CHO cell (see
Figure 14 for expre®268n FigoteorHA srdvsfthiinBas@enablptsatfeffiniya$ TiAdatased from

condi ti ongd medi ym cri hed pel ow. Reconbi nant antjdote (r-Antidote)
functi ona lg%t‘%ﬁﬂ?%g\?@gg é&?‘g’&gif%am%tar“é“élﬁaﬁi‘%o PNt Eﬁ(E%’@%Frpl e 8).
[ 0263]5 PGR:&3h Y366kalRieTUEFRIEAY h‘é‘co%%gﬁ@@h&%%n@ﬁgﬁ%hﬁ' ERspLiNely. 2) in
three regions. The first nutation was the deletion“of 6-39 aa in’the

d a- donmi Hpof reBxct{oBEQ theDlindiidg borkl whick c8)necFibe Egltond hnaryathiaon rwas

repl aci ng

pr oduced %}1@%@%{)‘&\'@%‘% ﬁ%g&%@%hﬂ%@ Sﬂ%&%ﬁt@d ﬁ%ﬁ‘%ﬂgﬁ%ﬁ%ﬁﬂa { RK&#&SJ? i hai n.

Upon secr®¢d) aiihetWikgterh ibid¢e Deletioh @fBmeeh do fekidubLGuhibertd d thraugh\3oy mhaen f Xa
nol ecule. The third nutation is nutation of active site residue S379 to an

Ala 1 esi dils: dqopsal Pneuisel yoetinadoprotoleedaby ciehcbasrial hoteh DINoT 16)
_ Ay upo! peprind _ _ f
Lhe oiha © A RERt SafiERER I PRd Lo RRURXPARER & R upgrdeies My el ST ©

mol ecul e fsobuged oafticeslosecretion (SEQ ID NO. 13) is a light chain fragnent
described in Table 12b (SEQ ID NO. 14) and a heavy chain fragnent descri bed

in Table 12c (SEQ I . 15). [0265] The firs - in_fX sequence was
reserved and used tﬁ%ﬁnn@&@ﬁ%%ﬁ#?ﬁggﬂ“ﬁé ‘%.)QéL'Pgéjaﬁiﬁ‘f‘QWte“FHﬂfﬁ'éOfprepro
pepti de Oﬁurff?éd(r%ﬁdo'% lNQonjexcﬂ:dngé' hivd éﬁinit?%ﬁﬁbaﬂ%n%@&s%dwQE@&&'IJ&%rPf the
prepro peptide in fXa nmutant. [0266] DNA sequence encodi ng the pol ypepti de
of fXa muthamnatdesiphy bedg aSopeadewads $¢/G0@ Adechland (Ghdbnatthahre, datthé7-Xp-essi on

vector5 sh@é/n in Figure 14. The pol ynucl eotide of the expression vector is
shovvnlln Q ID NO 18. Plasm d DNA was

Example 8. In vivo Mouse Model

[0270] The pharmacokinetic and pharmacodynamic (PK-PD) profile of
betrixaban in male C57B1/6 mice with or without administrating antidote were tested.
Single oral administration of betrixaban was dosed at 0, 15, 25, and 75 mg/kg for controls

20  groups. 15 mg/kg was used for antidote treated group. A single intravenous (IV) injection
of antidote (300 ug/200 uL) or vehicle (normal saline, 200 uL) was administered 5

minutes prior to the 1.5 hr. time point.

[0271] At 1.5, 2.0, and 4.0 hrs following oral administration of
betrixaban, mice were anesthetized with a ketamine cocktail (SC) and exsanguinated via
25  cardiac puncture. Blood samples (0.5 mL) were obtained in 50 L trisodium citrate.
Whole blood INR was measured using Hemochron Jr. cartridges (International
Technidyne Corporation) per the manufacturer’s instructions. Mouse platelet poor
plasma was prepared by centrifugation for betrixaban and antidote (ELISA) plasma

concentration determinations.



| i neari zed and transfected into CHO dhfr(-) cells. Cells were sel ected
using tetrahydrofolate (HT) deficient nedia plus nethotrexate (MIX). Stable
cl ones wewe 28tvoseTssd for high protein expression using &ciXskiobSioke t
(Enzynme Research Laboratories, Catal oyue Nunmber FX-ElIA). FXa nutant protein
was expressed in serumfree nmedi um and conditi oned nmedi um was harvested and
processed for puri fi08a2] oFor ipopehipant aptdate G dnigdaie) ox peiaciomdiet Y&Aed medi um

can be is . h r b entl i.fied by
cingl'e staptLaRe iR NS 150 S AR A ARy o SRS Topbefb b o e
to a mat rus¢d f@rankiylota (8@Me/PEA LoNtrefieds@vep.abarapleowaicagkenphyl . Shirefer stath as
hydr ophobi ¢ .and si ze exclusion matrices. The affinity purifications may

i ncl ude cHIYHEHBELYHCETRRIR M BN fAAWBE PRI BISFBhds to f Xaactive site
cleft, such as benzam di ne- sepharose or soybean trypsin inhibitor-agarose
(STI - Agarose). [O026@b75] gus ‘é’ho]vﬁﬁnsfl‘lgﬂ\%s i hend e LR ”Paﬂ?ésofﬁarfe‘lfm%iﬁlglé' ty

(STl -Agarose , Signma Catal og # T0637) purified fXa nmutant using nonocl onal
ant i bodi eigjecHon (390 1Re B prfghasnmbteriatd pintedote (PEXABIINte)roecenpnibiang XX heavy and

i ght chain spectively. n reducti.on of the disulfide, bond which
commect o g TRkl % icsy Bl SdFin SR ftn st b ufiaRty (sERARaE Chat n band
of expect&ebcapdly lchptMredThdlinhitok 82 Bl ASPR-FIREb Y& dnsHwidle blded YRt@aN bl ot .
Del eti on of am no acid residues ﬁnunbered 6 through 39) in the d a-donain

of fXa mamdpternbasiiaconcentetipewEablesol3ebtilindicated Pl % wedvgtipp pt fumetionaght chai n
f r-Antidot ' : it | i ght
e kel cCxiEyeR BRALSH R ARERAR P Rskah B hQead BHXRY, 5

SDS- PAGE iahibithdsiyehe aftidete o nifiplt igectfondot bitlet R ghiyesi anis exstidmpGRedadh ot
affinity t%uri fication foll owed@él?;é si ze excl usi on chromat ography using a

Super dex hssergye@emenia bt hetXmeglirativat of thisdnwentipn Havepotential oE3ciing| e 8.

In vivo M8k ido9% 10kevERe A, ;ZEB&%#M%P&O?@Q %1@1?'?8%9912@*#?1% s GyifPK- PD)
profile(I\)%% g\frlxglgténel%r%n%vle Ct:57Blt6 ce V\fllkth oravmtlout mﬁalsg&flrating
ant i dot e heeding esdtba. m&lice)lemergeatieadm ni strati on of betri xaban was dosed at

0, 15, 25, and 75 ng/kg for controls groups. 15 ng/kg was used for antidote
treatleSd group. A sl f&gjﬂﬁ Iﬁitg{lraévﬁns %\S)nglllo\lll)se If:)?ﬂe%%%elnggvithasingle IV injection (1

injection) or two injections (2 injections) of the r-antidote (n=5 per group, 312 ug/200 ul

r-Antidote) following oral administration of betrixaban (15 mg/kg). For the single
injection group, mouse blood samples were taken at 1 hr. following oral administration of
betrixaban. Vehicle (control_1) or r-Antidote (1 injection) was administered 5 min prior
20  tothe 1 hr. time point. For the double injection group, vehicle or r-Antidote was injected
at 55 min and repeated at 115 min following oral administration of betrixaban. Mouse
blood samples were taken at 2 hr. for vehicle (control_2) and r-Antidote (2 injections)
treated mice. Measured INR as a function of antidote/betrixaban ratio in mouse plasma

following single or double injections of the antidote was shown in Figure 22 B.

25 Example 9. In vitro Reversal of Rivaroxaban and Apixaban by Antidote

[0275] As expected, the antidotes contemplated by this invention were
also able to bind and neutralize other active site directed fXa inhibitors. Tables 15 and 16
show in vitro correction of inhibition by betrixaban, rivaroxaban and apixaban by pd-
Antidote and r-Antidote. Purified fXa (3.0 nM), inhibitor (7.5 nM), and different
30  concentrations of antidote were incubated for 10 min at 22°C in a buffer with 20 mM Tris,

150 mM NaCl, 0.1% BSA, pH7.4. fXa activity was assayed similar to Example 4.



of antidote (300 ug/ 200 nL) or vehicle (normal saline, 200 nL) was

adm nistered 5 mnutes prior to the 1.5 hr. time point. [0271] At 1.5, 2.0,
and 4.0 hwe 2boldsewsng oral adm nistration of betri xabanpPCEUSe00906460

anest hetized with a ketam ne cocktail80( SC) and exsangui nated via cardi ac
puncture. Blood sanples (0.5 nL) were obtained in 50 nL trisodiumcitrate.

Whol e bl ood | NR wasl08&@ls ufeshayel gl dhdarbs RPS M pd- Angideteipderiises atdeast Ak onal
Techni dyn . i . ALer." S . i .pl at el et
oo Ao AP AREL <h, TR ARG ST 808 ey

(ELI SA) pbashibitoanesnichiatddby thetreXrtidoat (186 aM)a7RitriEdan had driorsban, ant i dot e
(r-Antidote) experinent, mce were orally dosed with betrixaban at 0, 15,
25, and 789nyPRgyreveral S PraPayr oups. 15 ng/ kg was used for antidote (300
ng/ 200 nlL) treated group. Sanples were taken at 1.5 hr after oral

adni nisstration of QLKA (Bl Revedsal HONERSaBA bl enfiddigct i on) . [0273]
As shown in Figures 16 and 17 and Tables 13 and 14, single injection (300

my, 1V) of plasma debyyedieiipldef fnd BeschOf lQhbhaP anti@SR PP BRANn Eyi@sdTut ant
(r-Antidote) to mice followng adm nistration of betrixaban (15nmg/ kg, PO

ef f ect i vedfyancepigutagidn b deirmdabdn way testad wi  bumiBKplRBnz olottalgatssayn Tok efleod e

bl ood I NR tid tion (Tables 13-14) indicated >50%
requct 1 ort o VPGt BRI EE R b B B e G Whee £ SRR ust 1 11 e
ef f ecti veinARitbfyadtetaivaOeMurdd®y 4 MILAEIRES 30Y Aubdnalldod@iigtiot @mpul foop! e

injections or other reginmes. It is contenplated that these results

denonidk r atle podlad cittate daoapmtatedbiinasplafma wasmivredenith 300 v 400ndht i al  of
acting as_universa tidotes to.reverse the i coagul ant _effect of fXa
i b tortetiiba A AR B 3T R G R E et BorlefBs. [ 0274]
Fi gure 22B§H0Ws afPOSE], SYePCEAI¥B Per Wahi¥aduRRGh&rukiorj ection (1 injection)
or two injections (2 injections) of the r-antidote (n=5 per group, 312

ug/ 200 ul r-Antidote) followi ng oral adm nistration of betrixaban (15

my/ kg) . Fdxanhde §1.nft wioReversadaf fpwiyolepwlas Veighbdepanip (‘dsVINEHE) bxken at 1
hr. follow ng oral administration ofAbtidetexaban. Vehicle (control |) or

r-Antidote ( 1 injection) was admnistered 5 mn prior to the 1 hr. tine
poi ntl5 For the doubl0d78]nj kndtigom 1§ thepffevtalfircAmidote toréyrriedtbe enhaleitory nj ect ed

at 55 m nand £e0Rahed,at LR, LollRr0, o2k, A9 AL AL OO
plasma. Enoxaparin (0-1.25 U/mL) was incubated at 22°C for 20 min with or without 508
nM r-Antidote. Turbidity changes were measured according to procedures described in

Example 3. 508 nM r-Antidote substantially corrected (>75%) the inhibitory effect of
20 0.3125-1.25 U/mL Enoxaparin.

