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PCT/-US97/ 06809 5 METHOD FOR TREATI NG OR
PREVENTI NG ; | SCHEM A- REPERFUSI ON | NJURY 10
BACKGROUND OF THE | NVENTI ON 15 | schem a-reperfusion injury
frequently occurs when the flow of blood to a region of the body is
tenporarily halted (ischem a) and then fe- est abl i shed (reperfusion).
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procedures, such as repair of aortic aneurysns and organ transpl antati on.
Clinically ischem a-reperfusion injury may be mani fested by such _
conplications 20 as pul nonary dysfunction, including adult respiratory

di stress syndrone, renal dysfunction, consunptive coagul opat hi es

i ncl udi ng tﬁ{é‘-@wﬁ?ﬂp@"-'&\?ﬁ%ﬁ deposition into the

m crovascul ature an i ssem nated | ntravascul ar coagul opat hy,

transi ent and pernmanent spinal cord injury, cardiac arrhythm as and

acute ischem c events, hepatic dysfunction including acute hepatocellul ar
25 damagEhepiesentriaventiongisa mathed fan %armggsmﬁ]bm%ﬂzerqﬂmﬂﬁ@' Bhas fhage
and/ or infarctiaon | 14 r ] i . Qr te
yst oni o selectsl kRS TRmBltad SRR oAb St ol of it ©
in the pajf gapiflafy@lectrophokily, électibérrbnidiegiabhod andpmicioaBLCNt & dirsted,
or it can occur i'n parts fuluy_ supplied wth blood during the period
of i schenapplication of this method ris donextend athepdetastiopuzone f; eleciippheyesis

96/ 01318 relates to | ypept i.des .. .. other than interleukin -10 (IL-1 0)
aIIegedlycﬂgﬂ?WGS%ﬁéﬁ%F¥ﬁﬁE§mBP5ﬁ@FFWE% simlar to those of IL-10.

Anong the very long list of diseases allegedly treatable with t hese
non-1L-10 proteins are tissue damage as a result- of "hypoxia/ischem a 35
(infarction: reperfusion)", "ischem a", "reperfusion injury", and
"reperfusion S r " here is no evidence in this

publi cati onBﬁgﬂGﬁQﬁﬁ&BF&H%ﬁﬁ%\ﬁﬁMt eins would actually work for
treating all of the diseases in the long |ist. WO 97/ 40849
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met hod for treating i schem a- reperfusion injur

adni ni st omixed SaTRIEONEAR are sepatatef 18 gchAPWRATR A i'@?ynﬁﬁﬁ%sﬁqugﬂb%fh@
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for preve usron Injury in a patrent “a undergo a
pr ocedur epgad@dincdiffereitesi in Glecttd enbfyascasd mslecular sizes Yof dndividual patpent
who has al ready_under gone such procedure in which i schem a-reperfusion
i nj ury hasomponents. Jbe psincipal campongnissehig capiliary slestrophotesis B¥Stem pEht an
effective ampunt of IL-1 0. 10 . refe appl.i,cat | f is

i nventi onagH'gH"’roé%ﬁt P?l‘ﬁef §HHB% & FEB‘&I? L'&q%ﬁlgk éJS?'ing' u%‘dbél %%far{? stpéri ng

the IL-10 PbgséQQHWughi e BblibalSesstre aif 4 LRAbétiod sydtent lkohhetted to a data
suprarenal aorta dué to aneurysnal disease, but also in conjunction with

t hose acquisifionadevicencedur es t hat i nduce or require transi ent occl usion
or bypass of the 15 vi sceral blood supply via the hepatic, renal and/or
enteric arteries secondary to maj or organ transplant, including
liver, ki §fithe nidBRcbmimbeehsdh capilaiyie Gi8sis, the deRcliod zoRs dbndfits
procedures that result 1n the transiént reduction or prevention of

bl ood f | owf acsadtienwfthe rcapillacy méidegtrangpearent by ternovalaofipalyimide gpating. In

otal - and e datartiqgnsysien dhohbsouRas gnf 2 J6hb Apnsciorts pladks”SHifsiis ne
vascul ar ﬂlé'i&gfoﬁ i&{? %‘F?ﬁé'tc‘éghl%r%a%'ﬁﬂi farglple, | 38paated mRRERS fitbugh

insufflation during I aparoscOpi Cc surgica ocedures.
Addi t i onalthe aletddtiont zams light lisipassédialony apepticabpatigacnoss ithe tdammpleesByt s
in interrruption of blood flow to the visceral, grgans jnclyding those
ari si ng fdsigcting ﬁ)‘ﬁelf&bct oMYty INfRRmRAton Bb?‘f'ﬁethﬁtﬂémﬁoﬁ @L%WFH[? W‘g}naﬁgﬂeshot
wounds, s P trating wounds or blunt abdom nal

'GhR 1 y'l’%?no position gée% Bécq'ﬁté’iﬁaﬁ.

trauma secon cceleratiron injury and/or notor vehicle
accidents. Qther preferred applications i ncl ude di seases or
procedures that result in system c hypotension that either di srupts

or decreases the flow of blood to the visceral organs, Including 30

henorr hagi ¢ shock due to bl ood | oss, cardiogenic shock due to nyocardi al
infarction or cardiac failure, neurogenic shock or anaphyl axis.

