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N TLE - OF: PG

RESTEN%T‘S.’;@ELD OF | NVENTI ON 5 -1- This invention relates to the
preventlon of the narrovvl ng (sten05| s) of tubular walls of an animal after

“tthe tubul ar walITSLEaDE at i zed. I n one enbodi nent, this invention

BACKROND OF HEE %&&#N’ﬁf AT AN FORY, 155 SOV RE, MRLERLAELY.

accepted net ho(RESTEN@SISg bl ockages in the coronary arteries. The balloon
cat heter was i tally in the early 1960's and was first

“applied clinic ' 70's. It has since assuned:-a ngjor
t herapeuticSrol e in the Thisaineentian relatgs d¢oathe preventienvetshe nanromdng

Towevir i coniBRURErbE Pebular ‘?ﬁ%%é?:%‘ fival dhtes B, ooy ?ﬁﬂlsa*n‘é?%r?%ééi -

arterial rest eh@@atiéédrs Irhpae; iegebo@iment, this riﬁll"leaﬁq{g slatase tonikbe
di ameter (1D) Eexréifhoi{ bfﬂﬁ&etﬁle éﬁ&xbhf&&wlboﬁm@égﬁ . on) of
endot hel i al cells 85 caused ‘bal | oon

angi opl asty. THRao=MN t HESLRGEL Sy chol esterol bui | d-up but by
buil d up ofg endot heI i al Eﬁld(fn ﬁﬁgidj_ﬂas n;era weildel hcﬁd]ﬂedrmeﬂ'}bd @(ﬂugpemnghe

restenot o | esPIRRBRY A Rﬁeiqro%ﬁé%f%aﬁerlg?ytf?%%ayﬁoﬁéc hetef sy dnfrofuced
vascul ar snoot éxperimeataliy lis thel earle1960's and Was fisstsapplied clibicidbn in $he and
Rickards, A F. Iat%qg%? ﬁé It B?X si léssuﬁmﬁsa xh ltPeé#:e%%I%)rol@ J I?Péd'nngnt

accunul ati on W't ufren
proliferati on.offsingle and mnlhphe ae@ehmmaryeant@yndlﬁemﬂiwmgermemhﬁ Rat ed

interactiogs ofmswzbeaﬁeé)f ESigf fI@I‘éﬁ”t 18720k neRowe¥é An' %ﬁésﬁﬁti%t@a&h&r
accurul ati on of macrophages &te of qriginal tiss
narrowi ng of t$HECE td?%ﬁ%@’étr byllogn tANEIPR sﬁél actega ﬁﬁﬁﬂeﬂpéﬁap%wsso

of ce: I's i s norhiscieckhoweser tid ﬁdn@lw:hl bf itk irmérfﬂiam&nam @ﬂ’ﬂ&f hftery | t
can a1 20 occur bl PR LBl GAIRCAATBHdvell Ma B e
prior art to (retation cassedrysthe balloon angioplasty. Thus reblockage occurs not by
20 cholesterol build-up but by build up of endothelial cells on the inner wall
| of the artery reducing the inner diameter (ID) of the artery leading to an
infarct. In man, the restenotic lesion consists almost entirely, though not
exclusively of vascular smooth muscle cells (Glazier, J.J., Williams, M.G.,
Madden, S. and Rickards, A.F., 1990, J. Roy. Coll. Phys. Lond., 24:292).
25 Theild accumulation within the artery lumen is a result of cell migration
and proliferation. These two events are almost certainly due to the
- coordinated interaction of a number of different cytokines likely released
by early accumulation of macrophages at the site of original tissue injury.
This narrowing of the inner diameter (ID) of tubular walls or proliferation
- 30 of cells is not however restricted or limited to the coronary arteries. It can
also occur post operatively causing restenosis in for example peripheral

" vascular systems.
A-number of proposals have been made in the prior art to

prevent restenosis.

35 . U.S. Patent 5,087,244 (Wolinsky et al.) purports to teach the
use of a catheter having an inelastic balloon at one end thereof, where the
balloon has minute perforations and contains a concentrated heparin
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the usée of X .€atheter havi ng an inelastic battoon at one end thereof, where -~

- the balloon has ninute perforations and contains a concentrated heparin
":2- sol ution vhsehition-whisty willabe deldased ghrohgh pihef perforatisnsC 06k @etingdadn
area of the art A J . S LS. U S. Patent
5,116, 864 (Hat hgi‘\/\éfaﬁyaiegtl‘ﬂéz’i?l.q pgfr}%)lgg{'éo&’gast%g%%qﬁéerﬁpr%g{%gﬁ%ﬁbn of restenosis
in peripheral or cardiac Ussdiatant §)id6686d Gathaway etvakkpuaportsdanehilsahé on
by system c adnmppé ' SHUO i | P '
psoral en | evel srTb \%\%\@%E{Ibﬁsts mgét)hﬁ%égiﬁa?leﬁr %?g\fl’dcﬁoa{ﬁggf égF %ﬁ‘gyg}ter
5,092, 841 ( SpeaV3ascwar recanalisation by systemic iaclmindsiration off phataactivawble +
wal | injured dupksealémdbaaiasderu ' ' IRichlhibik" ' | alz
bet ween t he vvaIF an theoggngi oplgngs'tdé%ﬁﬁg%@s?gﬂltcﬁa%lwg ﬁg‘?%{r gﬁleslcz%lt §éeﬂ o
material is ent BEP¥EY and perneates into the tissues and vessels of the

arterial wall during oppagis.iPatedt 50923281 BHeazs,y].xe} Ports—to SRGeAOtHe

(Petitou et al.%}_ rpoyts to eahtﬂe use ,of new 0-,1 clak,ed_ .

ol ycosani no- ol yEFERERERt 9 an asterial wall infied;dumng angiarlasty sk Aglivering bio-

r1 (735 ; gngsi sl. 1(Ber prote&ive mmeﬂilall ibetwben the Avall @adl meCaligiﬁplasrt]jﬂ@hﬁihtléﬁgé tat .
uppl enen . D - ports, t iySC the phatnmacgl ogi ¢

rol es of hepari {nheglﬁbé)g Fétgegggg %t %‘?6%3%1 {SOQBPE@E%? ?’g‘i tspeeﬁggqa e 1350 &&%?ﬁﬁﬁ?sy

20  angi opl ast3nd \wessel3o 66 ithel acterial whll) dpringo oppositiare afhthehangieplastynew

ACAT i nhi bi ting.aRbgle, derivatives in treatment of restenosis after
per cut aneous transl um nal coronar_xiangi opl asty. WO 9208472 (. Scar borough et

al.) purports to teach t P 326275+A {Betitqy et all)purpertsderteacty the use pfisew) o-

obt ai ned f rigm éd;ﬁlkféd/?l sé&&nbigyeaﬁva&MﬁveE e SN Gfhbitidn BF Post-
angi opl asty. 20785 Bovy,et al?) purports to teach the use of cértain
operative restenosis.

Berk., B.C. et al in the J. Am. Coll. Cardiol. dated 1991 Vol. 17
#6'Supplement B, pp 111B-117B purports to discuss the pharmacologic
roles of heparin and glucocorticoids to prevent restenosis after coronary
20 angioplasty. _
WO 9209561 (Itoh et al.) purports to teach the use of new
ACAT inhibiting amide derivatives in treatment of restenosis after
percutaneous transluminal coronary angioplasty.
| WO 9208472 (Scarborough et al.) purports to teach the use of
25 platelet antiadhesive peptide(s) obtained from snake venom for the
prevention of restenosis following angioplasty. _ |
WO 9207852 (Bovy et al.) purports to teach the use of certain
biphenylalkyl xanthine derivatives to prevent post-angioplasty restenosis.
WO 9205782 (Pill, ]J.) purports to teach the use of
30 thromboxane-A2-receptor antagonists (I) in the preparation of -
medicaments for inhibition of proliferative developments in obstructive
vascular disorders ie. arterial restenosis.
WO 9118639 (GAj et al.) purports to teach the inhibition of
stenosis after balloon angioplasty, by the administration of fibronectin by
35 continuous or bolus infusion, or by direct infusion into the stenotic
region via the angioplasty catheter.
CA 2,042,159 laid open application (Ondetti, et al.) purports to
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-"bi phenyl al kyl xant hi ne derivatives to prevent; post-angi opl asty r%rstcég%/gp:’ss.s

WD 92Q5782 Rill, J.) purports to teach the Use of 30

t hr onboxane- A2-r tQr antagen{ses: (Ua..in  the preparation of
-medi canents for ?&gﬁbﬁ}q (’J‘rie-_oﬁp &gFI ngéftpvrle(v&l%\fépoﬁﬁén% pavestrral uouite)e for
vascul ar di sor depreventingrérerédaicing she miski of re‘d@n&%ﬁb%ﬁ%m(iﬁﬁiar%%ﬂas?.
purports to teach the inhikbiti S Ls after balloon angjopldsty, b
the administration _of fi blr[gﬁeégylzrglggg% gg Ebﬁfﬁhﬁé’l’:@?oﬁﬁ t9otegsh hmesned, ofor
by direct infusiiphibiting atteria} cestenesis &uyi administratienaofy Dophesylyalaay b ptslii-
CA 2,042, 159x&l ai ' [ d [:1. € ._purports t .- 3 .-
t each the usg ofa&ﬁw EIIEJFF g?};l( \?JI} zg&%:eﬁ %égf:le Hsg{rvea}ﬁvoraq% Po%{yéfmﬁ)llm acid.:.

yhie
preventing or reﬁ!id:lhﬁg e@f. sk of restenosis foll owi ng angi opl asty U. S. - =