[0279] In Figure 19, the effect of r-Antidote on reversal of
anticoagulation by a low molecular weight heparin (LMWH enoxaparin, Sanofi-Aventis)
was tested in a human plasma clotting assay. The effect of 1 antiXa Unit/mL. LMWH on
aPTT prolongation of plasma and the reversal of inhibitory effect was measured by a

25  MLA Electra 800 Automatic coagulation timer. 100 pL pooled citrate anticoagulated
human plasma was mixed with enoxaparin and different concentrations of antidote. Prior
to measurement of clotting time, aPTT reagent (Actin FS, Dade Behring) and CaCl, were
added per manufacturer’s instructions. Addition of 1.14 M recombinant antidote

produced a 52% correction of anticoagulation produced by 1 Unit/mL enoxaparin.



bl ood sanples were taken at 2 hr. for vehicle (control _2) and r-Antidote (2
injections) treated mce. Measured INR as a function of antidote/betrixaban
rati o i n wouss/pbmsnma foll ow ng single or doubl e injectipomassedosbde@nt i dot e
was shown in Figure 22 B. Exanple 9. din vitro Reversal of R varoxaban and
Api xaban by Antidote [0275] As expected, the antidotes contenplated by this
i nvention were al dexagmle12olmyitie Igmr%af Riyaroxabanay r-Aatidote site directed
fXa inhibitors. Tables 15 and 16 show in vitro correction of inhibition by
betri xaban, rivar ox@88N aldiapicxXabtis chpctpd reoambiggst antignde prosit prlot e.
Purified fXa (;3:0 n iL.phi bi n 1.f. cen hons of
ant i dot e erahanBibayFal B b el e snc AP Raiibb R T RGBT 150
mM NaCl , 30YmBSAstep i a AumbhXpladth iclatliye Wasy. &S aypetdedbyPt@borh@t Exanpl e
4.[10276] As shown in Table 15, 204 nM pd- Anti dote produces at |east 60%
corr ect i ohefbr Haemewhi B9 tor ! @PPBdrathembia SimedneasHienientrage A Ets n Tabl e
16 >95% c ' A nhi bt i j hey L = [ (186 nM
for bet ri@é gﬁrﬁg%gafralf‘u\#é‘(’?@)%gh%%@%%ﬁ%%%%%?%ﬁﬁ'o?h%%%lggﬁp%xarrpl e 10.

I n vitro Rewerabah onprdionmbxabme (BY) promintitot & JooRdhunan plaiblaeand #he t he

effect of rec inant antidote protein o versal _of anticoagul ation by

bet ri xaba‘ﬁv%éérg_? Fiery et aﬁﬁlfﬁéﬁﬁé%ﬁﬁﬁﬁ% HyUOTREC E738U OB 300nM

and 400 “t'}ﬂlQEt1r0b>§&ag&1&f‘ciﬁftnaﬁi&'gﬁﬁ%tﬁu ngﬁasﬁla%a{@m&@&! wﬁiﬁﬂ%ixfa?a&%a‘«?' of
t S y"a MLA E ul at

inhibitory effec measur e ectra 800 Automati c coag ion

ti merl0 104hdrdiffpent @dcaittatiaheofamitid otea duiboa toadedsurearenp bhdmaingasnayrabbdit Wi t h 300

nM or 400 nM hetri xaban di fferent. concentrations of antidote. aPTT

r eagent ('xeltniﬁir boplai @g’ﬂwirﬂag%)en Tipdediehi r%asaaai&%%top@%%% CtRffer' s

i nstructiangradet@PR R rkdtiodsN Additd JfAVefiSlecHhbhaly MNRLSE PrafucMeh 96, Hepari n
("LMMH') by r- Antidote [0278] In Figure 18, the effect of r-Antidote to
reverse tdverecndn bi anticyageddtootprefuckdH] ¢d xiapaxalan( Sanof i - Aventi s) was
tested by turbidity changes in human plasnma. Enoxaparin (0-1.25 U nL) was

i ncubated at 22C f Ldote. Turbidity

changes were neas u?%’églggfgolg dly'\%n‘téi?r f %‘f)"&%%‘igg;ggxgﬁggﬁy |rrb ﬁhfl?nteEx anple 3. 508
M-t dot e subst gkl Al | G0T TS ST I oh BRah kb Ske e el O 3
of anticoagulation by apixaban was tested in a human plasma clotting assay. As reported
by Pinto et al., J. Med. Chem. 55(22):5339-5356, 2007; prothrombin time (PT)
measurements are an accurate method of evaluating the ex vivo anticoagulant effects of
apixaban. The effect of 1 UM and 1.5 pM apixaban on prothrombin time (PT)
20  prolongation of pooled human plasma and the reversal of inhibitory effect was measured
by a MLA Electra 800 Automatic coagulation timer. 100 pL pooled citrate
anticoagulated human plasma was mixed with apixaban and different concentrations of
antidote. Prior to measurement of clotting time, rabbit brain Thromboplastin C Plus
reagent (Dade Behring) was added to plasma samples per manufacturer’s instructions.

25  Addition of 1.9 UM recombinant antidote produced a 97% correction of anticoagulation

produced by 1.5 uM apixaban.

Example 14. In vitro Inhibition of Argatroban by des-Gla anhydro-fXa

[0282] To measure the inhibition of thrombin activity by argatroban and
reversal of its inhibitory effect, purified human thrombin (5 nM), argatroban (50 nM) and
30  different concentrations of antidote des-Gla anhydro fXa were added to a buffer

containing 20 mM Tris, 0.15 M NaCl, 5 mM Calcium chloride, 0.1% bovine serum



[0279] In Figure 19, the effect of r-Antidote on reversal of

anti coagul ation by a | ow nol ecul ar wei ght heparin (LMAH enoxapari n,

Sanof i - Aweot2or)osems tested in a human plasma clotting agsayus20@codtd ect of
1 antiXa Unit/nmL LMAH on aPTT prol ong&ati on of plasma and the reversal of
inhibitory effect was neasured by a MLA El ectra 800 Automatic coagul ation
timer. 100byingpH|7ed Afteriacebagian ptipaguicapeatuie I 0gnids namidolyticxed wit h

enoxapari [ i - [ g asur ement
o ol ot t 1 Huape 228 R0 Ly ERORERNEFH AP Bl G2l o f hloah Bl " e e
added persubetiié alehvige was nidistorddcyi abRsrbaiedit UD® Ao The d4uliMre pocemedant

anti dote Ilr%r oduced a 52% correction of anticoagul ati on produced by 1 Unit/nL

enoxapar i gES‘?alr%pl e 12. In vitro Reversal of Rivaroxaban by r-Antidote
[0280] In Figure 20, the effect of reconbi nant antidote protein on reversal

of ants coagyhghlers. %ranﬁmgéne@di&?hﬁslﬁy bR platdletFoor Pladmd Wpfg;dr\ﬁé@l@ba“,

Bay 59- 7939) was tested in a human plasma clotting assay. reported by
Perzborn et al, J. Thronb. Haenosich gagnad(BRP) 2005; prothronbin tinme
measurenents are an accurate nethod for evaluating the anticoagul ant effect
of rivaroxaban. The0283]ecln thfs ekaimiver hwasoplatesn poor @rpditbleorid plagmare ( PT)
prol ongati on_of pool ed man pl as nd the reversal i nhi bi y effect
was meas _Lﬁagaﬂeay”%e p{eﬁtaﬁpgﬁw ong%?ﬁfﬁ%@afﬁppﬁrsea%mnaq 93_%0/%%?: bRBuiy

pool ed C'lbplﬁ%reaﬁ?épaﬁ?é@&l}!“i}ﬁﬁlﬁﬁg hié%ﬂc&ig%ﬁ'i@iﬁﬁ@édéﬁ%@@ )@@ﬂa@it& by ffdpcaban and
di fferent concentrations of antidote. "Prior to neasurenent” of clotting

ti me, 10r abphtitpfoai2h niihntesirespeastel ) aGrdehusmpergent 75-Dad&iBethitdrfg).) was added

to plasma sanpl es per, manyfacturer's instruyctions., ition of 1.9 nM
r econbi naﬂﬁsré%%@e’@dm%@& YYOBAREPE Iceﬂmaﬂnﬁﬁ%é%aﬁﬂ afli on produced
by 1 mM rinVahia% 3R o 3TN Gtel Bactldh ¥ht# 101 138y eTR&le 9o ARhIARRD LK

r-Antidote [0281] I Table 18 the effect of reconbi nant antidote protein
on rever sB¢hrofe) amt CeClagudrandded thiniege delggnemasn vedtraeubinn Far & typaral pl asma

| otti . rted Pi nt. ... ) . .Gh )
S50 0o) | aSetibn! strERRoh A st T Aot AR Crn e mieromglanccur at o
et hod of (@Y RSRIMENGEY | Vo On A (BPRAIILARLRT T ERIm AT arhiahan. The

effect of 1 mMand 1.5 api xaban on prothronmbin time (PT) prolongation of
pool ed hufvematrasmemanitbredeontevengdmht 36f °G byha Buoometiaf flectreadas (Meksuaed by a

M.A B ect lsgvigeos m%lélguorlrrr%ttflé: re?a(%l%g LHu%}elsgerr]lcE: unies (RFJLP)(.) \{H‘TCIP }g)rgée% ot e }nilﬂ)tlt%r
and the antidote were pre-incubated with plasma for 15 minutes at room temperature
before initiation of thrombin generation. Recombinant VIla (rVIla, Novoseven), when

20  present, was added before addition of TF to initiate the reaction.

[0284] Figure 23 shows the synergistic effect of rVIla with recombinant
tXa protein derivative antidote (r-Antidote) on the anticoagulant activity of 250 nM
betrixaban, a fXa inhibitor, in thrombin generation. The results were expressed as relative
thrombin generation activity (% activity) after normalization of RFU in plasma without

25  any added inhibitor, rVIIa or r-Antidote. The data show that r-Antidote dose
independently reversed the anticoagulant effect of 250 nM betrixaban. Combination of
100 nM rVIla with r-Antidote further increased thrombin generation activity at each r-
Antidote concentration, while 100 nM rVIla alone only slightly increased thrombin
generation activity in the absence of r-Antidote. rVlIla also slightly increased thrombin

30  generation activity in control plasma in the absence of betrixaban.



anti coagul ated human plasnma was m xed with api xaban and different
concentrations of antidote. Prior to neasurenent of clotting tinme, rabbit
brai n Thrwotoplsetssn C Pl us reagent (Dade Behring) was aduar$2a00/0pd086ma
sanpl es per manufacturer's instructi d3s. Addition of 1.9 mM reconbi nant
antidote produced a 97% correction of anticoagul atjon produced by 1.5 nM
api xaban. Exampled 61 Reversal pf Rivarexahsintansicoagulantpetiviy by qeynhinatian of r-
anhydro-fXa [0282] To neasure thAntidategind oWlaf t hronbin activity by
argatroban and reversal of its inhibitory effect, purified human thrombin
(5 nM, argatroban [0285InMivarmkabiarf Gewdrt ~ cBmcEhPDiionsmell nededutidiaetodes- A a

anhydro fXa.wer.e adde a buffer containing 20 Tris,.0,15 MNaCl, 5 nmM
ol ot R GG TG Ted By Prea s taRBR e ass BiethaleRieDae at
room tsenmp@fiRipedie shidery20ARkéhort@d b PeBbitt dt 61, UPBNB Bl.D43H83.62082UM was
added to the mxture and the rate of p-nitroanilide substrate cl eavage was

moni t or ed2®y. pvuphcEnaPII0BeaswienTPhl areaiuiqeyraig mepod deimvalrating thegure 12.