Further applications of this invention include preventing or treating | ower
torso or extremty ischema reperfusion injury by admnistering IL-10 in 35
conjunction with surgical procedures that induce or require transient
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normal bl ood flow and extending for at |east eight hours after restoration

of bl ood flow Alternatively, the IL-1 0 nay be
adm ni stered by gene therapy or transfer 5 using either |iposonmes and
mammal i an expressi on plasm ds, mechani cal delivery systens (gene gun)

of viral transfection schenes, includi n? but not limted to

adenovi rus, adeno-associated virus, retfovirus or herpes sinplex virus
constr uctigodern edpill electﬁ%lﬁgcre %L?B{é?ﬂ_é Rk Gapiliae WA Ainer diameter of
Figures 1 ?a), %Qp ryand 1 (c EF trate the pI asma TNF-[err], 1TL-1 1B and
I L-8 Zﬁoneenumat i Dhinper mpdlanesepgquSel & omvorsy efﬁmeatmpamtlamlamlna
infrarenal aortic aneurysm repair 2(as, 2(b)

and 2(c) TeAUGes AnASIHtMS: Qfdhe ober 'mshéag naow hareof cabllaripseseverely
conCent gt Q0o ABBAENARARE el 3RFBP 1o CABERALN 254 Sand emeeare&é%w

foll ow ng or acoa rarena | C aneurysm repailr

Fi gure 3 gersitivityadinse tabsofimeecis prbpbttlmlalT!@|dp|tieal0pat¢||al%ﬂgtlﬁveilmd.|§huﬂ1’e0phl I
infiltration) in mce follow ng supraceliac aortic cross cla

t r eat mentopticah path lengtmeambedneregsed ki using capillaries with wider i inner diagoetera

ot o | S acali Rty o e BERIR LM ditp RSP e Rped BNt
i nhi bi t or §f @4pilld¥y i8"¥bdvie 400 um due to the mcFééBérdec@'remhaﬁd‘ dskbeiatédletiet he
appear ance of IL-10 in the ci rcul ation of mce | | owi ng supraceliac

aortic crieating. a®pewfdhbe aﬁbm&tnvplmmdhes]fbr eﬂiwdntqﬂm apticaBpath lengticis
foll ow ng supraceljac, aortjc cros nd tregtnen ith .

r econbi nth '"E[ﬁ?éﬁ the_ipngr diameter ?the ch &J‘%@a%\’ in ﬂlﬁnﬁﬁfﬂ(’ggntwe@ mhilges in
| ung nyel oBehaRiftR 8 Csthal&! ﬁtérﬂﬁ%fa‘ﬂﬁ’%}bl' for other d?ﬁéﬂ of 3hd Q%bl"?gy Mffese
foll owi ng supraceliac aortic Cross andt eatment wt

r econbi nagdp lﬂaﬁwha&e 20"bubble" in the flow path at the detection zone whldEﬁfblvia@
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herein argxdmprimay beosatan iatleS. Ip@téﬂt%lp@clﬁ@étldiﬁ Hulber 5,06 1381e(Gurden). 5

As used herein, "interleukin-10 " 10" is definéd as a protein which
(a) has an am no acid sequence of mature IL-10 (e.g., lacking a

and (b MGURBNEY.JyromeRolsToE HuRnfo RRplREs Wineitendeh Bbleron 2 dg <
i ncl uded FyAIMIE:CbASE i QHHOQﬁﬁTrthéoselé&ébogéctldd‘ﬁf tailc%ﬁnrawf vﬁﬁi&h ehals Bt

Virus protein BCRF1 (viral , which retain bi ol ogi cal
activity sﬁﬂenedlby lmposmg a hlgh teMpexatheu asaldescfibed un;él Snpatwt iorREhB86dn can

b bt ai t b tivat
secr ot | notenethgr avehad 1 ALY Pilames Ost e desired Fpoetidal Tofiduina e 1 .
the IL-10 g%rcagaf‘éé Ve BARRRIY Sirecs4f L. e Re"NERPRARLY 5 ritdler o

usi ng st al% techni ques wn i n e art. | d, Sci ence
233: 341 (da8@ntiondl Atdedr sibca eaerianes £Beé J.Bhpateriten 8P4 18y niGhed;mm)j Ahe
Practi cal ord.  See a] at ent

1989, |
No. 5, 231ﬁ|@12ne%d regwres a PP@F'@F@'& ;st{grﬂ?d %{‘%lﬁn%roﬁﬁfﬁfdﬁp‘f"lg

obt ai ned i

encodi ng PTG SEBs \Bfibroas the SeBBHY RSy sShiies RUBHTEN MAG Elhnidlos for
are descr rriamilfacﬁuﬂng cbuv&ﬁldwaOﬂJsedtsﬂ&ia capiltarizsul ar Cl oning, A
Laboratory Manual, Cold Spring Harbor, New York, 2d ed., 1989, and by
Ausubel et al, (eds.) Current Prot ocols in Mol ecul ar Bi oI ogy, G een/ Wl ey,
New York (1987 and periodic supplenents). The appropriate sequences can be
obt ai ned usi ng standard techniques fromeither genom c or cDNA |ibraries.

25 Pol yOBJECT ORTHE INVENTIONPCR) techni ques can be used. See, e.g., PCR
Protocols: A Cuide to Methods and Applications, 1990, Innis et al., (Ed.),
Academi c Press, New York, New York. ' libraries are

construct fr ee,
conot ot il BB Biee Bl ATl BB B Y S %5,
maki ng | Ldéfactidheidtle BFRApHAALS N6EAIlyCEN that ﬂféuﬂét.ecﬂol sensitivititrfop wapilie@ypence
dat abases, e.g., GenBank and BMPL or nucleic acid and PIR and Sw ss-Prot
for protein, c/o Intelligenetics, Muntain View, California, or the
Genetics Conputer G oup, University of Wsconsin Biotechnol ogy
Center, Madison, Wsconsin. Cl ones conprising sequences that
encode human IL-1 0 have been 35 deposited with the American Type Culture
Col l ection (ATCC), Rockville, Maryland, under Accession Nos. 68191
and 68192. Identification of other clones harboring WO 97/ 40849
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B| o/ Technol ogy 3:9923 (1985); Koths etal., and U S. Patent No. 4,569, 790.

