1 METHOD FOR TREATMENT OF | NDVWELLI NG CATHETER
OCCLUSI ON USI NG FI BRI NOLYTI C METALLOPROTEI NASES Thi s.
application is a continuation-in-part of U.S. _
Application No. 09/466,276, filed Decenber 17, 1999,
whi ch is hereby incorporated by reference. Field of
the Invention This invention relates to the
therapeutic adm nistration of fibrinolytic

met al | oprotei nases, and nore specifically to a nethod
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becone. linb or life threatenlng if not tinely
treated. Devi ceSi@hd OFf nbRAHIVRALEOD peen developed
for. the treatnent and renoval of vascul ar bl ood
clots. By. way of illustration, see U S. Patent hb
. 4, 4Z¥1§SBHV?EE#ﬁﬁ)reléEGédtwhyhs thegapeytsc pat ent
,'adﬁ@n1§t§§€1é§9of(ﬁﬁbkfﬁél%t§§Uﬁ@t§§@5§9@§él§asé387and
S.. Patent No. Thi stl.e-et al.), i-ssued
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I ssue une 3; U S Patent No.
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alggskefgiggttgba5m§€Q035§og the dissolution.of‘blood-
ciots in an indwelling catheter, shunt or other ‘
vascular access device in 6rder to restore_funqtion to.
the vascular access device. '
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Background of the Invention

Vascular‘occlusiQnSicaused by blood clots .such as- -
thrombi and embolismg are gerious medical maladies that:
can become limb or life thieatening if not tiﬁely

treated. Devices and methods have been developed for
| the treatment and removal of- vascular blood clots ,By;
way of_hllustratlon, seeIH.S. Patent No. 4,447,236 .
(Quinn), issued May 8; 1984;_U;S. Patent No. 4f692,139
{(Sstiles), iseged}SeptembegEB, 1987;‘U.§. Patent No. .
4,755,167 (Thistle et al.), issued July 5, 1988; U.S.
Patent No. 5,167,628 (Boyles), issued December 1, 1992;
U.8. Patent No. 5, 22?‘941 (DonIMichael) issued June o
29, 1993; U.S. Patent No. 5,250,034 (Appling et al. ).
issued October 5, 1993. U s, Patent No.5,370, 653 L
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agg), issued Decenber 6, 1994; U.S. Patent
..5,.380, 273 (Dubrul et al.), issued January 10, 1995;
S. Patent No. 5,498,236 (Dubrul et al.), issued .
rch 12, 1996; U.S. Patent No. 5,626,564 (than et
[.), i ssued may 6, 1997;2U.S. Patent No. 5,709, 676
Al't), issued January 20, 1998; U. S. Patent No.
5,865,178 (Yock), issued February 2, 1999, and WO
90/ 07352 (published July 12, 1990) Such net hods and
(@8 5l Lon ¢ s for dellverlng :
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1986. Fi brol ase een s

. cappbleiat r@qgenadamgattéamaeémas :bee:me daeTert@d has

eflfava. I nst_ t he flbrlnogen
Aa- chi;‘f%yeqi %;éoﬁvg&téieé{ pr o yt i SRFAGES GHFS he
CYB(iZahia redisd ned &ct ias t")tl'a@mmsuytillaﬂ pr-chain of

"fibrinolytic" agents.

. Flbrolase is a known flbrlnolytlc 21nc

A }metalloprotelnase that was flrst 1solated from the

venom of the southern copperhead snake (Agkistrodon .
contortrix contortrix). See Guan et al., Archives of

BiOGhémistryfandeiophysiGSy'Vblﬁme.QBBI'Number 2,

pages -197-207° (1991) ; Randolph et ‘alv, Protein’ SClence,
fﬁCambrldge Unlver51ty Press (1992), pages 590-600;
European Patent Appllcatlon No. o 323 722 (Valenzuela -

et al. ), publlshed July 12, 1989;: and United States

'Patent No. 4,610,879 (Markland et al.), issued
'SeptembeIVQ"1986 Fibrolaee has been ehOWn'to.be"

fibrinolytic, and this metalloproteinase has been'.

documented to have:proteolytic act1v1ty against the"

flbrlnogen Bo~ chaln, Wlth reduced proteolytlc cleavage

of the BB chaln and’ no act1v1ty agalnst ‘the 7 chaln of ‘

fibrinogen; Ahmed et &l., Haemosta81s, Volume 20, pages

g
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. fibrolase are similar with'respect‘t0 enzyﬁatic S

fibrinogen;.Ahned et al., Haenpbstasis, Volune 20,
pages 3 147-154 (1990). Because fibrin is a principal
conmponent of blood clots, the fibrinolytic properties
of fibrolase. point to its potential as a clot
di ssol ving agent for in ¥ivo thronbolytic use; see
Markland et al., Circulation, Volunme 9, Nunber 5,
pages 2448-2456 (1994), and Ahned et al.,, above.
Novel Acting Thronbolytic (NAT) is a nodified form of
14fi-heal asgobhat ditéess fromhi beobaseihd; ) %i‘t NAT
contains 201 _amno_acids with an Nterm nal sequence
COMPPTICREPAR Dhfet eakOtfe ?P?efh?ﬁhﬁO%EEU©n@E09¢lhatsve
off Ebbebasaebggins Mt i EQRER no acids
in _length. ﬁThe é%?n%tférn1%§# nDd|$|c ?%%%1mas

digseilyheg agenhrEvenin chive cehreomhelyohs ate ansae aci d
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246\/ﬁr3ﬁ5ﬁa\9é9%ﬂe, qmezmtwi ¢tp xT eatabdws -t o-1 ot
variations in quality ~and uniformty of the product.
Thus, ‘NAT can be viewed as a nore stable nolecule.
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SFéégi t the ‘active site of the fibrol ase
%ﬁﬁa FEAETES: sedsnos et aatdsseri bed by

leﬁﬁﬁHé&]bé@iH@“W&Eﬁ ﬁéﬁﬂﬁ@@ a3 1sp@ﬁ%5a%$§§)¥ﬁ£ﬂés in

1 %ﬁﬁgS) and its predlcted Iocatlon In
en Ffe SRt espidedi & léftlmtlfqrbmaﬁhelmgmd -

tc)@ﬁkﬁkﬁﬂﬁcﬂﬁﬁﬁc@gtk%%c%hb%so%t;%ﬁl %&@S% @% :
nol ecul es contains a zinc atom IS conp exed.by

thath e shicshedil e of eSramdsg 2 Varisble quantity of

cyclized glutamine (pyroglutamic acid) which have the-
potential to create lot-to-lot.variations in quality
a?d uniformity of the product. Thus, NAT can be viewed -

as a more stable molecule. .

Despite these structural differences, NAT and .. . .

(fibrinolytic) activity. . This similarity:in biological .

.n'act1v1ty 1s con81stent w1th data indicating that the - =

_ active 51te of the flbrolase molecule spans amino acids.

139-159, as descrlbed by - Mannlng in- Toxicon, Volume 33,
pages 1189-1200 (1995), and its predlcted 1ocat10n in |
three- dlmen81ona1 space is distant from the amino- & -

terminus. The active site of the flbrolase and ‘NAT.- -

molecules containg. a zinc atom which is complexed by

_three histidine re51dues.



4 Published literature on venomderived fibrol ase has
denonstrated its proteolytic activity agai nst
fibrinogen at the Lys413-Leu4l4 site and agai nst the
oxi di zed (3-chain of jnsulin at the Alal4-Leul5 site;
Ret zi os and Markl and, Thronbosis Research, Vol unme 74,

pages 355-367 (1994); Pretzer et al.., Pharmaceutica
Research, Volunme 8, pages 1103-1112 (1991), and
Pretzer et al., Pharnmaceutical Research, Volune 9,

PpaQdsh8301i8é7ath282bn NALdraget sedbeabaateian ned to
has d have ’EFO§60| tic act&vity on these substrates at the
as degongtreredvabe BrPEEOLVE iEoREFAYE W o2PREMS 0l yt i ¢
fibrintgkal heptptei.pasesLeateth sasef bhnokgsenamd cNAT, cl ot
ysi ng agents such as streptokinase, urokinase and.
oxidizedsuehnrypeopl avsiAdgent ke BABOH-LenPA) sate;

. plasm nogen_activators whic ronpt et hronbol ysis by -
recaiol BT IRERTaM  niRERIDgEnsu L= FrE PRt SPIRE detem
pages BBEe3spec¢idvep} | prepbagnenogen, shbrmvatefnsicatal yze

the conversjion of plasninogen into .plasmn, a serine
ResearﬁgotgﬂgﬁmeF#asﬂ?ﬂegs1&8555&%20#193FéavﬁﬁgFFFEFFﬁﬁgen :
et al.andhiibaéoualical graybakyny! vbonds: o, ?Q%eist 8i79 -t hrough

he generation of plasmn:that the_ asm nogen
877 (132¢} vatHE %@%i%ﬁ%%‘)@aﬂf getermpbred Eaegﬁa&ati on and

protqut@icl y&t Svi€Hr SR NENEBATBIBEB hVes AV athabkeme .
thropbol ytic agents are plasnminogen activators, such,
cleavage #}fkfnase; streptokinase or tPA. Unlike the :
pl asm nogen activator class of thronbolytic drugs,
fibrinolytic netalloproteinases, such. as fibrolase
, * IAngONATRSH ot Aot LBl pobKtiAemeEadbgRROES 1PRBEENOl yti C
such a$YShSBILANVAISIrof 1ot PLESIRGOMSONEL BLERAMLR) ~
- "Hence, this class of clot , ]
‘streptokinase, urokinase and tissue-type plasminogén
activator (tPA)~are‘plasminogen"aétivators which
promote thrombqusisTby'activatiqn-of the endogenous -
fibrinolytic system. More Spégifically,'plasminbgen
activators catalyze the conversion bf—plasminogen into
plasmin, a serine protéase. Plasmin is capable of
cleaving fibrinogen amd fibrin at. arginyl=lysyl bonds,
and it is.through,thengeneration‘mf-ﬁlaSminTthat*Ehé=”“" |
plasminogen activators ultimately affect fibrin
degfadation'and‘clot:lysis. Current commercially.
available-thrombplytic-agénts*are plasminogen '

activators,‘such;as urokihase;fstréptokinase‘Or £PA -

Unlike the plasminogeﬁ activator class OF. i 7
thrombolyﬁic drugs, fibrinolytic metalloproﬁeinases,-"'
By such. as fibrolase and NAT, do mot rely on the ..

endogenous fibrinolytic system (éonversion'of
plasminogen to plaémin). Hence, this class of clot

lysing agents can be distinguished from the plasminogen



| ysi ng agents can be distinguished fromthe

pl asm nogen activators by their unique node of action

and are defined as "direct” fibrinolytic agents.

Al pha2-macrogl obulin is a preval ent proteinase

inhibitor. present in maralian serumand. is one of

the largest of the serum proteins (having a nol ecul ar

wei ght of 725 kil odaltons). The specificity of a 2

macr ogl obulin for proteinases is broad, enconpassing
acBEvdthers Gyt Ehdtier @spaié itodndhireiat 1apraiciasse

| asses. The a2-macrog)obulin nmolecule is a tetramer;

defrnedient | LA B ot YR VI GG <t i de bonded in

pairs with a non-coval ent associ ation of the half

mol ecul es. Thus; under reducing conditions, native a
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possesses a region that is very susceptible to

laxgentedtytiite emavagrErote s " BEting &yinadec st eol ysi s

of the it.,.reqgian _inhduges a _confornational change
et B P JHTT oot o i PSR e ooihase
mad¥ddlidhiign dFor MAeFgireisdd N aieed arersddmeddging

This,process is -described jn the |[iterature as a

SeXINGy CHT SRS 2SR kG @RD e REFSrEIRS nase:

erefore-canhot access Its macronol ecul a

et AR e o SRl indel o e

of |iveadida lorgulantioval Wt ored dieviiorde Bemdssh o 2-
padJBFTAGLO0ULI D, and. TNy of e Rroleifiagss, fhals it
Frrentraps. LU As-nentioned,”ent T aphent “of a’ protei nase
nol GRS, a Al oriid oA audiaRpedriiti®ons, native o -

a2-macrogl obulin nolecule. It is presuned that upon.
magyacs- BBy el mldigsociated into its four ‘

monomeric subunits.

Each‘subunif'of d;f@acrbgiﬁbulin ﬁossesses a
:région‘that isfvery susceptible to protéolytic cleavagé
(the sbait” regioﬁ}. Préteoiysis of.the~bait,regionl"
induces a conformationdllchange in agemacroglobulin,
which entraps-tﬁe.protéinése yiﬁhin the o o=~ |
méchgloBUIinfmolecular'struétﬁfe. " This.process is
1‘describedgin the literature aszai“venusﬁflyjtraé"{.“
interaction.. Onceé the‘proteinasetis:entrapped}‘it»is*M
.stericaily_hindered andwpherefone“cannot accesg its

macromelecular substrate.

..In addition, aacovaient bond canﬁﬁgrm between a -
macroglobulin and many of the3§:Q§einases:that.it o
entraps. . As mentionéd, entrapment of a proteinase
induces a conformational chaﬁgé"in the ;o ;-macreoglobulin

molecule. It is<presumed that upon this conformational



change, a thioester bond on the interior of the a
macr ogl obul i n nol ecul e becones reactive and can forma
coval ent bond with nucl eophilic residues (such as
| ysine) of the entrapped proteinase. Thus; within the
general circulation, a2-n#croglobulin can effectively
neutralize a variety of proteinases. Moreover, the
conformati onal change in a 2 rmacroglobulin brought
about by the entrapnent of a proteiriase results in a
cHAG, hat Hi% dRea0 AR Y diHae 1)nterr§UrC g0 %@H@tohel I al
system Cl earance of a 2- macrogl obulin-entrapped
mapmeQQhﬁ&an|m9hy9méﬁaMEFCdestmwbe&nmaﬂaﬂmmdan|ﬂbxm a

B I S elreved CUL, through
COY’%J“%?I bg’éln@sr t)ﬁl:%l Fg%gr 0 éql lc( EI?)LS)]L 3 real at ed
- lypioedi ofetiee esedappedrariotpiages,. h&mahocyhﬁﬂnanihe

fibroblasts. For nore on a2-nmacroglobulin, see
JERETRGI S IFFUEAE} 81 0§y TBEHOSd O L iR Fanpgtfaatively

neﬁE%QQEE% Br%éﬁaekggcrogEbE%QE Lphisa, - (1981), pages

137-754." [obulin. I's capable of form ng
a nacronnlecular conplex with fibrolase, NAT and

pr ot ei n nlL:IJnlrke SO pgpternases t hat can
for °§e°aﬁ§go€ §bF8 SFPPEL R h CHANGEC Mg PokTl i n,

) mabtBEOLBER inaBgolAht R8BSO LEX RARH @ﬁt%pﬁttearzl B wtic

netal | oprotei nases that forma conpl ex which cannot - be

. PrafeiBafst E8SHLEf A fraEPEW 'éB@rFr ﬁstmaepgawgdoﬂvagrt@e __
reﬁ%lgtgéﬂﬁé g‘gtglpg LiLed h agﬁoge fogl obulin™ and

nce relncu erzforrratlon

maofoglhbummnpéﬁkrbggeESprntsﬁﬁa@és andgkacpaalrky
.Thi s henone onshows

acggaphin with Beleini 68 PRIHER: of BinBESS BBRA Land | s

beblguedt t¥eodcur through the low-density lipoprotein
{LDL) -receptor related protein expressed on

macrophages, hepatocytes and fibroblasts. For more on

- oa-macroglobﬁlin, see Methods in'Enzymolagy, edited by
2 - | . | hald :
. A.J. Barrett, Academic Press, Inc., Philadelphia,

(1981), pages 737-754.

Alpha,: macroglobulln is capable of forming a

macromolecular complex Wlth flbrolase,_NAT and other.