Exanpl e 15.. Thr i rat | assay. | . . nl P) or
ol at el ot TR sPE e BBy Bl 3hur F e uB AALE s RERRLAMR il O
pl atel et pdakplphasoRcepanpbdsasWegheasB18maratl(780 av, uboda of alheal Vhglikdlonor s
drawn into 0.32%citrate. PRP and PPP were prepared by spinning the

anti coagultragceh 6b47 &880 208 X &t ardex tp reimig srsoinkeepeaAnt §Hfesof 20 mi nutes,
respegtiv, - Tae\ B : was

i xed i ¢ PG PSR o RN O irlnleaty s R

f | uor ogenbleednbskenaie, thBdedsanbitgatf #evbrdnd dihcentFit®atief fiwadxabaf Whikdvivere Dade
Behring) and d re added to.initiate the generation of thrombin. For a
typi cal elyglgﬁrgﬁaéhp\,ﬁeqlﬁgva]s%@p}ngﬂ. m xture contained 15 millinolar (M) Ca2+,
100 mcronolar (M) Z-GER-AMC, and 0.1 nanonolar (nM tissue factor (TF)

(I'nnovin). Thrombi nobg¢methosrfavast MM FosBdataa dhi pdstAEsTHhBIn @ine3PTPC by a
fluoronetric plate reader (Mol ecular Devices) neasuring the relative

f | uor escepreongaiansof(pRPIgH huyiae plasmad eembinatien Pirhiirdie eaticoaadlated@lanriftme wer e
o ROV IR, 13, TSP i SRR AR
when pr es@ngulatestiadedeth Seitofoenadaictd@fin@fimEFrabbit bt ThtcenHopRistieaqLON.
reagent (Dade Behring) was added to plasma samples (100 uL) per manufacturer’s
instructions. The baseline PT (12.2 + 0.1 sec) was prolonged by 2 folds (25 + 0.4 sec)
upon addition of rivaroxaban. In vitro reversal of anticoagulant effect was tested by
20  addition of recombinant antidote protein (r-Antidote) or recombinant factor VIla (rVIla,
NovoSeven ", Novo Nordisk). Addition of r-Antidote alone produced partial correction
of PT: addition of r-Antidote (380 nM) produced a 14% correction (21.5 £ 0.2 sec) and a
higher concentration (760 nM) produced a 28% correction respectively. In comparator
experiments, where rivaroxaban anticoagulated plasma was treated with rVIla (2.2 nM),
25  theresulting partial correction of PT was 46%. However, in human subjects rVI1la has a
short half life of circulation (T}, = 2.3 hrs, prescribing information for NovoSeven) so the
level of reversal observed in this in vitro experiment is unlikely to be sustained in a
clinical setting. In order to attain higher levels of reversal of the rivaroxaban effect,
varying combinations of r antidote and rVIIa were added to human plasma and the
30  resulting PTs were measured (as summarized in Figure 24). A combination of 380 nM 1-

antidote and 2.2 nM rVIla produced a complete correction (resulting PT = 12 sec) of



[0284] Figure 23 shows the synergistic effect of rVila with reconbi nant fXa
protein derivative antidote (r-Antidote) on the anticoagulant activity of
250 nM bewoizasbEsiesa f Xa i nhibitor, in thronbin generatipam/ustde/ososul t s
were expressed as relative thrombin ganeration activity (%activity) after
normal i zation of RFU in plasma w thout any added inhibitor, rVila or

r-Anti dotIévarqvf?@a@atdaceﬂq@wwmﬂatmmﬂmdaﬂﬁe ageEbinataspé Atk AM yApEdase s t he
anti coag C t rVIIa W th
T ant 1 dot s I ERARF i R o SRR cRP AR LRt Bl O

Anti dote concentration, while 100 nNMrVlila alone only slightly i ncr eased

t hr onbi n gdivermpledri. Retérsaltof Befrikdimneddgimoagulant activityi bljodoembiniomofu-s 0
slightly increased thronmbi migaluee ahd ocoagidatiot fagtdrrixcontrol plasma in the
absence of betrixaban. Exanpl e 16. Reversal of Rivaroxaban anticoagul ant
activisty by conbi nap287] oBldod cAidul fiinea@BAIN Mlih@icitod &althdRmdadcexrhast
(Xarelto(trr) Bay 59-7939) is a small nolecule factor Xa inhibitor

i ndi cat edblegstingerivesiss inopntisntsvaHodemepibisBo dhasea desivesh Prosgin &facter hder goi ng

or t hopedi &)ﬂ% %)gg&%?ntéﬁesra%ﬁfg{ehqg Bl?é/ (lgﬁ\/f, %r ﬁt bof @lottlﬂ% FI&BIO@@ncehﬁﬁ@ st.

3:514-521 ronbin time enents are an accuraté net hod
for eval uatoridgetitratiamof deagphiBatEighth éxliticof 2@@85ah®1<@bal’mmaﬁt fIXi (sadH as

effectlve doses of rivaroxaba duce peak_pl asnma concentrations as high
as 318 ngP sWYﬁﬁbb 2 i vaeddbr B mdmﬂonaln@aql%on BrAPHAST X 83 B75.- 880,

2005) | nreP&@é?f 1ntcﬂnﬁhm(§)$hgzzﬁﬁ)n§'3¥ f&f@ﬁ%faaﬂhc@j 26t aQbcisp i AfREEBREUL I C

concentrations kely to be inplicated in clinically significant
bl eedi ng Ismendnge§Siddind étebVdoirddrinCané, §(EvEr-41,2908bncent r ati ons of
ri var oxaban whi ch were hi gher than 730 nM was exam ned. [0286] The effect

of 1 mMrivaroxaba thro p ation 0 d human
pl asma (conbi nati OE[O%?S] ﬁ'r HPFE %L‘# ft)oé SBP%@W%‘I)FP%%% Ca%u?/ﬁgal t hy
vol unt eer cdhe@AFasibnyVaschiFreas tﬁk@l@ tb Be anPlicAtddl ig elifhiralBPQ o it il degingoagul at i on
timer. In order to neasure clotting tine, rabbit brain Thronboplastin C

Plus r eag@ﬁl@ar{O@afhe fatbility §f rfWﬁé‘ﬂQﬁiﬁé]éi censepiratiang of herpkean(ipoeid Her
manuf u Téill d‘g T, ﬁ s prol onged
by 2 1?gl dgsfﬁ{cﬁéf A(gflﬁw;ﬁg{g&xgg%ioﬁl g ?ssﬁﬁh&e[h% t\l/lgrga e Ja é%n} Iﬁn&gﬁl\rﬁ% reversal of
ant i coaguprapliylefit eCdeepasint tsingtbsBy oadBTT Ipm‘loﬁgatlbﬁﬁﬁﬂ@hm’li.hﬁmaﬂﬂp]admh angr ot ei n
(r-Antidote) or reconbinant factor Vila (rVlila

the reversal of betrixaban inhibitory effect by r- Antldote or human plasma derived {IX

(Haematologic Technologies, Essex Junction, VT) was measured in a MLA Electra 800

Automatic coagulation timer. 100 pL pooled human plasma was mixed with 400 nM

20  betrixaban and varying concentrations of r-Antidote, purified plasma fIX or combinations
of r-Antidote and fIX. aPTT reagent (Actin FS, Dade Behring) and CaCl, were added per

manufacturer’s instructions for measurement of clotting times.

[0289] The baseline aPTT (25.5 + 0.1 sec) was prolonged by
approximately 2 folds (51.6 + 0.4 sec) upon addition of betrixaban. Addition of r-

25  Antidote alone produced partial correction of aPTT: addition of r-antidote (380 nM)
produced a 25% correction (38.6 sec), and higher concentrations (760 nM and 1.14 uM)
produced 40% and 42% correction respectively. In comparator experiments, where
betrixaban anticoagulated plasma was treated with human plasma derived fIX (258 nM or
387 nM), the resulting partial correction of aPTT was only 15% in both cases. Thus, fIX

30  alone is not an effective reversal agent for betrixaban anticoagulation. In order to attain

higher levels of reversal for betrixaban mediated anticoagulation, varying concentrations



NovoSeven(tn), Novo Nordisk). Addition of r-Antidote al one produced parti al
correction of PT. addition of r-Antidote (380 nM produced a 14% correction
(21.5 O0.wo=xenm)osersd a hi gher concentration (760 nM prodaTad2@928H60
correction respectively. In conparatd®s experinents, where rivaroxaban

anticoagul ated plasma _was treated with rVila (2.2 nM, the resulting
partial cfrirdetidosmansk I wereaddegyp hpgae plsmajand Mgl dnmikelckssveryl | a has a

short hal f.\d,[& &f Tlﬁlilllil%ﬁgét tﬂrlg\frhél@ 2 :c&nﬁﬁngﬁén of ¥ £REddrP (138 NI GaFRk ! on for

NovoSeven) so the léeve rsal” observed in this 1n Vvitro experinent is
unl i kel y @68 h&n)usdigided enlianaeradrit of calrecsieh (iengting BPOT e€33 de0) @ek @ioke hi gher
| evel s of reversal of the rivaroxaban effect, varyi ng conbi pations of r

ant i dot e AR aARIEEHABY (B 16 78A 40BaShECBAIVENE PERIAD: Ag PTs were
reasrsed dARSHTIRITLZ6HidoR (THOUNS afd X (s8] ﬁ@%ﬁ&a aRlenfilenbhcpnt | dote

and 2.2 nMrVlla produced a conplete correction (resulting PT = 12 sec)
of ri var oxairaatiomtreadith gaaltT'1c-0 26191 sat )i aver thSseratkaamddyhy angde agdnnatoneB3 102 se¢60 nM

- Anti dot 0.55 nM .1 hi bi.t ed t .Si f th
i doLe o1 5%, IMI! 3, SYDLRIL PO 2B, U on o KB e abar
ant i coagubabnda! (958 KD SRR LOfroBicd confilt 4l froARtkrcaREYcAL i on factor

| X [0287] Bl ood coagul ation factor I X is indicated for the nmanagenent of
bl eedi ng ®syicsguidmt effeqad basetise vlbttingljerampér doadiBon®| asna deri ved protein
(factor 1 X conplex concentrates as listed in Brooker M Registry of

Clottjng Factor cgntrates, rl.d Federation of. ilia, .Eighth
o tih odoanisiS, BRya pelPrapanaitfroau %ﬁvg?%@?lnkln&rlan%fh used
for the indication. In addiahtdotegod cgpgylation faqlar Xog heen' reported in
clinical applicatio f reversal of anticoagul apt associ ated intracerebral
henor rhage (Si ddiq [{ﬁ%ﬁ aln thiyérgele: Eheéﬁfﬂé}?ag(“i)?f.f%-oﬁ‘}m%6"@}@ X 288] I'n
order to fA4m Lndddfe ﬁyfrfr@xfé}sillﬁ’é b&HRARAH RABRBH WS (&Rl iR ABBULAND1aRABRRAL T at i ons,

which are likely to be inplicated in clinically significant bleeding
scenar i osglotting afsags iMoitiditychahge eftemsinmngateleg hbo@grizsent (PRP) with aofaPhét r i xaban

was tested. The, effect of 400 nM betri xaban (.ei ght fol ds_hi gher, than

Uher sious Ciebiadin Bty S me B iR s R e B R R e BE D S B30n aprr
pr ol ongat 4MbeffxaBH, MR nlVH FARBbRSHR 78V XS HeVR518 gik TRERRES fi&%?«bﬁéh _
inhibitory effect by r-Antidote or human plasma derived flX (Haenat ol ogi c

Technol ogpresent, Beas gxe-gnbatpdwithwismadsr heasutesdtirgpna tavprrehedefee 8dding

m\J/]{ omat i chg?cgﬂllit%}té%@rééc%ﬁ' 100 nmL pool ed human plasma was m xed with 400

[0291] Figure 26 shows the combination effect of fX with recombinant

20  antidote (r-Antidote) on the anticoagulant activity of 125 nM betrixaban. The results
were expressed as fold changes after normalization of the clotting time in plasma without
any added inhibitor, fX or r-Antidote (Control, No FX). The data show that 125 nM
betrixaban doubled the clotting time (0 nM r-Antidote, No FX). Addition of 125 nM r-
Antidote substantially reversed the anticoagulant effect of betrixaban. 170 nM X

25  independently reduced the clotting time by ~20% in plasma with or without 125 nM
inhibitor. Combination of 170 nM X with 125 nM r-Antidote further corrected the
inhibitory effect of 125 nM betrixaban.