4,929, 602 (Harker, et al. u trRt a i, it - '
.arterial restenosis by adlrhl'ﬁ'i E{B?gfﬁ_gn@g%ﬁt&ghagﬂiﬁd %F\SOFQ }g?%’hbk_&%ﬂpo.smon
ar gi nyl - bal onet FPRIABIRE & pEgstaglandin Fom%%fora&wm%momo cestenerds andn
t hereof. U.S. 4,&2@973&1-&)&5@ |, et al.) purports to teach a conposition

cont ai.ni ng prostagl andi n cqppound for the reduction of resteposis and
abr upt stenggi s. 10 EAI’qu’:ant}ﬁjff{spc,ao’ﬁ‘ﬁrei 3 COBPARY elsomed gayaloping a

d ycormed devel ofragmentrefjridepasih kthaprprevehts apterigintresteiiosis alfterebhtlonsi S

after ball oon aggllg%nél%géyy In the basic research efforts in the latter '70s
and the early 8 : é existed considerable confusion as to what role

i mrunot herapy 15 shoul d tlakthe basianresearcAcefforts iinnther lattey Vg andf the early
Rormne. and Eal k oor ane, el (aRicatle MBI 2y FHaCHAR A ABRtapy
neopl astic & sesbeuld nake imscanserni Activatiosnos thepingneet mactapiirggsswasr e
al ready activat %dgﬁt Y& e GfipB¥ant! "HoWdverS 0 a8 ekithirtatioit! BYORoERS BAd
their 20 dest i"gﬁg o(%nperitoneal macrophages obtained from patients with neoplastic
disease, there was definite evidence that these macrophages were already
~ activated yet were co-existing with cancer cells and not causing their
20  destruction. _

It has been shown by several independent investigators that
the malfunction of macrophages or the putitive block is due to excessive
prostaglandin and that this can be altered in tissue culture by
corticosteroids, ASA, and the non-steroidal anti-inflammatory drugs, i.e.

- indomethacin, and naproxen (Naprosyn™). Again, in animal tumors it
was répeatedly demonstrated that these substances could alter the
response to neoplastic cells and that various combinations of these
substances employed with immune enhancing agents could produce very
credible success in eliminating experimental tumors. Lala and co-workers
30 combined Indomethacin therapy with Interleukin 2 and showed that this

could effect a cure with experiment neoplasm.
There were continued problems with the use of any of these
‘agents in the actual human in vivo experience. All of the non-steroidal
anti-inflammatory agents (NSAID) produced major toxicity in terms of
35 gastro-intestinal, neurological, and other areas. Thus, the basis of the
| present approach is that under general circumstances the use of these

agents in human disease, in sufficient amounts, the drug will penetrate to.

e

SUBSTITUTE SHEET  This Sheet Has Boen Repiaced

L



. WO 94/07505

-'tt has been.shown by several independent investigators that t RETAGAIO0388 on
of nacgophage@ or the put|t|ve bl ock is dué®o excessive prostaglandin and
that this can be alte#hoj h.tissue culture by corticosteroids, ASA, and the
~hon-steroi dal  ARY -PREIUREMAS: lissmeigto, alter. therapenticatlyhiadad, prosiapRRk

Na roﬁ]mﬁb v t
'Eha?r?tstgggae;lrj]b)stance? nluI d a Fg %'hhem%%@gg?éﬁﬁg%?astﬁmn écg‘ngndhat
vari ous conbi nd*¥ne 8&% éSénwttheadatssxsemmm;mlnunghthmﬁmgeﬂiewcamg
agents coul d praidneqamd'mtwﬁghiﬂx&vﬁgl ne%q?dﬁ]d Hu?lﬂ%hpﬁcﬁxpﬁﬁé nt aoln.ly

tunors. Lal % and %mrkers acl n era
| nt er | eukin ORBH ameuntshran (b&]btm@hfemtoathcu edyiito emlonerthan

neopl asm Thermmm@%ms th the use of any of these agenté
exper i en e,

in the actual human in vi f t he non-steroi dal

anti-inflammatory agents 3?3 evidepre \is presentito indicae
gastro-intesti nehd Me@bmlﬁalcanabd ?d@&ila?é&aﬁtatﬂmé basis Basi Redplaktie

pr esent approan&aYélgthat nder, ener &ﬁ{ﬁ; EﬁICﬁS E se, Oé@néﬂslgFBeto

agents in huma n ’éﬂf
-4- any patlteol osymillan&smchansm eelaltésetcams fozhidtion of kosta ghirwidh2AnOna

bt her agents. diffo’asﬁ?fléﬂéétﬁ%&t%ﬁﬁm?ﬁat%xtétr 8*% ﬁ@ﬂoﬁﬁ E@@'rﬁtf%&ﬁmd"w o
produces pr ohi bS)fnthQSléer@délﬁed(h)éCe malignant’ ctooestgblish a
insufficient ar@téehanﬁ&tl d!eolBERﬁfgtbut rthe ihhtfalb&ﬂy:ﬁ ie.

b aent o | ndl G BARPRAR o FoRIETFIOTE e t“kpﬁpﬂ@n@b@&%@%ﬁ%ﬁ
neopl astic ]ssevedafONSaﬂdD&lf@t blimical Meltmpnoduced majonan ﬁo@ﬂteﬁﬂ”lﬁt Ir
el e TG it bk Y v SR e
produced by celsynthesis representscthecbasis iof ¢he 'thagenes!sadﬂﬁwdmembme,sm of
bl ocking out t g+ pthd, 2antf! YatiBul"othBFS "6F " 'dc2Palléd Cronnective tissue
inflammatory disorders and/or auto-aggressive diseases.
20 _ See also: .
1. Modulation of Immunity in Cancer Patients by
Prostaglandin Antagonists, Immunity fo Cancer II, Alan R. Liss, Inc.; and
2. Goodwin, J.S. (1981) Prostaglandin E and Cancer
Growth Potential for Immunotherapy with Prostaglandin Synthesis

25 Inhibitors, Augmentive Agents in Cancer Therapy, Raven Press, New
York.

_ It is therefore an object of this invention to provide a method
of treatment and formulations and pharmaceutical compositions for
preventing arterial restenosis after for example balloon angioplasty when

30 endothelial cell proliferation occurs on the inner arterial wall caused by
irritation to the cells by balloon angioplasty.
It is a further object of the invention to provide such
treatment using hyaluronic acid which is safe and essentially non-toxic.
It is a further object of the invention to provide methods of
35 treatment and formulations and pharmaceutical compositions generally
for preventing restenosis and inhibiting restenosis for example post
operatively in peripheral vascular systems. o
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.the macrophage. It therefore becane essential to develop a conbination 15
of . NSAI,.DS fqr <clinical use to produce a nmajofrStnprovenment in response in
neopl asti ¢ di sease and ot her- conditi ons where excessive prostaglandin

-Synthesis represents the bpgithephnHhGthea!dHHERO3 ithe ! l.sease st at
I.e. arthritis, and vari o,bgﬁgtflﬁgrag of .the &\%igfltgﬁqé‘c’)énﬁ%@ S\I}Zleﬁ?ggilézeaeby
i nfl ammat ory di sBPERANS alﬂﬁl,e gr Iy e axh §FAM8s Qvsigesummary of the invention
See also: 1. Mdxdalis&issidn W@égpéc't théxebg.er Patients by Prostagl andin
Ant agoni sts, | It 0. Cancer | A .-'3 Liss, Inc.; and 2. Goodwi n,
J.S.. (1981) Pros#>d ahlCHNYEN GG h Potential for | munot her apy

\_1_\1’]'[ h Pr os%:glsangi n Synes%ipgéaﬁsnbéb%ﬁ@_rth?t ﬁuﬁﬁer@ﬂbhya?g-g?h?hd')p h%'l‘ﬁf'c{mc
erapy, Raven Pre W_YOorKk. i.s therefore ap objgct. I's rnventi qn:
6d tseperially oraluzonic Asidand st thatao s uilh gresant senosis o

to provide a netf Fri8
conposi tions forthy duertdiagnetet ¢D)bf ireitatmdotibulaf weallsl and pasfivhiariyopreemnt

I opl asty wh 3 d | i al |, i f ' he i
arterial val I carsdenefs of e et Bl bl 48F) ShBiL the BrofiferaipR of
is a further objendotieliaheellsiasrd result of jrritatitm arising frea bativonsamgjoplasty
hval . A i : Ly SeG . ¢ _
by ect of t i | nybofier St e ng YR of Rt B fok lexfhple H/aiinic
formul ati ons anda@dandhsalts of ayaburepiss acid) senhenadmyinistered intrayeneusly or by

restenosis and ipfédtidd Mth tRa ! @I3ESHS difdict QHfEFRR BP%h\ﬂP%&ﬁéﬁﬁ%PYini Bffective
rther” and .ot her ob

vent on wi 1T FURONER SEAbY A TBkEmeTEeR trin esest of SODMEHZORBIRGS0M
sunmary of the iprents,cduring adyoradterinjiryh respect thereto. SUMVARY OF
THE | NVENTI 5 |icants belleve that forns of .hyal uronan_or
nyal uroni ¢ 4% d (espect al Y AVRPHDAF RoATmTiE 2Tl & HBmpoRiaR B &
stenosi s of ~ evolutionarily conserved and composed of repeating dissacharide units of
N-acetyl-glucosamine and glucuronic acid (Laurent and Fraser, 1991, Faseb
J., 6:2397). Hyaluronan exerts effects on cell adhesion, motility, growth
and differentiation and many of these effects are mediated by the

20 expression of hyaluronan receptors by responding tissues. Thus,
hyaluronan was shown to be able to aggregate white cells as a result of its
interaction with receptors present on these cells (review, Turley, E.A,,
1992, Can, Met. Rev., 11:21). Hyaluronan accumulates almost exclusively
at sites of increased receptor expression or in the presence of extracellular

25 hyaluronan binding proteins. Two cell surface associated receptors have
been molecularly characterized and include CD44 and RHAMM [Receptor
for (Hyaluronan) HA - Mediate Motility]. RHAMM is present in elevated
amounts on cells, particularly macrophages and smooth muscle cells
responding to injury.