-protelnases Uhllke some. protelnases that can form - a .

dlSSOClable complex with- azmmacroglobulln, flbrolase

and NAT are- two -examples of-flbrlnolytlc

metalloproteinases that form a complex:which‘cannotwbé-‘

dissqciated_from'a2~macrdglobulin under physiologic

conditions. When purified human agémacroglobﬁiin‘and

NAT, for instance,. are incubated togethef, formation 'of -

the complex begins iﬁ~$écbﬁdé and is neafly-ébmplete

within a few minutes. This phenomenon shows that in =

vitro complex formation can be rapid and is suggestive

i




of the potential rapidity of conplex formation between
a2- macrogl obulin and NAT or other fibrinolytic

net al | oprotei nases in vivo. Al though a2-nmacrogl obulin
is one of the major plasm proteins, there is
nonetheless a finite quantity of a2-macroglobulin in
the circulation that would be available to bind and
"neutralize a fibrinolytic netalioproteinase. The

a2- macrogl obulin binding capacity is therefore

of Tt iANCE drli83id 12 o fMRIRAlBD W drhndt 11 Nk tween

capacity has been exceeded, the concentration of

B mabqudobmbnnnahﬂtN@Tnetabthpmoﬁebmaselymuses'

- pr. portionall as, addj tional fibrinolytic

metﬁ%ﬂ &1 dftted to the sanple.. The
presence of a2-macrogl obulin in, the genera
circulation of a patient presents a challenge for the
syéétlérhcms(it 2 mmgé-olquhmamm@ cfdrihs stadad on of

: e T4 er_ fi al t|c

plaSh& &V%%?org$hases I% e qﬁ}w up &}%%fe quantlty

of BBChagkebubbAliA" thetgenes akbubkegdnCichel! abuaa. b@nl ess
~the saturable level of innate cc 2-macroglobulin is

. avaé%e@é@&%galﬂée aé%t@ﬂt@ﬂhl)z&a@mfm@ﬁé}féd’%e of

. f.:brinol ytic netallo ej.nast he latter
meediBprordindade] Yrist o s By
caphBethedld erkebrd hehapauhicc PHROSER of ). one in.vivo

study, conducted i.n rabbits, the blologlcal :

macepERObN e N nge neMEESLyy bast Psesl sswaritd, exini ned
conthLUCI0:S K BILE (BXEIOUS AU R HATRY

enostasi's, above : o ase
rlsaseﬁrwagxz;bnaﬁuwl@eawddpeaohhﬂogd@m@nwﬂm¢ﬁ£8- was

met§§&BE§B%%i5%s%i%%da%akbn%B %E%O%gﬁﬁﬁ%ﬁnfraffon ef'

" The presence of azwmacroglobulin in.the.geﬁeral

‘ drrculafion of a patient presents a‘challenge for the’
systemic {for example,.intravenous) administretion of
fibrolase, NAT androther fibrinolytic

_metalloprotelnases that axre’ bound up by az . ‘
macroglobulln 1n the general blood c1rculat10n . Uhiess._
the saturable level of 1nnate az—maeroglobulln is . |
exceeded by the systemlcally admlnlstered dose. of such
.flbrlnolytlc metalloprotelnases, the 1atter w111 .
‘effectively be neutrallzed and rendered 1neffect1ve for

therapeutlc purposes

In‘dhe iﬁ vivo study, Condueted in rebbits,'the'
biological effectlveness of venom~der1ved flbrolase was
_examined follow1ng systemlc 1ntravenous admlnlstratlon.
Ahmed et al., Haemostas1s, above ' The dose of

flbrolase used was 3.7 milligrams per kllogram, whlch



approximately 60 mcrograns per mlliliter in a 3.0-
kil ogram rabbit. This ampunt was chosen based on
studi es exam ning the inactivation of the enzyme in
the presence of blood or plasna, presumably due to a
2- macrdgl obulin (see pag®s 336 and 339). in another
in vivo study, the biological effect of reconbinant
fibrolase on clot lysis was exam ned in canines.
Markl and et al., Circulation, above. Four mlligrans
wef ddti SmdmderdlyRarg kb | QHAMB I3 rEnt Radbn of
wei ght) was |nfused over five mnutes proximal to .a
aE}i—”rl"éﬂilﬁ‘éﬂWd’ t6H s InRNsh @ Ml ldddetier dm & ¥ A a
r e ( ‘%H%ﬁxﬁﬁ idn Was.
klﬁlg{%[fhrﬁlnﬁct |13glt| on of fi rolézﬁseeéggﬁ&lr%c% n&rt he
styeliernlexsmiori g ridw diriesit ipradsiamalsly the ergwire in the

Ipres_encejgf %%%facré%ﬁgbulln éseeaﬁagggf ﬁggseggaﬂ

madiSleantlivat i RiJRCtS ofara-9mor.dgl obul in can be

overcone by either ~adm.nistration or system c dosages
of fibrinolytic nmetalloproteinase that exceed the .
sat Lirrf"k%lrﬁnﬂl‘ﬁ—:\ﬁ:ellﬁ)fv.lvd R AR U dihec of |
- rabbit study) or delivering the enZyme locally t
recpabsinpatoff Jthr@lcﬁa@t on( tHetddy st aremnsidiing '
caftglegt C AT R LGN, e qher SR . dgses. of
e brlnolytlc met al’l"opr ot'ei nase -i’n excess of the.
mid3tgrablse dfevdlis ofteadatnpeoykiBoidnam Wedt kerimal
r 1 II %
, boﬁﬁ) h‘éﬁ %‘E ¥%§Tgl%% el‘é] %thegjl gﬁg{eeﬁub'ﬁ%t%hsgﬁgﬁcﬁdaﬁ ol |
a pEEHgnﬂue&ﬁe&hINm&@BIyn thEbﬂEﬁﬁlFEm@tld artery via a -

=SB B R0 B iaS obste, SRRy 10 A8

noted that inactivation of flbrolase gceceurs in- the

general blood circulation presumably due to the
presence of ag-macroglobulln (see page 2454, éecona'

column, 1ast paragraph)

As these two stﬁdies‘sﬁdﬁ,.the déaétivating
effects of Qig- macroglobulln can be overdome by elther 7
admlnlstratlon or systemlc dosages of flbrlnolytlc R

metalloprotelnase that exceed the saturable level of
innaté az—macroglobulln (the rabblt study) or by J
dellverlng the enzyme 1oca11y to the site of the eiot -
l(the dog study) and av01d1ng systemlc admlnlstratlon '

. On the other hand, doses of the flbrlnolytlc a
metalloproteanase in excess of the saturable level of 7'
: azﬂnacroglobulln, whether dellvered systemlcally or
1oca11y,'may exceed 1evels that are- safe and well :
tolerated by the subject belng treated Notably,_-

flbr;nolytlc_metalloprotelnases are capable of .



other structural proteins and are therefore
potentially toxic in vivo when present in |arge
anounts that exceed the saturable |evel of

a2- macrogl obulin. The fogmation of .a blood clot or
other fibrin- based occlusion is also a concern when
using an indwelling catheter or other vascul ar access
device. There are many conditions that require
recurrent or prolonged use of a vascul ar access
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devi€e LoBfesd 0Bl 8fsankyorsr miPRoprapshay, fabriatt ach
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{or iuid- w1thdrawa1) may 1nvolve the ‘use of 1ndwe111ng
catheter or other: permanent or seml permanent implanted
medlcal device. Blood clots may form in or around, or

' attach to, any device that has been introduced into a
vascular space, particularly where the device remains

in the vascular space for an extended period of time or
where the device has one or more very small openinga. |
‘fIn”additiOn;'other fibriﬁ—basediocclusions may attach

to any portion'of an indwelling vascular aCcees-devioe

. which could prevent or hinder the proper functlonlng of -

the devlce.

It would be useful to have a fast. and efficient -
method to treat, i.e., destroy, dlSSOlVE or lyse clots :
"or other .occlusions that have formed 1n, around or .
attaohed Lo, an indwelling vascular access dev1ce. In.
the.absenoe-of an efficient method to treat~olotslthat

have formed in or around a vascular access device; the



i ndwel i ng device nmay have to be replaced by a
physi cian, incurring additional cost and risk to the
" patient. Accordingly, it is an object of the present
invention to provide a safe and effective nethod for
treatment of a blood clot'®r occlusion in or around an
i ndwel I i ng vascul ar access device. It is also an
obj ect of the present invention to provide a method
) for restoring patency to a fully. or; partially
in@m@lbﬂ@@ ferdwesd | hatg hawe utarbacrepsadedi bg. a. It is a
0 of t esent inventign_ tg de a.
nytlhOeh, G Eike Sy T ERERREL BYERnRnand PRgthe
pawzsnular access deV|ce wher e functlon has .been o
altered.by a fibrin-based occlusion. It is also an
object of the present invention.. to provide. a. safe
andabéotaphghy ) yliefisgcimvﬁbﬁ\@&tObfuﬁh@gpreslaﬁ@a| I y
administered fibrinolytic ng%allo pr ot ei nases-
Iy Y Prvts ¢ rg%#%an u?ﬁﬁr’s?s;%*fettﬁ%thpﬁvéﬁﬁ on
trddtwait ah a Gt NEnds, of Nbsclhyenhi o0 &5 arBBhAOEL
({or the t herapeutic treatnent of a blood clot in an
INGYRANEY IS NP RAESEHT RCWRTRREVHETi ce. by. adninistration
‘through sai'd vascul ar access device of a quantity of
flbrlnolytlc met al | oprotei nase in a pharmaceutically.
accptbi el 8o an i S cGihe?r i Bhe Hergsent i @vaqaémnt to
' -+ F:d-br
prdicRet ek Hld fcﬁf% T He! éé@éx;{é%o 2 2 TR 07 e

net al I opr ot ei hase ogram o
pariiren % @sjcdardeaskii ‘«Htlnmgaatmlculaﬁf certedn device.

enbodi nents, the vascul ar access device is indwelling

in an artery or vein of a human 'subject. In certain

entiddidrem Suntied mivisidti mf - the present dinvention to
provide a method for restorlng function to an- '

1ndwe111ng vascular access device whﬁle;functlon has

been altered by a fibrin-based occlusion.‘

It is also an object of the present invention.to ..
- provide. a safe andibiologiCQlly.effgctiveuWQYuéifnsing“
locally,adminis;ered;fibrinolytic-metallqproteinasesﬂtd-.
lyse bloodﬂciotS‘in_vi#o{‘ .
.

-Summary of. the Invention

In certain embodiments, this invention is a method
for the therapeutic treatment of a blood clot in an
indwelling vascular access,device.by_administrationij
through said vascular access device of a quantity of =~
fibrinolytic metalloproteinase in a pharmaceutically‘

'acceptable solution, wherein the quantlty does not -

exceed 1.7 milligrams of flbrlnolytlc me:i:al1(:'];:'rcate:Lz.'aausu.=a-51‘?7E

per kilogram of body weight of -the human subject being - -



vascul ar access device is a catheter, shunt, access
graft, needle or sheath. In certain enbodi nents, the
vascul ar access device is enployed to introduce or
renmove fluids froma vascular area. In certain

enbodi nents, the vascul ar access device of this
invention is used in connection wth henodi al ysi s,

bl ood transfusion, removal or exchange, chenotherapy

or any other procedure that requires the introduction
tFatefanpyal ofn feemtersit rashcaliveint sor taet eaycular access
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bl ood cIots [ vascul ar access
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~9f .8 E? %D facroglobulln I n sai uman subj ect, in
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atency to'a fully or partially 6ccruded

. . restoring,
o ¥ﬁHE&??anV%%%%lﬁ? aeeesst e veth| hewedtialysis,
RSO FR Susidh 5 NG 0Br | SxBnIRID0d A ShotfSLOLI NG,

functi'on to an. |ndmeIJ|ng .vascu ‘ ccess evi ce.
any @biir RIS HIr ot bRt (Freaw ges ethe it GURES:1da | &

rai@i® JA B Bis basGhi De,angi 9 ]gr%g%?%ght rlrg carotid

artery in an adult pig prior to cat het er
i nduced-injury and the formati on of an occl usive

: thrq&p%%réaﬁﬂﬂéﬁgéaiﬁ a r t aken on. .
the same aninal, pri orer?%s’t @]g%rﬁw%l% et oh %f¥$ﬁ103 '
forn Xmm%qwumammmcﬁelh@ iwaention. access
device by local admlnlstlatlon to said. LlOt of a -
quantity of flbranlYth metalloprote1nase that

complexes with alpha- two macroglobulin in an amount

sufflclent to fa0111tate lysing of the clot while not

exceeding a level significantly above‘saturable.level

~of alpha-two macroglobuiin in said human subjeét, ina - -

”pharmaceutically'acceptable'sglutibn.

In certain embodiments, this invention is a method

_for restoring patency to a fully or partially occluded

Aindwelling vascular access device. - In certain -

embodiments, this invention is a method forfrEStori@g

function to an indwelling vascular access device.

- Brief Desgcription of the'Figﬁres-

FIGURES .1A-1C. Figure 1A is a baseline angiogram & -

of the carotid artery in an adult pig prior to balloon



Figure 1C is an angiogramat 2 hours follow ng

adm nistration of 30 ng of NAT through a "PRO

catheter (see Figure 3 for an illustration of this

device). FIGURE .2 illustrates a type of catheter

devi ce designed for | ocal zed delivery of a

thronbol ytic agent in a blood vessel; FIGURE 3 is a

side cross-sectional view of an alternate type of

catheter device for localized delivery of ,a :
Cq%@éollmwaﬁg@murw angs dd¢ fesveltion GIREM is a

odﬁﬁﬂg%@%awﬂ@kd%ﬂﬁ %eﬂﬁéiQHP1gPéﬁgggﬁﬁgpb}akﬂglémpE.

patients W th. éral”vascu
daﬂlﬂ u@tt@ﬁeganheaM$malof;Nﬁﬁrimoamhenammhmdst&&theker

0 | FI G |IIu e results
Cﬂpﬁ&hu%érgﬁg%g§fﬁgFi 5%2 S %8?u9&.%§- $§
Fx%?mm g ubaanNAﬁglzggatwe& D?hbu&EOf@Qwa&m@ps up to.
, 40% . tha oki nase

adid PR ERE oy o A0S BOnEa e chaPbat: ol BROY catbnser
(sBet &iibedeDesebirpuhon10histheriByent enikn3eQkiain :
enbodi nents this invention is a nethod for the.
treatnment. of a blood clot in vivoe, in human

subFQGU&E byiaitiskrheekybi ¢ypRt 8kl eat%%&a%%mé%
nprising |ocally adn1n|ster|n% a safe, blologlcally
y

de@?@%@@l@%rakﬁﬁﬁgléﬁdtﬁélﬁvﬁryn@ gi EhremhPlybict apsate

int8 bbgoalgggsghot such as by use of, a catheter or
"ot Rer vascul ar access device. - Typlcally, stationary
fibrin clots wi'll be located in a: bl ood vessel '

(ar pesiRk 973 geaogm&e%&s ?écéiHhQit ekl an
graft)) in a human sub n certain e 08 nents
alfernate type of catheter devmce for localized.

delivery of a thrombolytic. agent in apblood vessel.

FIGURE 4 is & hlstogram of estlmated maxlmum doge. -

of NAT in patlents w1th peripheral vascular ocelusion.

FIGURE 5 illustrates the use.of NAT in-an. 1n vntroﬂ**-

catheter occlusion model.

FIGURE 6 illustratesisummary results of numerous
- experiments, the resultlng mear. data showing that NAT

resolves in vitro occlusions up to 40%. faster than

Abbokinase® Open Cath®, a commerc;al-uroklnase'product~f;f'

‘for catheter clearance.

Detailed Description of the Invention

In certain embodiments this invention is a method
for the treatment of .a blood clot in vivo, in human

subjects, by a fibrinelytic, metalloproteinase, .



this invention is a nethod for treating a bl ood cl ot

| ocated in,, around or attached to an indwelling

cat heter, shunt, needle or other vascul ar access.
device. In certain enbodiments., this invention is a
met hod for restoring patddcy to a fully or partially
occl uded i ndwel li ng vascul ar access. device. In
certain enbodinents, this invention is a nethod for
restoring: function to a vascul ar access device where
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' extent by a fibrin us on
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of the clot (i.e., thronbus), while not exceedl @
of

otheBVERECYLGHI PLESREI Qeva%ve ?mlgﬁ%ﬁl’ abPEATHRRRY

flbﬁf—n”@%egl RRuhi Bel BorhbeacthicylBlosd sy¥ssem of the
patient being treated (i.e., levels that may cause

(artanméeoyromn@@a vegsevewar| synthopicalfyd -t s anount
gra%fii ﬁohnhbﬂgp %ﬁgﬁeggtmefﬂ Qeggélﬁngmﬂodfméﬁié|grans

gram o y me|%¢t for the human subject
thlsem-genmeat 88, agwetibedr fPheErerbimd 3t BHgOdoRRiEt ed

10c4tld 1R 090RRAPL Saugezl@&n@(@ sbieghe1ihay have been

for ITh vitro aZ-nmacr ogl In content and.
_catbendrngshapacinyedmeonrthehen VasEBlaEsREEEsSDf t hi's

e st udy; i t-has e to S@at e 3
devigGal Fﬁ s??%agﬁ QQBﬁgghgﬁ Tbuf ?ﬁgfgﬁv ﬁ? pra%%?%al
methdd ﬁurpnsssanhgspehabbyngothefdblyneatp@htbﬁlby
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I brino
embﬁaiméhbprotenaa$aveaqmonedsfmrmbtbbdgfoalrestoring‘
ef fect| vene t also the

functlon a vabcgyar ‘access dQ@féQ“ﬁhé%&ekuﬁSEiMﬁfﬂas.

been altered or compromised to some extent by a fibrin;-
based occlusion. |

‘; - | |
By "safe, biologically effective" amount -is meant
an amount sufficient to degrade fibrin and‘facilitaté;
1y51ng of - the clot (i.e., tﬁrémbus),.whiie not
Aexceedlng levels 81gn1f1cantly above the saturable
level of ‘ay-wacroglobulin in the circulatory system of. -
the patient being treated:(iue.{flevels'that may cause
_damage-tofblood-vessel wélls)f--Typicallyy this ameﬁnt*
will be in the range between 0.025 and 1.7 milligiams
per kilogram of body weight for the human subject being;
ﬁreated'las'determined from a study condubted-With'
blood samples from human subjects- that have been-
studied for im vitro ag—macroglobulln content and