5 The nucl eoti de sequences used to transfect the host ceIIs can be
nodi fi ed usi ng standard techniques to nake IL-1 0 or fragnments thereof
with a variety of desired properties. Such nodified IL-10 can vary
fromthe naturally-occurring sequepces at the primary structure |evel,
e.g., by amno acid, insertions, sUbstitutions, deletions and fusions.
These nvderébﬁ@ph@r@suscwh be |Mﬁﬁ$l/dd1 it isl@nothiefbBjeco bf ﬂ@bﬁéﬂﬁam&s pkavigs @duce
the final nodified protein chain The am no acid sequence

variants wﬂwqcbfqyrs@&@m@slmmlﬁrgm theibowshsizetafpsedefined sectionsof a aepillayng
h i fe | it at ficati t
o ov ngWtRevLaReing te Rost JRmate b 8eh PRIt B8 RPIBRG oocur r ence of

si de effects during therapeutic use. The am no acid sequence variants
are usually 15 predeterm ned variants not found in nature, although others
may be post - transl ational variants. Such variants can be used in this

invention a retain the biological activity of |L-10.

Modi ficati oﬁnglﬁéogfﬁédb'é’é"é 1c0Ui ng the pol ypeptides may be readily
acconplished by a variety of techniques, such as site-directed nutagenesis
20 (Gllman et al., Gene & 81 (1987)). Mst nodifications are eval uated by
routine The preser&én@ergldnrpmvsieistabinmlemethoﬂdnr sblectieeiy remdarging the bore
characteristics. For instanc 31,012 d CI‘I bes a

nunber of SiZ@ & F@Ei"@%%sa% Férﬁg?f!ﬂﬁ(b pP§|t'°H§a53i‘Pnﬁ‘eth°d IS hased @@ (g "'t"?a

Pr ef bl I
el 1 2l sl ooh oSSl f, bl SRR Rl Gogn 2 "l 2
r ecombi nalydroxide. HPh@rsdiéctie. ei&i@g)rmpea predefimdd fposition lof 18 capilldgeis

described in U S, Patent 5,231,012. The cloning and expression oOf
viral | L-aehiewkby alpwing ﬁifihﬂgoﬁ»ﬁllltlon to figw thionghihe innerbore of thr gapillary

! oo whte MBahET iné lempBRtaRCE: feoretliRel Wethon, sufiienty, hioher, iy

Uni ted Staf Bmé?%&ﬂbn“@f the %Béﬂlﬁéﬂ Sineé tRatétohing! ﬁe!édﬂbﬁvatdﬂﬁe predetines
havi ng | L- O activity and production of such proteins including

r econbi napesitioni lsynuhbtﬁaster than ateotherqperion of the capillary, the boepaatethe
h t it f 0,f t
Phe It OPICeTRR RRa FAh bprextRadert i AeBlrgd sifes petasp &'dnificant otghing &t °™

WO 97/ 4084fer portions of the capillary has occurred. The method is applicable to
PCT/ US97/ 06809 - 8-
exci pi ent capillaries ssed e exagiillayy ielesttophéresisy electrochmmhatographey,, and m'mra-ny

co ati bl n-toxl c substance sujtable for deliver t he Q| eptid
TP abPLE: . Appisest applsation Lt mmeéatfpc%ﬁegeﬁbss@%tﬁgﬂ% et

the art ")aﬁpéy ces, and U. S.
Phar macopellggtro (tm;egir’]sa o?tr'r'uﬁ g?ﬁ%@%%‘? |ng 'rrpany, Easton, PA

(1984). Conposi tions may be ingest ed orally or injected into

t he body. Formul ati ons for oral use include conpounds to protect the
pol ypepti des from pr ot eases which occur in the gastrointestinal tract.
I nj ecti O”BR?E? piege IFTI N ot gg subcut aneous, intradermal or

i ntravenous. Alterna |ve Y, |ntra- articul ar injection or other routes
could be used In appropriate circunstances. When adm ni stered
parenteral lé/’ t he conpositions _can be fornulated in a unit dosage

i nj ect abl ElG.of dessdren t%sets%f%rﬁﬁlemwe&nﬁmlarmns the, bgte sizeLfi a sapillapy at

phar maceu or instance, the IL-10 nay be adm nistered in
aqueous é;ﬁ@%eﬁﬁg +§§w%{;h as water, saline or buffered vehicles with or
wi t hout various 15 additives and/or di luting agents. Exanpl es of suitable
carriers are nornal saline, qer's.solution, dextrose sol ution, and
Hank' s soFlg2daa Nan-vm@basreatdtant@aﬁ lary withancenlarged defection 2oaed et hyl

ol eate may al so be used. A preferred carrier is 5% dextrose/ sal i ne.
The carrier may contain mnor amounts of additives such as subst ances
that enhapps. 3 srelQBbdpheragfhrid efittiab catisdthhtd pestRides sébér&%osb%%ﬁpﬁlgry
preservatives. However, the IL-10 in the conposition is prefera
fornulateebcﬂopmmesﬁuulfled formsubstantially free of aggregates and
other proteins. In addition, it shoul d be noted that a suspension
such as a zi nc suspension, can be prepared to i ncl ude the

pol ypepti de. Such a suspension can be useful for subcutaneous (SQ or
intramuscular (IM Injection. 25 It I's believed that

i schem a-reperfusion injury is caused, at least in part, by t he

rel ease of excess anmounts of proinflamuatory cytokines, such as TNF-a,

IL-1, IL 6, and IL-8. Exanples 1 and 2 were perforned to test thls
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and TNF-a shed receptors (p55 and p75) by ELISA. The sensitivity of the