30 Therefore according to one éspect of the invention, there is
provided a process for the prevention of the narrowing of the tubular
walls of an animal after the tubular walls have been traumatized (for
example wherein the tubular walls are arteries which have been subjected
to balloon angioplasty) the process comprising the administration of a

35 therapeutically effective non-toxic amount of hyaluronic acid and/or salts

“thereof and/or homologues, analogues, derivatives, complexes, esters,
fragments and subunits of hyaluronic acid to the animal to prevent

" L@ A TAY
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- the inner, dianeter (1D of irritated tubul ar \gal | s and particularly prevent
restenosi's pf¥the arterial walls by for exanpPé the proliferation of
endothelial cells as a.result of irritation arising from balloon
“‘angi opl asty 10 JIRIEPKERE: rfaithentubyiar rwaHs. of (Thyal uyamrgnpccid&iaf 9{‘%3! he
exanpl e hyal ur oniadmitiste?dd bz S dg{n'rlgg'qhur [ hd). can m ni s e
I ntravenously or@?xhygi' ect.i (?r?%lférs] t he case/g? ﬁe?g%ltg 1{1@]?:3 ﬁ’&%réblysﬂm form
amounts) in effecti Li-FRiHﬁtaﬂ is hyalwronsagdang saltssthereaf. i Thee X8RSt O the
3000ny/ 70kg per sdor®y igf' K ik Ngcidnddehirfbtededi 1y
Hyal uronan or chyal ﬁr@é’@@g c?%llqil;}{s1 a %ga&%og&cgnﬁrﬁgﬁésgy RRSMReRoARPIE
conserved and”“co pesrpenandd / 48kg personof L
N-acetyl - gl ucosanm ne and giTHGHRRFHIAIAE it aﬁbﬁw,egy? et : 1991, eh :
J., 6:2397). Hyal ur ogflﬁrgli fé_ertsaef f eg?% ofn cel.l, a ﬁesi oﬁ{eal?rlo%hlf]g)ﬁy; pgrg'g%f S
and differentiat PSRV niheqpreviepiion 9t arterial restenosis-aftar halloomeangioplasty
expression of hyahuraonRAm£¢epther spchgrsgsmmpﬂgiﬂg'sswsad liRisera ed UoNan
was shown to be %Bére t 0 .agﬁre te White cells as atrestflt 8} |'_th3
interaction with PERBSHES }Sregéém’e ST IR amayne of Axalureniqgcid andgop salts
1992, C?n_, M@ . FEeereof lAnd/9r hidmadloguesn analoguesaidesivalives) fc@rsf;ilaﬁéscle'ést;eﬁst,
sites of increas t 0 .QS extracel | ul ar
25 hyal uronan b?%(ﬁrﬁggﬁ%f gnecf)r%gb%?:\?\éos Qgﬁ?gslﬁ}'érgigegégsgggﬁg? g‘ﬂu%@e P YR e
‘been nol ecul ar | yaEiesidd crestenasds.aridnce cAgain gxafqraéﬂﬂ thenfaving Refc Byaturoinan or
(Hyal uronan) HA hybRthoai® abMY iit 'Hgbé]lurd(?hw\ﬂ\é'id Sy 93 Etthéﬁo?lﬁ{’@?gg&ggwttﬁe
on cells, particu ardl%/ g&g{jop{]ag S and.snoaqt h r]asc e.cell's responding-to
injury. 30 amourit erform af Juralurrnic AR admiRistered isheetwramabent
‘there is prol8 deti0mgp70RgSpers6h dritE aBoaY 80008 /F0k HfersSe.  THé Hradhrdri€ acid
“tubular walls of _an gnl |~ af.ter a2$ gubul %rg wal | s have .been tra W&tlﬁfd
(for exanpl e whef&'n ?héﬁﬁhﬁﬁftﬁre efozre. Jhe, procedure; {pr nexamplen, balloon
subj ected to bal angioplasiy eyl cisting or lafteprthe qroceduner (immediately dollowing) at i on
of a 35 therapeutically ] = | [Qny
and/ or salts thereof and/ glﬁﬂﬁgﬁ%}@gsﬁéhé girsléa' 5%%@&d§é%|¥#gg,mgﬁ%ng¥3&
esters, fragnentift andiquid form asyd npgiudersnitable diluentsoranther adjuyandsecas
20 required for administration. With respect to the amounts to be
administered, they may also be administered by injection preferably at or
proximate the site to be treated.
A therapeutically effective amount of stenosis inhibiting drug
| ‘may be combined with the form of hyaluronic acid for administration.
25 Such drugs may comprise any of those previously mentioned, and those
understood by persons skilled in the art. One such drug is heparin.
Another is a fragment of heparin.
' A therapeutically effective amount of a non-steroidal anti-
inflammatory drug (NSAID) for enhancing the effect of the form of
30 hyaluronic acid administered in the prevention of the narrowing of the
tubular walls may be administered with the form of the hyaluronic acid.
The addition of the non-steroidal anti-inflammatory agent will enhance
the activity of the hyaluronic acid in preventing the narrowing of the
tubular walls for example enhancing the arterial restenosis prevention
35 effect of the administered hyaluronic acid and/or salts thereof for example
by reducing inflammation. The NSAID may be an NSAID suitable for the
purposes and may comprise Diclofenac, Indomethacin (solubilized in for

y
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-~ % --narrowing of the tubular walls. (The hﬁ/al uroni c acid may be
admi nistergdsbefore, duri ng and/or after thednjury). Preferably the form
of hyaluronic dcid is hyaluronic acid and salts thereof. The anpunt of the

f1 orm 78L hyal ur oeXampdé Ndﬁefhylsﬁhnmnm)pPHoaﬁqraﬁhytﬁte %xﬁ&%&nxﬁe alt of
ny g persong J us agcording_to anot

aspect of the i nvg&?'ozl%o %c g?g ﬂ?g%#’gf\ﬁiﬁgaxerblanph& g@enﬁ@rﬁfﬁf’mts of
arterial restenodNSAID tmaybbe Iapptopm@fte)mcaeptpdj doaesh?lid@raﬁl kea@iffiéred to

S?m”‘d?,'ts'o%‘ghtygfu?ﬂ%?‘%%if%‘ B Fades HBC R o o 10 ‘of e Mgl /s of

ﬁna: ogues, deéx hvb@ ywxghb(fprterxemplee%tMg 0fN5;@fo’k§pfbﬂdiywéi )taze cliitable:
al uroni c aci e
pBr/ef erably the f{é@%&g? ya Ercolﬁlgghotré?ﬁér %ﬁ@rﬁh@ acl gfbﬁﬂ‘ﬂ:ﬁéiqe ﬁ%xaegg %atSﬁd'

sal ts thereof an@%é@@ébﬁmqmsm B arpaused; in orden to ned:mecsﬁeleffects
admi ni stered | s OfiseR By Wewds guﬁ&ﬂis&a ea"th' i dbotld Y0Rs B the
person. The hya ronlch can m, ni stered’ e _procedu

exanpl e, ball 0o 63 sltu;oaanonrr Flygluronie (¢l rmreaﬁke qumanaYebg/

fol 1 owi ng). 10he mﬁmtér‘ean% eduRe edred adlindiraatai thies bikfecdffedts’ @t‘iﬁﬂ%sgé(sﬂre-
liquid formand . ncl ude s‘gﬁt able dilu uva&ts as.

nts or other 20
required for adrﬁ‘r’i?%tﬂ?%]t tresgy tr?’F‘f"@‘jﬁg’(FF?t Bg?ﬂ’éméﬁig ¢Rression, etc., of
adm ni stered, thaimimigtration ot NSAR).ered by injection preferably at or

Ctenosis inhibiting drug fayperesfsieatitke %#J’%freﬁf §H B Revinger
for adni ni stratiand api-oxddent duchyasVitamimpr inay alag befaddedsto the:composition
mentioned, 38d tROSE, l‘hﬂ}g&' Sttffepdef?e(ctp‘?ffsqgé ﬁyihﬁ'@nw ﬁ'ﬂfd ahhd @?Fﬁi’r‘iﬁ

drug is hepar| n. Anot er |s fragnen erapeut i ca
effective anpunt2dspinistesadst §P6h09é¥1°§ﬁf ,mayﬁhq éﬂrﬂ"rﬁ? SRS MISB?H’FSOP‘ a