.blndlng capa01ty Froom the in vitro results of this

study,'lt has been p0851ble to definé the saturable

1evel in vivo of az macroglobulln for all practlcal



tolerated admnistration. This study is described in
detail further bel ow anong the Exanples. The terns
-"locally" or "localized" as applied to the manner of
delivery of the fibrinolytic netall oproteinase herein
refers to intra-arterial ¥ intravenous
radm ni stration eitherdirectly to. the blood clot
itself (i.e., intrathronbus): or in close proximty
to the clot (either proximal or distal relative to

pubposdsf | ohhis asdabeanhgetiodolel OhebheofBhOraty of . the
tal |l oprotei naseto be absorbed by the

b.fibanoiitic ge

1QIQPLCROIY t ABLErEAY ReMROWRE cHBRE FRkes, dika 8Fcount

no@t bATHedhé Onen VS Ul 8be RCELSEiBLYhERyr O tO restore
patency or function to vascul ar access_device,:

met] {oRFYtebrage f T pERRBEY t Fer nelal rapFat ei nase i s

ef SEPELALh¥ss eThect £y @nd NR ¥ BAGH! REvAFCESS HEYice
itself, and is therefore. |nherently .ocal. In

tokerabed admbyivembion. sBebndatydyase ufescutbedsin

qe ey ClurSHED 18918y CAOS! Sne ARMnpEeysed Lo deliver a .
fibrinolytic netall oproteinase. o an i npl ant ed ,

medi cal device, such as a scent.. The term "catheter -

deldqqyer reanssy . 0l Tyascul ar esg.deyice -is.
el for Y Lo BL) Y8350 Lo RFEERY, Y 58 L3 o
the efaméengd del by arf Mk calbdievobetfor  insertion-

meﬂcagglllo? 1'es. %}ésﬁv ?%%eris osrge.' 'ez?gfie%\?lag%?t%%" ag;dé’%%% rei ng

intfraniedsows admikeieyt rat ipas saigaveay -dpesrccln gencialhlssh

gated flexible 15

s will,typicall ri.se an el pngat
crdE e P S A RIS e BTG ety
to [ssagevaysiiter IpHensisl o Pl o ien vhi ch
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fibrinolytic metalloproteinase to be absorbed by the =
clot. For the treatment of clots in, around orf -
atFached to a vaécular accéss dévice} or to restore
. patency or function to vascular access device,: delivery
- of a fibrinolytic metdlloproteinase.is generally R
effected via the'véscular access device-itself;'éﬂd.is
therefore;inhefentlyrlocal.' Ln.Certéin emﬁodiments; a0
secondary,vascuiar.accesssdevicé,;such”as a catheter,'-u- ,
‘may ‘be usedqto:daliver.a‘fibrinolyticimetalloggoteinése.._

to an implanted medical device, such as a stent,

‘The term "catheter delivery ﬁEans“'or “vascular
'acceés-device".is‘employed hereinginpthe.conventional= -
sense of referring to-a tubular medicél}device for’
'insertion into canals, vessels, passageways or body
Cavities;forhthe‘purpose.of'igjgctiﬁg‘or‘Withdraﬁing‘
fluids o;;tgikegpﬂatpaSSageway.pﬁeﬁ,--In.general,‘sﬁéﬁ

means will typically comprise. an elongated.flexible
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the lunen; a distal portion optionally having a
tapered end; and one or nore exit. ports at or near
the end of the distal portion to permt material"
exit the catheter in response to applied pressure
The terms "proteolytrc delr adati-on, " dissol ution,"
"lysis" and "therapeutic treatnent” -are all used
herein"> to refer to the degradation, disintegration,
deconposi tion, break up:or other renoval of a bl ood

catheterobodyhebntemntngbaaedoecmbmei@nteTﬂerblood cl ot

artial otally occlude e lunmen of . a vesse

pafPUaBRRkAT ok, FhuhCeRh) Y oAl PO metoprRE tha: gt

allewersat@raay maaeurabnetln gagealBnkhoed Bkow  (for
thhrou h a vessel. or

eeytangheo gieyothrpreghof

th& bled; achokrbhepsi-PionheptebRhlhi0ndvehat b thered
"occlusionli. as used herein refers to any

end pPRdl- BRSO MHSEE eXi5t BPYtSoBSt PUCREDR bhegenit At
thd Y@l skl ypbloogn ebOﬁérmiesmhkermﬁﬁntB'egﬁt Eﬁeu'ates

in an artery or vein and |Inpede, obstruct, hinder or
catppeekt 1Bt BEFHOBEE phet 2Pl jedt pEessiod- of bl ood

t heret hrough. Bl ood clots can also be formed in or

around any foreign object-introduced into a vascul ar

spatie . terr@ed“pr@teobﬁhlbedsgaadehaoy,"sdmasoaetaon X4

“111:'%5 £ nbéjﬁd ( %%%%ge§é :Pé tJt:Q?&méﬁ){ af% aial Vlgéeg M g{“éln ‘

remain ransportable .
to s"iﬁ:ﬁ'ﬁlastfarﬂ:h%rﬁmﬁrrmi(immoddl:$mseghatiomr avel s f r om

er f . _an ocat | n,the
aequfpeud g A L B B SEneP TPkl Y58 sy o
cladi z: cstti?a@le iémtlrcdm:maltmmluamlncanrhacbhﬁl@d clot
maysgﬂi ure ets?tas.l.lsy occfuc’iefi!:l"nj.1 Slr.?nrren OPer glgge L
or medical dev1ce_ Slmllarly, “restoring patency "

refers to any measurable increase in blood'floﬁ“tfor

example by volume or speed) through a vessel. or dev1ce.

flumen or exit port due to the dissolution of a blood

clot therein.

The term “"blood clot” oL “occ1u81on" as used ¢

“ herein refers to any fibrin- based mass; cluster,. .-

\obstructlon,or.grgwth,. Typlcally blqod.clots;resuLtv**-*

w when blood coagulates in an artexy or vein-enduimpede,ff*

obstruct, hinder or block, totally or partially, the

~flow of bloocd therethrough. -Blood clots can also be
» formed in or arcund any foreign object!introdueed into - O

~a vascular space.. Blood Clbts;canrbe.stationary;:suchﬁ'

~ as a thrombus (a bloed clOt_thét«foﬁmswinaa vessel and -

remains: there) or- it may be transportable, such as an
embolism (blood elots that-travels from the. site where

it formed_to;énother‘1Qcationain:the_body); "Bloecd.. -



pi ece of atherosclerotic plaque, small pieces of
tunor, fat globules, air, amiotic fluid or.other
materials found in the blood can act in the sane.
manner as a bl ood cIot._Tg t he-extent such nasses
contain fibrin or other dbibstances susceptible to
degradation by a fibrinolytic netalloproteinase, one
nmet hod of the  present invention woul d. be useful for
the treatment thereof. Another method of. this.
clicneertamelso ivdmstwiadesldy frurdiwer, belagwe wintdh respect
to peripheral_arterial . occlusion (PAQ._ PAO finds.
oot itte End fa ol S Fie A4 i,
aéﬂﬂﬂ&&ﬁseiﬁﬂdﬁﬂértgmﬁhaﬁﬂﬁﬁﬁuﬁtuﬁhﬂﬁﬂ(HbmﬁuﬂMeﬁnQWﬁr!
Jman ears as atherosclerosis . ragr esses th a
DIGGY (Ul RS AT TokT TR e r et Ty
£a20Q1fhuadd erdis- Widnhd vied  £1axld e Tk iehiS eaassr v cal
therapy is limted and predoninantly ained at
Lopgl dit itdie Ak icae ARt iidh ERRISRPGEMTERRT GHE Such
b1ddd IRk | OWRS itk Uxt A | @ Sl s B0 Wb a ST Yrin -
cessation _progranms and physical exercise. Jackson and
orgiokdEm Subdgmcesydufineptible jeycleprsirtders jyigog) :
- £iT08 il 1Rl BN TR AL RS Of RRL IRhal Hasa ar
- diseasé may 1 ncludée acute occurrences of |inb _
Prefmesd daiveptiiseh sl brba Msqfids difge 9ie rigrea @amdni
' tﬂagé% ice of vascul ar- disease (i .., .intermttent ...
claudi cati ons) CQutside of the aforenentioned ”
preventive neasures, chronic PAOis typically not..

| et e P SREIRM SN st racea
. g i'schem a.
fubgbenditeg con wilkdr vesgelct dugrEtipfdect edtamdialhe -
o'c%ﬁhesﬁtOHOf(P%(‘O%l.USiP%% fal\ﬁadé %_@se origins. in'-periphera';'l'
vagcular disease due to atherdsclerQSis} ' The symptoms -
develop slowly over many years as dtherosclerosis '
p{ogresses,-with.a criticél ischemiC“levél being
reached in about 15 to 20% of patients with lower
extremity disease. Medical therapy is limited and’ '
preﬁominantly aimed at prevention or risk reduction
‘using medications suchfaéuligidEIOWering or
antiplatelét{agents¢:smoke;cessation'prograﬁs:aﬁi" -
physicalgekercise.-;Jackson and501agett;‘0hespy ﬁolumeftﬂ
114, pages 6665-6829 (1998): " '

‘The. clinical manifestations 6f,periphéral.vaseﬁlarff
disease may include?acuté occurrences of :limb-. e
threatening ischemia oxr the presence: of m'ore"-chroni‘cf Ly
evidence . of . vascular. disease  {(i.e., '.-int’ermittentu L
claudications;)-.. ‘Outside- -of the aforementioned- .
preventive measures, chronic:PAO is typically ot - .

treated until the onset of severe ‘lifestyle limitatien. . '




medi cal interventions include percutaneous
translum nal angi opl asty, surgical revascularization,
and thronbolysis. Studies have shown that the intra-
arterial infusion of clot |lysing agents, particularly
in the early stages of od€l usion, can avoid the need
for surgical intervention. As denonstrated in the
Rochester trial,-which conpared thronmbolysis with the
pl am nogen activator urokinase to surgery in the

or iedi-@niieferdtidf € PAEAU | SeRinding ond @¥ENkeb 1
Vascul Surgery, 1994, Volune 19, pages 1021-1030),
SeIFBrox% gﬁﬁ %%@31 ddhee xRt &f @ncdusiophe available
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I t- ca e ch a
treggﬁgﬂtf?%ggggkggkggs?ggﬁaeh ﬁ%dﬁg|§§ QUEE% s@fg?afts
Vas@uhar, Sexgeplyar ¥994 pptrabted medlpagegeyozzeswﬁowde
S ot her '

s parts e heat
vascu%téeil ggeggrﬁ%%?c% p?kI@BFFa?ﬂ gﬂ%odlnents
thrcbmlhol?ysﬂseahnO@f tihe eppdi cablte éﬁécé@@fﬁﬁ@fa@ﬁe‘é\*&d
dell fibri ontlc netalloprotelnase

W1t?fgﬁ abﬁg?%v%?tb%?n@n ,‘thereby avolding a more . -

invasive procedure . In contrast, 98 percent of
patients in the operating arm were subjeqtea to-an
engovascular-or surgical procedure. ‘

Other medlcal disorders 1nv01V1ng occ1u51ve blood
_clots can be effectlvely treated in a similar manner by |
the present method, 1nc1ud1ng, but not 11m1ted to, ‘ o
acute myocardlal 1nfarct10n ischemic stroke deep
‘venous thromb051s and pulmonary embollsm : In certalﬁi‘h'
_embodlments the method of thlS 1nvent1Qn can also be:.
employed to dlssolve clots whlch occur with chronlcallf.
implanted medical devices such as 1ndwe111ng catheters
and hemod1a1y31s access grafts. Other exemplary
implanted medical devices include shunts, access parts,

needles, sheaths or other wvascular access devices. . -

In certdin enbodiments. this invention 15
applicable for the therapeutlc dellvery of any



conpl exed wi th aZ-nmacrogl obulin. Such fibrinolytic
met al | oproteinases, if naturally occurring, may be
“purified fromtheir natural sources, e.g., fibrolase

from snake. venom Alternatively, polypeptide
fibrinolytic netall oproteapase agents the nucleic acid
and am no aci d sequences of which are known may be
produced by utilizing conventional nethods of

reconbi nant expression and purification. In general,

£4HRSOINLAAY RLNAds. el o 2. DS - 0l el encading,

rlnolytl opr ot ei nase 6 fteres
comp ligxasty ted-h mﬂnemxa:;@cwlum.e \Semknrflhfmmceb(}pIJeSS| on

mét‘&lalo%f&t%tiln%ée%ﬂ Cflﬂat ]ﬁg(HcQ{u ﬁngseln%e%eto be

functional in the partlcu st ce
pyridieq Sragmbheis aatiumrk H@%S :ceﬁ 19 -mva hml,assuch

fxbhatsrsxd@r e&Sican OfaltdRe-dadA iy OGP pe Tﬁsé/ectors may -

Iso ontain a. fl anki ng sequencer (also referred
&%@éﬁ"?r&&?%&}ﬁﬁ %ﬁﬁ%ﬁeﬁs Yt at i
an@lamﬁﬁkﬁa@ﬁﬁﬂ@&iﬁﬁ%@tdslﬁ?ﬂhﬁxtﬁ|ﬂ%ﬁmﬁﬁdwhkmsy ?e
r as_ot her_.knag t such as.
pr%)é%c%%is Slf ?Ll\re%ﬁp czgftc‘n?)‘rﬁné:l:‘ecﬁig’\rﬁ(tn é:%tn% && i pti onal.
recsmhuman¢0ﬁxekeﬁsnbn en@mgﬂnﬂﬁiqaums@n sequence

cont ai ning a donor and ‘acceptor splice site, a S|gnal
epti de sequence, a ribosone binding site elenent, a %

p
pol yaderyestion rséew@ar@@nta npechypidisn les Ls iso rPNZor

molLBEAL BACEAERANERd HT AL 180 hidtaiaedasaleciable
The vector, may. al so. opti gnally contain

infERESt WodhonEe ip ok Lot gl GO GEPEORT e Se RS
_ fokoeapedsaﬁonthﬁ 8' sufrtaBleemdsef ckhe . The vector is ;'
e BRLEREPLLIEE 8 oB 5T 0 b Bhe TENRE PR e
empkpyedsed - alongs wpmpapn@&a wigh theehest, cadd can
maéﬁiﬁ@r??l a0cH! Ehk! Yool 880k B theCBivaO R0l ddthik.
The vectors may also contaln a 5' flanking seguience:
{also referred to as a "promoter*) and other expres51on‘m
_,regulatory elements operatively linked to the DNA to be
.expressed as well as other known elements, such as an -
'orlgln of tepllcatlon element, a transcrlptional
termlnatlon element, a complete intron sequence .
_contalnlng a donor and acceptor spllce 81te, a 31gnal 7‘,
‘peptlde sequence, a ribosome blndlng s1te element, a
polyadenylatlon sequence “a polyllnker reglon for'\
inserting the encoding nuclelc acid, and a selectable _
marker- element. The wvector may also optlonally,contaln a
a “tag“.seqnence, ive., an oligonucleotide sequence -
located at“the 5'.or 3" end of the polypeptide-coding
sequence that encodes polyHis or another small ~ - .°
immunegenic{sequence;' This. tag will be expresSEdValengﬁ“‘
with protein of interest, and can serve as an affinity
tag for purlflcatlon of . thls polypeptlde from the ‘host
cell. If deslred the tag can subsequently be removed o



cell. If desired, the tag can subsequently be renoved
19 fromthe purified polypeptide by various neans;
for exanple, with-use of a selective peptidase. In

those cases where it is desirable for the polypeptide-

to be secreted fromthe tfost cell, a signal. sequence
may be used to direct the pol ypeptide out of the host
cell where it is 'synthesized. Typically, the signa

sequence is positioned in the coding region of

fromuthélpuﬁﬁfﬂeaeﬁé@§@% tgﬁedb§e9%EXoﬁE ﬁggn% %%@ of

sequences ave been

codi ng al
exaP&iﬁr.WﬁEB uﬁﬁdogn? ﬁﬁﬂ@ﬁtéwé P@Eéﬂﬂéﬁﬁl in the
sel ect ed host cell nay be used. After the.vector has.:
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€ proper
polyp@pbidﬁHEObgeiaeereeddlﬁromath&uhbableemmstacehbnEQr
seqégﬁbéfhﬁﬁtbgnuégg/95 8?£¥B§p£h% B ep %hgnogyoo%

e pro ar SucC

theeHR%Fy%?l Viaeren &8 asyéﬁstheeﬂzedan Typseaﬂlycethe or -

sigfaesdghints @@'ﬂ»&saélﬂ&laﬁ@@' PnNeAL £84LARgOLafELL biENes

ian. ce such
nucg%%?ya%gﬁl§e??ﬁ¥$ or°§T@lre€%1YsatTﬁ€es%fe@ﬂﬁoﬁfothe
_ codmgtmgmmnn%nprsi@ﬁ&l Cobdrsendds WBRLE0PSenf OF :

screenlng and

1deﬁEf%§5$rprodﬁﬂpfSﬁh%%% %ﬂ?n$||f¢$%%é§r%n KR®wn'in the

891%}’&‘—‘511 el ariit atfe bersmwed i an-cell lines are the
nmonkey COs-1 and COS-7 cell lines, and the Cv-1.  cel
li.ne. .Further exenplary manmal i an host cells include
priihete the vaqhres hawl heslengonsttudiedsandiacl udi ng. ,

nchIerlad’l%deideEQSDQJéeﬂ | fiferted NIt péf’dg?efeéii?e Gell.
Sid A %ﬂlved fram.in vitro cultu
the it or, e completed vector may be inserted into a.
suitable host cell for amplification and/or polypeptlde
expression. Host cells may be prokaryotlc {such as E.
coli) or eukaryotlc (such as a. yeast cell, an insect

.cell, or.a vertebrate cell)

Suitable hest cells .or Cellllines'may be'mahmaliaﬁJ-ﬂ '

cells, such;as‘chinese.hamster‘ovaxy-éells:chO) or 3T3
cells. .The selection_ofhsuitableumammalian host cells

and méthodsgﬁor transformation,aculture,.amplification, L

screening and.product production and purification are-

known in the art. .Other suitable mammalian cell lines -
are the monkey C0OS-1 and .COS~7 ceil‘lines,‘and the Cv-1

’ gell line. . Further exemplaryumammalian host cellis -

include primate cell lines and rodent cell lines;

including transformed cell lines. Normal diploid :f

cells, cell strains derived from. in vitro culture of .