[0292] It is to be understood that while the invention has been described
in conjunction with the above embodiments, that the foregoing description and examples

30  are intended to illustrate and not limit the scope of the invention. Other aspects,



betri xaban and varying concentrations of r-Antidote, purified plasma flX or
conbi nations of r-Antidote and flI X aPTT reagent (Actin FS, Dade Behring)
and CaC wweneloadamd per manufacturer's instructions for PORASRESOEBAGO Of
clotting times. [0289] The baseline aTT (25.5 + 0.1 sec) was prol onged by
approximately 2 folds (51.6 0.4 sec) upon addition of betrixaban. Addition
of r- Ant3ddyantages|andanqshiidentions wishin the peaps of Eetipwantion vl b appatenttts Hipsef

r-antidotg. r . 0 .ection (38.6 sec), and higher
concentra H§%§QP$%%tﬁwﬁ%ﬁ@ﬁ%ﬁﬁﬁgﬁ%%$%ﬁ%§§ced 40% and 42% correction
respectively. In conparator experinents, where betrixaban anti coagul at ed

pl asma was treated with human pl asna derived fI X (258 nMor 387 nM, the
resulting partial correction of aPTT was only 15% in both cases. Thus, flIX
alone is not an effective reversal agent for betrixaban anticoagulation. In
order to attain higher |evels of reversal for betrixaban nedi ated

anti coagul ati on, varying concentrationsof r-Antidote and fI X were added to
human pl asma and the resulting aPTTs were neasured (as sunmarized in Figure
25). A conbination of r-Antidote (380 nM and fIX (258 nM produced an
enhancenment of correction (resulting aPTT = 33 sec) over those attained by
singl e agent alone (38.6 sec and 43.8 sec respectively). Simlarly, a

conbi nation of r-Antidote (760 nM and flIX (258 nM produced an enhancenent
of correction (resulting aPTT = 26.9 sec) over those attai ned by single
agent alone (31.2 sec and 43.8 sec respectively). As shown in Figure 25,
the conbination of r-Antidote (1.14 mVM and fIX (258 nM was sufficient to
produce conplete in-vitro reversal of the anticoagul ant effect to baseline
clotting paraneter conditions. Exanple 18. Reversal of betrixaban
anticoagul ant activity by Conmbination of r- Antidote and coagul ati on factor
X [0290] In this exanple, the conbination effect of human factor X (fX) and
r-Antidote for reversing betrixaban inhibition was tested in a 96-well
plate format clotting assay. Turbidity change of hunman pl atel et poor plasna
(PPP) with an aPTT reagent (Actin FS) was nonitored according to procedure
described in Exanple 3. 125 nM betri xaban, 125 nMr-Antidote, or 170 nM FX
(Hemat ol ogi ¢ Technol ogi es), when present, was pre-incubated with plasnma for
15 minutes at roomtenperature before adding Ca2+ to initiate the reaction.



[0291] Figure 26 shows the conbination effect of fX with reconbi nant
antidote (r-Antidote) on the anticoagul ant activity of 125 nM betri xaban.
The resulwe 2mvsemipr essed as fol d changes after nornal ipzatisesnIob4obhe
clotting tinme in plasma without any &fded inhibitor, fX or r-Antidote
(Control, hb FX). The data shom1that 125 nM betrlxaban doubled the cIottlng
time . L B NOL - F :
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tggaccgcaa
ccggctacga
cccgcttcaa
gtaaggggaa
ccatgaaaac
ctccattaaa

catcaagcac
caagaccccc
ggccgagtcc
cgagaagggc
cagctgcaag
caccaagcag
ggacacctac
gtacgggatc

caggggcttg
gtgagatccc
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atcaccttcc
acgctgatga
cggcagtcca
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tacaccaagg
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actcaaaaaa
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cctcaagtgg
cccggaggtce
aaaaaaaaaa
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Table 3 — Sequence ID NO. 3 — Polypeptide Sequence of Mature Human Factor X

61
121
181
241
301
361

421

ANSFLEEMKK
CKDGLGEYTC
GKACIPTGPY
NQTQPERGDN
AKRFKVRVGD
ACLPERDWAE
NMEFCAGYDTK
WIDRSMKTRG

GHLERECMEE
TCLEGFEGKN
PCGKQTLERR
NLTRIVGGQE
RNTEQEEGGE
STLMTQKTGI
QEDACQGDSG
LPKAKSHAPE

TCSYEEAREV
CELFTRKLCS
KRSVAQATSS
CKDGECPWQA
AVHEVEVVIK
VSGFGRTHEK
GPHVTRFKDT
VITSSPLK

FEDSDKTNEF
LDNGDCDQFC
SGEAPDSITW
LLINEENEGF
HNREFTKETYD
GRQSTRLKML
YEVTGIVSWG

WNKYKDGDQC
HEEQNSVVCS
KPYDAADLDP
CGGTILSEFY
FDIAVLRLKT
EVPYVDRNSC
EGCARKGKYG

ETSPCONQGK
CARGYTLADN
TENPFDLLDF
ILTAAHCLYQ
PITFRMNVAP
KLSSSFIITQ
IYTKVTAFLK

ng



361 aaagacggcc tcggggaata cacctgcacc tgtttagaag gattcgaagg caaaaactgt 421

gaattattca cacggaagct ctgcagcctg gacaacgggg actgtgacca gttctgccac 481
gaggaacagaoaetotsgteggt gt gct cct gc gcccgecgggt acaccct gge Pgaamamyme4obet 1
aaggcctgca ttcccacagg gccctacccc t gt g8gaaac agaccct gga acgcaggaag 601

aggt cagt gg cccaggccac ca cagc ggggaggccc ctgacagcat cacatggaag 661
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GKACI PTG okl friP saming i sesidigs APDS| TW KPYDAADL DP TENPFDLLDF 181
NQTQPERGDN NLTRI VGGQE CKDGECPWOA LLI NEENEGF CGGTI LSEFY | LTAAHCLYQ 241

AKRFKYRYGD RINTECE AVH PHTFRIVINVAP—361

EGCE AVHEVEVWI KHNRFTRET YD FDHAVEREKT
ACLPER

E STEMIQKTGA VSGFGRTHEK GRQSTRLKML EVPYVDRNSC Kls5SSHIs#&364

NMFCAGYDTK ™ U DA, TePTM EBFREXN YNV Tk MWD IS FoBRRER Y ol SYTRY TARE K 1424

W DRSNKTRG LPKAKSHAPESPYI A &EBekdrabl e 4 - Sequence TD NO 4 - Polypeptid
Sequence of the d a-donai nl ess Factor

Heavy Chain

181 IVGGQE CKDGECPWQA LLINEENEGF CGGTILSEFY ILTAAHCLYQ

241 AKRFKVRVGD RNTEQEEGGE AVHEVEVVIK HNREFTKETYD FDIAVLRLKT PITEFRMNVAP

301 ACLPERDWAE STLMTQKTGI VSGFGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSFIITQ

361 NMFCAGYDTK QEDACQGDSG GPHVTRFKDT YFVTGIVSWG EGCARKGKYG IYTKVTAFLK

421 WIDRSMKTRG LPKAKSHAPE VITSSPLK

Table 6 — Sequence ID NO. 6 — Polypeptide Sequence of Activated Human Factor Xa

10 prior to Post-Translation of Glutamic Acid to y-Carboxyglutamic acid

Light Chain

1 ANSFLEEMKK GHLERECMEE TCSYEEAREV FEDSDKINEF WNKYKDGDQC ETSPCQNQGK

61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN

121 GKACIPTGPY PCGKQTLER

Heavy Chain

181

IVGGQE

CKDGECPWQA

LLINEENEGF

CGGTILSEFY

ILTAAHCLYQ

241

AKRFKVRVGD

RNTEQEEGGE

AVHEVEVVIK

HNREFTKETYD

FDIAVLRLKT

PITFRMNVAP

301

ACLPERDWAE

STLMTQKTGI

VSGFGRTHEK

GRQSTRLKML

EVPYVDRNSC

KLSSSFIITQ

361

NMECAGYDTK

QEDACQGDSG

GPHVTRFKDT

YEVTGIVSWG

EGCARKGKYG

IYTKVTAFLK

421

WIDRSMKTRG

LPKAKSHAPE

VITSSPLK




Xa lacking 1 to 44 amno acid residues Light Chain 1 KDGDQC ETSPCQNQEK 61
CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN 121

GKACI PTGRYORGBHRFIsER Heavy Chain 181 | VGGQE CKDGECPWQA IRCirNBENEGE060

CGGTI LSEFY | LTAAHCLYQ 241 AKRFKVRVGD @NTEQEEGGE AVHEVEWI K HNRFTKETYD

FDI AVLRLKT Pl TFRMNVAP 301 ACLPERDWAE STLMIQKTG VSGFGRTHEK TRLKML
EVPYVDRNSEaIRE ZsSeqpemme IDIN EcAtolpeptide Seamewe of dptivated diymam acioy XAG
EGCARKGK Y@ th PoKivT eiskatitilo \EIDRSMCTARE L AKB bRl MatiBSREIM (Tabpresdts y-Sequence
I D NO. 5 €aftaixyplepdmitel Gd Residue) of the G a-domai nl ess Factor Xa lacking 1
to 45 am no aC| d resi dues Light Chain 1 DGDQC ETSPCQ\IQGK 61 CKDGLGEYTC

\ 2 o i & w i 4
PI TFRM\I\/AD 301 WWAE@WRW&@FT\%&WDW@%WCh%ﬁ@?ﬁﬁﬁ?ﬂ‘

KLSSSFI | T éﬁi W@@%T%%@ED%Q@SG GPHVTRFKDT YFVTGI vsv\e EGCARKGKYG
lr\ll\ll DRCANLTRC r)I/I\I/CI_II\r)I: \V/ILTCCDI W Tahl A £ = Coamiinanen 6 -

'YlT AP L'\ 47 W DRSMAIRGERIGGHARE YET SSPHIG Tabbe oo sepueneet oA |
Pol y pepti-te s quenternh AT YAl &0 HHIAT, HAChR bty PRk R ok E T Al @t | on
of @ ytam T T AL eyt gt %'@ELGR ______ smm i )
E & 1§ & 2B EES P h|
TCLE I:L:KN @gmmgmmm&m&m mpg@yp[yvuo L,/-\HbYIL/-\L)N 141 GRACI PTGPY

PCCGKQITER
5

Table 8 — Sequence ID NO. 8 — Polypeptide Sequence of Activated Human Factor
Xa-Light Chain with Post-Translation of Glutamic Acid to y-Carboxyglutamic acid

Light Chain

1 ANSFLYYMKK GHLYRYCMYY TCSYYYARYV FYDSDKTINYF WNKYKDGDQC ETSPCONQGK
61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN
121 GKACIPTGPY PCGKQTLER

10 Table 9 — Sequence ID NO. 9 - Polypeptide Sequence of Activated Human Factor
Xa-Heavy Chain

181 IVGGQE CKDGECPWQA LLINEENEGF CGGTILSEFY ILTAAHCLYQ
241 AKRFKVRVGD RNTEQEEGGE AVHEVEVVIK HNREFTKETYD FDIAVLRLKT PITEFRMNVAP
301 ACLPERDWAE STLMTQKTGI VSGFGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSFIITQ
361 NMFCAGYDTK QEDACQGDSG GPHVTRFKDT YFVTGIVSWG EGCARKGKYG IYTKVTAFLK
421 WIDRSMKTRG LPKAKSHAPE VITSSPLK




Heavy Chain 181 | VGGQE CKDGECPWQA LLI NEENEG- CGGTI LSEFY | LTAAHCLYQ 241
AKRFKVRVGD RNTEQEEGGE AVHEVEWI K HNRFTKETYD FDI AVLRLKT PI TFRMN\VAP 301
ACLPERDWAEOSMOMBETG VSGFGRTHEK GRQSTRLKM. EVPYVDRNSC IRCSSSE00b/H63086 1
NVFCAGYDTK QEDACQGDSG GPHVTRFKDT YFVT@ VSWG EGCARKGKYG | YTKVTAFLK 421
W DRSMKTRG LPKAKSHAPE VI TSSPLKTabl e 7- Sequence ID NO 7 - Pol ypepti de
Sequence of Activated Human Factor Xa with Post-Translation of Gutamc

Acid to g-Carboxyglutamc acid represents g- Car boxygl ut am c Acid
Resi due) Ialglhtweh%qnencepuw @0 ERtigRe Y enced vhe Reg (1 ApbphINY F

VWNKYKDGDJER EMSREOA@EHT 6 ¢n tSidely dwle®i T EGFEGKN CELFTRKLCS LDNGDCDQFC
HEEQNSWCS CARGYTLADN 121 GKACI PTGPY PCGKQTLER Heavy Chain 181 | VGGQE
CKDGECPV\QA LLI NEENEGF CGGTI LSEFY | LTAAHCLYQ 241 AKREKVRVGD RNTEQEEGGE

VI TSS LK Tatllze &A—cm:muemwﬁﬁ\lo 8 - Pol ypeptl cle bequence oT Actl vat ed
Human [EaetorcnXas Li ght Chain wth Post-Translation of Qutamc Acid to
g- Car hoxygl usam ¢ aci d Li ghtv@ha nxicEANSHEL LgIyEvKKCIGdegRgehhyg TTCSY @ YgARg v
Fg DSDKTN g 2Rl \VARRYKDCDOCRIEESPCONQSH R EV CKDENREYFC O ELESRERCKN FCEERTRKE CS$
L DNGDCDQFC  HEEQNSVVES2EARGYTRAIN 124 BRAT PTEPRLPECKOT ER TapileéSeF LITQ
Sequermn |n3|§|h NWCAGWK\/@WQGI%GQ&HHWEDWYFKWLV&H@ ﬁCWGpWKHFAF%E- Heavy
Chai n v KDG O . KREKVYRVGED
RNTEQEEG N
STLMI&KT GI VSG:G?T HEK G?QSTRLKI\/L EVPYVDRNSC KLSSSFI | TQ