.enhanci ng thfe edesa gecis Viranhior @ &f scﬂ(blbll@iﬁﬂuis?mt&eﬁdlﬁyaﬂmkidﬁe ¢5 @lithou
T o A B s MO TR AT e
anti-infl anmat orradmgéetawﬂgerelmalylalsotbmuaed.l hmeoémbbélmgnﬁ theocompaesitidni n
preventing bhe Bhipritdic orrh hyaluronic acid, specifically preferred hyaluronic acid
and/or salts thereof, an NSAID, a stenosis inhibiting drug and/or
Vitamin C for administration for the prevention of the narrowing of the
tubular walls (for example the prevention of arterial restenosis after
balloon angioplasty). The composition may comprise a pluality of dosage
25 amounts from which one dosage amount may be withdrawn and used,
each dosage amount containing an effective amount of each of the
constituents.
Thus according to another aspect of the invention, the aise of
a pharmaceutical composition for the prevention ‘of the narrowing of the
30 tubular walls of an animal or human after the tubular walls have been
traumatized is provided, the use being of a pharmaceutical composition
comprising a therapeutically effective non-toxic amount of hyaluronic
acid and/or salts thereof and/or homologues, analogues, derivatives,
complexes, esters, fragments, and subunits of hyaluronic acid in
35 association with a suitable diluent or pharmaceutically acceptable carrier
or other adjuvants to prevent narrowing of the tubular walls - in one
embodiment being administered just before the trauma and in another,
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-~ tubular walls for exarrpl e enhancing the arterial restenosis prevention 3

ef fect rof the#adni ni st er ed hyal uroni c acid afid/ or salts thereof for exanple

by reducing inflammation. The NSAID may be an NSAID suitable for t he
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hel ght (7ot exanpl o 1 2y SRR Fths 45PREH G (HE ANEPREPRatIe ustvafha
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Hyal ur onan or W&ﬂmﬁeutlm dompltpm cibmg'lsfmgsmrthampelmexciﬂ éffedtives hened
to reduce and e n S C a
di stress, .neur olk%’gkcgflﬁ%nor maﬂ?? ﬁy()%%eapcrﬂeisgpgzog ?%1 tl}ﬂ‘?? [ogesn
of the NSAID. AGRA utdesavatyvafmpl@cemmrmfngmem andi Gabunits of
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corrp05| tion 15 nce f he a uronic

adm ni st er ed. SﬁE‘F?PgﬁE@ntcaﬁ’é}?r ber Lﬁf%ﬁé S@l‘ﬂﬁiﬁ% to mvgnhm;tmah IS LEnNSisis

AToUNt S are 10T ik Tteh ol o8t s A Lo A Cere Ao

ﬁan;ugl so be use%ﬁg %h §Féﬁgogﬁrém°"’ﬂfe é&%(ﬁgm% ZﬁlurEBWp?ggeks efWEeR of

hyal uroni ¢ aci daboutelfinhg (Z20Kgypenseh andeabdut H000mg/F0kg 8drs@|nd/ or salts

i i st ration for tho. or eareos ot fent e it o | AR IpietRagaprical

(for exanpl e t IROTBPESHiAN ois Sor qulou%@dmmssaabneanuaus cadministered

?P%Ln%?ihyéne;‘a?‘g%%e%ﬁéﬁ*ﬁgmgﬁgﬁﬂdr59"‘%%"-"”%%@ g P ES ©

cont ai ni ng an €l atBeint sition ois aganindstered (nmediately after the
trauma.

20 According to still another aspect of the invention, the
pharmaceutical composition comprises a therapeutically effective-amount
of non-steroidal anti-inflammatory drug (NSAID) for example Diclofenac,
Indomethacin (solubilized in N-Methyl Glucamine), Piroxicam, the (+)
tromethamine salt of Ketorolac, acetylsalicylic acid and the like for

25 enhancing the effect of the form of hyaluronic acid in the prevention of
the narrowing of the tubular walls.

Thus according to another aspect of the invention, the use of
a pharmaceutical composition for the prevention of arterial restenosis
after balloon angioplasty is provided, the use being of a pharmaceutical

30 composition comprising a therapeutically effective non-toxic amount of
hyaluronic acid and/or salts thereof in association with a suitable diluent
or pharmaceutically acceptable carrier or other adjuvants to prevent
arterial restenosis (by administration for example intravenously of the
composition). In some embodiments the amount of the hyaluronic acid

35 and/or salts thereof is between about 10mg/70kg person and about 3000mg
/70kg person. The composition may further comprise a therapeutically
effective amount of a2 non-steroidal anti-inflammatory drug (NSAID) for
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-"Thus according to another aspect of the invention, the use of a
phar magedti ga¥ conposition for the prevention”of the narrowi ng of the 30
tubular walls of an aninmal or human after the tubular walls have been
“traumatized i s pCOVEHE the arieripbiTastenpsis prevendinsueffeat of ageosdiriiAidtered
conpri sing a t hetppdutdrialacid ahHg6k 'siRs MRereo®sdenMiRER]q, O nic acid
and/ or salts thereof and/ or honol ogues, ,anal ggues, erl\'/aneﬁé,xit@@%i’@s?t

esters, fragnment &CCER@dsaBRTARTIAtEfdPses| deRIng:PY tha NSAIRsfogctxample uptto
a suitable dilueaboat1 Re\fi W Firaddagnislarts § 7
adj uvants to revegt g?@/v?ngl%f@?le t?%?lq c\,(\% Ilgl < %Iﬁgodr%(y% oéF%@%POdY
bei ng adni ni s?eré"éelﬁhgt Jgﬁ? BP%r?maﬁer%‘Eﬁ?a 05%1 ofeBAGIhEYuch greager. Where it is’;
ihrmf;di ately af }1 erclleshrecl_ttoa.nuané:;g d%éfegéﬁgldftﬁmng% ahdwtldflr 'lﬁ(rjé’r?ik%cpcl and *
yal'uronan is hyalyranic acid and sa e:.x?% 0’?\522 fxa sodi um
hyal ur onat e. ACCB?‘E?&QHFS BrRierably 8% fks Betsomme use of a 5
Ehfalr maceut i cal I conposi ti OR Ty cbhquyiﬁmgnir}jayﬁtfuﬁkwrt edtsjm@risl’eef&t eRQapeutichRY
‘bal | oon angi opl a .n_a _humap .is.pravige e being, of a ,
phar maceut i cialclb c%%gplﬂﬂc’&ﬂgﬂji g#ﬁﬁ“& &hgi a?tggﬁg ilfieajiﬁfklgglf SE3YaRBSTofr anit-
t oxi ¢ amount1®f byadantdor enhahdingnidveceffects o mn didiyaluguds acithtd pegiait
derivatives, conphgpfie; , | roni ¢
acid in associ a{%n W ﬂgeygt&?t%{arug%n%lgsﬁt %Xiﬁ&aﬂgg{); %{'ﬁ#s’eag%gét Hptadse
carrier or other2BWURtantfortexamplecevenr 68r1 00 ggamabslthqugh emsishy siiadler

form of hyal ur onagmezits aré safhpid €d from hyal uronic acid and salts thereof
~and the anount of the for T hyaluronic aciqd is between about 10ng/ 70kg
person and about 3000ng/ 70R§esmpesitien may also comprisearn, gifeetiye amaunt ohe

formof the marmnasﬁtsii.ﬁhﬁbieiﬁ?p@ﬁié,i on is for intravenous adm nistration
betfore the tra

bl oon angi opl asty) | n aABErSPRPPRIb AL CBRre TyliArRes qr pYafuronic
i medi at el y af t eacidhand mileast &oone of an NSAID,AVitarinrg, free yaididal scavenger,
aspect of the I nyaalhilant' 4% stenosis inhibiting drug.

According to another aspect of the invention the use of:

20 an effective non-toxic amount of hyaluronic acid and/or salts
thereof and/or homologues, analogues, derivatives, complexes, esters,
fragments, and subunits of hyaluronic acid,

in the manufacture of a pharmaceutical composition is
provided for preventing the narrowing of the tubular walls of an animal

25  after the tubular walls have been traumatized, the use being characterized
by a therapeutically effective non-toxic amount of hyaluronic acid and/or
salts thereof and/or homologues, analogues, derivatives, complexes,
esters, fragments, and subunits of hyaluronic acid being incorporated into
the pharmaceutical compbsition and being sufficient and effective to

30 prevent the narrowing of the tubular walls which were traumatized as for
example the arteries being damaged after balloon angioplasty. Preferably
the form of hyaluronic acid is hyaluronic acid and/or salts thereof and the
composition is in a liquid form. Preferably, the form of hyaluronic acid is
utilized at a dose between about 10mg to about-3000mg/70kg person and

35 more preferably the form of hyaluronic acid is utilized at a dose greater
than 200mg/70kg person. The composition may comprise a plurality of

dosage amounts.

ja-
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--phar maceut i cal conposition conprises a therapeut ically effective anount of
non- st erdi dal#anti-inflammatory drug (NSAI Dy 1Por exanpl e Dicl of enac,

.I ndomet hacin (solubilized in N-Methyl & ucam ne), Piroxicam the ([err])
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hyal uroni c ‘acid wgfﬂ rgRf i s between about 10ny/ 70kg person
and about 3000ny Kg per aﬁ&b{‘lliceéaa s§S|t|on ngy further conprise a
therapeutical ly effective Eousn otgenhoselacsed; dapmunai -non4sternidaly antig

( NSAI D) for 10 eiNIRi bt e tsBeTss
adm ni stered hya uronilxm @h a d?g%ﬁm titst her %flﬂggy Id}ﬁﬁeéﬁacmﬁil\lnsﬁllr%
fﬁff iSSRECRERfc @ ﬁ&ﬁ’a%’gﬁsﬁ ?‘h‘g‘ fesmbinatipns;t §

may be at accept@8€a
to about 10ny/ 70pgpviiedody wei ght (for exanple 1-2nmg of NSAI D/ kg of body

ht Th d f | .of
Gosred to use a dose. excelt Hie NBARGIRrHIES Afs Al He AR Hisal  cBprpoYtish
sal tfs t[lﬁreof pr@helualihg diduents adbmvtanZ?)Cargi Tdher rmrsers) fdre prevemtingi the
may further r
y gorrp& Svl?ngm? &I%eH}HIﬁQI% Wa}% 6?% dégﬁ{xﬁ?‘ar T ¢ £ afbldp ﬂlaﬁs‘ﬁave

ot her free radlc scavanger or ancl ng
of the formof Hiesrurttammasized mqnemezntthﬁaapm lyote i%@Vﬁusm%nm |

The Vitamn C aﬁraﬁﬁd al:ﬂi | oA SRSt thelbdH aaaaﬁﬁlnoﬁw@gé&, anRdid gues,
grans) al t hough ch small er gnounts, are,suita eb n may _al
conprise an ef f H4HYAIVES GRMRIEXES, esters, ﬁ'agmen and S yafironic ad

is administered to humans together with a therapeuucally effective
20 amount of the agent (2), the use being characterized in that the amount of

component (1) is an effective amount to prevent the narrowing of the

tubular walls of the animal and component (2) enhances the effect of

component (1) in the prevention of the narrowing of the tubular walls.