. primary tissue, as well as primary explants, .are.also

suitable. Candldate cells may -be genotyplcally

. deficient in the selection gene, Or may contaln a
_domlnantly acting selection gene-, Still other suitable

—



primary,-tissue,, as well as primary expl ants,

are-also suitable.. Candidate cells mybe
genotypically deficient in the selection gene, or may
contain a domnantly acting selection gene.. Still

ot her suitable 20 nmanmmal #an cell |ines include but
are, not limted to, HelLa, nouse L-929 cells, 3T3
lines derived fromSw ss, Balb-c or NNH mce, BHK or

HaK hanster cell lines. Also useful. as host cells are
makABl ¢hhakett! hSnebOlinAXAPIR: Wl bt Stik@idnsy «f, E
coli, and various _strains qf yeast cells. |nsert|on

HePéPs@°P§ﬁePF889tSe&§sﬁt@gﬁsﬁépﬁﬁtQQ¥mWﬂd from Swiss,

Balbranskest oAl keQf Blike otetla® Hable® crh@esal actegs host .
cell may be acconplished using such nethods as cal ci um
phosphat e, el ectroporation, mcroinjection.,
I|pﬂﬁsotueﬂfuarashhoBEAEﬂkEﬁlam& mmdumtlémuté&ﬁéuxtor

te ion_o he. type of
ex %8?8 g?r% Lgesgrgg lg&hese neﬁho sC{‘;&mﬁ?%g '
stsafirabpé pethbdsedds. well known to the- -
skill ed.-artisan. The host cell, .-when cultured under
~appropriate conditions,' can syntheS|ze t he

fi bIREBEYLPE (ARE8I FEFESTEthASe 261 ".tmaéaségrmatwenhbsqr

nt 88hkBe8BYoR®) . of CHhbUKRM WS RALSL &E@%@l@%@;‘éﬁ welde -
cetﬂomn to the ski arti san. The ia wll sua

.
ey e PeaSrpl i8hea HEtal Rich Bethags, s

pHespNaval @IethfopekbslonSUmhabb&nﬁedtaohorymﬁdﬂﬁdﬂﬂbn

' Br, ol
o (puf PSS LS B, /MY Segpolti el B ity
1nfmmrtu¢¢ua|ﬁ@n@bkanygflcheetVBeaoé RPNE c&840, tavid-
usé:&/EM TRede Orﬁetﬁ‘gdig h.ABY oPResU Bﬁhggg)ﬁl%e ﬂle‘ﬁ"h%s axseer um

and/or growth facfors as require
We%%h¥?%%ﬁa¥°c%b? Fkﬁ%lﬁélﬁﬁtéﬁﬁﬁured

The;host_cell,nwhen‘cultured'under:appropriate B
conditions, can synthesize the fibrinclytic
métalloproteinase of interest. 'The host cellslﬁay*bef.
cultured using standard media well known ﬁo the skilled
artisan. - The media will-usually’ contain all nutrients
~necessary for the growth.and survivalAOEfﬁhe“cells. '
Suitab1e~mediaIfor,Culturingtt. coli Cellsﬁare, for
example,”Luria;Brothx(LB}vand/or‘Terrificiﬁrbthz(TBY}”
Suitable media for:culturing eukaryotic cells’are RPMI -
1640, ‘MEM, DMEM,.all of which may be suppleémented with
 serum and/or growth-factors as reéquired by the B
partlcular cell line: belng cultured.

Typically, an antibiotic or other corpotnd useful
for selactlve growth of the transformed cells only is-

 added as a supplement to. ‘the media. -The. compound ‘to be "
‘used will be=d10tated~by the selectable markér &lement

present on the plasmid with which thie Host cell was

transformed}:,For'examplé, where the -selectable marker -



Typically, an. antibiotic or other conmpound useful.
for selective growh of the. transfornmed cells only is
added as a supplenment to .the nedia. The conpound to
be .used will be dictated by the sel ectabl e marker

el ement - present on the?blasnmid with which the host
cell was transfornmed. : For exanple, where the

-sel ectabl e marker = 21 elenent is kanamycin

resi stance, the conpound added to the culture nmedium

e1ddiit bes k]@é}?ef%fdlrh e AEHHY | Qi@ i QiR i)

the host cell. can be eval uated usi ng standard nethods
the B4R tPRAT U twithdrtidiaip™siter n bl ot anal ysi s, -
SDS—ponacryIan1de gel electrophore5|s non- denaturlng
el ectrophor HPLC separ at i on,
D R (o R S BRI e et s b
carDI‘i#b doraidiatged)els isly f4t askays .mdtfhddwe krootreiim ithe -
ari?ecfr?éﬁgd 1{5{0/%% ﬂ?%lo %Aasl scitgqer t han

an}nega er|a or|ty Wil | Ilkely be
SDE-qunldyd vt o e Igf::hletlﬁ@rrmmmsua‘, inon-slenaduring

ge SO Shpdrddild , Rl essplr-diiddie. cytoplasm For.
|ntracellular protein, the host cells are plcal

AT ORT SR P Thve G A AGF LY st %?51

.blﬂaﬂﬁgﬂggmnghlﬂgxggguyse|ther mechani cal dlsruptlon or
osnotic treatnent can be used to rel ease the.

peri‘plasm ¢ contents into a buffered sol ution, 'and‘thQFf -

' Iﬁbl@tpeemﬁcrtaiirs isherearsdieal efhdm arhe hicssts';'@iajﬂjson'
[ t t t
ouiR SR AR AR AR g

1ikerdat den deamchden tcwé@ rad tagret mgddjum. 6&1&@ As$ a
notl 8@ Segh@s ﬂte)@ﬁtl'lstﬂéj'ﬂl%s%tmﬁleﬁ:mYItoFl%%ﬂI i de. at
Fo;ﬂ£g3¥éééfid§g£ P otéyﬁzmyﬂgjﬂgggnég{is are. typlcally
first disrupted mechanically. For proteln having a
periplasmic location, either wechanical dlsruptlon or’
osmotic treatment can be used to releaseﬁthe

' péiiplasmic contents intc a buffered solution, and the-
polypeptlde is then isolated from this solution.
Purification from solutlon can thereafter be

‘accomplished using a variety of techniques.

If.the-protein.has beén synthesizad'SO that it
contains:a tag such- as hexahistidine‘dr other :gmall -
_peptide aE_either its carboxyl ox émino terminus;‘it-
may essentially be purified in a one-step process by
passing the solution through an affinity column where
the column matrix has a high affinity for the- ‘tag or-
for the polypeptlde directly (i.e., 'a monoclonal
antibody)... - Where the polypeptide has no tag and no.
antibodies_arexavailable,jbther-wéll known prOCEdures*'-ﬁ“'

for purification.-can-be used, for example, ieon exchange - -

chrématography, molecular sieve chromatography,
reversed phase chromatography, HPLC, native gel: -



may essentially be purified in a one-step process by
passi ng the solution through.an affinity columm where
the colum matrix has a high affinity for the tag or, -
for the polypeptide directly (i.e., a nonocl onal '
anti body):.. Were the podl?ypepti de has no tag and no.
anti bodi es -are avail abl e, other well known procedures
for purification.can-.be used, for exanple, ion
exchange- chromat ography, nDIecuIar sieve -

elehtanphegéepbymr ey@psede phasei cAr gant euhaphy” HBLC -
natiyv ectrophoresis |n conbi nation’'wth ge

pre?ﬁf?gﬁgeaﬁﬁoeb?ﬁﬁﬁ?ﬁt Qe sBe| dCTEPETEBRUSI ng

ma¢hisepteaetiiguac mi@eféfcﬂﬁ%@ﬂﬁlff@?f eL ISCEBRE! f:h%%)zs
0 S e.of these technigues .may

twd ﬁ%lﬁgggt%f éM%? %e?%%?%%§%dmﬁﬁrP?yCOWB%BFdAEPlng

achiﬁ%@bbﬂ?t@@S%dUﬁgrpbyypept|de utilized herein to -
illustrate the practice of this |nvention_refers in

general _to the. fibrinolytically active
net ¥PYebrdtl ma sEreemisEy £ B NCVAT) ﬁthPE@tlde

utmﬁmmw@m st ncoresk by d hen £ONA, apl ecule of;9EQ 1D
zﬂt%&rgh any DNA._ nol ecule of variant sequence

m"%‘b’&?‘hd’@c St d-hyf Herinelytbpally
actem mmmmsﬁtdﬁ esm@ mqmdamce hé hygpeci fic

ich _are ferr urt hel ow, Flbrolase
Po I@Jbﬁnm’g scrlcbéﬂoe %@;ﬂl"?‘? A Phrehe 1D "
- NOj j2.e@glthiyaagls @eryr Sy, anmﬁesnﬂtmw vEypi el |$/equé1|i\§ef orm -
I ;ﬁﬂﬁi in.the actlce of
endgaﬁﬁfgggﬁﬁggﬁP&FRQQ? %ﬁg§y[9ﬁ«38%? Sthich is
EXDIRESIOR RS HeTaSRA tvsleedit @asforsEQe BiNG  sdecific
methakisaMns. dhh 80 freRGAENG d 181,335 1R, aci d :

sequence. Preferably, a yeast expreSS|on systen1|s

enpl oyed-
Fibrolase has been descrlbed in. the scmentlflc and. -

patent literature; see references above:, Typlcally,
the form of fibrolase. Whlch is employed in the practice -
of' this invention will be of SEQ ID NO: 3, which is.
'encoded by the cDNA molecule of -SEQ ID NO: 4. or
var;ants thereof encoding the same amino acld'sequenee.f~5

Preferably, a yeast expre881on system is employed
for recombinant, expression of NAT. 5pec1a1 mention is’
‘made of Pichia strains, for example,‘Pichia pastoris;
as being the most‘edventageous-and-preferred‘for use.
A detailed description of such a -system may be.found in-
United States Patent No. 4,855,231 {Stroman. et al.},-
‘United States Patent No. 4,812,405 (Lair et>aly).
United States Patent No. 4,818,700 {Cregg etral.),
United States Patent No. 4;885#242 {Cregg) ;. and Unlted
States Patent No. 4,837,148 (creqgq), thesdisclosures of .. -
which are hereby incorporated by reference. Expre551on~“'
of flbrolase_ln-such a gystem w111.typ;ca11yﬂinv01Ve a’
DNA molecgle;of“SEQ ID NO:. 5, which eéncodes "prepro"



for reconbinant. expression of NAT. Special. nention
is 'made of Pichia strains, for exanple, Pichia
pastoris; as being the nost advantageous and
preferred for use. A detailed description of such a
systemmay be found in 3iited States Patent No.
4,855,23|:(Stroman et al.),- United States Patent No.
4,812,405 (Lair et al:)., United States Patent.
No. 4,818,700 (Cregg et al.); United States Patent No.
a ni;t.e e nt,
'Seqﬁ %%%’148C%%?§%§i: 1 @%ah;c ogggégaob ton %%
"maﬁgﬁgﬁ B¢ SEpeT dn@V ﬁ@ﬁéﬂ@ﬁc@84E%§ﬁ@é3|oﬁhe of

exp&b@%@h@ﬁ%f‘@ASUQ%.%UQMSEGEV@tEH WyRhcalby JkRyol ve a -
whi ch encodes " prepro"

i1v54 e gy BBl Bt Qo Pd 8801 PBP: | A ai EPoRTEBSPR
"prép&burebqpehwﬁeﬂbmd&abﬁd@b@oﬂkdea)7§ﬁ|%agikloﬁrfo
ex ey S sten1mn ptcal ly
thelngbﬁég a B%; 5&5? % gé@¥ /38 13RPén encodes
"prepro" sequence (nucleotldes 1-783) in addltion to

-t NeneMByien ngﬂtme%kg 1 ﬁ%'ts%g 2y hB14300) The

- fibrinoly ase acc%rdance
aCCRF@HnFﬁlythvéh#Sothﬁhénhéﬁ Whetb@rhmm bef NBTol ase,’

'flbﬁblé@a\? ehgembl BEhBo! Yibe ABIALLE mBLgiebvase, i
ni stered i.n,the form of har maceutical |y

, 'Progﬁﬁ%ﬁ?ﬁbléssﬁﬁﬁfpbﬁteﬁPGnénthecEﬁ?ﬁlﬁfn@ addi-ti-onha
;phapmacaatéd&lmglhyc&pﬁ&blabbelutﬂgﬂ?daEﬁhé okf: desired;”

h
cond i 0 #hhPETolR PETPe Pt etL R ac e SRr ol (e,
-1n9E¢@I¢ntéd Wat edesirefly stutbgschiiticad i mey, cempnﬁamd o
in é@@i@gbﬁnE§ @th ?ﬁr§ﬁ igeﬁétéi oppéggfﬁé?gréﬁgl

atlon or ﬁSI ca chem ca degr a I on
801‘5%1%%0 s Fredi @}5Ch 1?@n‘@a*€a@§n@§ mlmsmloglcal

saline), standard'ingredients such as stabilizers (to
prevent protein aggregation or physicél or’chemidal
degradatlon in agueous media)., bulklng agents (to
'prov1de bulk), dlluents ‘antibacterial agents,
VlSCOSltY adjusting agents, anti- oxmdants, and so -

forth, in conventional amounts.. Known excipients Wthh'W"'

can be 1ncluded;1n the formulation include polyols. |

‘ (including-mannitélL sorbith”and glycerol); sugars-
(including glucose and suctrose); -and amino acids -
{(including -alanine,. ‘glycine and‘giutamiC'acidﬁg; See,
for examplé;_Remingtoan:Pharmaceutical~8cienceé Mack

Publishing COmpany,~Easton,'Pennsylvania' See also WO

01/24817 A2 (the entirety of which is herein
incorporated by reference) which. dlscloses various < o
compositions: of flbrlnolytlc agents useful in the:
present invention.. ‘ '

_ Desirably, the pharmaceutlcal composition will be -
buffered (with a biocompatible buffering agent, for - -
-example, citric acid or citric acid salt) to a-pH‘wh;ch o



provide bulk)., diluents, antibacterial , agents,.

vi scosity adjusting agents, anti-oxidants, and so
.forth, in. conventional. anmounts.. Known exci pients
whi ch can be included. in the fornul ation include
polyols (including manni#ol, sorbitol and glycerol);
sugars (including glucose and sucrose) ; and am no
acids (including alanine, glycine and glutam c acid)..
See, for exanple, .Rem ngton's Pharnaceutica
sSateageﬁearNh@&terblws la) n@r%&p 20y adm3fti 8Bration,

- Penns ania. See a 4817A2 (the_e tiret
- anéfuﬁﬁghﬁY] SfhWrERNa LHEBrﬁoﬁa?@é—@P°P§fér8nE§) +mﬁléx
di scl oses vari ous conp05|t|ons of fibrinolytic agents:
useful .in th pr.esen sirably, the
pha&#&g %Il &8Hp8§ %whrlngg Qgﬁffered (wth
me&ablopvapaunhbe hsftencngsagbnaﬁ Wwdith éxhmplesecbtric

'NA@C'gtoﬁa%' r'% @g gaﬁigtk glﬁﬁewgl%gté%—soiugﬁeor
néar neutr al ; ? or mni stration
zinsuaply 5§PWB§HaaDéQb GlBCaﬁulébﬁatog @ip#l gcetsye) | f

ast Qese@b@hlh@& of Tbhguﬁctﬁékn@hﬁhh%e ﬁﬁteahbﬁgt%%nase
zinc, such th fibrol ase or

 staPilbFubRBd; SDEREL Lieaohntbe. SOMBEFA tioRncisaley(f or

algéaﬁb|§dvahﬁég§5héat© ﬁkeék@Ctﬁ@ebagakloﬂsoa to
ce the.longsterm

t To.f b
cofyEphi 1yERng thEPPLE ERo L RE EoE o8| BROCPEE mmy.
wha¢h01@ethdwadtagenesohstﬁtaéeé Piéosokot iea, 08s the -

tyLt to a lyophilized (freeze- drled) pr oduct
Ca§£ﬂ¥%§lséthamed or reconstltuted prior. to use,. as

the - case -may be. , . By way of ‘illustration, a-

freg§a@g§ bEQH&QusEEQthﬂa|aCQQB%§bb&@n1%ﬁh§B nay be
medyglnal CégpéggtlQn which may be emp¢oyed in. the
method  of this-invention. comprises fibrolase or-NAT,.a
water soluble zinc salt, a citric acid buffer,
optlonally an additional- stabilizer ‘selected from the .
_group con51st1ng of water soluble calcium salts, and'
.optlonally & bulking :agent. (for .exaumple, mannltol).:‘AL_
surfactant, such as Tween® 80 .(BASF, Gurnee, Illinois),
may also be added to increase freeze-thaw stabiiity.--
Tris bufﬁgr_(sigma;'St},Bouiﬁ;gMiSSouri)'br:aﬁother- o
buffgf withia:buffenica?aéity&ébove pPH 7.0 may be added " -
" to Stabilizé'the‘pH~at~or-abové'pH~7 4. "MostiofrthESEL
ingredients will be present . in minor amounts ranglng
from 0. 001 to 2.0 millimolar. {mM) . or less than ten -
" percent (w/v)t, The buffering agent will be added in an
' amqﬁnt-sufficient to’ achieve the desired pH, and this-
amount may vary depending on the;speciﬁicnfbfmulatibn;{

By way of further illustration, a 1yb§hilizab1e or
1y0philizedrpharmaceutiqal.composition~which can be -
used in.the method of this. invention comprises
fibrolase or NAT, a zinc stabilizer {e.g., Wate?




i
it

method of this invention conprises fibrolase or NAT, a
- water soluble zinc salt, a citric acid. buffer,
optionally an additional ~. stabilizer ~selected from
the - .group consisting; of water sol uble cal cium
salts, and optionally a2ul king agent. (for exanple,
mannitol). A surfactant, .such. as Tween 80 . (BASF,
@Qurnee, Illinois), may al so be added:-to increase
freeze-thaw stability. Tris buffer (Sigmm, -St.

| soh:gbﬂéa 21McS§QHJE' Q:u@ﬁ agn@ﬁéeébobeﬁfeénw shoac byt f 861

pa0|%y above .0 may be added ?tablllze t he
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sug&vunsushf&scsanrose arhteahatbsedeasred pH, and this
1y BERUBLCFRY VY SGREOOLAG. ONchBE, n3PRLLLC50°, may be
adfigdphpPl prabeet o&ga{y@ple@Ebulpﬁathme@tmaaaes on the -

f159mﬁeiykhenm@@afhoﬁﬁat@fnaseseg &N thfbﬁ@iQQQ o this
i nventjon rises - fibrolase of NAT., -a zinc

NA@iablwhﬁePH(%lbl Tqarbly e waiRbRENSA nat st & sYch as
0. SDGUQEﬁgEé sﬁumhwuélbﬁfﬁeﬁﬁwﬂthbafﬁxg 1nMdﬁisnramgkhout‘

ot her I pi (e u ‘ N
(eREnRTeBPiel) Tk Tfopmed| Shosnoftiiat Wi fF ey 10
accon@@sGE|wnthayhalabmventaln a di saccharide sugar,

such as sucrose or trehalose, as a . |lyoprotectant. A

surfactant ; oSu 0 87 dupes 800u0nynDcs 2868 8o

pr ot ect "agai ns Ization stresses’ on
of f i & nbhyeitiemt b | eqppbretdabe. Iecgllyfa@mnmaseemr*

Y ' :
bl%f%%i%%?§% %?%%#%é%? 5%#%#%% §?t gi%fg%§$¥§¢%|s range
me{dblopranpimysdrilgt arouim stoé doge edimaye sbatwdehe. in
0.025 and 1.7 mg/kg. Preferably, this amount will in
the range from about 0.1 to about 0. 5 mg/kg ‘8olution-

5strengths will be formuldted accordlng]y, w1th dllutlon

to . be affected as needed upon admlnlstratlon

In contrast to treatment‘of3thrombosis_iﬁ'a native

artery or veipﬂ such;as'PAO, tiegtment of.a blood clét

occurring in an implanted or indwelling. vascular access

devi¢e.p;esents_additionrchallenges,'For exampieL in

the cas¢ of an occluded central venous‘line;‘the “dead

' volume” of the catheter gi;e.,3thé.innér diameter of .