Table 11 — Sequence ID NO. 11 - Polypeptide Sequence of the Des-Gla fXa-S379A

Light Chain

1 DGDQC ETSPCQONQGK
61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN
121 GKACIPTGPY PCGKQTLER
Heavy Chain
181 IVGGQE CKDGECPWQA LLINEENEGE CGGTILSEFY ILTAAHCLYQ
241 AKRFKVRVGD RNTEQEEGGE AVHEVEVVIK HNRFTKETYD FDIAVLRLKT PITFRMNVAP
301 ACLPERDWAE STLMTQKTGI VSGFGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSEFIITQ
361 NMFCAGYDTK QEDACQGDAG GPHVTRFKDT YFVIGIVSWG EGCARKGKYG
IYTKVTAFLK
421 WIDRSMKTRG LPKAKSHAPE VITSSPLK

Table 12 — Sequence ID NO. 12 - Polypeptide Sequence of a Human Factor Xa triple
10  mutant prior to removal of the —-RKRRKR- linker
Light Chain
1 ANSFL F WNKYKDGDQC ETSPCONQGK
61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN
121 GKACIPTGPY PCGKQTLER
Linker

RKRRKR
Heavy Chain
181 IVGGQE CKDGECPWQA LLINEENEGE CGGTILSEFY ILTAAHCLYQ
241 AKRFKVRVGD RNTEQEEGGE AVHEVEVVIK HNRFTKETYD FDIAVLRLKT PITFRMNVAP
301 ACLPERDWAE STLMTQKTGI VSGFGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSEFIITQ

361 NMFCAGYDTK QEDACQGDAG GPHVTRFKDT YFVTGIVSWG EGCARKGKYG IYTKVTAFLK
421 WIDRSMKTRG LPKAKSHAPE VITSSPLK




361 NMFCAGYDTK QEDACQGEDSG GPHVTRFKDT YFVTA VSWG EGCARKCGKYG | YTKVTAFLK 421
W DRSMKTRG LPKAKSHAPE VI TSSPLKTabl e 10 -
Sequence wb 20tvsPes- G a Anhydro Factor Xa (A represent s pdehysdecoabans ne)
Li ght Chain 1 KDGDQC ETSPCOQNQEK 61 CKDALGEYTC TCLEGFEGKN CELFTRKLCS
LDNGDCDQFC HEEONSVWCS CARGYTLADN 121 GKACI PTGRPY PCXK
| VGQE CKEaideddina SennameNBOcts:TIHobareptide Paapsnceof a HumamEreiudp

RNTEQEEGCFi pit/nya\after prmpoyaicafthe FBKRR RR<TinkeTFRVNVAP 301 ACL PERDWAE

Sequence ID NO. 10 -

Pol ypepti de

LER Heavy Chain 181

STLMIQKT@rt VSERGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSFI | TQ 361 NMFCAGYDTK
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61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEQNSVVCS CARGYTLADN

121 GKACIPTGPY PCGKQTLER

Table 12¢ — Sequence ID NO. 15 - Polypeptide Sequence of Heavy Chain Fragment
of Human Factor Xa triple mutant after secretion

Heavy Chain
181

IVGGQE CKDGECPWQA LLINEENEGF CGGTILSEFY ILTAAHCLYQ

241 AKRFKVRVGD RNTEQEEGGE AVHEVEVVIK HNREFTKETYD FDIAVLRLKT PITEFRMNVAP

301 ACLPERDWAE STLMTQKTGI VSGFGRTHEK GRQSTRLKML EVPYVDRNSC KLSSSFIITQ

361 NMFCAGYDTK QEDACQGDAG GPHVTRFKDT YFVTGIVSWG EGCARKGKYG IYTKVTAFLK

421 WIDRSMKTRG LPKAKSHAPE VITSSPLK

10

Table 13-PK-PD correlation in pd-Antidote treated mice at 1.5 hr after 15mg/kg

Betrixaban oral administration (5 min after antidote injection)

pd-Antidote treated animal | 1 2 3 4 5 6 7 | Mean
Betrixaban (ng/mL) 673 [ 793 | 1170 | 415|217 | 664 | 879 [ 687
Expected INR 42 [ 451 52 133123 |41 |47 | 4.0
Measured INR 23123133 [08]08]15]20] 1.9
% Correction 63.9 [ 66.6 | 52.3 | 100 | 100 | 83.1 [ 74.4 | 77.2

15 Table 14- PK-PD correlation in r-Antidote treated mice at 1.5 hr after 15mg/kg

Betrixaban oral administration (5 min after antidote injection)

r-Antidote treated animal 1 2 3 4 | Mean
Betrixaban (ng/mL) 434 1 262 | 335 | 494 | 381
Expected INR 32125 (28|35 3.0
Measured INR 20109111209 1.3
J%Correction 50.0(94.1180.0[93.6| 77.3




61 CKDGLCGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC HEEONSVWCS CARGYTLADN 121

GKACI PTGPY PCCKQTLER Li nker

RKRRKR Heavy Chain 181 | VGGQE CKDGECPWQA

LLI NEENEGFOCEBIISEBEFY | LTAAHCLYQ 241 AKRFKVRVGD RNTECQEEEGGE/UAYENEMW K
HNRFTKETYD FDI AVLRLKT Pl TFRWVAP 301 RCLPERDWAE STLMIQKTA VSGFGRTHEK
GRQSTRLKML  EVPYVDRNSC KLSSSFI | TQ 361 NMFCAGYDTK QEDACQGDAG GPHVTRFKDT

YFVTA VS

el edAricGovrection ol

wionby

12a - Sed
nut ant af
VWNKYKDGX(

wentetidon (A

1Betrix #Hpiny

pRiptiogabage

qeinelsng

PKAKSHAPE VI TSSPLKTabl e

ter

renoval (0

f the -BK

RRKR-

| i 10k

er Liglot

C ETSPOONGGR

61 CKDGLCGEYTC TGbGFEGKN: GH

f a Human Factor Xa triple
Chain 1 ANSFL F
LFTRKLCS LDNGDCDQFC

HEEQNSV\/(
CKDGECPW
AVHEVEWI

VSGFGRTHEK

I< I IP IRI_'I'I/I_
- I\

LS CARGY LAY

2T GRAG!
=

PTGPY B

AALT

QTCER| o

avy Chain 181 | VGGEQE

14

oo

KRFKVRVGED RNTEQEEGGE

I
1

M A\ /A
O AV

E\ /DWW /|
v I VL

™

Y1 ET =
M n.Tﬁég,&L
T rrir ,7!
C KLSS

Ao
TO 3

D 403

CLPERDWAE STLMICXTG

GPHVTRFKI

FI—OX

T YEVTG VAR

EGCARRARY

11
A T 1

G

a4

L VTKOT AR

LA

VI TSSPLK

Tabl e 120b162.99

equendB-d|

D NO._ 740

Pol vp&g

NVFCAGYDTK QEDACQGDAG
LK 4933y

DRSMKTRG LPKAKSHAPE
ti de Sequence of Light

Chai n Frd

\gnent  of 2431l

n Fac®2i6

Xa tri gRé

nut anf.2q

fter secretion 1 ANSFL F

WNKYKDGDQC ETSPCONQGK 61 CKDGLGEYTC TCLEGFEGKN CELFTRKLCS LDNGDCDQFC

HEEQNSVWCS CARGYTLADN 121 GKACI PTGPY PCGKQTLER Tabl e 12c -

Sequence | D NO

15 - Pol ypank 1697 CofHen6R of inHibRioh iy WdinhiR@rent of Human Factor Xa triple
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0 0 0 0

9.3 21.5 23.2 133

18.6 52.7 54.2 335

37.2 75.5 72.6 49.9

55.8 86.5 79.9 59.2

93.1 94.9 89.1 64.4

148.9 99.3 96.7 74.8

186.1 99.5 94.8 72.6




181 | VGGQE CKDGECPWQA LLI NEENEGF CGGTI LSEFY | LTAAHCLYQ 241 AKRFKVRVGD
RNTEQEEGGE AVHEVEWI K HNRFTKETYD FDI AVLRLKT Pl TFRVNVAP 301 ACLPERDWAE
STLMIQKTGVOVBEARGREFEK GRQSTRLKM. EVPYVDRNSC KLSSSFI | TQ 261/UNMOGAGHET K
QEDACQGDAG GPHVTRFKDT YFVTA VSWG EGCARKGKYG | YTKVTAFLK 421 W DRSMKTRG
LPKAKSHAPE VI TSSPLK Tabl e 13-PK-PD correlation in pd-Antidote treated mce
at 1.5 hr after 15ng/ kg Betrixaban oral adm nistration (5 mn after
antidote in ection) Table 14- PK-PD correlation inr -Antidote treated mce
at 1.5 hrTabled7-riSntiditg rBedrsalyod lanticoagaillartdwtinmity f hetrixaba®d nin after
antidotel i njection)Table 15-% Corr ect ia(PrTTOf if moidoi t i o 9 do¥eection of

i nhi bi torsTabl e 18-r-Antidote reversgls@f anfickased!! antan@esddgulakivn of
Api xabanTabl e 19 - Sequence I D NO 16 -A poI ynucl eoti de Sequence Encodi ng

r-Antido O&EQJ\% XL TP e Tt ant) ant )3k CAQTGCACCT CGIeCTaqTC
T4 LT OO f"'l'f" - AT _OCONCCONCOCNC
AG-I-CI:C-I- OINWI I WIWIWIV \.1.1.1 \Z—p UM T UL UAUOOUUAUOUAU
GCCAA b AG (TT(‘A(‘(‘_A(T AATT( TCTITITCTG-GAATAAATAC
i}

AAAGAT GG iesosk N EBCAAATG 01 TAAAGACGED
CTCGGGGAA&OOAWM@ f:T@erA@md@@ATﬁ@@AAG GEARAAACT G BRGAATTATTC
ACACGGAAGD ST BaAGIEh -CEROAMACGGEG 301 |GRATGTGACOBAGT TCTAOCA CGAGGAACAG
AACTCT GG ldoléCTCCTG CGCCCECGEEG TACACCCTGG CTGACAACGH CAAGGCCTGEC
ATTCCCA P@%MB%MLIL CTGT GGGAAA [GAGACCC T g gAA GGAA GAGGAGGAAG
AGGAT G G333 501 CCTGCTCATC

é&%@pdﬂ E, Ya'as \ U%\_L PLCAAGS T Ad A_COGGAACACS
GCAGCAGCAORMEBewrsyoan %Mﬁ@d AR an TddBcatead Boacaacoas
TTCACAAAGH Ondyi Baigaammai & v claaaiere | S38aT GeT A 7GaCTCARBAC CCCCATCACC
TTCCGCATIGNOAGEBEERERM 1 GRIUKGCAARIdSBCEAOASTG ACTIRGECCEA &01 GTCCACGCTG
ATGACGCAGA 40aNMGATE3ATE TGTGAGCGGEC TTCHRIEEECA CPGACGAGAA -GGGCCGGCAG
TCCACCAGE DR dat CGAGGTGOCC 90T [RAGHETGAGG (GCAACAGCTG CAAGCTGICT
AGCAGCT TCA TCATCACCCA GAACATGT TC TGT GCCCECT ACGACACCAA CCAGCGACGAT
GCCT GG 1001 GGGACGCAGG GGGECCCGCAC GI'CACCCGCT TCAAGGACAC CTACTTCGIG

A g! A& 1101 GATCTACACC
s GCCCAAG

GCCAAGAGCC ATGCCCCGGA GGTCATAACG 12 01 TCCTCTCCATFJAAAGTGATabI e 20 -
Sequencel | D. NO. 18- Pol ynucl eoti de SequehEéseer Badee” Ant|i dot e Expression
Vect or 1] TCTAGACACA GTACTCGGCC ACACCATGAG GCGCCCA G "CACCITICGTCC TGCTCAGTGC
CTCCCT GaQTorEsChTmal @asiheCT CCGGEGA AAGTCTGITHC! 101 ATCCGCAGEG AGCAGGCCAA
CAACAT COTGL KA pAIBad CA CGAGGGCCAA TTCCTTT|AIRIA TTCTGEAGTA AATIACAAAGA