Once again the pharmaceutical composition may comprise a plurality of
25 - dosage forms from which one dosage amount may be taken.

Preferably component (1) is hyaluronic acid and/or salts -
thereof and the composition is in a liquid form (for example for
intravenous use or injection). Preferably component (1) is utilized at a
dose between about 10mg to about 3000mg/70kg person. In one use,

30 component (1) is utilized at a dose greater than 200mg/70kg person.

Component 2 is utilized at amounts effective to enhance the
effect of Component 1. Vitamin C may be utilized in amounts up to 50 -
100 grams per dose although much smaller amounts are more desirable.
The NSAID can be administered in normally acceptable dose amounts

35 depending on the NSAID. With some NSAIDS the amounts are 1-2mg of
NSAID per Kg of body weight, in others up to about 10mg per kg
bodyweight and in others such as Diclofenac, much larger amounts.
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.15 stenosis inhibiting drug. The conposition_ may conprise hyal uronan or
hyal ureni'c acéd and at |east of one of an NSAIlD, Vitamin C, free radical
scavenger, anti-oxi dant and.stenosis inhibiting drug. According to another
.-aspect of the inV¥heteothe M¢SA3SP isf used in dose excesses Jgredtee ArhwanbOBhdPthe

amount of hyal urpi I d/ |t h I
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after the tubul a}/ﬁé\}gPPsDﬁé\?g&gﬂé&eﬂggﬁ%&'[ tz}gdd‘,glﬂtg Hﬁ%ﬂ%é@ﬁﬁ@%ﬁ&@ﬁﬁ?ﬁﬁ
by a therapelli cglisaminelet acasylsadiaydici @cigounttromethaminensaltaof dKetimtbhac, -
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nits o

fragnents,. and su hyal uroni c acid bei ng incorporated into the
phar maceut i cal conpositi onAGf@TEéNgg Wuf ANOREE ~ a5Reet f oft ithe t inwention a
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exanpl e the artelegs e%%gl gar_rageg alfter 1ba}yI@oon angi opllsggt & ?gréébl%th

| ) P
the form of hyal dilygnes ééi@C.ﬂuéfWa?%erfﬁCél"écPGn%fﬁm‘:oF“?émtsOft Il"n‘éﬁra MG dcCiche

CO_”D_OSi tion i i8nd/brddhltsf ehéredtr Q@ndl /2 }horhbﬁogwésm Qf\amg’\léﬁ, odiegivativiksl S
utilized at a dose between about .10 to aboyt 3000 /7p§?y erson and, 3
nore preferably FHREPLE¥H ofSHYS Hqﬁen%i@ sS V?ﬂgea U5BRIE JCidy gpr

t han 200ny/ 70k%0pmmftin§ tecnanesvinigoof nie tubwdar sealls pofiaa hunyamwf afters sye
“anount s: - ' Is L cal:es Lt I S
preventi on of arp'leqb}dllgf Q‘?hgls.s'?g%gésj P%h@%@%%gﬁggﬁlgéﬁﬁé r%%gandgén?%d
enbodi ment s t he byameffective moncoxio smaount ofshyalusaniscacidcandonsalts shereof
angi opl asty &nd 4 ' r ivapi reghd

anot her aspect o# th‘sey ﬁtr?\;ﬁ{edni? oéé,e' atﬁ;i %séeg?g‘g? n./(a%vesfhgl%?megﬁis,ceﬁggs?dff"dggﬁglfxfg?
salts thereof a#fosukRsHitSqeés hyalurenifesaciderPeing vEBQorP%FQA(eéPtO, the

esters, fragnentshaffiflceutical composition to prevent the narrowing of the tubular

walls. Preferably the form of hyaluronic acid is hyaluronic acid and/or

salts thereof and preferably the composition is in a liquid form (such as an

20 intraveneous (I.V.) form in an LV. bag with diluents and

pharmaceutically acceptable carriers and adjuvants). The form of

hyaluronic acid may be utilized at doses between about 10mg to about

3000mg/70kg person or more and in one embodiment the form of

hyaluronic acid is utilized at a dose greater than 200mg/70kg person

25 - (especially where dosage excesses of NSAIDS are employed). In one

embodiment the pharmaceutical composition is for prevention of arterial
restenosis after balloon angioplasty in humans. The composition may be |

" administered before the balloon angioplasty and/or after. The

pharmaceutical composition may comprise a plurality of dosage amounts

. 30 from which each dosage amount may be taken.

According to another aspect of the invention, a
pharmaceutical composition is provided comprising (together with
diluents, adjuvants and other pharmaceutically acceptable carriers as and
if desired);

35 _ (1) hyaluronic acid and/or salts thereof and/or
homologues, analogues, derivatives, complexes, esters, fragments, and
- subunits of hyaluronic acid, and
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-subunits of hyaluronic acid, and (2) an age é\ selected from a

non- st er éi dal #anti- 10 mflamratory drug (N%I‘ a stenosis inhibiting
drug, and Vitamn C, free radical scavenger and antl oxi dant and
~"conbi nati ons thereof i-s pr)i dec i agenb seledtedt Uferof aa @@ﬂrﬁéﬁ@i‘atallcadntl-
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effective 20 anpaif SRNby ( SRGLRC t
t he amount of Caﬁgﬁeﬁar’aﬁf‘erl S a% e%) ggftelt?ﬁvﬁ%ﬁ)orﬁﬁdﬂ?g pr eve%ph?ﬁgﬁr?ggkr %VVI&%I’]Q
of the tubul ar OB f S@hé theref and/ @éngm@ﬂ logues, camalogaes: hdervativesof
gggpﬁnfﬂte é ﬁér Irmn,ccderﬁ Ilécsgél%vg)strtr%%glm té‘a&ﬁ&\’\@ﬁ"ﬂuﬁftstc’fol’e H%k'o@ﬁcV@éHSbergc
i se lura)i

For 1 om iy CHGREPAFAEGe bR e FaBesIEARL fOEBMte Mgy A0 RGTAREHECALl

} S hy?:c uronilg alceﬁﬂ?amu Q{m@ﬁhf oft i agbnan(d),t te prevpnsithe G:Imblgﬂat rwall$ i feohnd
orm (for exanple for .intravenous use or ec s
(1) is utilized DRII%I88e \ﬁBg}P%ﬁﬁF ‘36’#@ %'ag{%ﬁfl ‘SO%/ %&S"‘O‘gg gﬂ
In one use, 30 component ({1l)s ian effettivedmount topreyenttie rtaraowg mf/ thekg
person. Conponen,pg s R&Eélé b?%ge %5}1&"5? cht}?é &tduritCot Qof@%ggﬁ? qggnﬁ%?&t

of Conponent 1. Vitam I N anounts
per dose al t houdi er’rﬁffﬁCtsﬁélqoélﬂPMn méhm}?f@v@@gpﬁa‘bﬁ the mrmmgaqfaﬁhebe

admi ni st er edsi N MGUIR WalRCCPRéRBAKTY d&ﬁﬁ aﬁawu? xaal%eﬁg?e:g&m Qhd Mt salts

werght, 1 n ot nertbeERPt g‘géngﬁaegD’@%}' ﬁgrhwa BBUAERET 20HPTSieBOREAS. & jiqHis
Di cl of enac, nuc fﬁds’al‘gﬂeformhsas an - Mteaveriows févét P1.Vs Bagdd The danrposition
- excesses (great eI;lajé}nBleJ "ha ehan bifk and subsequently put into individual dosage
. amounts. The composition may be packaged such that : plurality of
20 dosage amounts are carried in a container (storage container or reservoir)
from which each dosage amount may be withdrawn when needed for use.
In some embodiments component (1) may be utilized at a dose between
about 10mg to about 1000mg/70kg person. In others the dose amounts
may be up to 3000mg/70kg person or more. Preferably component (1) is
25 utilized at a dose greater than 200mg/70kg person where dose excesses of
the NSAID of component (2) are utilized. In one embodiment the
pharmaceutical composition is for prevention of arterial restenosis after
balloon angioplasty in humans and may be administered before, during
and/or after the treatment.
30 Component 2 is utilized at amounts effective to enhance the
effect of Component 1. Vitamin C may be utilized in amounts up to 50 -
100 grams per dose. The NSAID can be administered in appropriate dose
amounts depending on the NSAID and if given in excess amounts the
amount of the form of hyaluronic acid preferably exceeds about 200mg per
35 70kg person. Suitable NSAIDS are Diclofenac, Piroxicam, Indomethacin
(solubilized in N-methyl glucamine), acetylsalicylic acid, + tromethamine
salt of Ketorolac, naproxen and the like.
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- normal | y accept abl e dose anounts, the amount of the form of hyal uronic acid
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Ihyal u(rjo][u c acid and/or sal By whgrebexampleraricd tabillustrate ¢berp‘aenlitabun|<$f th[E a
i qui or ms{asuc, 0

di luents an bsha@?rnlg‘?:e(a P%gfﬁ&)gggg?fa agﬁ%&é%a\r{rgoeéglgngpa?%u%%f! b%ewh

of hyal uronic acd Ohail ise lnulectédze@lraﬁﬂﬁom e tGABERT ammora@mgl tS@nﬂg;aphlc