‘ catheter multiplied by its, length) defines. the maximum ;:

volume that can be contained within;thglcatheter,j FQr~
example, a catheter'with a 1.0 mm intern@l,diamgter and -
a 40.0 ém\length possesses-afdead vblume of‘~0.3'mi-
Because volume can be go limited, it is 1mportant to -

define the proper solutlon strength. Accordingly,.



accordance with the above. As nentioned, in certain
enbodi nents, the nethod of this invention is enpl oyed
to. locally adm nister biologically effective
amounts. of a fibrinolytic netalloproteinase that are
in the dose range between2¢ 0.025 and 1.7 ny/kg.
Preferably, this anmount will in- the range from about
0.1 to about 0.5 ng/kg. "Solution strengths will, be
formul ated accordingly, with dilution to be affected

iazreecded WpORtAGH BESERIHOR: IR CALLES, L0 55 5

treatnent of thronmbosis i'n a native. artery or ve
eftertayepRenner farminCTeRsdngl 6o @h@tuntoocfuﬁm@g in

a®BingphantgdyQkhhgdwell i £V Ia cess device
presents addltlgn cha% 5%% %28% g%ﬁﬁ in the
case of an occl uded central venous l'ine, the "dead

vol u 5 ner d amet er of
cathgtﬁeFgE tlp%@%ggg% %5' %gﬁ ;hﬁngﬁeg pFesent
ipgentien VQnQﬂEnshahecaeebefcanfabﬁ@ﬂomytmbn the ' -
X a;catheter with a 1.0 nm
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arge
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flbrln0|% ic metalloproteinase for the treatnent oF

gt s ur, & Gl sritira abhst imasculsre sscdevs ce.
sty o Sena T Uikt B Oy TAACTISOR] Cand

vascul ar access devi ces.
H%¥ ebrevent the 1ntroductlon of a drug or removal

| of blood. Clots can also attach to a vascular access
device, 1nterferlng with the proper functlonlng of the
dev1ce The 1nterference can result from a partlal
occlu51on or blockage; i.e., some fluid may pass -
through, or a total océlu51on 1n Wthh no- £luid can
_pass '
 To demonstrate one method of the present

1nvent10n an in vitro catheter occlusion model was
used to simulate a clot in an 1ndwe111ng catheter- type ;ﬁ
‘device. In this model, collagen- coated Pasteur
Pipettes were used to 51mu1ate an indwelling portion- of*“'
a catheter. _ Human blood was drawn via & flnger stick’'™
by capillary action.to a length of 3.0 mm and allbwéd”'
to clot. The tip of one pipette was intrédiéed 1nto a
vial contalnlng saline’ and anotheér into-a 4mg Of NAT
-(100u1 of a 40mg/ml solution &trendth) s6lutidn’ of NmT.*E

Flgure 5 111ustrates the results of this in v1tro



| umen or exit port of a device such as a catheter, and
may interfere with the function of the catheter. Cots
can al so occur on the exterior of a vascul ar access
devi ce, such as a-flap that may cover an exit port and
t hereby prevent the intraduction of a drug or renoval
of blood. Clots can also attach to a vascul ar access
device, interfering with the proper functioning of the
device. The interference can result froma partia
catgeegy%eewgl%o%aa% imEcn SREBCLLU EnlBY ARSI ot
~through, or a total oéclusion in Ich no f
in éhﬁpasélnﬁolaeﬁbméﬂraneaohe wbihedtbé thetpissent
0 fp vistro t het og l.usi on nodel was
40m€2ég %% gFﬁsﬁgtgnadéFo?i9ln§ gﬁﬁ E? i ng cat het er - type
device. In this nDdeI collagen coat ed Past eur
plggtges ﬁere used g mul at e an |ndmelllng portion
egt SFe?XPﬁEr’rﬁ*ﬁ“ F oBdRBETBF WA 7PR 8%f i nger

pipsttek (byckhapbhtatiyiagt aoblob@ aibengthivs 8ip) mamand
i pette

. ,allonwed . The, ti of -one pi

lntrﬁii‘ﬂ‘a%gc% t?n%5 1CyPake ot af nvﬁafsﬁﬂlhamaaa the

folmmgr i nbouad 6ﬁgsahnélATloé11130@f @fu@omﬁﬁaém |
sol ut | n stren ?L sol ut | on_ of

solffioR  TopE8 TRENTLaReolofts npt ¢ AT PolsbTop avherer

. theogghbisiop oPdelugWphshvirdigatfohhatsthe @rhgtb yin the -
Sa|IeISStI||IHtaCt whi l.e-the clot in Ong/n1|sA

mC’é%%Wégﬂ‘rP%.%%v‘Wﬂ@ FhecRIth YoM 5ufel €Rperiment,
4 0m@y/ BEPArBf u Bk 04P; PiusPLRELS eSukBREP o8BI g a bl ood

clot at its tip) was introduced into and incubated in -

numerQly | SR HRAR R, t B rerubining: mq@mﬂia%@ SAPy e
thaéLQ@A‘f B 5 K] 085 L 1S Ob &L 19 §29 nlé apdsL 0Pul -

-of a NAT solption wherg theguantit drug was
thay Ahkekinasg 0 paro W bya commerc1a1 uroklnase

product for catheter clearance {second column, UK 500 -
I.U.) Figure 6 also demonstrates the dosé-dependent
_nature of NAT in terms of the speed at which NAT acts'“'ﬂ
to proteolytlcally degrade a blood clot.

_ For treatment of a relatlvely small 1ndwe111ng
catheter occlu51on, such as that 81mu1ated by the in :_‘
vitro catheter occ1u51on model -a preferred range for .
treatment - of would be approx1mately 5 to. 40mg/ml of
‘flbrolase, NAT or other. flbrlnolytlc metalloprotelnase
'However, dependlng on the type and size.of the vascular;-i
- access or -other medical device, énd"the‘position,'sizé o
and extenﬁvof the clot or'occlusion,-muhhﬂsmaller or’ :
larger doses méy be required. For example, a clot in a

relatively large hemodialysis shunt would likely

' require a higher concentration of fibrinelytic

. metalloproteinase .than auéiot‘bibcking the exit ﬁof§ off°“

a 1.0mm diameter catheter. Accordingly, conCentratiénsri



i ncreasing the solution strength from5ng/m to
40ng/ M. Figure 6 illustrates sunmary results of
nuner ous experinments, the resulting nean data. show ng
that NAT resolves in vitro occlusions up to 40% faster
t han Abboki nase Open Catﬁ@r), a commerci al uroki nase
product for catheter clearance (second col um, UK 500
.U ) Figure 6 also . denonstrates the dose-dependent
nature of NAT in ternms of the speed at which NAT acts
fOIotmmetEmmytata¢mymdrgraUgeaabywhdreIﬁromF0r1tmg¢mﬂent

re ndwel I i ng catheter occl usion,
org%% aeé$' ¥§ Ia? %iby the in vitro catheter

occl usi on nodel, a preferred range for. treat ment of

wou. d approximately 5 to, fibrol NAT
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ﬁ%gzi%or other nedi cal device, and the posi_tion, size
can, irerRd 1 a6t IeRbRE cPhisvars . nimeleddrser or,

pul T e dOSASsIBY, RecheaMhSES - 1 FPhs $XAMPHEIud Clot in a
relatively |arge henodial ysis shunt woul d [ kel :

2O FEEA IR gHF @ FRERIRETOR Of R1briRBegti cGlven
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i amet er” catheter. Accordingly
bolﬂﬁuﬁﬁﬂ%ﬂﬁﬂ?ﬁﬁi%&ﬁ ¥orgenssal hyli peefencedy range -
anymhere from0.1 mg/m or less, to over 80 ng/m.
For "bl'ood clots located in, around or attached to an

i nmmelﬂué]g:mat a—ra@@caese Ctﬁé!tﬁ@a &P ehiscihvendoss
nber of ways, including

is C1dehvered |n1%gy
&ﬂr&’aﬁ SU A, GO TG | HISAT IR S BoliReCred
thxa:dﬂnqmys:uatpmedﬂrea cEinattoredired | itdseee €hyen.

use IE)% adbf e %Llliletfﬁl&(?zsecg cbélthete £ dy;\)/é)léjru &@I‘f’xtfr%”ts
deV1ce, the gide walls of. which may be made .0f a thin,
semi~ rlgld or. flex1ble blocompatlble materlal (for
example,_a polyolefln, fluoropolymer, oxr other 1nert
polymer) ~In general, sultable catheters contaln at

" least one interior cavity {or lumen} runnlng the length;
of the device. The material from which the cathete is
Constructed is ‘flexible enough to be ‘moved through the
1nterlor of the vasculature w1thout cau51ng injury £o
the blood vessel walls, yet sufflclently rigid to
'extend over a. dlstance to the gite. of treatment whlle
the interior: cav1ty of the dev1ce remalns fully
distended. Typlcally,.such catheter devices will raﬁge
‘from.2 to 20 on the French scale for catheter diameters
‘(1/3 mllllmeter equals 1 French) and. from two to six
feet or more 1n length '

Exemplary catheter devzces for the 1ntravascu1ar

dellvery of thrombolytlc medlcatlon in accordance w1th L

this 1nvent10n are lllustrated in Flgures 2 and 3 the
_ practlcal appllcat1ons of which are. descrlbed in detall



bol us adm ni stration is generally preferred., In the
typi cal case, the nethod of this invention is carried
out in conjunction with a catheter-directed
t hronbol ysi s procedure. Such procedures involve the
use of a pre-sterilized catheter-type drug delivery
device, the side walls of. which may be nade-of a
thin, sem-rigid or flexible bioconpatible materi al
(for exanple, a polyolefin, fluoropolymer; or other
[ t r I.n ~sulta S
in R R YF (ndok ) OR0GERL St RLA SR ISREIS
cathgimpng@dehivéengeh vetcuhar degfees ¢h*é1ﬁet 'ehﬁah fs0om
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be, noved t hr ough nterior of the vascu ure _
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accordance W -t his inventTon are i]l.lustrat
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" pre¥igiredes gHd etk dvbttatdi bf 20he | dat e examabes Del eMis:
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rates vice
viegesifgRed afldrenreda aae | Geyelotr gdevice for

localized delrvery'of a thrombolytic agent in a blood
vessel. This device contains thin slits, referred to -

as ipressure response . outlets“ {PRO),‘whlch have been

-.cut 1nto the catheter wall at regular- intervals such

that 1nfusate escapes when the Eluid pressure. w1th1n ‘
the catheter reaches a crmtlcal p01nt scausing the qut
to open. The device can be used: in conjunctlon w1th anll
automated, piston-driven, pulsed infusion device (not o
. shown, but exempllfled further below) which is capable'ﬁ
of dellverlng pulses of" drug infusion. ' ’

For_blood clots that: occur in a vein or artery and
.are nottessociated.with-the‘introdﬁctién;of a vasculaxr -
access or other medical device, an effective doee of . ...
fibrinolytic metalloproteinase can be delivered thrOughr
the catheter to the 1oca1"site'of treatment by
pulsatile infusion, cont;nuqﬁe;ipfusrgn, bolus ]
administration, dr'a-combinatien of all three. The

solutionfetréﬁgth {i.e., concentration) of fibrineolytic



t hronmbol ytic agent in a blood vessel. The device,
shown in side cross-sectional view contains "side

hol es” at the delivery end through which the infusate
(thronbolytic agent) is emtted under applied fluid
pressure. The dianmeters -afo the catheter tubes in this
figure and the following figure relative to overal
size are exaggerated to show the details better. See
also Figure 3, which illustrates a side- '

' s-sect i, onal an al t rna e at het er
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referre ressure response qutl ets
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pressure. the catheter reaches a

fluid
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fibrinolytic 30 netalloproteinase in the treatnent
Pr% q{ﬁ?% % 50 an i nport ant- paraneter for these
"types of clots. More specifically, -a range betmeen

Phe niniﬂggkgi H£08n09f8p601flc Embodlments

\ . @ invention is further illustrated in the
follow1ng examples, which are meant to be 111ustrat1ve -
only and not to 1imit the 1nvent10n to the descrlbed S
embodlments In these examples, and throughout the"
‘descrlptlon of thls 1nvent10n,'“kg“ 1ndlcates kllograms
of body welght per test subject “mg" 1nd1cates
‘mllllgrams, nmr, 1nd1cates mllllllters, and “mln"'.
iﬁdicates‘mlnutes.' The flbrlnolytlc metalloprotelnase

" illustrated, namely Novel Acting ‘Thrombolytic (NAT),
wasfrecombinantly—derived and ﬁade in aécotdanceuwith

methods referred to above.

. EXAMPLE. 1 - _
Thromboly81s 1n Subacute Thrombosis. of the Adult Plg

Common Garotld Artery



the fibrinolytic netall oproteinase for effectiveness
at the lower end (which is especially inportant for
bolus admi nistration) and .the maxi mum solubility of
the fibrinolytic netalloprotelnase at the higher end
shoul d be selected. In general, solution strengths in
the range fromabout 0.1 to about 80 mg/mM are

enpl oyed. The volunme of the bolus (or total volume of.
nultiple bol uses in the case of a "pulsed delivery)

of M e i e B e e S B nase
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occinglbmqup@umdn%,wetaIIoprotelnase ullustrated
-nanmely Novel Acting Thronbolytic (NAT), was

, reconblnantly derived_and made in cordance with
T el ;S isoy S ERANPEE S EREORIRY S S | n

'thramb@s@ee a LN RS enefi rhe It (@;ﬂ)ro:-ﬁ@dﬂﬁﬁ”l thl d-
Artery. -31L NAT was been studied i-n a nodel w

centipgEgrs tfH’PBh‘é’Sélgénoiatt e gogtrd tar sy q%r%lﬂ
bifRKES L i0AY LTINS chDikE tiBrbedy vaRIIWdL @jwdeont ract
| abor at ory Charles Ri ver Laboratories, Southbridge,
thrombin and stasis. The size of the thrombus 7 7
approaches the 51ze oﬁ thrombus encountered clinically
in humans with peripheialfarterialrocclusion,"After
successful thrombosis, the animal was allowed .to.

recover for a‘period of four days. A four- day . pe:iqd,

‘ was selected to allow exten31ve Cross- llnklng of.

flbrll’l, remodellng of thrombus, and 1nf11trat10n of
cells. Notably, both the size and age of the thrombus
in thlS model are reasonable representatlons of the,
size and duratlon of . 1schem1c symptoms- reported 1n the
most recently published TOPAS trlal of thrombolys1s
with plasminogen activators. in perlpheral arterial . ‘
'occlu51on in humans. For reference, see Ouriel et alk;‘
New England Journal of Med1C1ne, Volume 338 pages -
1105 ~-1113 (1998}. .