TNF--a, IL-1, IL-6, IL-8, p55 and p75 assays are 14, 10, 27, 313, 14
and 17 pg/m , respectively. 15 The nortality and norbidity
data fromthe 16 patients undérgoi ng t hor acoabdom nal aortic aneurysm
repair and the 9 patients undergoing |n1rarenal aortic aneurysmrepair
are reported in Table I. TABLE 1 20
| nci dence PESCRIPTIONOF THE EMBODIMENTS OPTREONVENTION or infrarenal
aortic aneurysmrepair. Dat a presented shows that the frequency
of pul monary dysfunction and MBOD fol | ow ng thoracoabdom nal aortic

aneurysmeba) €ougs <LaDLL 633y Shaihg hebard SRS EBSRE A -
Thor acoa r rric -
Aneurysm%%ﬁ%d gdsﬂfdna @'ﬁé end of capillary 1 is immersed m etching solu(tlorrA‘Q)

Aneurysmcontalned in container 3. Heating element 4 is placed around the predefined

I(Dul monar ySasfien i qﬂpu%ry 1y After Beagefined section 5 hag been S?1eated to desired

gg? BﬁgtslttQHBérature (normally 35 iaghigher dm other r poftiahs of the caBﬁBQ{) etching

13% solution 2 is ffited to flow througHGthetmwer[bm'éwi@bpiuary | either by |mpdh1ﬁg a
0% Hemat opoi eti ¢ Dysfunction 38% 0%
Leukopen.m‘essure on the fop of etching solutioh 2 or by creating g@ogagyum at end\G@f

44% 0O

** p=0. 05c/apr5|§?r¥|1sh é%r crm%!\as%o?nﬂéte%y cgb@%ﬁfee 'g)@‘% Eeﬁsﬁdo of tc'f"{‘gr

t hor ac oahsinmidiag a@ﬂfﬁéalm@r@éﬁﬁéﬁmra?ﬂaﬂhé inAer bora dfthe Maplaayis Wwashéedrwithr di ac
arrest. Pul nmonary dysfunction occurred in 9 at| ents WO 97/ 40849
PCT/ USO7/Wwaen9 The etching process normally lasts less than 10 minutes. 1 1- and

pl acenent of a tenporary tracheostony was eventually required in 4

pati ents. Renal dysfunction developed in 6 patients and henodi al ysi s
was necessiy Y2 ii§ 2 plan vieW of e fesuiaRachpilldis WithCah Witehddd HobsotiopPeona. and
| eukopeni a devel oped after t horacoabdom nal aortic aneurysmrepair in
5, 6, andDétegtion ezune, 9r earpdet extended auntil Sts  mawimuex innari digméyarf isnatmost due

0 e o Sl A5 B T o SRR o
Pul monar y, O‘? %&%%%?@bhﬁgxng”tr@'e‘fcrﬁn@aﬁm meté’rﬂ LaRd s en nd the

0%

evi dence renal topoietic or [ower extre unctlon in
any hpesdtingnareal 0The effect of etdhirg sehkiopl ansﬂhecs;ﬁeobf nmerebmer&sef, ottmerbot h
groups of patients are F)or ted in Tab

TABLE 2 1pprtions of capiigry Br'%lnﬁg &'H?aWBPV tB?ttﬁmpﬁéaté'Eﬁ]é‘Em@ detestionszane i ng

h
Pl s saeentyhigher B BEOfRF BORoR Y g BBAYEY T 00 L i s and dai 1y

for up to seven days follow ng thoracoabdom nal or infrarenal aortic
aneurysm repair. Peak concentrations are reported here. Levels of al |
proi nf | anlﬁlé 0% \OiYSR akeerepatigpn war thesdgiactipn eﬁﬁﬂsjﬂVHVQCPfe?a'Pﬁ”}ﬂiﬁ refiticides

‘ESLBO‘(’)“;S)F‘%E{E%%CPQ%E%%Q&J 13 "3 EQbORIER A, Electraﬁlﬁ%}ro‘gé%gle‘h%m nac}tﬁgﬁ‘ferd

| nf rar enakith an extended detection zone shown in Fig. 2. Thé@léétrophoresis conditions
Aortic Aneurysm
Aneur ysm for electropherogram 11 was the same as for 10 except th@ththgagietectlon zone

(n=9) was E'SIE BL%E@}EH.'D%&;"% shows the use of an extengé glje?gction zone increased

1010
2410 25  the-foakiesight of the analytes 2 3 times wﬂhcﬂﬁ@r@&éasmg the basehne h8iEk08

IL-B, pgs/m 410139 377 p55,
change frombaseline in pgslm 751668 204218 p75, change
frombaseline in pgs/m 5,2011, 983 383171 C3a, [err]g/m

111+91 307 30 all values are significantly different
bet ween the two groups, by two-way ANOVA, p<0. 05 Pl asnma