3000my/ 70kg per tr%ogﬂa? A38sdref§s ex&‘iﬁaé' ri?rlE ﬁb@ dispersed tCthe
acid is utilized at a dose eater th erson (es ecially
‘Where dosage excaimes ‘NS 6&&910 @admﬂ&ﬁ%%ménw&larmo #‘ecarned
pa Sﬁﬁeﬁhgfa' W&“‘%"Sﬂn‘é'ﬂf‘d ‘”“d“’é‘ﬁvﬁ(}?’: e ol oL
the bal | oon ngﬁaﬂy%t#’ﬁﬂafgﬁteéfﬁ'@r 1spepsionaf ﬁ%&gﬁwcgﬁnogf?%ﬁ%?e‘fgkb%euo ¥
corrp[)i s;a-az;eﬁl ukfglrl%f (;f ;:Iosage anounts 30 from which each dosage anount
phar maceut | cal conpost U o Huit, AP Boskis (YRR . yalesgnic acid
adj uvants and otfael ltiﬂﬁ!arth@c@aﬁll@fla}“bé‘@bﬁ?@bléPEBFﬂ“’ér inventigrymay be used
gﬁg} (r)trad) 35  as described( iprespe@ivE Gt ¢he &dttlal aRetid Sof loperhtibheet the
' 20 hyaluronic acid and/or salts thereof and/or the homologues, analogues,
derivatives, complexes, esters, fragments and sub units of hyaluronic acid
with the NSAID, stenosis inhibiting drug, Vitamin C, free radical
scavenger, and/or anti-oxidant. |
The combination of hyaluronic acid and salts thereof and
25 other forms with different chemicals and drugs (for example Vitamin C,
NSAIDS, stenosis inhibiting drug, etc.) alters their distribution and
performance in the human body and produces an unusual targeting for
underperfused tissue and/or pathological tissue. In this regard the use of
ascorbic acid (Vitamin C) as a free radical scavenger (50 gm daily - 1000
30 times the daily dose in therapeutic purposes as a Vitamin) administered
intravenously with 300 - 500mg of hyaluronic acid (sodium hyaluronate)
reduces inflammation. The hyaluronic acid enhances the effect of the
ascorbic acid. ‘It is thought that this enhanced activity eliminates the free
radicals by acting as a free radical scavenger.
35 . A similar situation occurs with the NSAIDS. As a major
amount of soluble indomethacin is required, the chemical product was
solubilized using n-methyl glucamine at a dilution of 5mg/mi of n-

SUBSTITUTE SHEET

'I‘hxs Sheet Has Been Replaced

AR I




S R - ¥ ¢ PCT/CA93/00388

- "honol ogues, anal ogues, derivatives, conplexeg,_esters, fragnents, and
subuni ts “of : hyal uroni ¢ acid, and - 12- ( an agent selected from a

2
non-steroidal antim.linfiammmst or X .stenosis inhibiting drug, Vitamn
-'C, an anti- o>r<]i d%?@&déﬁ%&“ﬂﬁg@g’fég cé@’@ﬁg%ﬁbs e;g}éln%’ieﬁapas%nsl thgreughf afay
preventing the rmicroni Milipére-filtet tbpraducebtesility. aFhib maBkHIPLs 2bL55xi8
tubul ar walls h ti Lhe .conpaosition. hein caracterlzeoléb
an effective noflfgs oglﬁgr}g%%ﬁémb‘f éﬁgiﬂ{]rwqgm? Q?’fd%? rggﬁ%wtd-‘»etrmderEd Y
I bl s o ar e e con e SThas, Iecid AR IRBi red
. i . N¢or por. i nto the conposition

t oget her wi iR z%ﬁt ﬁ@?@@eu I%#%R%Q?eequ@t ?\}"é’qéﬁmﬂﬁr}l%‘ftst H@ffa?gfzqﬂoqsiy, Qaro::
oo b e S 1T 0 e e of

| Vv u o}
prevent the nar :ﬂg;%:ﬁ% hol?&?'hg S}%c;?f eErZ %ﬁiﬁ#@;g%ogﬂéu k] HRPIISS
conponent (2) e er texamypliee CLifelfo 0 urg¢dic acidt [sodiuny diyalaroradftel)he
narrowi ng of they; t L r . 3 ' | .Uy oni_c
acid and/or _sal fdsli"?‘ﬁgr eoﬁk%ngﬁlr‘g% esrggall'gtlt")g;rti gdm%@g{%%%né%% me%g‘é%rg’ﬁl y
in a liqui dl@os&¥amplertheudiifeorafi'| hyahvenimmdorﬁvélpmdmg)an Fppropriate
conposition ma ign I ; u j gYa TRYA 5
amount s, The. oo meeliie dndci!be A% ALSERA Siely L any R eTSUeS, OlsindaR0®
dosage anounts &HBIC strdiesi haye besnAong wléhd%g‘ér%ﬁta&%@regar%g& other)

from whi ch each methads, a8PeRirafBonbeThi bkgacted MatsridleRdrdistitors o Use frNe
enbodi nents conponent ﬁ;lmay be utilized at a dose between about 10ng to

about 1000ny/ 70&5 ﬁé’FQ In others the dose anmobunts may be up to
3000ng/ 70kglper son or nor &hu¥r efhenaih \NSABD oz rexafriplei inddmethacin ¢didsclved

dose Srcater o RO TOLOARIRET BN RENDE A NI Grhe
conposi tion is than ge@mgnyalnrenicacidfonl - 2emgdkghadyameightef theoNSAID (in
angi opl asty in BHBEGRStad HRoREhANH Rha! RMG),PR6 Ghjor Mekidgide effects occur
such as gastro-intestinal distress, neurological abnormalities, depression,
20 etc., even at elevated amounts of indomethacin (if necessary). If the
amount of hyaluronic acid is decreased below about that amount, the
usual side effects may begin to reoccur. In addition, the responses that
have been observed are superior when the NSAID (for example
Indocid™) is combined with hyaluronic acid demonstrating clearly that
25 the combination is now "targeting" to the tissue when administered by .
the systemic intravenous route. Thus, it has been observed that patients
when receiving in addition to other chemicals (for example ascorbic acid
[Vitamin C], 50 - 200 mg NSAID - hyaluronic acid (sodium hyaluronate)
(for example indomethacin and hyaluronic acid) experience dramatic
30 relief of pain immediately. Thus Applicants believe that the addition of
the NSAID for example with hyaluronic acid (sodium hyaluronate)
prevents enzymatic production of prostaglandin synthetase which blocks
macrophage functioning. Thus the hyaluronic acid (and salt and other
forms) not only enhance the activity of the NSAID but also reduce any
35 side effects and toxicity that is associated with the use of the prostaglandin
synihesis inhibitors. '
The hyaluronic acid and salts thereof may be utilized at

—
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~and/ or after the treatnment. 30 ' Conmponent 2 is utilized at
ameunt s’ ef fectTve to enhance the effect of CodPenent 1. Vitamin C may be
utilized in amounts up to 50 - 100 grans per dose. The NSAI D can be

‘a0 ni stéred | n apamyimg does dotC taTO0D g APDARTHBGIRN ALSHISADAMicly, he

gi ven in excess t he amount of .the form of  hyaluronic

preferably exceeﬁﬂ%%ﬂfc Eétfﬂgcaﬁbro%??u%kge p%&@b‘h‘?tesadt&blae duisel ©geas o for
Di cl of enac, Pi r oxéxaanplel 3000nmighJ0i kg iradivididl) wdthou aHyfq%Na%e ghpgam ne) ,
acetylsalicylic acid, [err] troget ham ng salt _of Ket,ofol.ac, naproxen and
the 1ike. _13- When the OR%pderm of XPrﬁFPé‘é% 45ida gBAY oz esales edherpoin (for

NSAI D, .s-'é enosEsdimmpie' ngodiu éél't}fim'uﬂdCihdmeboglaéﬁ,c%:na%gﬁﬁ@,gedehﬁ(}gtives,'t};
Pyal uroni o ac - SRBIEx ST, FAEReniSREH S RN ER dabsrorin aF s eterbly
de_rijvalt i vefs, _clcm'd'l)eadasonksaﬁdsamﬂthsFmd,thamdfosuﬁa&iﬁmajr_t@se)b\;ihyakp Hedret's
acid also facilit; . transport of,. e sit irritation
to enabl e the age"ﬁpsﬁggggﬁ&ﬁa‘#&? HBPBB%@Ya ﬂ&g; gg‘gghfg?@fcazﬁ&f?ﬂéﬁﬁ' 6{"3
cel I's) which togemehriraction ek Somé weal of Sodiesm Mylaéuronaes Raingy/asl (300sigy.vidly
vay of exanphg and s0okdy UPhe Sbudd hylatdrdia Ao is'd Sl bl WM"Y nidan
ransport of a chemcal ‘fo a Srte in-a nmamral, en ethyl alcohol "1's” "
i nj ected direct| Rvieaage anolesudar weight ofalposid & thi dheufractiopualgp contains
assessment | s Mdgaterig 4. Shkh Al EfiE Hdild sHaMetile! iRCadcifince AR HRUS.P.

et hyl al cohol to _be admnistered rnto a gunor, js rried by hyalurqnic agid
and/ or salts thef@hfinjecsiasyfapRiuiationsss ‘ﬁt"lﬁjfs ng‘murqfﬂﬁo?g‘gdéﬂggﬁ rséti‘éss
the d: Spersihon ofthéfeof ehiy beadazpiedl int 1 Tepe iobbrdstiicate glass Wk tloséd blyi £ bty
postul ate t t