Brlefly, the comrmion carotld artery can be .
thrombosed along its entlre length by fluoroscoplcally -
directed balloon 1njury . The balloons that are used =
are over51zed and non- compllant “The balldons . are‘”fﬁ”

inflated at pressures of up to twelve-atmospheres, o



Massachusetts). The intent of this study was to
establish the fibrinblytic activity of NAT in a.

t hronbosi s nodel which is relevant to periphera

artery occlusion in humans. In this aninmal nodel, the
carotid artery was thromposed along its entire |length
(approximately 24 centineters fromorigin at the
aorta to the carotid bifurcation) by a conbination of
bal | oon injury, thronbin and stasis. The size of the

ounter

appr.oag hes the.size_of fhr d
Wh{$£n|0a§?§ an e W %eF?pF%ﬁafng}?% pyexr of
thecetssedn. Whibs tlselcb&:issrﬁcbhh ihrmﬁbmatéd the aBi fiked

cover for g of four_days.
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enddsidsstiiumki ng of fibrin, renodeling of thronbus, and
infiltration of cells. Notably, both the size and age-
of the thronbus in this nodel are reasonable _
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i scherzic, synpt reported in the nost
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carg dras ey DA hediatTe Tuiniing Hue cnbhee

art]eZhQB, Jﬂﬂel K098 B iefdnaride @@'”@Uzlﬂr@@irﬁﬁ] dp3&i€iYn
r onbos e%H%Long i.ts entire. length

nedi 1 At Bt b DATOHIE o Ly, Of Thkood:

thiealdloanse thadsell e ugtide B-RIRES) ZEI0F@AMMits of

b0€%g1 ég} | hant .. The bal | oon are |nflated t§3%§55g£e$

tha:ﬂaﬂlﬁcrtga lcmtuf@tetxo :Ltth)xfdg:d' nﬁ&ij é@M@ﬁl@t{e é&‘@gﬁﬁé@fbn
m@) %'the bal |.00on .irs_ |nfhft it 1s, noved

The balloon remains inflated for a perlod of thlrty

minutes, which results in thrombotlc occlu51on of the

vessel. After th;rty'minutes; the balloon is deflated

and an anglogram ‘is performed to conflrm that the '

‘vessel has become' occluded: With theéese procedures,
occlusion of the vessel was achieved in gredter than -~

ninéty percent of cases. -

- Figure IAfié'ahbaéélinefengiégram‘of the carotid -
_artery in an adult pig prior té balloon catheter.
induced-injury and’ the formation of an occ1u51ve
thrombus. The arrow indicates the position and the
presence of contrast media in‘théﬁlefticommon carotid .
~artery, indicating that blood flow in the artery is
unobstructed (i.e., the blood vessel is "patent".or has
) . Figure 1B is an anglogram taken on day 4 in the
‘same animal, prlor to the admlnlstratlon of NAT 1n.
accordance w1th the method of thls 1nvent10n f Th@ .
arrow 1nd1cates the p051t10n of the 1eft common, carotld ?

artery, however, contrast media does not flow 1n the

."__'



back and forth in order to strip away the vascul ar
endot hel ium The bal | ooni ng procedure is very
injurious and creates a highly thronbogenic vesse
surface and is repeated throughout the entire |ength
of the conmmon carotid ar¥ery. After thoroughly
injuring the entire artery,. the balloon is w thdrawn
to a proxinmal position near the aorta and inflated to
occlude flow of blood:, through the vessel.. Wile

arpeeluded, tbi fhy phéssnoé oboxhnect hioih nchsonimpect ed

{througe the di st al gort of tae bal oo catheter in
Figiger ot 8t Fufaes bautat f oo WH&h renains
admnﬁh atedrion. or as @e:ﬁg off ofiat hi hiyuglii AUt BSo " W €het ex

esul.ts in_thronbotjc. occlusion of the vessel. After

| (s‘?‘m F'Wuﬁ?nﬁtﬁ%r el LBaFtboRlPR eertisdeGtehn The

arfdgi 08888 Ss Pehd ObF@seh e COPT EbMt #had hd\®ia VBSSehe has
beCan occluded: . Wth these gﬁocedures occl usi on of

vesRg!y cdERPIRLT AcHIS VRt PYF TR NI H REFR ri’é%%xt?:’é‘?%e%ﬁ
thef 1ea8e8ardt DU £rddyy s a\fiﬁ@ﬁﬁél NEe UL OO0 M AR Shbdd e s

'Cgéﬂtjd rte |n an ul |g prior to balloon,
vigshhet g a@e ?ﬁ% formation of an
-occl usi.ve thronbus The arrow i ndicates the.position

-and_the presence_of contrast nedia in the |left comon

carBRFe tRremrssed ndiia PRl PHAL CHIRRET | IRt he -

| catidesy, dsa &E&hﬁé*@lﬁé&ﬁﬂar& retidiRsd a0l 185 @limal

S atént" or has "" Figure-1B is_an argi ogram
is | SALeR Ry YR rrd SHGRIOT W 43Y% he OB

thedidu st Fdy Ot MAdT: Be€ oraancasimdil 4de, natdod .
f this jnvention. Th arrow i ndi cates the: p05|t|on '
u?WI’e?trW"E%é'otarrﬁi ey PRk PRlhidE

demfﬁalay deashatalr flow iMidhes8d aid ey idedwddan

(Pr ce of an ‘occlusive thronbus,

undexr uoroscopic guidance and 9051t10ned such that .

the side holes are located w1th1n the thrombus.

Thrombolysis with NAT was angiographically ObSEIGEdﬂi

" ugding fixed NAT dosages which ranged from 10 to 30 mg

(or ‘approximately 0.1 to-.0.4 mg/kg on a weight adjusted

basis), as shown in Figures 1A-1C.

'~ As the image in Figure:lﬁ illustrates, NAT is

-effective in restoring antegrade flow as ésSessed-by:

anglography To be more. quantltatlve, fiow in-the . ~

- target vessel is qualitatively scored according to a 4—

point scale (ranging from 0 to 3) ‘where:

no: flow

0 o
flow estlmated to be 1ess than 30/'of ‘the

l -
-ééntralateral (non—thrombosed} carotid -
.2 = flow estlmated to be 30 80% of the-

i

il

contralateral carotid



Figure 1Cis an angiogramat 2 hours follow ng
adm nistration of 30 ng of NAT through a "PRO
catheter (see Figure 3 for an illustration of this
device). The arrow indicates the presence of contrast
media in the vessel, dendhstrating that patency has
been restored in the left carotid artery. M ninal
residual thrombus is visible in the lunen of the
artery. Once thronbosed, the balloon catheter, guide;
cat het-ergl ANdAGEeSSs shedf 4t Bl ikl At tdiee ani-mal
is allowed torecover over a period of four days. On
t he CFHHA Qﬁﬁﬁthﬂ¥ AUni%ral s are re- anestheti zed,
the occlusion is reconfirned, and a nmultiple si de
hol e drug.. delivery catheter (see Figures 2 and 3)
i s ddfaridE@e Fhpam fllrhﬁjcﬁ‘b?ﬁ)lj@ it siFeshgps flow’ |
g denad taieh haty i G holies Al W thin
t he thronbus. Thronmbolysis with NAT was :
Veﬁ?@ilégrt&"&ﬁt@éil I‘"’y‘%?erﬁﬂé‘%?d Afsimsy @CI%?&? IRAT M5 ages
r%&l&@r&eqqr for. Mk dep 430 Y5 kg (Aly) APRNIdRIElY
to 0.4 nog/kg on a melght adjustegl basi s), as

msﬁ‘réwn fod Mg tge sxBRPieS RS ke %Wﬁ%ﬂieﬁt&ﬁ e 1B

ohkSHEASIIAT o8 rRIheGtiONe dobricts LRhiing ey ade |
fl ow as asSessed by be nore

ogr ap Y.
Segitant PPILPEE TS ol 2% et tt&eg@ttuﬂé@sam regpiration,

bodiya ltleﬁ@'ék‘é.%lufes c RE%Q“ta%%ﬁféj 20 ta%t%rlda']p Qﬂl@oé cale
(fangi ng fronr0-to-3)~where: 0 = o = . flow

Pr§§F>Pi‘?ﬁt3eHetf8 ﬁéntégyat% msv@%t@ﬁrqdq@ndcéﬁmamrméer al :
wﬂ:ﬁ@ﬁ bﬂﬁ;@ﬁ’@%@% Pl ‘Ig;@sd At o %ﬂ%%ﬂ&%é%ﬁﬁﬂ

e ~contralateral carotid 34 3 = flowwhich is
adﬁﬁaF§FFﬁ§&P§h§§I§A$10n1the contral ateral carotid

EXAMPLE‘ .Z

Selection of PRO Catheters and Pulse Spray Dellvery
i

.inethe»cliniqai management of peripheral .arterial
occlusion, , thrombolytic agents are_deliyered;through-~;35
catheters which are positioned near or embedded into
the ﬁhrombus As. shown in Figures 2 and 3, there are

two types of. commonly'used catheters

One ve:iety,ethe,?side hole" catheter (Fig. 2) oo
has tiny round side holes (2) eut,into_the catheter (4) -
'near clééed distal end 6, and an ehtry'port 8 (for the-
'solﬁtion of fibrinolytic metalloproteinase) in wmating
ring 10 affixed'at.proximal.end¢12..'Catheter 4;i8. ,

A constructed of a flexible,. elongated, biocompatible '
polymer tublng material which is. hollow and thin- walled’
and has a uniform diameter of. 2 to 20 French and
preferably 3 to.5 French. The catheter contains two



i thqo:olgmmmfg@mmmméwmmh st o et e

The i mage shown in Figure | B was scored as flow grade
equal ‘to 3, a frequent result in thronbosed vessels
treated with a fixed 30 ng dosage of NAT
(approximately 0.4 nmg/kg in a 75 kg pig). Tables 1-3
in the follow ng exanpl es*bel ow. illustrate the
treatnent regi nen and nean flow scores derived from
serial angiograns. in all of the studies, respiration,
body tenperature; heart rate, and arterlal bl ood
‘ra@ﬁQPQQHesmaEkersomﬂlnuathy aehetrdoedsanfzcemesed

| hys | n h no_chang bser ved
aiftal Bl B LEd: BeheRPaRaT  bEAREEESS 68 €8 on of
caPRexEat hetierdnang Bmﬁseh&beayzDelInepyactﬂcéhethe

. Lpj t. h I t I

caf e Be ok s TRESE IR, s Be RerPriet Bl hPEbbR 1At ore

ocmhﬂdhdaaetpnslbrovednnaﬁﬂ owhﬂnbeﬁdfﬂglm%§Er¢@@'Vla _
there .are two

sho in Fi
s1pJE808Ey {8 afrottiehfe cuPbhr B dnddin irsisa ™ he
prdsederhsleiscmbheﬂecatéf@lﬂy thh@ﬁgmrthermawwﬁswéghel
2 he cat heter éﬁ- near_cl osed
sugl et bl LI R Eatrom prfoned 1ol e SRR diton
thiodmibndr i Nehykéecs m34 al dmmmtemms@ ¢Iem1yrt&1 ging 10 - .
A t,proximal. end Catheter_4 is
185 AEEL RO By S0e 2o SARIELS S rbl%%%w@mwe -
ed _and .h n|f m di anet of .2 t '
em%ﬁ%%&%%%rg 8 refl'é?ajsaﬁﬁy2u SC‘E?%%ethﬁ]éjBﬁ?
dimoritlar ns- H\@ﬁné&&nad@dimlﬁmmami@t ft4&ten the exterl or .
end 6 Muchcmwwcateth ortion .
e AR B8 Herdl Ml e S iR iz tes grbi co.
gentiee pressure from syringe-like reservoir 16 into -~ :
entry port. 8 and is impelled toward distal end 6,
emerging through holes z‘into'the thrombus, causing
degradation of the fibrinous material.. . '
L
When infusions of a fibrinolytic metalloproteinase .
are performed using this type. of catheter, most of théf.-
fibrinolytic agentacontaining;sOlqtiOn:tends.to'eQCape .
through the proximal side holes :(i.e., those nearest to
.drug entry. port. 8), which has a. negative impact in the -
uniformity of drug delivery at the:site of treatment.
There is also a possibility of backflow of blood into
.the cathetercthrough side ports 2 under negative

_pregsure.

Andther‘variety of.catheter, also composed of ‘a *
hollow, thin-walled, biocompatible polymer material,
shown in Figure 3,Ahas extremely thin;élits 2' that are
laser cut into- flexible catheter 4 at regular intervals

near closed distal end 6. The slits, which are



catheter is inserted into a. surgical opening in the
occluded artery or vein and, while being observed via
fluoroscopy in accordance with standard approved
procedures, is noved carefully through the bl ood
vessel such that distal &nd 6 is positioned into or
near the thronbus.. Markers 14, which show up clearly
on a fluoroscope i mge, can serve as a guide for
ositioning  that portion of the catherer such that
rex iRt o e rgiegsirowstpendm| st eing | [ VBRAL Act atbe
tidhy Q h Gl act I eut.cal .so ion_of-1he .
l# Ibrinolytic %t%%‘?%%%%:‘f%ge&%% %1%%’% %Iég?%ﬁ the
flyrtl preesiite wridsturehé romisyrengecddkes r@seryoieal6
it o r g, s, 1 npel | ed. t oward di stal.end
podft Gnd ke lend SAAL Nl Wik S | IR NSbG Y
-anc_tatﬂslmgbparegrmﬁmm. t Hehd | datiineitsr nedrerabso. ' Wien
AdYysi f ¢ rinolvtic taIL rotei nase,. are
o p.er]_#gr rreg r&s?rﬁg;%%%pﬁ%%%.maoﬁq?%rﬁ Het's? 2 HokE - ot P R
posfijtigamigtgytafic tdge ndetciond adtnitige sl td i @h disndshiembus .
~escape through the proxinmal side hol&s-:(i.e:., those
~nearest to drug entry. port. 8) which, has a: ~ -
_ nedatdadely npacth i TPRAOTE inMidiormm dariodtelrdign del diyed yimt
. It L treatnment. There. s alsp .a possibjlity of
coy¥fichisth S S Tttt ikt Nt gLseh
Cinfpeics Zewider (megatdhesnr esmirrds candileromari ety of .
‘ - aomposed of a .hol l.ow, .. thin-wall ed,
cllelgi"i';g%gb at Wlaé’% géll frreﬁguﬂ‘&%&qa 251‘1,18%% o e oo
inthasngxyr @eelty HOhiim slaittisig? rtilmat 18 ef fiaser Ut into
l: exi bl heter at..reqular_. intervals . near :
pro%l_lglégde‘ |dg?L§I %té:ﬁga .h?‘tﬁefgg %I‘i ti{h%iaclﬁmﬁﬁ_? 3¢ referred
deliyeaedpr ebsupeesespense thitl ehe CHRREter arised i ght.
non€AeHE8 14180 hTusabe W | hnloL,230aRe Y g e
outlets (slits 2) open momentarily and allow the

infusate (e.g., pharmaceutical solutidn=df fibrinolytic

_ metaxloproteinase} to escape. The theoretic advantage

of pﬁﬁsed'deliVery of infusate‘and,afﬁRO—tyPefCatheter
ie that  infusate is delivered uniﬁormly'tﬁroﬁgh the - -
slits along. the entire length of-thetcatheter; whereéé5
infusate.delivered:throughfthé "side-hole“ cathetef"*”V
(Figure 2)-follows a path of least resistance and flows
out the proximalfside-holésiin3a'ndn;uniform manner as

mentioned. . ..

A pig model of four-day old carotid thrombosisiwas
utilized'to-assesé performance of the aboVe;meﬂtioned i
two catheter types, using fixed dosages of 30 mg of NAT
(approximately 0.4'mg/kg-ip a 75-kg pig) .- The results

are summarized in Table 1.



fluid pressure within the catheter reaches a critica
poi nt and causes the slits to distend sinultaneously
"and thus open tenporarily. The catheter can al so
contain exterior radiopague markers '8 to assist in
the positioning of the dévice at the site of the
thronmbus. ldeally, such "PRO'" infusion. catheters are
used in conjunction with an autonated,

pi ston-driven, -pulsed. "infusion devi ce (not shown)
that-is capable of: dEABMBring |ow volume regul ated

infusion, into eptry. or 10 i ng
CBth%iﬁgk glxe 5?gr%?§§anﬁ°w6H8°¥2goP Eathe eY’lﬁil
VhﬁhiaupmhgeSuﬁe Hellevenadprohenptiesstr eavhkbepst he

catheter rises' nonentarily.: In response, the
presst§ fesroﬂse outt+ets—{stit-s—2)-open—nonentarily
and alil ow tthe ' .infusjate (emgxmmpﬁacﬁ&@eaﬂweal
oxs | HbdsON Gk 1 BELAOLNE! G et gl |39,9r ptgi.page), T07 o
cedcape. {The thqggﬁgéﬁyadvantac pul sec égfl\ery.
—of T nfusategnd—a—PRGtypecat-Ret er Ss—thgt—+r-psate
HA% ¢ *qetd yEf ed | GRITFBrm.y jthPoudh-2he|1s1i t § Zaf ong2tthe
=5 éntirell engf himsarohra catheter s yhefeass illféJia‘ £ 0.7
J - delivergg th A “gide—hote*—tathet : e
1 ¥¥%2) 3P JH g a %h | eqst °re2| 1st anfé-Sand RHbus _.gjs ouf
| | n4t$e pr oki mal sodﬁnbahes i4noa Nars.un i@fﬁ]ﬁ&nn@r'ﬁ&.é |
At o B RAT-GRBEPept-J- TOOE! 0T~ T oUr-day ot d carotid———===

thronbosis was wutilized to assess perfornance of the .

abaye- ggntig@e t Wo cat u§|ng fixed

dosages 6P930° maraNATa gpFB ﬁﬁ?@lysé %-R9ARG in-a
typéschghatg): Thecresmhésapeatecswmﬁﬁl 7edahncTalkgek, .

TAB E 1 np ison Angi_o raphlc Fl ow_Scores”

Calb PLPAE se spray” de 1very as defined by
use of prgssure response outlet (PRO) gatheter B
(Uni*Fuse Catheter™, AngioDynamics, Inc., Queensbury, -
New York) used in conjunction with automated,. pulsed . -
.1nfL31on device (PULSE*SPRAY INJECTOR Model PSI-1,

AngieoDynamics, Inc., -Queensbury, New York).