TNF-[err] IL-1, I1L-6 and IL-8 concentrations were undetectable prior to 35
surgery. Followi ng surgical repair of thoracoabdom nal aortic aneurysns, a
nonophasi ¢ TNF-[err] response was detected in 11 of 16 patients (69%

(Fi gures 1 (a), 1 (b) and 1 (c)). TNF-[err] |levels peaked 4 hours
after reperfusion and then gradual |y decreased toward baseline over
the next 24 hours. IL-6 and L-8 | evels al so increased in a nonophasic
pattern with peak | evels again occurring 4 hours

RECTI FI ED SHEET ( RULE 91) | SA/ EP

V\D 97/ 40849
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I n addi'tion, patients who devel oped MSOD after thoracoabdom nal aortic

aneurys i igher circulating levels of all assayed cytokine and
sol ubl GTMMH " yﬂ"tceptors (p55 and p75) as conpared to patients
wi t hout oy however, only TNF-[err] and p55 receptor |evels

were statistically different (p<0.05) while there was a trend toward
hi gher levels of IL-1, IL-6, IL-8 and p%5 receptors in patients who
devel opedcVafillsas conpared to patients w thout MSOD (Table 4).

TABLE 4 10 Pl asma proi nfl ammatory cytoki ne concentrations in
patients with and W t hout evi dence of nultisystem organ dysfunction
(MSOD) . 1. A method foppradysing rapillaiyczane eglisdies use imgapiliary glegiopheresis.75

ignifi I hi ah i foll ow ng. '
or i1 o ancursaRvrpmatogevy ans! OF icFP G by Y BREIY eRERGR AR e,
t hor acoabdogip@abf d@billafiedNat predeichied \Wechond domphdit QlloWing aétcRitgS

follow ng infrarenal aortic aneurysmrepair. ) o
Thor acoabdosolution T dlosc trrbdghvithelinnest baree nfisaidocapiiary while maintaining the

@ggji ¢ Repgi ngrgpurepég%ie Cﬁpgﬁgﬁ Itcg b\g/eorg@%%ﬁ?}ihirgher than gt other po&i%NgFgﬁig
B

TNFLerr] capiidhjaLer 159" 8655 1010 IL-1
173112 0262 2410 IL-6 ©  4,9071887* 34466
1811 08 IL-8 601259 376107 13777 p55

+3, 51 57 2.1The methdd4fslaim 1 whereia@de tapillaries @r® made of fused, gitica ®t@ther

+4, 1361, 884 +382171 val.yes for p55 and p{5 ,are changes from
basel i ne. M'Ps%dpﬂt%'al? @ndn the, gtching solutidn pagy 8@ \Z/‘é‘FiEQ%'OHS ﬂ%&)obf(%@eﬂ/vay
ANOVA 20 = r : 4P re
dernst r at {05 es g eRRAG Bfet on the material Haty WHeH S KB it e
whi ch causemadesceral ischem a-reperfusion injury results in a
system c proinflamratory cytoki ne response characterized by 25 the
appearance of TNF-[err], IL-1, JL-6 and IL-8 in the bl ood early.as 1 to
4 hours 3 The gnetlod; 8} glaim diwherein the Lapillary. mayde i1oﬁhl1l%§), P&L@Xﬁ?'é%rence
and magni tu i i N | i ] ssoci at ed
wth the | niptetehd 180 to 108 Bl GREFUBMGE) LS Robfie SR8 Bt Hnd

t hor acoabdom nal aortic aneurysmrepair. | schem a and subsequent

r eper f usi onThajméthodfoftdiginy i Seitgrainathecianet didieter iof itihélcapilary 8inctdsed

i nduction of this system c proinflammatory cytokine response, because the
magni t ude offohits Mrtgingll siredooR yMayiNYKN nYiZe fpad Jaorss than dts1 grigial quiels i n
patients i ggpergoing repair of the infrarenal aorta where viscera
ichenia/rep'a?mfa on does WD 97/ 40849

PCT/ US97/ 06809 -14- not
occur thaB. Aotasilarygzoherdstestisiooellasystomt for uspaint capilland@lédtrsphapesisent s
having infrarenal aortic aneurysmrepair, in whomyvisceral ischema is
avoi ded,  electiaokromaipgraphycand V orimigee -i MRL-Geprodused s theparathed @soiyan
dysfunctionl Eﬁﬂ To further explore the direct role of acute
visceral istASi'a in medi ating this proi nfl ammat ory cyt oki ne response
and associ ated organ dysfunction, an additional 8 patients were
studied follow ng el ective thoracoabdom nal aortic aneurysmrepair.
However, in this case, duration of visceral ischema was reduced by
left atrial-fenoral artery bypass (LAFBP) and retrograde perfusion of 10
the visceral arteries. LAFBP provides distal blood flow during repair of

t hor acoabdom nal aneurysns and reduces visceral ischema tine. W
prospectively exam ned the effect of LAFBP on patients undergoing

t hor acoabdom nal aortic repair (n=8) and conpared the cytoki ne response,
norbidity, and nortality to patients undergoi ng standard thoracoabdom nal
aortic 15 aneurysmrepair (n=16) without the benefit of LAFBP.