TGGECEA ; %QM M‘E&w GAACAEEEC ARGd GTAAAG ACGGCCTCGG
GGAATACACC LA mff;ltlm Ay ’A ,E CGARAGGCARA, AACT |&§\AT TATTCACACG 301
GAAGCTCTieE et A—AC | TGACCAGT TC,TGCCA GGAAGAGAACTC
TGTGGT Gkt 3o .nm?} coToocTidi 401 NNAEEOAAGS CCTGCATTCC
CACA N RETd - 3 Mﬁﬂ?‘er‘r"rr:rmqéz AGGAMEREGA A AGAGGAT

CGTGGGAGE e ATarA 501 AGGACGGGGA GIGIECETEG IChSECCCTGT TCATCAATGA
GCGAAAACGARS GBI IHicTEnG GIBEMACOAROTRCT GAGOGA® TTCTACATCC TAACGGCAGC 601
CCACTGTTCS TACGAAGGEA AGAGNT TGARN oEGT GAGGAERA3 GGGGACAGGA ACACGGAGCA

GGAGGAGHESs Sl Fadoke TGCACGAGGT GGAGGTGGIC -

1.90 uM rAntidote 14.2 -




701 ATCAAGCACA ACCGGTTCAC AAAGGAGACC TATGACTTCG ACATCGCCGT GCTCOGGCTC
AAGACCCCCA TCACCTTCCG CATGAACGTG GOGOCTGCCT 801 GOCTCCCCGA GOGTGACTGG
GCCGAGT CROGEDNGHFEAC GCAGAAGACG GGGATTGTGA GCGGCTTCGG GCEIASHIACI060
GAGAAGGGCC GGCAGTCCAC 901 CAGGCTCAAG ATGCTGGAGG TGCCCTACGT GGACCGCAAC
AGCTGCAAGC TGTCCAGCAG CTTCATCATC ACCCAGAACA TGTTCTGTGC CGGCTACGAC 1001
ACCAAGCAGG AGGATGCCTG CCAGGGGGAC GCAGGGGEGECC CGCACGTCAC COGCTTCAAG
GACACCTACT TCGTGACAGG CATCGTCAGC TGGGGAGAGG 1101 GCTGTGCCCG TAAGGGGAAG
TACGGGATCT ACACCAAGGT CACCGCCTTC CTCAAGTGGA TCGACAGGTC CATGAAAACC
AGGGGCTTGC CCAA ola 5015 GAGECATGOC COGGAGGTCA TAACGTCCTC TCCATTAAAG
TGAGATCCCA CTCGGA é é@@‘@ TGTCACCTAA ATGCTAGAGC TCGCTGATCA 13 01
GCCTCGACTG TGCCTgr &CCA TCTGTTGITT GOCCCTCCCC CGTGCCTTCC
TTGACCCTGG AAGGIGBGAT € CTTTCCTAAT 1401 AAAATGAGGA AATTGCATCG
CATTGTCTGA GTAG@@fCZAEWfC{I@ GGGGGTGEEG TGEGGECAGGA CAGCAAGEGEG
GAGGATTGGG AAGAGARTAGELSQL; EAGBEATGCT GGGGATGOGG TGGGCTCTAT GGCTTCTGAG
GOGGAAAGAA CCAGC%IX%;@@‘ BEGEE CGCCCCTTCT GAGGOGGAAA GAACCAGCTG 16 01
TGGAATGTGT GTCAGTTAS TFAAAG TCCCCAGGCT CCCCAGCAGG CAGAAGTATG
CAAAGCATGC CT@AB “@W AGGTGTGGAA 1701 AGTCCCCAGG CTCCCCAGCA
GGCAGAAGT JGCATCTGAAT TAGTCAGCAA CCATAGTCOC GCOCCTAACT
CCGCCCATCC @Goocgzﬁf@% o ge gg@ = PCCGCCCAGT TCCGCCCATT CTCOGCCCCA TGGCTGACTA
ATTTTTTTTA ETTAT, GCCTCGGOCT CTGAGCTATT CCAGAAGTAG 1901
TGAGGAGGCT TTmmmm TGCAAAAAAG CTAGCTTCCC GCTGCCATCA
TGGTTCGACC ATTGAAEHGE <ATEGTOECO8 TGTCCCAAAA 2001 TATGGGGATT GGCAAGAACG
GAGACCTACC ETGGGCEGOGACT GAGGAADG AGTTCAAGTA CTTCCAAAGA ATGACCACAA
CCTCTTCAGT GGAAGBEBM%\&% CAGABTCTGG TGATTATGGG TAGGAAAACC TGGTTCTCCA
TTCCTGAGAA TAATGRAGCT ST AAAGGACA GAATTAATAT AGTTCTCAGT AGAGAACTCA 22 01
AAGAACCACC ACGAGES @EWEE@F?T & CCAAAAGTTT GGATGATGCC TTAAGACTTA
TTGAACAACC BGAATT CAGTANAGTAG ACATGGTTTG 23 01 GATAGTCGGA GGCAGTTCTG
TTTACCAGGA BGCCATChy cﬁx ACCTTAGACT CTTTGTGACA AGGATCATGC
AGGAATTTGA @GTC%%SZ&M 15 TETTRCCCAG AAATTGATTT GGGGAAATAT AAACTTCTCC
CAGAATACCC AGGOGT AGGAGGAAAA AGGCATCAAG TATAAGTTTG 2501
AAGTCTACGA @PA @A@OTM & ATGCTTTCAA GTTCTCTGCT CCCCTCCTAA
AGCTATGCAT BTTTATAAGA (CCATGEGACE TTTGCTGGCT 26 01 TTAGATCCCG CGGAGATCCA
GACATGATAA GATAGAT %créz\ %Tgi CAAACCACAA CTAGAATGCA GTGAAAAAAA
TGCTTTATTT GTGAAATETEY ATT GCTTTATTTG TAACCATTAT AAGCTGCAAT
AAACAAGTTA ACAAGAKGAA MEGM; TTTATGTTTC AGGTTCAGGG GGAGGTGIGG 2801
GAGGTTTTTT BMAGGARGTAGAARGOTETAG AAATGTGGTA TGGCTGATTA TGAGCTCCAG
CTTTTGITCC EITTACEGAGGSETARETGES GOGCTTGROG 2901 TAATCATGGT CATAGCTGIT
TCCTGTGTGA ZATTGTEATE m&:ﬁ&é\% TCCACACAAC ATACGAGCOCG GAAGCATAAA
GTGTAAAGCC BCE0T 93081 GTGAG CTAACTCACA TTAATTGCGT TGCGCTCACT
GCCCGCTTTC GTcga #?gw G CCAGCTGCAT TAATGAATCG GOCAACGCGC 3101
BEECECTE TTCCGCTTCC TCGCTCACTG ACTCGCTGCG
CTCGGTCGTT mmo@mgg@ AGCTCACTCA 32 01 AAGGCGGTAA TACGGTTATC
CACAGAATCA éeoeﬁgm CCAGGAAAGAS CATGTGAGCA AAAGGCCAGC AAAAGGCCAG

GAACCGTAAA EAGGROBEGE §33 503 BGCFGBOGTT TTTCCATAGG CTCCGCOCCC CTGACGAGCA
TCACAAAAAT QGAC@:@@@\ “GICAGAGGI 6 GCGAAACCOG ACAGGACTAT AAAGATACCA 3401
GGOGTTTCCC GCT &gm CTCTCCTGTT COGACCCTGC CGCTTACCGG

55
%ﬁ
%

ATACCTGTICC

399
:

1 ATGGGGCGCC CACTGCA
101 TCCTGGCGAG GGTCACG
201 TAAAGACGGC CTCGGGG
301 GACTGTGACC AGTTCTG|
401 GGCCCTACCC CTGTGGG
501 CCTGCTCATC AATGAGG
601 TTCAAGGTGA GGGTAGG
701 AGACCTATGA CTTCGAC
801 GTCCACGCTG ATGACGC
901 TACGTGGACC GCAACAG

1001 GGGACGCAGG GGGCCCG
1101 GATCTACACC AAGGTCAGY
1201 TCCTCTCCAT TAAAGTG

Table 19 - Sequence ID NO.



3501 TCTCATAGCT CACGCTGTAG GTATCTCAGI TCGGTGTAGG TCGITCGCTC CAAGCTGEGEC
TGIGI'GCACG AACCCCCCGT TCAGCCCGAC CGCTGCECCT 36 01 TATCCGGTAA CTATCGICTT
GAGTCCAAGEROCHBIAMGACA CGACTTATCG CCACTGGCAG CAGCCACTGG PARTAGHBNDI4060
AGCAGAGCGA GGTATGTAGG 3701 CGGTGCTACASGAGITCTTGA AGTGGIGECC TAACTACGEC
TACACTAGAA GGACAGTATT TGGTATCTGC GCTCTGCTGA AGCCAGITAC CTTCGGAAAA 3801
AGAGITGGTA GCTCTTGATC CGGCAAACAA ACCACCCCTG GTAGCGGTGG TTTTTTTGIT
TGCAAGCAGC AGATTACGCG CAGAAAAAAA GGATCTCAAG3901 AAGATCCTTT GATCTTTTCT
ACGGGEGTCTG ACGCTCAGTIG GAACGAAAAC TCACGITAAG GGATTTTGGT CATGAGATTA

el ey ]
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ACGATACGGG O@Gﬂ 5 ; GCIECAS A2 D1 ETHEATARCEES AGACCGA
TCACOGGCTC TITATC, %@%P‘Sf AAAC Ci\m@@@ M %@%
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AGTAGTTCGC CAH mrwm TECT %%401
TCACGCTCGT CET T%ﬁ@f@éf %@@ﬁ@@\

ACATGATCCC ccaqsr m%&'@EGTC
AGAAGTAAGT T Glo GTJAT GoATQGI’ T TAATEGTCET, o
e %@o e ﬁ@@%ﬁ%@@@o e
TGAGAATAGE T AA Qcmml
GCGCCACATA FECAR
CTCTCAAGGE T é&e%%%&;ﬁt&& mééﬁ%m&%a R TR ACEEA AC

XS_?_\TCTTCA@ C@mm M{B ['sltd W@%mm %GACKIMAW%\

%@%
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GGCCTCCCCls T(?M:C‘AECCGA

AAAGGACTCE C@@ﬁ@@@% @%“N@ M@@@L ¢ 5730 5@03 “@@W@@ &C@\@TAACGTA
GAACCCAGAS' ATCEETERET STOORDELTE 1Ch
GGAGAAGAGE AHETCAGGI 6101

m&mtﬂ;@m
GTCOCOOGAGR AGT GO ACBBCT LA 50 %@@éﬁ@‘&@% M%@%@?@Z 01

GAACCGTA% %@o@@ﬁ%hﬁzgﬁ ®8 E-u% %:rmm

&fm@zcecc
AGAACACAGS TAAGRGLEGT & @@@@E@@@ @@@W@@@
CCTTGCGT C’ETMM(B@ZI@B M’%@C&:@@ GCAGE BACBTCATTCETT GATCCCCGA
GCTTCGGGT GAAAGTGEEGTE GEEAGAGETE SGA

T

§
%
%
-

1 TCTAGACACA
101 ATCCGCAGGG
201 GTCCTTGCCA
301 GAAGCTCTGC
401 AACGGCAAGG
501 AGGACGGGGA
601 CCACTGTCTC TA
701 ATCAAGCACA
801 GCCTCCCCGA
901 CAGGCTCAAG

1001 ACCAAGCAGG
1101 GCTGTGCCCG
1201 GAGCCATGCC
1301 GCCTCGACTG
1401 AAAATGAGGA
1501 CAGGCATGCT
1601 TGGAATGTGT
1701 AGTCCCCAGG
1801 TCCGCCCAGT
1901 TGAGGAGGCT
2001 TATGGGGATT
2101 CAGARAATCTGG
2201 AAGAACCACC
2301 GATAGTCGGA
2401 TTTTTCCCAG
2501 AAGTCTACGA
2601 TTAGATCCCG
2701 TGATGCTATT
2801 GAGGTTTTTT
2901 TAATCATGGT
3001 AATGAGTGAG
3101 GGGGAGAGGC
3201 AAGGCGGTAA
3301 TGCTGGCGTT
3401 GGCGTTTCCC
3501 TCTCATAGCT
3601 TATCCGGTAA

3701 CGGTGCTACA
3801 AGAGTTGGTA GCTQTTG!

Table 20 - Seque
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8. The method of claim 3, wherein the derivative conprises at

| east am no

acid residues 46 to 139 and 195 to 448 of SEQ ID NO. 3 or an equival ent

t her eof .

chain of fXa and contains a serine protease catal ytic domain present i

heavy c

hai n.