As shdﬁh'in‘Téble 1, anglographlc flow scores in
jthe group treated with the pulse*spray modallty showed 1
slightly higher initial flow scores at the “thirty- -
- minute anglogram whlch appeared to per31st to the feur—:f"
‘hour tlmep01nt. Although statlstlcal dlfferences wers
not obtalned the angiographic results have generally
been judged to be superlor Therefore, -a PRO- type
- -catheter in conjunctlon Wlth pulse spray dellvery ig f’
the preferred mode of dellvery for a flbrlnolytlc '

etalloprotelnase 1n accordance with this 1nvent10n

BXAMPLE 3
Assessment of Drug Delivery Time:




NAT Using Side Hole and PRO I nfusion Catheters
ANG OGRAPHI C FLOW SCORE DRU DOSE CATH DELIV TIME . 0O
30m I hr 2hr 4hr G (delivery) NAT 30 ng CM 60 nmin 0.0
1.2:1:6 1.8 2.0 n=5 (|nfu5| on) 0.0 0.4 0.5 0.4
0.7 NAT 30 ngVPS 60 nin3®.0 1. 5. 1.5 2.3 2.5 n=4
(OlItL pulse) 1 0.0 0.6 -F 0.6 '0.5 0.6 Cv '
Cragg- McNamara' " val ved i nfusion "side hole" type
catheter (Mcro Therapeutics, Inc.., San O enente,
California). PS: "pul se-spray" delivery as defined by
- usey Qe Presst pqq_q:ceq_, I cat h
(Uni .. *Féljse nggrgee]{aglf" " 105_11 %y%%r%méén ?é @%ically
tre@icshatidity plasvinaer) aﬂﬂﬁyaﬁpxﬂwu&umhl&ﬂlurmkimase
(3 Helpacs| L J [ SP
dd?‘m L e Jfﬂlf %l% gna%%ésf%%ty oux
OueﬁbéﬁsﬁhﬂFtMN@N ww@kpccam;qnamWyuas'&ﬂﬂgaas forty-

g hi Guwf r reated with
L S e, TSRS Selche I 4 kiR g
maipfgipdngle fiovivlsvedeofaplaseirh |getqeramsmn emaamgl s20gr am
pro%@h%@d@%@?ﬁEQQOEotRﬁrSH%fJfﬁégu% ecour | mepof nt.. -

ough statistica Srerdes wsid ai ned,
disgpévan§hegraphiveives thiremimse g@mermjﬂty Nmeesmq udged
fibl81R8SUREr r RRO- t cat het er
e b AT e R K e e
proppeeedr dnfnsdensi mawl nokr pef mecesfdami.nolny ixssess

wnefBLal Lar aLeiase L0.ac aerdance b AN %‘,}Ecnvfgt”tt;\ggte"'

1Y8bér | phéiakdapPempatiopecbisNam |(s-omgﬂmlgzalol Y &Ifgﬁ'adt_:ﬁdn
a 79 kY PLEFTOQ0R0 RELLYA' BhTng SRR ATLWRKLISRY the
pulse spray device. Using 0.1 mL pulsesvolumes a5

. mg /i NAT solution was delivéred;overréix'mihutes (téh
- pulses per- mlnute) or over sixty mlnutes (one Dulse per

minute) . The results are shown in Table 2.

i
T?HBIJE 2

‘ Comparlson of Drug Dellvery Times for NAT
Dellvered by PRO Catheter and Pulse Spray Injector

| | ENGIOGRAPHIC FLOW SCORE
DRUG | DOSE | catH { DELIV TIME | o |i3om. | ibr | he | ane
{pulse . . oo B 2 '
) volume) ‘
NaT {30 mg {PS |6 min 0.0 2.7 |a2: 7 2.7
m=3 | (0.1mL) +0.0 |to0.6 [+0.6 |[£0.6 0.6
NAT {30 mg |'P§ | 60 min 0.0 0.0 1.0 1.3 {17
n=3 : ‘ (6. 2wl 1o J26.0 j21.0 |x1.2 [£o.6

Rs shown in Table 2, the’delivery of 30 mg NAT

over six minutes resulted in a mean flow score of 2.7



delivered as an infusion which is often twenty-four
hours in duration, and occasionally as long as forty-
~eight hours. The lengthy infusion is presuned to
maintain a low l-evel of plasm n generation ower-a.. .
prol onged period of tine ¥¥n order to effectively
di ssol ve the occl usive thronbus. As both NAT and
fibrolase are fibrinolytic metall oproteinases, such
prol onged i nfusions may not be necessary.. To assess .

inrhﬁéhehrb?Eaﬁ@hhlefﬁtg&h& a%ﬁet@sFam@kﬁ?aagﬂbgrakgt

! a.fix 30 ny e of NAT (rouyghly g in

| Whaggspﬁgseﬁ&f%&tdsp. FBFedousT H@@Ré%%ﬁépgrsngﬁd the .
coRd88tsPEaY devieeryUsitngo0mly W RS &y pyakuaes, - '

/ oL NAT sol uti-on was delivéred over SiX m nutes (ten

IngRFieE PEEINFAKEY) MARUSEEr WSk ERXnilfdtedNPERESHNESE
Al@ﬁ&ugﬁ‘ﬂﬁk%k aAfg hS%H'h%tab%eﬁh%W%tlshﬁcﬁéﬁ&e 2.
Conparison of Drug Delivery Tinmes fof NAT:
compar ¢dr efhby rPROL At APPERATalE PaVOE- ﬁs@#a§rynpécﬁaw,
: 'h&%ﬁgRé f%gS?gg UG DOSE CATH DELIV TIME O
asé%n]1 r Zﬁgk gh pul se " volume) NAT 30 ng PS 6 nmin
: 0.0 2.72 772727 n=3 (0ln) 0.0 0.6. t0.6 0.6
0.6 NAT-30 ng PS 60 0,0 1.01.3 1:7 n-3 (D1nlL) -
Dt00 1.0t 1.2. géﬁﬁﬁﬁégﬁ%mn in Table 2, the
- delivery Of_ﬁﬁhmitiﬁﬂbnoaﬁrPﬁlxenVﬁmﬁﬁs.'resulted‘in
~.a mean.-f.rrow secore .of 2.7 .39 1In the three aninmals at

the thirty-nminute angi ogram - which persjsted out to
theTﬁeUpquéFsbkﬂ?p@hﬂh31bﬂ d@@ﬂbéaab p&bgrdahah&@y of

N SXIgU|S 9umes of 0.1 to 0.5 mLs per

‘for dgylverlng
pulse. To determlne if the pulse Volume had any efféct

on the anglographlc outcomes in ‘the plg model, pulse”
volumes of 0.2 mlL were compared to pulse vclumes of G.4 "
mL. NAT wag delivered at a fixed dose of 10 mg - - '
(equlvalent to 0.15 mg/kg in a 75 kg pig) The results o

5are shown in Table 3.

TABLE 3
Comparison of Angiographic-Results Using NAT
. Delivered in Pulse Volumes of 0.2 mL of 0.4 mi

ANGIOGRAPHIC FLOW. SCORE .
| prue DOSE . 'y CATH.{ DELIV TIME | 0 .| 30m 1hr .| 2hr | shr’
: (pulse f
volume) -
- f : -
iNar tiomg - |Ps |5 min “lo.0 1.0 1.1 fx.s
n="7 2.5 7 0. 2mL + 0.0°]%0:6 |+ 0.7 |+ 1.0 {11
Mg/, | aissec) :
NAT |10mg |Ps |5min - Jo.o .{1.2 [1.00 o.8 1.0
n=6 |2.5 1.  {0.4mL +0.,0 |+ 0.4 {*a.6 [£0.8 |+0.6
: mg/mi, 1 - {g3dzeq) ’




i nfusion over sixty mnutes. was far |ess inpressive.
Al t hough these data have not been statistically
conpared, the results appear to favor delivery of NAT
as a nore rapid pul se regi mren. EXAMPLE 4 Optimn zation
of Pul se Vol ume The pul sd?spray infusion device is
progranmable for 'delivering pulse volunmes of 0.1 to
0.5 nL per pulse. To determine if the pul se vol une
had any effect on the angi ographic outconmes in the

pi agradelwn A SefbTe V) WEScRfr®y Zniduies eclconpasad to
pul se vol unes of O. was dellvereﬁhat a fixed

ancdSEE B SRPTY SR \%‘P&ﬁl\lﬁ% B Ay kdih A -¥5ikg

- pullied)vo It T /318 SOk rtﬁr@bﬁcﬁll&ho-ﬁﬁ;BLLElrae |
Conpari son of glographlc Results Usi ng,
- poipdy i e EHRNEPHIess Wasl Gkt X)%Pgheﬁnl%)ﬁb$n9 2 ml

pulANCHEERARH Call QNSO ARG (1XRh Al bdRiddnl | om0
30m | hr_ 2hr 4hr  (pul se vol une) NAT 10 ng PS 5 mi ne
thegep stuglips) witdh gepgaxrd §o o pnleg volwie beisgg 1: 0
Supékibrlﬂylgﬂdﬂh%gec) NAT 10 ng, PS5 nin 0.0 1.2 1.0
: n=6 2.5 (0.41L 4-0.0. 0.4 t:0.6 0.8 0.6
ng/nﬂ gBosec) - - 40 As.shown in Table -3, at thirty
m 'E'Hee%:ééiﬁt%eaﬂa %c‘@iﬁ@'&:@@%x‘f‘d Ve 4 0BtdYest

' ~higher in_the 0.
- that v1rtua11y all of these NAT treatment reglmens are

- effective in treatlng per1phera1 artery occluelons with |

the method of delivery of this 1nvent10n, and that
these results are at least COmparable to treatment with
plasminogen actlvators, such as uroklnase, which is the'V

current treatwment of'chqice with thrombolytic agente.

The results demenstrate .Ehat the PRO catheter witht
pulse spray delrvery appears to prov1de superlor
. anglograph;c results. Given the body Welght of anlmalsfﬂ
'ﬂin these studies-(70~100 kg), the fixed dosage of 30 mg -
is roughly. equivalent to 0.3-0.%2 mg/kg on a weight-- ’
. adjusted basis. N
_ Lowerlng the fixed dosage NAT to 10 mg resulted in
a. reduction ‘of gréoup mean anglographlc scores at four
_ hours and“in some anlmals, patency was not achleved
Thig indicates that a dose of 10 mg of NAT appears to
be a threshold dose for blologlc activity in thlS.‘.l.'
model. Given the body weight of animals in these . -
studies (70-100. kg, the fixed dasage of 10 mg is. = |
roughly equlvalent to 0.1-0.15 mg/kg on a weight-
adjusted ba81s.' Varylng the pulse volume from 6.2 mL '
.to 0.4 wL did not’ appear to profoundly impact the -

angiographic patency scores.



pul se vol ume group. However, at the four-hour tine

poi nt, the group nean was slightly higher in the 0.2
nm.  pul se volune. As such, no conclusion can be drawn
from these studies with regard to one pul se vol une
bei ng superior to anothét. The results in preceding
text and tables suggest that virtually all of these
NAT treatment reginens. are effective in treating
peri pheral artery occlusions wth -the nethod of
delivery of this invention,"and that these results.
are at | east conparabEEAMBLErBatnent with plasm nogen
activators, . such as urok _ - current
treat nBAE2RILERBERE Qf: | . The
r esud ) NSty afrdiatvd %Q@@a&ﬁ@ &g rHL\Mlé.ﬂils

pul Se-spray defivery appears to provi dé Superior,
angi ographic results® Gven the body weight of animals.

| N desg isfadicei-f A0 ke dbhesdd xad Wosager-ah 30.
mg is roughly. équivalent to 0.3.-.0.4 ng/kg-on a

conwenghtat iad) ost @dobﬂmn&ca{]o\mrumtmeﬁ ixed dosage NAT

PG BTAAR &5 Er SR L T O S St NSt

 vas%%ﬂ%§l%&s%§E%nq¥W@ﬁS ng@ _#Nﬁ%ﬁ%b 1éﬁﬁfiﬂnd'cates

hat a dose of 10 -ng of appears to_be a threshold

| con@@@@lfa@ﬂomsoa@*gl & ¥yl Weprmingts Of the makaty @ndn

hkﬁﬂg d«%ew%ggtte - @fi%f"&l% tﬁ%ﬁ%f ?f) ﬁ:ﬁm}z&&oo

he fi osag S,

_ metaqawpabeaunase@ ﬁzotm5mngkkgmm$srsﬂmqyﬂnakuuusted

asi.s. Vvar LN SAVAe) m 4. m
epl eﬁuﬁ%Pgéﬁéea%t?g'pro odiTal ddﬂ?%é ﬁ:iﬁ%éiéﬁﬁﬁogﬁ%bhlc '
PVDQ%EE%QﬁlQEQée§erﬁ%.aﬁ%ﬁ!ﬂé%éiobulln .concentration ‘.-
and the flbrlnolytlc metalloprotelnase binding capac1ty :

(using NAT as the test agent).

. ~ Two hundred and sixteen patients were enrolled at
twofcenters (Cleveland-ciinic Fouﬂdation,.Clevelahd}

OH, and Rocheéter General Hospital ‘Rochester, NY).

_Demographlc Anformation and other patlent

characteristics were collected: and, serum was obtalned

for measullng o BT macroglobulln the NAT blndlng

' capac1ty (by titration of individual patlent serum
- samples  using an HPLC assay that detects unbound NAT)

and. other- serum chemistry parameters.  The primary
endpoint was the determination of the relatlonshlp
between the serum concentration of az macroglobulln and
the- amount of NAT (in micrograms per milliliter of

serum) that could be neutrallzed in ' vitro (WAT binding

'capac1ty)



Establ i shnment of Safe, Well Tolerated; Biologically

Ef fecti ve Dose Range in Humans No satisfactory.

literature exists on the serum concentration or

bi ochemi cal activity, of a 2- macroglobulin in

el derly. patients wth peipheral vascular disease

(PVD). As a2-macroglobulin concentrations are a key

deternminant of the safety and I|ikely to be rel ated

the tolerabilty of fibrinolytic netalloproteinases in

Vi VR, compt 85508 e6F | paaiehepbﬂaﬁh@t@ghgahcgt dely teas
nducted inpatients wth D:to eval uate serum

St%g nﬁ%?%g?%ﬁﬁﬁ|?ﬁc%ﬁ%eﬁ??a%?BﬂESEnEUPEéSPPQrﬁﬁ&ﬁ&?ﬁc

‘of MEhAbBHT Pk £ nﬁ%%}@ neing. capagi §¥11.kUghAITURAsAS the
test agent). Two hundred and- si xt een patients were

stufier) eiidicated thant ckke (PREYERBNECDRLALEORO and ghilen,
stu&%ew§éaﬁgpre§$ﬁt§@§v£kﬁb f@ﬁl%ﬁgeEELdtgép

Rochester,” NY). Denog ra Ic 1nformation ang ot her
thlﬁﬂﬁb‘élﬂfﬁbﬁ&ﬁl&d?@i stF@s ﬁmbh@nl flecadlisapnd §beum was

e ne, c [
prP A srtud s TR LR B SR CERELEY ToRhR 8bren:
Paget hh 1 sl €0 U6) r@l@rDIHFzLﬂ astsaqltha]ﬂeﬁeEagﬁand -
I1). .. and. um chem nmeters
Jo rné%éﬁ%ﬁlcz'§ﬁb Vit~ & ff%é %%%%rni%é% giagf t he
(19&ﬂku|xﬁﬁﬁﬁ¢trﬁﬁmywen the serum concentrati on of ‘a

- 2:macr ogl obul i n' and the-amount of NAT (in mcrograms'
per mililiter of serun) 't hat coul'd be neutralized

i N Bid rest NAE & nei-PDnum CaPas| {m) 48or AuSeMpaki son of
patient characteristics in this study with those of

cakqil atgs 1Rty Sach MRt it WiiRg dshe AT HpbRBeRgsis in
Caﬂ%%@tﬁ'aﬂﬁ,aﬂIé%ﬁiﬂéﬁéfHEjégéﬁﬁiatlent s plasma .

volume. Thé-study.results predict that the average
patient could receive a dosage 6f‘1~7 mg]kg (delivered
either locally or systemlcally) without exceeding the |
capacity of. az-macroglobulln to bind and neutralize’
‘NAT. The results from thé study are summarized in

Figure 4.%.

In Figure 4,7 the’ estimated maximum dose of: NAT was "

calculated for éach of the 216 subjects ih the study. . -

' The results for. the study -are depicted as a higtogram, .
above, where a bell shaped distribution car ‘be observed
by v1sua1 1nspect10n The average patient 1n ‘this’
'study is predlcted to be capable of toleratlng 1.7,
mg/kg of NAT (the peak of the bell- Shaped )
dlstr;butlon) Dosages admlnlstered 1n anlmal studles
are shown for reference (r;ght_hand 51deyvand cgn be -
_seeﬁ to be in excess of the éstimatéd_maximum doée Q£_ ;

NAT for 99% of the study population.



studies) indicated that the patient population in this
study was representative of previous studies of
thronbol ysis in PAQ, For further details on the

previ ous studies, see Annals of Surgery, Volune 220,
pages 251-266(1994) and G#riel et al., New Engl and.
Jour nal of Medicine, Volunme 338, -pages 1105-1111
(1998),. respectively. The estinmated nmaxi mum dose
(EMD) for NAT was calculated for each patient using

t he TNAE , bithei pgescapbeldt yaagd ap esbbratg 9f 7eaghkg

' atient's plasma  volune, The study._results prediCt
£ kh®; HBVEDE Qe e PREPFBRE BoRRELPhek GBLATABS g8 Bhe

doke7papkkgrbdehhvengdlyeibbeivk 0¢ah LY 0bn Syshemhcal 1 y)
wi t hout exceeding the capacity O. a2-macroglobulin-to
vopimg and Nalt bahfling MAPacThe fesulitsmbroogibbudtingy

. upparized in_ Figure 4.. |ln Figure . .
wifhfuR PUE B8tatines: fhnfrcs bl TaTtheccirewiatigRed
for each:":.of:the. 216" subjects in the study.. The
resgltg foi, t he s%gdy'areldepicted as -a hi st ogram
above, “Rhe Bsé?ﬁel “§haped E?sf??%u?h%ne%%mpb% ted
pliebsecybogy byt wiisea] ERSPETEE OD-4 Thebody or AU Patd 6fle
: b,1fth|s ;%g% |s.$éed|cted to_be capabl e of tolerating
19 1ﬁ%fk. FONRTCRERR Peak ofoTHOBEIICshaped
- methBlopistd DY se Dos ages1 S i Sieradm aidral 4 sitih.es.
@éﬁ-g?o,;“formreference‘(rlght and side) and can be
moterf otyg"eowl?fﬂ%&%e‘%eﬁ e Eyianhi d sesovRaT ke of
- siNATadDraRO% O chde StadYeNORM Gdalht fdaq Hs, - the
prescribed range of 0.025 to 1.7 ng/kg for-the
PEIRRGHH 0P F et s R e idan omulhwes st dhsf ' ddmagatose
1Al SRS GARRAlH nd PGRIdE d RRSRY AL AR Byi thout -
. xegard for or assessment of thefpotentiél toxicities‘in
the -animal. The effective dosages in, rabbits and dogs" 2
(3.7 and 4.0 mg/kg, réspectively) as described by Ahmed
et al. and Mafkland et al. (above) might enable a. -
veterinary use'er.fibrinolytic;metalloproteiﬁases.
However, when considered in the presencé 6f”human-dété,-'
the administration of doses of 3.7 and 4.0 mg/kg would
have overdosed 99 percent of the study population.
' Therefore, the published animal studies do not enable
the. therapeutic use of fibrinolytic.métallopropeinases )
~in humans in a manner that is safe as well as '
biologically effective. The data presented in Examplé

5., on the other hand, do enable such use in humans.



vol ume and NAT bi ndi ng capacity for a2-macrogl obulin)

W t hout the appearance of free NAT in the circul ation.