Ti med neasurenent of cytokine |evels was done during the 48 hour
peroperative period and cytokine |evels were neasured by ELISA. Cinica

dat a concerni ng postoperative pul nonary, hepatic, renal, and

hemat opoi stic 20 dysfunction were also prospectively collected. Patients
under goi ng repair of t horacoabdom nal aortic aneurysns with LAFBP had
shorter visceral ischem a times (18 5 mn. vs 4512 min.) and
statistically significant reductions in circulating TNF-[err], IL-10,
and p75 levels (p<0.05 by two-way ANOVA) when conpared to the control
group (Table 5). 25 TABLE 5

Pl asma proi nfl ammat ory cytoki ne concentrations in patients undergoing
t horacoabdom nal aortic aneurysmwith left atrial fenoral bypass (LAFB) or
30 without LAFB Peak plasna concentrations of TNF-[err],
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p55 TNF-[err] receptors covalently. Ilnked t.0 polyethylene glycol). Two
hours after aortic clanp renowal " ‘4nd abdoni nal wound cl osure, the
animals were sacrificed and lung neutrophil infiltration was eval uated
by MPO content. Results are showmn 5 in Figure 3. Supraceliac aortic
cross-clanmping resulted in a significanf increase in pul nonary
neutrophil infiltration at 2 hours, whith was not seen in animls that

had the infrarenal aorta cross-clanped. Pretreatnment of the animals

under goi ng supracel iac aortic cross-clanping with.TNE-bp_ significantly
attenuated this increase. 10 ABSTRACT To det eriniiig $h&*e¢:ﬁ§@, Qf;
visceral ischem a-reperfusion on lung capillary BunCtI@ﬁfgﬁq- re
anest hetized with pentobarbital, and in 34 animals th '“'ﬁﬂﬂ"nr
aorta was cross-clanped for 30 ninutes. El even of -t hese anlnals wer e
pretreated with TNF-bp (10 ng/kg) while 9 were pretreated with 150 [err]g
of a 15 noTHERMAL-ASSISTE]D CHEMICAL EFTEHING OfFcCARILLARY L COLUMMS or type
I (35F5). It has been previously reported that this antibody bl ocks
IL-1 binding to the functional IL- 1 type | receptor and attenuates

I L-1-nedi ated i nflammati on. Control groups consi sted of a sham
operation group (n=10) and an infrarenal cross-clanp group (n=6).

Af ter theA simpleahetiiod foe saleictively @nterging therisorersizé b capitiatieoat pryiefihedi on,
20 the aninmals were injected wmth 1 [err]C of 1[err] Iabeled albumn i.v.

via the infsdiansris provndedenﬂwe:mows aedan c@enncaicﬁtﬁbmsfwmbyﬂfMﬁ t he

br onchoal Vg PR Pt shGEAo Bbstances shoh g5 foaR M ArpfdE theelqhive etqh
pul monar md@aa}eaéfﬁ@ﬁbbbnw df@'@ép'ﬂ@ﬁ( |§9édﬂléﬁd95y &ﬂown@l:éﬁihmg gblutuon to
CPM gm BAL over CPM gm bl ood. The results are shown in ure 4. Both 25

pr et r eat rflove thioughthe- lbpeahqreﬁef:ﬂwejeaplﬂawemw|mmntaaﬂymgatbelﬂemqerah;rerqt (p <

i ol e the eidigmmiy sedih SRficie B MGHRE fiarCal Gt portion of the cagiliahacThpgc

cross- cl aBfndd édh bBudBRFextend tﬁé%é'téctilfn 2O 4L BapMaRy é@@ﬁbbﬁ&ré&is f8
TNF-[err] or IL-1. Inhibiting either of these cytokines wth novel

| nhi bi t orbettelr deitedtn sensitivityNF-[err] or the IL-1 type | receptor can
mnimze the lung injury secondary to vi sceral ischem a-reperfusion
injury. To denonstrate that simlar effects can be obtained
by i nmedig q% pZ%FéﬁﬁBérB%hé’Héd‘ reconbi nant human 1-10, an additional
study was Con ed In m ce subjected to supracellac aortic
cross-clanmpi ng. Visceral ischem a was i nduced in 90 female C57BL/ 6
m ce (20-22gm by supraceliac aortic. cross- cl anping for 25-30

m nutes. An additional 38 m ce received sham procedures. WO
97/ 40849

PCT/ US97/ 06809 -17-

Plasma | L-10 | evels were neasured by ELISA at 1, 2, 4 and 8 hrs after
reperfusion, and lung neutrophil infiltration was deternined by MPO assay
at 2 hrs, as previous studies had reveal ed that maxi mal neutrophi
infiltration occurred inthe lung at 2 hrs. Thirty-six of the mce
undergoi ng visceral ischema- 5 -reperfusion were pretreated with
0.2l[err]g (n=7), 2[err]g (n=13), 5[err]g (n=6), or 20 [err]g (n=1 0)
of reconbi nant human IL-1 O. Mean plasma |L-10 concentrations
peaked at 9,120 pg/n1 2 hours follow ng 25-30 m nutes of supraceliac
aortic cross-cla re 5) Visceral ischema- 10 reperfusion injury
al so resultdmmgh - oId increase in lung neutrophil infiltration

(p<0.05) (Figu l’"’ ” laeeqwere pretreated with exogenous I-10,

neut r ophi | was significantly reduced (p<0.05 for al
doses). NBX|na enents in pul monary neutrophil infiltration
were attained with 5 [err]g/nDuse (250 [err]g/kg BW of IL-10. 15
Vi sceral ischem a-reperfusion injury associated with supraceliac aortic
cross-clanmping pronotes the release of IL-1 0, while exogenous IL-1 0
adm nistration prior to aortic cross-clanping limts pulnmonary injury in

t hi s nodel of acute visceral ischem a-reperfusion injury. Thus,
exogenous | L-10 may offer a 20 novel therapeutic approach to decrease
conplications associated with t hor acoabdom nal aortic aneurysmrepair
and ot her ischem a-reperfusion injuries. Hypot heti cal Exanpl e
3illustrates a preferred application of the invention cont enpl at ed
for treating humans. 25 EXAMPLE 3

A 58 year-old white nmale presents to the energency room of a | ocal
Unlver5|ty hospi t al conplalnlng of several nDnths of |ntern1ttent sharp
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non-i schemc controls) were pretfeaygqmwjph 10 [err]g of reconbi nant IL-10.