10. The nethod of claim3 wherein the derivative is a

Wo 20tmsesshod of claim 3, wherein the derivati weThmsedos/oesobo ght

n the

pol ypept i fignie 2P Ulﬁgoﬁﬁclk&?d@ﬁlﬁﬁrsaﬁéeﬁ o %Qh@?&& tRé p&%@uéla)m emtoding thee

nmet hod

of . &l @aBledri

optlonally chem ca

activity but maintain structural

e

filufAt. ¢

derivative includes a catal ytic donain

y or recombinantly nodified to | ack proteol ytic

bi ndi n

sai d da
group ¢c
bacteri
deri vat

qﬁln deri ve(
0 S|st|ng of
al protease
ive conpri sq
hain or an

characteristics necessary for

jsgrqgkglther a . mammal i an proteases sel ected
?asna kal l'i krein, thrombin, and trypsin; or

subt|I|S|n 12. The met hod of claim 3, wherein
®S an am no acid sequence of SEQID NO 7 with
pqui val ent thereof. 13, The nethod of claim12

o

Qhe
2 od
k|

i ght ¢
t he nod

i K.jFEF1 | ght

NG ETCEAPGCACARIT AGESEGORA GACAA TAGAGCs ubst i

Wi g

h t he

ified
ein
n,

additia

M. FXR (del et

WG@TGGW@G@@AG@GGG%@@T@NUEHfNAT@GA@A@GidO

a0 N

of a

wildt
deri vat
under cq

.}.g:': Fﬁiu“ I ag

rbdX¥H %t ed,

t}UA _cA XA‘] G&AGGAECG thod—of —ctam3,—whe
SO HeC AT i HOE&EI6r Xa protein. 15. The

ill
22 ha

t he

d of

claim3

SAMXERZei n

& CErC AGUIORSCACHOEESCCA&Theavy chain of SEQ

23 Nq

that is
wher ei n

qefii A ed of

C@A&ﬁ?@&%ﬁ@ﬁﬂ@%z&ﬂ%AA*PQC‘?&%RG%T@}G@G@J

tY? |s nndlfled by at least one amno acid

49,

bstitd

tion

of an
Arg332,

the derlvat
|u O

II-}AI ‘2% Lyvs

A VY e e de e T e wh

Eang

deri vat

i & EXAF des-

NGO ANBYIGA G ANaNGEA BRCIMGIOABEIGCAGRehce o

26E(

N
—_—

NO. 10

ar, PMAEQLH V 4

A KBX'(IGAHT@(HQTTTO@T C@W@T‘T@UIQ}E@TTCCAIGGG wher e

D7 th

5 &

oo

deri vatfi
11 or

NE ATAHET §

an " annrval a

PRGBS ATRIGIB AL CERIERAECETITEnEe o

deri vat

i Ve Al 1D

| SGOTGASGIGEGEGCCCCTGCTTCCCCCT

Eﬁi
ge




with ATIIIT, cofactors fWVa and/or fVIII/fVIIla and conprises an am no acid
sequence of SEQ ID NO 7 or an equivalent thereof. 20. The nethod of claim
19, wher ewo 20twsemsi vati ve has at | east one am no aci d abatszéasmeo at

am no acid position Arg306, d u310, As8g347, Lys351, Lys414, or Arg424.21.
The nethod of claim3, wherein the derivative has a nodification in the EGF
domain, said nodification is selected fromthe group consisting of deletion
of the EGFl donmin, deletion of the EG-2 donmin, and del etion of both the
EGFl and €BAIMEGmmi ns. 22. The nmethod of claim1 or claim2, wherein the

bl ood coagul ati ng agent initiates or enhances bl ood coagul ation or inhibits
fibrinolysis of thrAmsédstor 2ﬂaveﬂ'thg oratdeth coflealimg ma]swjecchraiengﬁng wher ei n

t he blood co ating has, nti-thronboly and/ o

anti - br%nﬁlapga“.lla@ FRY; WA %&wr%ﬁ%@} RBPBE cemarivng a@ﬁmrewsﬁﬂ%ﬁ 9 M%her ei n
the bl OOdsu*Bfé%géJb@é bﬂ&%l@G&Natﬂvé a§d’f£ %%a%gg@mﬂgm%e&r&%egammﬁ{do@ of a
coagul ation” factor, a polypeptide related to the coagulation factor, a

r econbi nawhercmag@f?éa proteif derivative hinds eotibit Kainhopigortahe deesf not 2GenmiPheinteet hod of
cl aim 24, w&g n the c? )gul ation factor is selected fromthe group

consi sti ng° %%?’F“a‘:o&&“? ed factors VIFVIla, IX/|1Xa, X/ Xa, |Flla,
VIIFVII1la, V/Va and conbinations thereof. 26. The nethod of claim 24,
wherei n the rezonbi AamithePREpleatniy draédiRingd He&kh ekt edbidcoidefeigy oup
consi sting of reconbinant factors VIFVIla, IX/1Xa, X/ Xa, |Flla, VIIFVIIIa,
V/ Va Bhd @6ispgviant &%amﬁwlé@f?(a DrpibitpkCOPrITG AgMIRIPIETIAS tothe WHIPEIZA t he
reconbi n t hod
of ol ai m 2YaRERAREEIRLAREARL hEbRRATR DAL EPRE0 M. 125, PP 6

anti - bl eedpsigpepgieahavid®at [Ee 30¢t ivmblody ©f SHQRHNO v2ed &iar ltshﬂdracmeozipeci fic
anti - bl eedin e is selected fromthe group consisting of an adsor bent
cheni cal ,Coégﬁéﬂg%?%ﬁﬁr%]@@?fm apfidSfrbi n, fibrin glue, desmopressin,
cryoprecipitate and fresh frozen plasma, coagul ation factor concentrate,
activated or npn- actiyat@ed Bf Ohit QMPhdleHAAPHER 2608 681t EAthe X &R oYN,

pl atel et concentrates and comnbi nations t hereof.
15  either directly or indirectly.

4, The method of claim 3, wherein the derivative has either reduced or no

procoagulant activity.

5. The method of claim 3, wherein the derivative is a Gla-deficient fXa

protein derivative or a des-Gla fXa protein.
20 6. The method of claim 3, wherein the derivative has a modified active site.

7. The method of claim 4, wherein the derivative comprises at least amino

acid residues 46 to 448 of SEQ ID NO. 3 or an equivalent thereof.

8. The method of claim 3, wherein the derivative comprises at least amino

acid residues 46 to 139 and 195 to 448 of SEQ ID NO. 3 or an equivalent thereof.

25 0. The method of claim 3, wherein the derivative lacks a light chain of fXa

and contains a serine protease catalytic domain present in the heavy chain.

10. The method of claim 3 wherein the derivative is a polypeptide comprising

the amino acid sequence of SEQ ID NO. 5.



30. The nethod of claim1 or claim2, wherein the blood coagul ati ng agent
is selected fromthe group consisting of thronmbin- activatable fibrinolysis
i nhi bi t orwOBAMlgs¢s0t ein C inhibitor (PCl), protein S i morhiscaw/o¢406 ),

al pha- 2-anti pl asm n, tranexam c aci d,9am nocaproic acid, aprotinin and
conmbi nations thereof. 31. The nethod of claim1 or claim2, wherein the
heparin antidotle i sThsemedbedal ¢laimmt Waerginghp dessrasive inchgleps Cﬁﬁbﬁlaﬁp@ampwx

R e S e R S L

adm ni st estedtural chataberiss uictesadrly Yorifidiag i sdil dmasinl belﬁ\hﬁl’fﬁﬂﬁﬂitilei‘m |y
effecti ve anobunt. 33. The nethod of claim?2, wherein the isol at ed

pol ypeptide is admithi st eM@ATHIAPEORREPeslFeIdTany thergrawt fapsisipe of plasma

sub-t her alpﬁlﬂ&i:ﬁa{hké(mﬁﬁlfﬁﬁﬁnﬁwum 34. The nethod of claim32 or claim
33, wherein the blood coagul'ati’'ng agent or heparin antidote is administered

in a therapeutical lly ef flectarmbpoteasatubtihenapeuti cal ly ef fective anount. 35.
The nethod of claim1 further conprising a peptide conjugate conprising a

carrier coval e Iy f}; no\@-gomlen?l Iin ﬁd to t.he fXa §rb)eroteln derivative.
36. The met hod ol i HFB99 Ohrare P ™ PHEM AT POty cRBPEs 88 AP AYhe group
consi st i ngq@énca ot 5B 0. 2 Withcehbeified liRRE¢HIBLAUN galvalenaterpt.abl e pol ymer
and a phar rraceutl cally acceptable carrier. 37. The nethod of claim1 or

claim2, wherein the fXa inhibitor is selected fromthe group consisting of

f ondapari nux, |1dr aphid Mesod Bf elginkyP-ateein dhamadifisd kigherhoRpgeamaries #t agmi n,
NAP-
et ghi® hea one RGN QB B WUER LA in R0 dofhoid Rt

bet r i xabathe GPDd3ABRAIE a voil atyipx hbann fdbhbr]XZ@ﬂirptehﬁ(Sl??l? GSK913893 and
conbi nations thereof. 38. The method of claim1 or claim?2, wherein the

subj ect is experiengin | ini ca | or edi ng event lected from the
o oup consi ot b of LHodERPRab BT PRRRG (Pt Hrar SREEAGIOM eGP

requiri ngan@fSﬁ’ﬂgéiaéﬂ &ﬁa%x?lai&@%ﬂd&?&aﬁﬂﬁ%a‘t&i REPERAHo’yaRd facthl ®8di ng i ndex
of equal to or greater than 2.0 with an associ at ed overt bl eedi ng. 39. The

met hod ofpretegim 1 or claim 2 wherein the subject is experiencing a
bl eedi ng event sel ected from the group consi sting of persistent or

recurfe nt epi Sf5a X SThe method of claim 3, wherein the derivative comprises the heavy chain

of SEQ ID NO. 7 that is modified or an equivalent thereof.

16. The method of claim 15, wherein the derivative is modified by at least one
amino acid substitution of an amino acid selected from the group consisting of Glu216,

Glu218, Arg332, Arg347, Lys351, and Ser379.

20 17. The method of claim 3, wherein the derivative is des-Gla anhydro-fXa

having an amino acid sequence of SEQ ID NO. 10 or an equivalent thereof.

18. The method of claim 3, wherein the derivative is des-Gla fXa-S379A

having an amino acid sequence of SEQ ID NO. 11 or an equivalent thereof.

19. The method of claim 12, wherein the derivative has reduced interaction
25  with ATIII, cofactors fV/fVa and/or fVIII/fVIIIa and comprises an amino acid sequence
of SEQ ID NO. 7 or an equivalent thereof.