Applicants i %en?ﬁ%@%‘&*‘%@‘l gggchgg;%géc“lr'#ﬁtetﬁgicbggegé%%?i%s%%ﬁl?tnﬂedglclt \ngry,
met hod of operation of the Bte fragtidrurafnhyahuonicagid rarsd ars salter thefreafh ¢foor
the Egimg'sOggeﬁ,yagggigg;?rcée;scqgﬁdw%fahéﬁesan&anh%n%gue%,st §haloguéd) Tl¥riviides,
complexes, esters, fragments, and/or sub -units of hyaluronic acid,
preferably hyaluronic acid and salts thereof may comprise hyaluronic acid
20 and/or salts thereof having the following characteristics:

a purified, substantially pyrogen-free fraction of hyaluronic
acid obtained from a natural source having at least one characteristic
selected from the group consisting of the following: '

i) a molecular weight within the range of 150,000-

25 225,000; )

ii) less than about 1.25% sulphated mucopoly-saccharides

on a total weight basis; -

iiiy less than about 0.6% protein on a total weight basis;

iv) less than about 150 ppm iron on a total weight basis;

30 v) less than about 15 ppm lead on a total weight basis;

vi)  less than 0.0025% glucosamine;

vii) less than 0.025% glucuronic acid;

viii) less than 0.025% N-acetylglucosamine;

, ix) less than 0.0025% amino acids;
35 : x) a UV extinction coefficient at 257 nm of less than

' about 0.275; _

xi) a UV extinction coefficient at 280 nm of less than
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‘Wi th the NSAID Stenosis inhibiting drug, Vitamn C free radical '
scavenger, an#l/or anti-oxi dant. The conbi nati*8i of hyal uronic acid and
salts thereof and 25 ot her forns W|th di fferent chem cals and drugs (for
“exanple Vitanmi n C, NSAI DS, st enddogt 025 pnd; ng drug, etc.) alters their

di stribution and perforrrane@l in h PRIy NpU

targeting for un rf used, );I sséugﬁgnd/tglr rpgﬁﬁo ?}dt ] SZL?a Pf#éf#?alé’ the

regard the use o QF‘IB‘f@C 1% mived S U)at%?saﬁ fqhé raetivn @f hyedusorgerac(d0

gmdaily - 1000 ﬁacnbnrm 4 RRedinhvera @&ﬁole@ula'i‘%éig%‘t'tvhﬁxﬁuﬂﬁor:ag% e%F B0 00-
u |

Vitam n) admnis ravenousl c acl
(sodi um hyal u? ongié@&? %Ef-f‘spf%fﬂ' Cu‘i’ﬁé’f}ﬂ}éﬁqgf‘lfﬁF acigrempaisen et teashe

effect of the asenebilaraeietistic sél&cfeldomﬁﬁ fHakréd thccﬁi%m SfaHd Yélg%wing ;
ellmnatesthefﬁﬁe rg?d_bs%gls by acting as a fr di cal venger.

A simlar situat Swi th the NSAIDS. As a maj or amount of sol uble

| ndomethacin i s required, §he cliagitigh bowduch sudhaelAukbpelsaaisies on
n- net hyl gl ucam ne at a di l'ution yl gl ucan ne

(NM3). Thi's substance is then p5§9é&v¥na8g1hg??‘% 22 micron Mlipore filter to
produce sterl@ity . This rmt)erl ddssithamabotdBid% proten Ohfarwmll\ﬂvbigmrbisis | ter

herapeut ¢ dose | n’ ani mal Biln ﬁ#s%?*wlgovﬁaéé’éb%a Bongam SRPLYIBHE Bavivas o
to be used in human condi tno)ns lesh than khoet 10 PR tdadbon a el Sveight bagiss i s
adm ni stered to hunman pa%ent &Sg%gﬁ\agjmosggw 1 séﬂg_‘.%eavascul arly at a

varyi ng dose up to 10 ng/ kg.where eac . orret acin is conbi ned
with for exanple 200 - 100&)!‘99 ofesh p(ﬂ’rﬁé/‘aﬁﬁ“ﬁum@ﬁaé inpl e

"LifeCore[erys] " hyal uroni cyfgi dléssQHmmmwwaeé t9lgluebdautiag; i n the
original solution of i nd_orrgt aci n %‘ % é\g for la exarrpl e the
"LifeCore[err]" hyal uroni cVdti o'®§ an 006160 %amyne, ac Spriate mixture and
can be admi ni stered saf el yxpy ammfextlhe’aonu:befﬁmérﬁl ati 253 rnml ofrllessithat udi es
have been done wi th hyal uronic ‘ﬁ afpar ed by other nethods, i.e.

extraction. The extracted mater] I"'S’satisfactory to use f or
xi) a UV extinction coefficient at 280 nm of less than 0.19;

20 and
xii) a pH within the range of 7.5-7.7
Other forms of hyaluronic acid and/or its salts, and
homologues, derivatives, complexes, esters, fragments and sub units of
hyaluronic acid may be chosen from other suppliers. Applicants propose
- 25  the use of sodium hyaluronate produced and supplied by LifeCore™
Biomedical, Inc. having the following specifications.

il - | Specificati

Appearance White to cream
30 colored particles
Odor No perceptible odor
. Viscosity Average < 750,000 Daltons
35 ~ Molecular Weight :
UV/Vis Scan, 190-820nm Matches reference scan
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“intravenqus.] 15 Thus when an NSALD for exanpl e i ndonet haci n
(di ssokved ¥n¥n-net hyl glucam ne) or other NSA Dis adm nistered with
greater than 200ng hyaluronic acid for 1 - 2 ng/kg body weight of the NSAID
“(in one instance indonmethaéin and NM5, no major toxic side effects occur
such as gastro-intesti @i; 2808t €ess, neurol ogi cal abnor naLidi'seé)D%ﬁ)r essi on,
20 etc., even at elevated anmounts of ‘i ndonethacin (if necésSsary). *Ff t he
anount of hyaluronic acid is decreased bel ow about that anount, the usual
side effects may begin ligG8ade ShRsidigiiyt i on, the res t e
been observedgare supeIr-Iltygr when t he NSAIGKE?yt(fo-r exanpl ep?ﬁﬂgzed%%??{q?gi S
conbi ned with hyaluronic acid denonstrating clearly that 25 the
conbi nation is now "taliyStamg" to the tissue when adm nipfaedad Rfeidie
system c intravenous route. Thus, it has been observed that patients when
receiving in addition to other chemcals (for exanple ascorbic acid
[Vitamn C], 50 - 200 pi, Nimgldg-sobydbdmr oni ¢ aci d (sodi urd.py@lguronate) (for
exanpl e i ndonet haci n and hyal uroni ¢ acid) experience dramatic 30 relief of
pain i medi ately. Thus Applicants believe that the addition of the NSAI D
for exanple Wt h hyal Water acid (sodi um hyal uronate) pr85% emaximvunymat i c
producti on of prostaglandi n synthetase whi ch bl ocks nmacrophage functi oning.
Thus the hyaluronic acid (and salt and other fornms) not only enhance the
activity of the NSAI DIS@teidl so reduce any 35 side ef f ect@3ancgfmgiNaHy
that is associated with the use of the prostaglandin synthesis inhibitors.
The hyal uronic acid and atlts thereof nmay be utilized at varyi ng doses -
10 to 1000 ng/ 70 kg péﬁ“é%?ie As there is no toxicity, th& H@mag/imgNakiy
can obvi ousl 15 be adnministered in a dose excess (for exanple 3000 ng/ 70 kg

i ndi vidual) w thout anry. Qv e form of hyaluronic acid

and/ or salts thereof ‘0‘3&5%&%?3#‘)%%@% salt) and honol ogues,

anal ogues, derivatived&s cofgd ex€s, efiers, €uagneRes, aPfd sub Hgits Nfi
~hyal uroni c acid, prefgpabl g dyalsy onijggaci dggd s3 hs anf ot herﬁgg sué babl e -

for use with Applicants

20 Microbial Bioburden None observed
Endotoxin | < 0.07EU/mg NaHy
Biological Safety Testing Passes Rabbit Ocular
25 Toxicity Test

Applicants also propose the use of forms of hyaluronic acid
described in the prior art. '
The following references teach hyaluronic acid, sources
30 thereof and processes of the manufacture and recovery thereof.
United States Patent 4,141,973 teaches hyaluronic acid
fractions (including sodium salts) having:

“(a) an average molecular weight greater than about
35 _ 750,000, preferably greater than about 1,200,000 - that is, a

limiting viscosity number greater than about 1400

cm3/g., and preferably greater than about 2000 cm3/g;
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-invention is a fraction suppl i ed by Hyal Pharrgceutical Cor poration. One
such fraction4s a 15 m vial of Sodium hyal Ut'dhate 20nmg/ m (300ng/vi al 10
- Lot 2F3). The sodium hyal uronate fraction is a 2% solution with a nmean
-average nol ecul ar wei ght  off)aboatprofsn @oaterktaf lﬁssaﬂtanth%lb}ovm @i ns water

.5 which Ts triple distiided aNfapitsd ligh wAGIBIAANGE Ji1b) Lie LS, P

for injection fornulations. "The acid a
thereof may be carried. in Sodijm hyalureratei %i@sgﬂl"éslﬁﬁldl 257 oerdniatess

butyl 15 st opper whi ch dgpaz,rﬂﬁg dMédy tepanc NG ent szgq hgﬁakﬁ%%The

fraction of héal uroni c aci alts thereof (for exa I t)
and honol ogues, anal ogues, W@é’ﬁﬁ%thves conpl exes, esters, fragnents, e

and/or sub units of hyal urgyic @qhgﬁmahefﬁrsa@gl I@yad qp/pg tﬁﬁ'# dfaadigal ts
t hereof may conprise hyal urom c acl ?)X eo ﬁaw ng the
fol | owi ng characteristi cs: N¥alygpnatesin ml&ﬁﬂqﬂlb‘éﬁ%ﬁygﬁﬁr ftham abeutt i on

of hyal uronic acid obtai neﬂ)dﬁ Oﬁéﬁtlsﬁikﬁsm gﬁ‘@f'éz“afbl?a\gtr@ﬁte%t {Rast 100
characteristic selected fromt e_group consisting of the followng: i) a
mol ecul ar wei ght within th"ee’}b‘ﬁ@égsof 150, 000- 25