After the i nduction of anesthesia, a catheter was placed into the
right atriumthrough the external jugular vein for blood sanpling and
i nfusion of normal saline (1 cc/hr). Reconbi nant human |L-10 (rhlL-210,
10 [err]g approx. 30 [err]g/kg BWIV) or a 20 conparable volunme of nornmal
saline was adm nistered twenty mnutes prior to the onset of ischem a
or at conparable tines for the non-ischem c control s:- After 4
hours of ischem a, the tournbﬁﬁgﬁﬁgaﬁge removed and the-extremty was
reperfused. The restoration | blood flow was confirned by the 25

presence of a Doppler signal in the superficial fenoral artery. Blood (0.5
cC) was sanpled at the tinme of central venous |ine placenent, at
reperfusion, 3Q mnutes § after repeffusion, 60 mnStes after
reperfusion, arfd hourl y_u_her eafter. Bl oopl was san‘@l ed at conparabl e
time periods i ' M ¢ CONt it~  The

ani mal s were ani zedA penffobarbito after 4 hours
of reperfusi audlg
The sol eus3-ous§¢He fromdgnhe hi ndlinb and ong | ung were anal yzed for
assessnent of reutrophi i i us muscl e and pul nonary
neut r ophi | 2 sequesthati®n were quantif§ed by the tissue

nyel oper oxi dase (gﬁg» | evel s 35 (Warren et a 1989, J.din.|nvest.

84:1873). 1 The renai ni ng sol eus (%Fe and lung tissue were
anal yzed to quantify the capillary and/or cellular injury. Skel etal
muscl e and lung capillary endothelial cell WO 97/ 40849

PCT/ US97/ 06809 - 20-

injury were qugntified by uptake of l[er}
1991, J. “Appl. Physi ojq 70:2645).
guantified by |t he uptake of Tc99 |l a

| abel ed al bum n (Wl boum et al .,

| etal nuscle cellular injury was

| ed 33yr gaghosphat e (Bl ebea et al.
il |

(2]

1988, J. VasLd Surg. 8:117). The megnh cap ry perneability index
(CPlI') and the |skeletal nuscle Injury indg | |) were cal cul ated using
the follow ng {f or nul as: CPI nmusc¢l e/ muscl e mass) /
(1[ err] bl o&tfbl ood nass). SN rr] muscl e/ nuscl e nass)

I (Tc[err] bl god/blood mass). 10 g bioactive TNF was

measur ed usj 7 cell line
(Van Zeed et 4l ., 1992, PNAS 89:4845). Skel ettal Muscle Injury: 15
The resul t s i TR 3 T ; ; 00 (esin]
significant skiel etal nuscle injury. Bot h the nean sol eus nuscle capillary
perneability ijndex (MCPI) and the nean sol eus skel etal nuscle injury index
(SM 1) afté¥ indlinb I/R were significantly greater than the non-ischemc
controls. Pretreatment ofyghe animals with reconbi nant human |L-10
prior to hi inmb 20 ischema resulted ifZa significantly | ower skel et al
nmuscle capillary injury that was not i gniflBcan#ly different fromthe
non-i schemc control. Pretreatnent with hu -10 prior to ischema
al so resul t°® 1 n a decrease of the skeleta cgl | ul ar i njury,

al t hough the di pactr—s; i in the

A injur¥”in the schenm &% animal S pretreal’@fwith
|

skel etal nuscle cellular
L-10 was not diF¥i®EBent than the non-ischem ¢

hunman 25 reconbi nant

controls. Neutrophil infiltration in the skeletal nuscle was not
detected by the MPO assay for any of the 4 treatnent groups.

WO 97/ 40849

PCT/ US97/ 06809 -21-

Table 6 Skel etal Muscle Injury

Muscl e Capillary Skel etal Muscl e )

Permeabi lity | ndex I njury I ndex I/ R

1.51 1.46 0. 940. 83 |/R + 1L-10 0. 39
0. 38* 0.36 0.51 SHAM 0.03
0.01 * 0.05 0.02 - SHAM + 1L-10 0.19 0.23*
0.26 0.30 5 * significantly different fromI/R (ANOVA, Duncan's

mul tiple range test; p<.05) Lung Injury 10 The results
are shown in Table 7. The hindlinb i schem a-reperfusion al so resul ted

in significant pul nonary vascular injury as determ ned by the | eakage of
1125 album n into the lungs. Both the nean pul nonary capillary perneability

i ndex and the nean pul nonary neutrophil infiltration in the animals
subjected to 15 hindlinb ischem a-reperfusion were significantly greater
t han the non:-ischemc controls. Pretreatnment with human reconbi nant

I'L-10 significantly reduced the lung capillary injury after hindlinb
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23 - l&ﬁ&,mgvﬂmlme of a rredr carrent for |
pr-ey X or ﬁﬁm% re erflusr on.injury. 2. Ause.of claim |-