20. The method of claim 19, wherein the derivative has at least one amino acid

substitution at amino acid position Arg306, Glu310, Arg347, Lys351, Lys414, or Arg424.



rectal or urinary tract bleeding without the need for a therapeutic
procedure, substantial injection site-henmatoms, spontaneous hematonas at
non-i nj ecwoanoist®s hemat omas occurring with trivial traowas2eabstoant i al

bl ood | oss and bl eedi ng requiring unpb@anned transfusion. 40. The nethod of
claim1l, wherein the fXa protein derivative is admnistered prior to a
surgery. 4 1 The nEmwethed obflainm 2vhepiertee fertvid vp Brspegtifigationsin the
adnlnlste r t C 2,
wherein t SP glé%gg %%%%gﬁéﬁgﬁ%ﬁg}ﬂﬁ%ggﬁgn aﬁ%mﬁ %g¥%ﬂ§§nf#ﬁg?gred
prior to E@Fﬁdbmﬁg, aelstisrgetrthie EGEF2 dbhainyahddeletén of Witithk, EGheas RGFhe fXa
protein derivative is adm nistered before, after, or at the sane tine as
the adm rf¥e4B%ion of the bl ood coagul ating agent or heparin antidote. 44.
The nethod of claim 2, wherein the pol ypeptide is adm ni stered before,
after,s or at the Saﬁﬁ:ﬁk@@d@?c&ﬂ@l%@@hﬂh%t&ﬁ&k&ﬂh@%k%ﬁ%ogbﬂﬁﬁlQ@éﬂU'at'ng
agent. 45. The nethod of claiml claim2, wherein the subject i s human.
46. A phamﬁm@gutﬁmamcadﬁpmtau@ghnomnpnmﬁnhgﬁtmpb@mﬁxdupmbomsn derivative
that binds to the fXa inhibitor and does not assenble into a prothronbinase
conpl ex, and (44) bl 0o Q ula gnt that..h racoa

anti -t hronbol jfg aThe me?‘ g 9gllgﬂlnrrﬁol y 1|a%: ac’fvlhsrlefn the %FOOH 8%%r| hng tgl dot e.
A phar naclaﬁ&cbanalang@ﬁ@@lﬁbhib@lyueomdvmsmﬂgﬁ{dnbmla abﬁﬁk_y’:.lt ed pol ypeptide
conprising the am no acid sequence of SEQ I D NO. 12 13 or 15 or a

pol ypepti de having at |east 80% honol ogy to SEQ 12, or 15 and
(ii) a blood cdagul 84 mathaaeﬁflawlgr ﬁ@ga@r Wh%{ﬁtni %Pl@odésag%@tﬁmgﬁ%éuu cal
CoMpORy 1 QfeckRIMRIh Hlolh dorRliihe OF SLSfulOn kil BOLKARRI ! CIGARMRI ST NQ the
am no aci d sequence O EQ D NO 13 6r a polypepti 5 avi ng at ast 80%
honol ogy ¢cag@EG 1 f2ciD. a 18ombindnt(dohgulatidl factr camdguﬂnhtnangnﬁgembf.t hat has
procoagulant anti-thronbolytic, or anti-fibrinolytic activity or a heparin

anti dot e. t|o of gny of ns 46.to the bl ood
congul ating aghht |+ Shearbed 8hc Rim At witrgf o FheRBitd rih o R Eltia: ron
factor, ath@@%dx@e:@hmﬁqgrcﬁ‘lpﬁsﬁﬁ derived factors VII/VIIa, IX/IXa, X/Xa, II/ITa, VIII/VIIIa,

47.

V/Va and combinations thereof.

15 26. The method of claim 24, wherein the recombinant coagulation factor is
selected from the group consisting of recombinant factors VII/VIa, IX/IXa, X/Xa, II/1la,
VIII/VIlIa, V/Va and combinations thereof.

27. The method of claim 26, wherein the recombinant coagulation factor is

recombinant factor Vlla.

20 28. The method of claim 23, wherein the blood coagulating agent is a non-

specific anti-bleeding agent.

29. The method of claim 28, wherein the non-specific anti-bleeding agent is
selected from the group consisting of an adsorbent chemical, a hemostatic agent,
thrombin, fibrin glue, desmopressin, cryoprecipitate and fresh frozen plasma, coagulation

25  factor concentrate, activated or non-activated prothrombin complex concentrate, Feiba

Vh, platelet concentrates and combinations thereof.

30. The method of claim 1 or claim 2, wherein the blood coagulating agent is

selected from the group consisting of thrombin-activatable fibrinolysis inhibitor (TAFI),



to the coagul ation factor, a reconbi nant coagul ati on factor and

conbi nations thereof. 50. The conposition of claim49, wherein the

coagul at iwo 2bBa0ts6T651 s sel ected from the group consi sti ngcofuspioassmeaeri ved
factors VIFVIla, IX/1Xa, X/ Xa, II/1lappViIiFVIlla, V/Va and conbi nations

thereof. 51. The conposition of claim48, wherein the reconbinant
coagul at i FAteiBEifibiter BEDepraiein Sriphibiteie(P§ho alphedrisitigtsme. GRNeEEBaBFifant

factors Vz{;‘g}ﬂ)%ag)rml:xélhxgpr?agl?l(an? LE&Lﬁa@ﬂs totkdd @/ Va and conbinallons

t her eof . inms 46 to 48, wherein the bl ood
coagul ating agent is a non- speC|f|c antl-bleedlng agent. 53. The
conposition of3h|aiﬂmﬁmemmhefemmnﬂMEChnn2sphekﬁhhehqmﬁmhmﬁddkmgxagmnt i's

selected romthe group con istin S static
agent , TRERNSIORP EPRYFUGRQ Pf%@%‘%o%@@@@g @W@E %ﬂ?ﬁ?@mm
frozen pI@g@@.pp@@gyggthgmx$ﬁﬁ&9@n§g@ﬁ%@trate activated or non- actlvated
prot hrombi n conpl ex concentrate, Feiba Vh, platelet concentrates and

conbi nati ons thereof. 54. The conposition of any of clains 46 to 48,

wherein the bldbd cbamgukthpd n@claig@ﬂuWh@ei@éhet%eplrwqi@dm\méivgiscﬁsiplini@tﬁ;sﬁdsti ng
of TAFI, 1|r3191|t erlz?se tica afgf?ec% antl er utl Han %:(c 1me% %%Ing am nocaproi ¢_acid,
aprotlnln ang %&% Fons 't ereo WBEHThe conﬁ65| Iron of any of clains 46
to 48, wherein the heparin antidote is selected from the group consi sting
of protame, PMX 601KEZmetRMKoBOR2E2, WhiteQRSBolaRDDobEHEDIde RMmbtIOEEd iand
conmbi nations thereof. 56, The caonposition of any of clainms 46 to 48 further
conpri si nyt 5%1%%}%%1&éif?qtygﬂryulaé@é@@a%?aélwéﬁeﬁl\@rarwmA met hod for

preventing or reducing bleeding in a subject undergoing anticoagul ant

therapy wth afXa TiRhihBinb@bf c1GRNBS 'o§uagn 34l mfl'ﬂﬂr&h%é Bdod QOagﬂﬁauﬁg' Q%&ﬁt an
effective amount of a conposition of any of clains 46 to 58 kit of

parts congrhiepamyargidoge i Xdmprigereidm d drerapatiiicadl ytefi@etive ordebttherafeatit Ay

i nhi bitor ng does not assenble into a prothronbi nase conpl ex; and b) a

bl ood codﬁﬁi i ent or a heparin antidote. 59. A kit of parts
conprising a) an isolated pol ypeptide conprising the amno acid sequence of
SEQ I'D NO. 12,3513, Dhie thdthod oficlpidh Y Peplidr @6mpaving g paptideadniugd¥%omprising

a carrier covalently or non-covalently linked to the fXa protein derivative.

15 36. The method of claim 34, wherein the carrier is selected from the group
consisting of a liposome, a micelle, a pharmaceutically acceptable polymer and a

pharmaceutically acceptable carrier.

37. The method of claim 1 or claim 2, wherein the fXa inhibitor is selected
from the group consisting of fondaparinux, idraparinux, biotinylated idraparinux,
20  enoxaparin, fragmin, NAP-5, INAPc2, tissue factor pathway inhibitor, heparin, low
molecular weight heparin, DX-9065a, YM-60828, YM-150, apixaban, rivaroxaban,
betrixaban, PD-348292, otamixaban, DU-176b, LY517717, GSK913893 and

combinations thereof.

38. The method of claim 1 or claim 2, wherein the subject is experiencing a
25  clinical major bleeding event selected from the group consisting of hemorrhage, bleeding
into vital organs, bleeding requiring re-operation or a new therapeutic procedure and a

bleeding index of equal to or greater than 2.0 with an associated overt bleeding.



honol ogy to SEQ ID NO 12, 13, or 15; and b) a bl ood coagul ati ng agent or a
heparin antidote. 60. The kit of any of claim58 or 59, wherein the bl ood
coagul at iwQ 2aa36765s sel ected from the group consi sti ngPafi/is2@oagba@t i on
factor, a polypeptide related to theievagul ati on factor, a reconbi nant
coagul ation factor and conbinations thereof. o o
39. The method of claim 1 or claim 2, wherein the subject is experiencing a
bleeding event selected from the group consisting of persistent or recurrent epistaxis,
rectal or urinary tract bleeding without the need for a therapeutic procedure, substantial
injection site-hematomas, spontaneous hematomas at non-injection site, hematomas
S occurring with trivial trauma, substantial blood loss and bleeding requiring unplanned

transfusion.

40. The method of claim 1, wherein the fXa protein derivative is administered

prior to a surgery.

41. The method of claim 2, wherein the polypeptide is administered prior to a

10 surgery.

42. The method of claim 1 or claim 2, wherein the blood coagulating agent or

heparin antidote is administered prior to or during a surgery.

43. The method of claim 1, wherein the fXa protein derivative is administered
before, after, or at the same time as the administration of the blood coagulating agent or

15  heparin antidote.

44. The method of claim 2, wherein the polypeptide is administered before,

after, or at the same time as the administration of the blood coagulating agent.
45. The method of claim 1 or claim 2, wherein the subject is human.

46. A pharmaceutical composition comprising (i) a fXa protein derivative that
20  binds to the fXa inhibitor and does not assemble into a prothrombinase complex, and (ii) a
blood coagulating agent that has procoagulant, anti-thrombolytic, or anti-fibrinolytic

activity or a heparin antidote.

47. A pharmaceutical composition comprising (i) an isolated polypeptide
comprising the amino acid sequence of SEQ ID NO. 12, 13, or 15 or a polypeptide having
25  atleast 80% homology to SEQ ID NO. 12, 13, or 15 and (ii) a blood coagulating agent or

a heparin antidote.

48. A pharmaceutical composition comprising (i) an isolated two chain

polypeptide comprising the amino acid sequence of SEQ ID NO. 13 or a polypeptide
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having at least 80% homology to SEQ ID NO. 13, and (ii) a blood coagulating agent that

has procoagulant, anti-thrombolytic, or anti-fibrinolytic activity or a heparin antidote.

49. The composition of any of claims 46 to 48, wherein the blood coagulating
agent is selected from the group consisting of a coagulation factor, a polypeptide related

to the coagulation factor, a recombinant coagulation factor and combinations thereof.

50. The composition of claim 49, wherein the coagulation factor is selected
from the group consisting of plasma derived factors VII/VIla, IX/IXa, X/Xa, II/1la,
VIII/VIlIa, V/Va and combinations thereof.

51. The composition of claim 48, wherein the recombinant coagulation factor
is selected from the group consisting of recombinant factors VII/VIla, IX/IXa, X/Xa,
II/11a, VIII/VIlla, V/Va and combinations thereof.

52. The composition of any of claims 46 to 48, wherein the blood coagulating

agent is a non-specific anti-bleeding agent.

53. The composition of claim 52, wherein the non-specific anti-bleeding agent
is selected from the group consisting of an adsorbent chemical, a hemostatic agent,
thrombin, fibrin glue, desmopressin, cryoprecipitate and fresh frozen plasma, coagulation
factor concentrate, activated or non-activated prothrombin complex concentrate, Feiba

Vh, platelet concentrates and combinations thereof.

54. The composition of any of claims 46 to 48, wherein the blood coagulating
agent is selected from the group consisting of TAFI, PCI, PSI, alpha-2-antiplasmin,

tranexamic acid, aminocaproic acid, aprotinin and combinations thereof.

55. The composition of any of claims 46 to 48, wherein the heparin antidote is
selected from the group consisting of protamie, PMX 60102, PMX 60126, PMX 60138,
PMX 60100, PMX 60056, and combinations thereof.

56. The composition of any of claims 46 to 48 further comprising a

pharmaceutically acceptable carrier.
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57. A method for preventing or reducing bleeding in a subject undergoing
anticoagulant therapy with a fXa inhibitor, comprising administering to the subject an

effective amount of a composition of any of claims 46 to 48.

38. A kit of parts comprising a) a fXa protein derivative that binds to the fXa
inhibitor and does not assemble into a prothrombinase complex; and b) a blood

coagulating agent or a heparin antidote.

59. A kit of parts comprising a) an isolated polypeptide comprising the amino
acid sequence of SEQ ID NO. 12, 13, or 15 or a polypeptide having at least 80%
homology to SEQ ID NO. 12, 13, or 15; and b) a blood coagulating agent or a heparin

antidote.

60. The kit of any of claim 58 or 59, wherein the blood coagulating agent is
selected from the group consisting of a coagulation factor, a polypeptide related to the

coagulation factor, a recombinant coagulation factor and combinations thereof.