In conclusion,. the results fromthe exenplified

phar macol ogy studi es, Exanples 1-4, above, indicate

the biological effectiveness of a fibrinolytic

net al | oprotei nase as a clot |lysing agent in an ani nmal

nodel of thronbosis where the thronbus is conparable
CLATMSsi ze and age to that frequently encountered in

peri pheral arterial occlusion in humans. The dosages

. Pdentifi N ani_mal__npdel s wer e ob alned Mﬁt

reggrd %%Ogr gggesgﬁg% réPgthga ]i]ejﬁtl£ t Oxi cf't %%é&llng
vasgUlepe avians déﬁfﬁ@@eﬂf@@ﬂﬂ@nﬂo%@@@q@n@r abbid svasritlar
acd:%@;% (§e\71é‘@d 4710/ K9, §asPadiMaly) aétgﬁslsw@éimase

gﬁ . and Markl and et al. (above) mght
se gﬁlege %O“{/et_t ?lﬂﬁ?k}pugé’nﬁbﬁtlng of ‘fibrolase and Novel
Adhlm@|ﬂﬁnﬂmb@1wmnalImpﬂotemmHSﬂs amddove valrf £ hiermt to lyse
isder t pres h at
» ST SRS o o eoaronelty s oot Aayel Phng ypscutar
acwgee geEi-@esed 99 percent of the study populatlon
Ther ef or e, the publ i shed ani mal studies do not enable
c_use of f, |bn

the t he
netéil@ﬁﬁ%g i nhSBs T3 Hmdes i Qé%ﬁﬁﬁneFothﬁ? i indyglling
vagsuhel| sasesisoldmgiical | gomeffiedinigy ezorffee tdatga qaries erdssdhilar

acicasgxan@é@mé on Hhhe ot heflﬂ}ah%& 49 cena!aggaw%&&@eemse

L n mans ATMS 1. A r restorin
sedgrERey ftr@rrarf—h%dsa\;é@w ngongaseinar odcdédyodaypcand Novel

Acwmgr I'I$ﬂrﬂ>§1b©@5}|ta@tl RQTS Q d.nV&SﬁlﬂnﬂfuntaCéiﬁl cd%\é:lt]g&o lyse
ri.no t|c nmet in ecie rom

@ BReBg S5 s SPr ngTor CFPErbTae Bhe NOUET LAY | Tpoular

_acﬁhssn§©Vy¢ee (NAT), in an anount sufficient to lyse a

bl ood clot in, on, or attached to the indwelling

vascul ar access deV|ce , ,
3. The method of claim 1 oxr «<¢laim 2, wherein the

fibrinolytic metalloprcteinase is provided in a

concentration ranging from 5.0 to 40 mg/ml.

4, The method of <¢laim 1 or c¢laim 2, wherein the
fibrinolytic metalloproteinase 1is provided in an amount

ranging from 0.5 to 4.0 mg.

5. The method of claim 3, wherein the fibrinolytic
metalloproteinase is provided in an amount selected from

the group consisting of 0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg.

6. The method of claim 1 or 2, wherein said wvascular

access device is a catheter.

7. The method of c¢laim 1 or 2, wherein said wvascular

access device is a shunt.



2. A nmethod for restoring function to an indwelling
vascul ar access device conprising contacting said
vascul ar access device with a fibrinolytic
nmet al | oprot ei nase selected fromthe group consisting
of fibrolase and Novel Actiqng Thronmbol ytic (NAT), in
an anount sufficient to lyse a blood clot in, on, or
attached to the indwel|ling vascular access device. 3.
8- TheThet Herklstd cPAi e heioh gl a®¥n 2, whkeeshnt k@id vascular
actebEi Belytécigeial dopsd ejmame, is provided in a
concentration ranging from5.0 to 40 ng/m . 4. The
met hod of claiml or claim?2, wherein the
9.fi brhaolnatileodretdl | oiFiot eilnage 25 prbeided isaidn vascular
acBBBHNHevEaR9i B0, fLomQ, 5 to 4.0 ng. 5. The nmethod of
claim 3, wherein the fibrinolytic netall oproteinase
is provided in an anmount selected from the group
10conshsat I;Imalmid 0?)5_ nglla itn O%ﬂng:,av\f‘]Z.ZQ_ nﬂheﬁiih 48@_ilﬂ[g-va§c;ular
met hod. of .cl aim r 2, erein sai.d vascul ar s
2l et o s R APC R Souaiiar tPpegision
ingp 2, hwhaneinteny dwastislar  access device is a shunt.
45 8. The nethod of claim1l or 2, wherein said
vascul ar ccess _device is an access graft. 9. The
11 et R8BS 6‘?3%05 nPE drladm wherF n2sai BRI §Ridactgilar
acdeyscéeivica reedise=d b Fhaeovet bodoaf febai @ hidar?, artery
Orm@ggﬁ[n sai d vascul ar access device is used to
introduce a liquid conposition into a human artery or
vein. 11. The nmethod of claim1l or 2, wherein said
12Vasthé ametdRLSSE deMiGen | § Used ot 0 edmve, bkaed fyomdiar
hunancfrtezy . or vein., _ , _ ,
access evic is used in connection with a hemodialysis

procedure.

13. The method of claim 1 or 2, wherein said wvascular
access device is used 1in connection with a bloed

transfusion procedure.

14. The method of clalm 1 or 2, wherein said wvascular

access device 1s used in connection with chemotherapy.

15. The method of claim 1 or 2, wherein sgaid wvascular

access device 1s used in connection with blood removal.

16. The method of claim 1 or 2, wherein the blood clot is
located on an interior surface of the indwelling vascular

access device.

17. The method of claim 1 oxr 2, wherein the blood clot is
located on an exterior surface of the indwelling wvascular

access device.



12. The nmethod of claim1l or 2, wherein said vascul ar
access device is used in connection with a
henodi al ysis procedure. 13. The nethod of claim1l or
2, wherein said vascular access device is used in
connection with a bl ood trgnsfusion procedure. 14.
The nmethod of claiml or 2, wherein said vascul ar
access device is used in connection wth chenotherapy. .
1835 ThReMRERABAOE CdRralmil A8 22, wWhtgiedinn tdy Pirat kgt is
at8achaed devike isdwsEdirid emvige erceskshdbloed.
removal . 16. The nmethod of claim1l or 2, wherein the
- blood clot is located on an interior surface of the
19i.nd®ke| meghedscfl arlatmcdsmeVi coherzinThmivket hedwelling
vaSkal Ay 1a8feds MEr&l N d he hled 56l ol L$cekgcated on an
exterior surface of the indwelling vascul afi access
device. 46 18. The nethod of claim1l or 2, wherein
20t heThtoagtiabdat dfs catimched 021 hehemdial |daigl vasdwd Bling
vaB66885 JEVLEe-addhodNe RNl Of (Chalmig or 2, wherein
~salrd TndwelTT ng~ 'vascul ar access device 'i's located in
an artery. 20. The nethod of claim1 or 2, wherein
215ai ghéndwehbin®r Vassithan agcess devikeeni sdieralfdvdMing
a vein. 21. The thod of claim1l or 2, wherejn sa
vaFﬁB§%¥li?@FeW%s AP CEERTIEFFcedcofpfif sellohe sj grtheter
detibte. cat heter device. 22. The nethod of claim1 or 2,
wherein said indwelling vascular access device
-_conprises a pressure response outlet (PRO catheter
22del Ther jegboficef 3laime Ingtthod, ofheraim Bagd 2indwelling

va¥bel et Natdesd | v Yedfpr IRl d OpradAim@aseedifonse outlet
(Pﬁgfn Qéé%ee€ee§ c@/l iQ.roe!rlilrS ‘device.

23. wherein the fibrinclytic
metalloproteinase is administered by bolus.

The method of claim 1 or 2,

24.

The method of any of the

fibrinolytic metalloproteinase

25.
fibrinelytic metalloproteinase

The method of any of the

preceding claims wherein the

comprises NAT.

preceding claims wherein the

comprises fibrolase.



24. The nethod of any of the preceding clains wherein
the fibrinolytic netall oproteinase conprises NAT. 25.
The nethod of any of the preceding clains wherein the
fibrinolytic nmetall oproteinase conprises fibrol ase.
SEQUENCE LI STING <110> Toonbs, Christopher F. <120>
METHOD BERUEREAT MRYINGF | NDWELLI NG CATHETER OCCLUSI ON
U FI BRINOLYTI C METALLOPROTEI NASES <130> A-627A
<110$IIZtQ>mU§4 Bhristdgtier F2002- 06- 20 <150> 09/ 466, 276 <151>.
1999-12-17 <160> 6 <170> Patentin version 3.1 <210>
<1204 METHODZOOR TREATMENRT OFR2NBWRALLLING CATHEBER EICIEUSION Ut
FIBRHIEAOSTIS MBPAIDERROPEINASEY Artificial Sequence: NAT
(anal og of fibrolase of A g kistrodon :Contortrix)
<130x<40827A Ser Phe Pro Gn Arg Tyr Val Gn Lou Val lie
Val Ala Asp Hs Arg 1 5 10 15 Met Asn Thr Lys Tyr Asn
<140&NFAASp Ser Asp Lys. lie Arg Gn Trip Val 20 25 .30
<141H200608-23d e Val Asn Thr lie Asn. Ju He Tyr Arg Pro Lou
Asn Ile 35 40 45 @ n Phe Thr Lou Val Ay Lou Gu lle
<150 109/488,278sn G n Asp Lou lie 50 55 60
<151> 1999-12-17 ' :

<160> 6

<170> Patentin version 3.1

iy o Bl . . s Ceratea et

<210> 1

<211> 201

<212> PRT

- <213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence NAT (anaiog of fibrolase of A

gkistrodon Contortrix).

<400> 1

Ser Phe Pro Gln Arg Tyr Val Gin Leu Val lle Val Ala Asp His Arg -
1 5 10 15

" Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys lle Arg Gin Trp Val
20 25 - 30 _

His Gin He Val Asn Thr lle Asn Glu lle Tyr Arg Pro Leu Asn He
35 40 - 45 o

Gin Phe Thr Leu Val Gly Leu Glu lle Trp Ser Asn Gln Asp Leu lle
50 55 60

Thr Val Thr Ser Val Ser His Asp.Thr Leu Ala Ser Phe Gly Asn Tp -
65 . 70 75 80

: P-age 1




" Thr Val Thr Ser Val Ser His Asp. Thr Lou Al a Ser Phe
Ay Asn Trp 65 70 75 SO Page 1 Arg G u Thr Asp Leu
Leu Arg Arg G n Arg His Asp Asn Ala G n Leu 85 90 95
Leu Thr Ala lie Asp Phe Asp Ay Asp Thr Val Ay Leu

~ Ala Tyr Val 100 105 110 Gy Ay Met Cys G n Leu Lys
HIS Ser Thr Ay Val Ile Gn Asp Hs 115. 120 125 Ser

alle Asn Leu Leu Val Ala Leu Thr Met Ala Hs GQu

oS AP B L,

Asn Ser C,ys VaI Met Ala Ala Met Leu Ser Asp Gn Pro

Ser Lys Leu. 165 170 175 Phe Ser Asp Cys Ser Lys Lys
Leu TASRIaTW A ﬁhéfhé ALS ¥R 185 190 Asn

-PrgoG n 31 A:,eparSe L 51 %?LG%TéQ%' <210> 2 :

<211> 603. <212> DNA < 13> Artificial Sequence <220> -

<223> Description of Artificial Sequence Encodes NAT
Gly Ghomal O Gf eulh8lHis Qé?%hfé@ | fe GGl LS ERAC

. p@agat acgti@gagct ggt {3t cgt g accaccg at gaacact aaa

60 tacaacggtg act ctgacaa aatccgtcaa t gggt gcacc

aaat cgtcaa caccattaac 120' Page 2 gaaatctaca

Ser ARARGRGIGRA LAV A ARPL &¢ TACKLL ﬁd@%&@% Lé@&%aat ct ggt ccaac
130180 135 140

Hns Asn Le_u th Met Asn HIS Asp G!y Asn Gln Cys His- Cys Gly Aia
145 150 ©ES 180 :

Asn Ser Cys Val Met Ala Ala Met Leu Ser Asp Gin Pro SerLysLeu -
165 170 1 75

Phe Ser Asp Cys Ser Lys Lys Asp Tyr Gln Thr Phe Leu Thr Val Asn
180 185 190 ‘

Asn Pro Gin Cys lle Leu Asn Lys Pro
: 195 - 200

<210> 2
<211> 603
<212> DNA
<213> Artificial Sequence

<220> ' ot
<2235 I;Jescnptfon of Amﬁcral Sequence Encodes NAT (analog of flbrol
- ase

<400> 2-
tctitcccac aaagatacgt acagctqggtt atcgﬁgctg accaccgtat gaacactaaa 60

- tacaacggtg actctgacaa aatccgtcaa tgggtgcac_:c aaatcgtcaa caccattaac - 1207 -

_ Paﬁe 2




caagatttga tcaccgttac ttctgtatcc cacgacactc tggcatcctt
cggtaactgg 240 cgtgaaaccg acctgctgcg tcgceaacgt
cat gat aacg ctcaactgct gaccgctatc 300 gacttcgacg
. Qgtgatactgt tggtctggct tacgttggtg gcatgtgtca actgaaacat
360 tctactggtg ttatccagga ccactccgct attaacctgg
gaaatcgghtmetaitggneaed-aae actag %}ﬁgm@ EQgtcahgAt a}g@g t

gggt at gaac cacgat ggca acca ca ctgcggtgca

- caagatigd baEtodthciticafitges bayataid Yoahestt @éjt&wat%gcaaact gtt -
ctccgactgc 540 tctaagaaag actaccagac cctgacc _

cgtgagadapaaaigay gf;@@aaégﬂhag;ﬁ %ﬁécté&% £59at803390<210> 3
<211> 203 <212> PRT <213 gkl st rodon contortrl X _

gacttcga2@ gtgeditist thdiCiggbiRAddughggtd r se of
Agki st rodon gcéoﬁt@grtrl X g%oﬁ%twhbi‘ﬁaéndaﬁr gjsghe Pr o

ictact@tg ttAtcgadyd cdé@icc@:ﬂhﬁlaﬁéb loghth@ct\flce A'SR2 1:5
10 15 His. Arg Met T%@ngg Ty\/ér’%J EﬁbacGly Asp Ser Asp

cacgaaytygldtentdaagt @gﬁatg&@c@& &8 Bodigibh St L€ s¥gl Asn
Thr Iie Asn Qu lie Tyrga%rgg P?égj?_ g%@ﬂ %

aactcalyty tRhgycigy talgetytoigatédagchtedaidigt bcgHRycSeE4d'sn G.n
Asp 50 55 . 60 Leu lie Thr Val Thr gSer Val Ser His

ictaagAsqy dttactayacAttectGem Jlagcddoy cgli’a’?gi%traﬁcc‘fté»aa@éaz5 & Asn

. -Trp Arg Au Thr Asp Leu Leu Arg G.n Arg H's Asp..

ccg Asn Ala 85 90 95-G n Leu lggg Thr Ala lie Asp Phe Asp
GIy Asp Thr VaI GIyLeu Ala 100 105 110 .

<210> 3

<211> 203

<212»> PRT

<213> Agkistrodon contortrix

<220>

<221> MISC_FEATURE '
<223> Native fibrolase of Agkistrodon Contortrix -

%400> 3
Gin Gln Arg Phe Pro Gin Arg Tyr Val Gln Leu Val fle Val Ata Asp
I 5 - 10 15

His Arg Met Asn Thr Lys Tyr Asn Gly Asp Ser Asp Lys He Arg Gln
- 20 . - 25

Trp val His GiIn'lle Val Asn Thr lile Asn Glu lle Tyr Arg Pro Leu
35 40 45 :

Asn lle Gln Phe Thr Leu Val Gly Leu Glu lte Trp Ser Asn Gin Asp
50 _ 55 60

Leu llo Thr Val Thr Sér Vil Ser His Asp'Thr Leu Ala Ser Phe Gly
| | - Page3

O 45 Asn lle .



Tyr Val Ay Gy Met Cys Gn Leu Lys His Ser Thr Ay
Val Ile Gn 115 120 125" Asp His Ser Ala Ile Asn Leu
Leu Val Ala Leu Thr Met Ala Hs Gu 130 135 140 Leu
Gy H's Asn Leu Ay Met Asn His Asp Ay Asn G n Cys
Hs Cys 145 150 155. 160 Ay Ala Asn Ser Cys Val Mt
65 Ala Alavdet Leu Sgr Asp Gg, Pro Ser 165 170 175 Lys
Leu Phe Ser Asp Cys Ser Lys Lys Asp Tyr G n Thr Phe
Leu Thr- 180 185 190 Val Asn Asn Pro G n Cyslie Leu
AsnAATP A SIPTAr Ad > <211> 60 <212> DNA
<2?3:5%Agk_i st r%ﬁp%]@%nﬁ]é}fgi- X" A&-%H&As&’gﬁ@p‘ i sc_feature
<223> Encodes native fibrolase of Agkistrodon
Contortrix <400> 4 caacaaagat tcccacaaag atacgtacag

b t : 4 act aaat ‘
Gt RS eA oY AR g [ 2 2o

acggpgact ¢ tgggaaaatc s
120 attaacgaaa tctacagacc actgaacatc caattcactt

tggttggttt ggaaatctgg 180 tccaaccaag atttgatcac . -
Tyr &Ity s it t 240
yr CAGIR G Mt gysataweapg,s%e@eﬁrﬂgg.ﬁ@gag@aggg

Gt ggcgt g 1@gaccgaccirgetgegtce
actgctgacc 300 gctatcgact tcgacggtga tactgttggt

ctggcttacg ttggtggecat gtgtcaactg 360.. aaacattcta . .

Asp PRASSOE AL £S5 180366 AROME! Al S HACHRO! 190t o gace

130420. at ggggcacg aagygggt.ca taacctggg accacg
at ggcaacca gtgtcactgc 480 ggtgcaaact cctgtgttat
-ggctgctatg ctgtccgatc aaccatccaa actgttctcc 540

Leis GRAUIS AR LBUTIARRIASH AICAPBRSAGFOR GROSHIGA acaaccegea
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cattctactg gtgttatcca ggaccactcc gctattaacc tgcggttgce
tctgaccatg 1200 gcacacgaac tgggtcataa cctgggtatg
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