1, AW n the ischen a- reperfusron |njury occurs-in a patient - about to
updefrte & ~oeedt —eafgabte—of—~causrg—tschenta %L fosTomTury Ot T a
ppl E&T Ofi] CABSTRAGH under gone such procedure in which

i $chema-reperfusion injury has not yet occurred. 3. - A use of claiml,

wher ei n th%H £ %@éMﬂEY@M@F'mﬂR‘P@OLUNMQO' ng

surgical r I'C aortiC aneurysm or suprarenalr aor
apeurysm . A use of any one- of claims 1 to 3, wher ei.n t he

i gchem a-re erfusron |njur cau by .a jor Qrgan Iant.or
r ¢pai r Ack Elg {os gelectivs enslﬂ' Bg ed?r?i Wge‘{f%f‘S‘?Bosmﬂ’fésrlér n |
t he i sphowided.- The orethos urbaserq on yh¢m1cabatab@e Wigh bmrh@ﬂeamc agidorrother eichingr aci ¢

apr t i csubstatcesssuch saspsodiven dlydwaide. Therselectisenetchinigven a priedefined positidn of a.

i It est d:d’pﬁlar? (1)|qa achiensd By aam\ﬂh@eo‘chmgephftion () tolfldwr drpughithg iinwdr bossefthe on,

tptal ﬁﬁi?diﬁﬁ 5 Rifperd tﬁé peclefined s&#idh(Sy k@ffidiently higher

g o e e
1P e

vascu JR
5? -abdonen, including - gun shot

pi ocediir@pil
wpund, stab wound or penetrating wound or bl unt abdoni nal trauma . secondary
to eaEEdh&ﬁBgﬁon injury and/ or nmotor vehicle accidents, henorrhagi ¢ shock
dyeto bl ood | oss, cardiogenic shock -dué to nyocar di al |nfarct|on or.
grdiac failure, neurogenic shock or - anaphytaxrs -'6.. . A'use of ‘any one
clains 1 to 5, wherein the anount -of "I'L-1°0is formul ated between 0.1 to
500 ny/ kg of body weight 7. A use: of any one of clains 1 to 5;. wher ei n
t he anount of IL-10 is fornul ated betweer.1 to 50 ng/ kg of body merght
: 8. A use of any one of clains-2 to 5, wherein the anount of 1L-10 |s
¢r mil at ed between 0.1 to 500 ny/kg of body wei ght and the medi canent is
afini ni stered to the patient fromzerg-to-one _h'o:u:rs before blood flowis
¢-established. 9. . A use of anmy'ta . e clains, wherein the
-10 is of human or viral orlgwnr bi ol.ogi cally from either
pmal i an cel | ul ar sources or by nece rnant echnology;_ 10 - A use
| any one of claims 1 to 8, mherarn “the 1L~ 1 human LL=10. 11. - A use
any one of the above clains, bher.f” 40 tis formul ated for -
travenous, intramuscul ar or subcutaneous adnlnrstratron 12. ---A use of
amy one of the above cl ai ms, wheF&r A tHE TL-I07TS f or nul at ed for B
afdlm ni strati on by gene therapy or transfer using either Irposones and
ammal i an expressi on plasnids, nechanical delivery -systems (gene gun) or
viral transfection schenes, |ncIud|ng but’ not- limted to adenovirus,
R9- associ ated virus, retrovirus .or: herpes slnplex virus constructs. 13.
Alphar maceuti cal conposition conprrsrng I'L-10 for use-in preventrng or
reduci ng i schenmi a-reperfusion |njury 14 : A pharnaceutrcal conposrtron of |

0 undergo a procedure capabl e of causlng |schen1a~ reperfusron |njury or
a patient who has already undergone such procedure in which
nchenta reperfusion injury has rot yet occurred 15 A pharnaceutrcal

alpatient undergorng surgrcal reparr of a thoracrc aortic aneurysntor
syprarenal aortic aneurysm 16.. A. pharnaceutrcal conposi tion of any one

| clainms 13 to 15, wherein the |schen1a reper f usi on- |njury |s caused by a
hj or organ transplant or repair- of- an aneurysnt
' 17." A pharnmaceuti cal conposltron of "any one of" cIarnB 13- to 15
erein the ischem a-reperfusion injury is caused by surgrcal repair of a
thoracic aortic aneurysm suprarenal ‘aortic aneurysm |iver; ki dney, smal |
iptestine, or pancreas transplant, hepatic or biliary surgrcal resection,
ot al or partial pancreatectony, totaltor'partral gastrectony, -
egophagect ony, colarectal surgery, vascul-ar surgery for- mesenteric vascular
dif sease, abdominal insulation during.l.aparoscopic surgical. procedure qunt
penetrating trauma to the abdonen, ..including gun shot wound;  stab -wound..
penetrati ng wound or_ bl unt abdonlnal trauma_secondary to- deacceleratlon
i NFSG0P5 A6M62d 1ISGraisstoact vehi cl e acci dent s, henorr hagi ¢ shock- due ‘to bl ood | oss,
cardi ogeni ¢, shock due to nyocardial. |nfarct|on -or car.diac farlure
neur ogeni ¢ shock or anaphylaxis. = 18.. A pharnaceutlcal conposrtlon of - any
one of clains 13 to 17, wherein the anount of 1L-1:0 is formu at ed- bet ween
0. 1 to 500 ny/kg of body wei ght . 19 A pharnaceutrcal conposi ti-on of any
one of clarns 13 to 17 mherern the anDunt of IL 10 |s fornulated betmeen 1
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