225,000; ii)10 less than afeput d .rRSMrsoplibdlt estativaopblay0dacaha% dodian a

basts: TV Tess than abdif ﬁgwgra%tfﬁ@hn" R BloEaCh s fer, G s "R
v) less than about 15 ppﬂnlI)ééa:Bdngseet otcah Maokm(ofb@sa avide) theasuretan

0. 0025% gl ucosam ne; Vii) a¢l ZRSnis e&r 25% gl ucuronic acid; viii) less
than 0.025% N-acetyl gl ucosam ne; . T'ess than 0.0025% ani no aci ds; 35
X) a W extinction coef fltki edo é%ﬂ@?aﬂhﬁéﬂulaés@ft trationpefithe vitreous ) a

UV extinctiolb coefficient fid gReri6P @arhB&S rid'Adre in HeCaduddbud huM, no
| haze or flare in the vitreous and no pathological changes
to the cornea, lens, iris, retina, and choroid of the owl
monkey eye when one milliliter of a 1% solution of
sodium hyalurbnate dissolved in physiological buffer is
20 implanted in the vitreous replacing approximately one-
half the existing liquid vitreous, said HUA being =~
(g) sterile and pyrogen free and
(h) non-antigenic.”
Canadian Letters Patent 1,205,031 (which refers to United
25 States Patent 4,141,973 as prior art) refers to hyaluronic acid fractions
having average molecular weights of from 50,000 to 100,000; 250,000 to
350,000; and 500,000 to 730, 000 and discusses processes of their
manufacture.
Where high molecular weight hyaluronic acid (or salts or
30 other forms thereof) is used, it must be diluted to permit administration
and ensure no coagulation or interference with body function.
One formulation of Ascorbic Acid (Vitamin C) injection USP
is manufactured by Steris Laboratories, Inc., Phoenix, Arizona, 85043
U.S.A. and comprises 22 mg/ml (equivalent to sodium ascorbate 250
35 mg/ml) in 30ml, 50ml, or 100m! individual containers, 30m! size being
preferred.
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cXii) a.pH within the range of 7.3-7. 9. Pref erably the hyaluronic acid is
mi.xed with wafer and the fraction of hyalurérid®ec acid fraction has a nean
average nol ecul ar wei ght within the range of 150 000- 5 225, 000. More
"preferably the fBRIEFdDESCRIPTIONOOFCTHE DR s at | east one
characteristic sel ect ed fr th consi Stl ng of, the foll ow ng
characteristics: I ess%ﬂfg ajb%f g%‘%?ﬁ pWETF® dUREeHtakens doc ilustrase oan a

total weight basemboﬂiment of the mvennbh and afalysisadf aénilts &é%\ﬁh%@d n%(?ﬂe
total weight bashﬁ hé‘m: Iess th bout 100 ppmiron on a total wel
basis; iv) Iless ?‘}3 ad on a total weight basis; v) | ess

than 0.00166% gl ucosani ne; Fvgv.)re leeﬁtatlhslplﬁt@gﬁ@hsgiﬁmumﬂl &n@%hﬂm dPerated™:
vii) less thant%tgﬁ??% N-acetyl gl ucosamne; viii) less than 0.00166% am nq
acids; x) nction coefficient at 257 nmof |ess than about 0.23;

xi) a W extinction coeff Figieet2 dlustfiesin gtaphéermrEHAMM;(Bé&ptor for HA

d H d
) 2 D Rl @&%@fedo@ tf) Shpressicl MR A ARG 50 0
‘and sub units of hyal uroni El@.meoB rcayltamsqﬂ‘tﬁegrﬁp tMMophdehjsaluronan
AppY Fcants piooposgoréssioh Uadoth madie BelldXH thettitbBdPirte 8 HARIAALP BidiF

by LifeCore[err], Bi onmedic aving the follow ng spe |ons
Characteristics injury. Speci fi cati on Appearance
Wite to cream 30 Figure 4 illustrates in a bar graph the effect of RI-LAIOI.M OFR(

{)fﬁgggg: S f, %g; agl%mdlng [Hyaluronan-(Hyaluronig 45’61)'055‘%%5? %rﬁggggs (46019210f) and
Mol ecul ar Wi ghtanfi"Rliamfic amtibddy ®20the Chemotaxis of Mddrbphager edlbriimeseto
scan 15 complement (C5a).
Figure 5 illustrates in bar graph form the effect of RHAMM
HA - Binding peptides (401-411) of the chemotaxis of the neutropl'ules to
IL-8.
Figure 6 illustrates in bar graph form the effect of RHAMM
20 HA - binding peptide 401-411 on smooth muscle cell migration 5 hours
' after wounding.
Figures 7, 8, 9, 10, 11 and 12 relate to the article entitled
“Neointimal Formation after Balloon Catheter Injury: A Role of
Hyaluronan and the Hyaluronan Receptor RHAMM" whose contents are
25 reproduced from page 22, line 24 to page 36, line 31, of this Disclosure.
Figure 7 are photographs of endothelial and smooth muscle
cells of cartoid arteries of the scarified rats used in the test.
Figure 8 illustrates the expression of various isoforms of
RHAMM after specified times.
. 30 Figure 9 illustrates the Distribution of Hyaluronan.
Figure 10 illustrate "THE EFFECT OF RHAMM HA-
BINDING PEPTIDE (410-411) ON THE CHEMOTAXIS OF NEUTROPHILS
TO IL-8". .
Figure 11 illustrates "THE EFFECT OF RHAMM HA-
35 BINDING PEPTIDE (401-411) AND ANTI-RHAMM ANTIBODY ON THE
CHEMOTAXIS OF MACROPHAGE CELL LINES TO COMPLEMENT

(C5a)".
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~ 0D, 260nm < 0.25 0D units Hyal uroni dase
Sensitivitys © . . Positive response 5. ‘I?@'Scan
.Mat ches reference pH, 10rrg/Ig sol ution 6.2 - 7.8 10
1

Wt er gure 12 illustratesxEEFECT 0DFi RHAMM HA- BINDIIE

<03 ncg/my NaHPEPFIDE 401411 ON SMOQTH MUSCLE GELL @ééﬁ&ggﬁ\?’
15 He Met al
N 2. gvy5 ota5so%guw@md IN(§.0 10.0 10.0 5.0 20

M crobi al Bi oburmF_Dgxlmgu N OF y Endot oxi n

< 0.07EU ny Bi ol ogi ca est| Passes Rabbit

Ccul ar 25 fOl owmg experiments were condtctedei ty Test s
Applicants al so propose thqm%&’olﬂfts fv@éﬂ@aﬁéstﬁ!ﬁk&? UYNSL pafbdnd Eﬁgfdﬁ%‘z 8’65

the prior art. The IIo Wg referenf\es t uroni c_acid
" thereof and procdeEIRE therur adhar rabhits m&rsvgegfuwér\e@ hydlurenan (5

States Patent 4, d/MlBof b&ﬁﬂé?%ldh@hﬁd qmwamu FGERNRabbIS 'vu&e%cﬁﬁﬁéa’m
sal ts) having: qu_ m) ecul ar wei ég ater .than about

750, 000, prefera yzgf‘%a¥€ Mg 5%"06‘?1‘1{}’2%}&?5(5'@ tid ; arseries; werey Pﬁ?@qsys@df
‘viscosity nubBer }'&totdi ahtiaeriabGel0 LADGectidrer wete take@nfbrFﬁﬁEéésih Y S¥cEigher

t han about 2000 err F‘??%\)”Hpepemaéﬂ%}?%%s%rrﬁﬁﬁ tei n@%&&)l e .S th%'n

0. 5% by wei ght; re S
sodi um hyal ur onaSectufnsI efsesadhhtreatniert WEIQEﬁalgrzedmet ers

The results of the analysis is described below with respect to

the Figures.
15 Figure 1: Injured carotid arteries show denudating of the

endothelia cell layer and adherence of white cells (Figure 1A). White cells

stained positively for RHAMM relative to IgG control background (Figure

1B). Carotid arteries that were exposed to hyaluronan (Figure 1C) or sham

operated arteries (Figure 1D) show intact endothelial cell layer and do not
20 exhibit accumulations of white cells.

Figure 2: Western transblot analysis of RHAMM
expression by carotid arteries. Carotid arteries were homogenized, the
released proteins were electrophoresed on SDS-PAGE and the presence of
RHAMM was detected with a mono-specific antibody. The presence of the

25 antibody was visualized with chemiluminescence and the relative
amounts of bound antibody were quantified with optical densitometry.
Operated animals displayed an acute, large rapid increase in the presence
of RHAMM. Levels of RHAMM had dropped by 5-6 days after tissue
injury. Sham operated ammals showed no increase in RHAMM

30 expression.

Figure 3: RHAMM (Figure 3A) and hyaluronan (Figure 3B)
expression in smooth muscle cells of the carotid artery 4 days after their
injury. RHAMM expression on white cells elevated immediately (Fig. 1)
while RHAMM expression on smooth muscle cells was increased later

35 and concommittent with the initiation of their locomotion. Smooth
muscle cells of sham operated animals did not show a similar increase in

the expression of RHAMM (Figure 3C).
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"RHAMM expression (determined by a method of detection

named Western transblot analysis using mono-specific antibodies to
RHAMM (Turley, e.A., Austin, L., Vandeligt, K. and Clary, C., 1991, J. Cell
Biol., 112:1041), revealed an acute increase in expression of this receptor

20 that was detectable by two hours (Fig. 2), a time frame during which white
cells were observed in control animals to adhere to the endothelium (Fig.

2). [For a further discussion of RHAMM see the article “Identification of

Two Hpyaluronan-binding Domains in the Hyaluronén Receptor
RHAMM", Baihua Yang, Liying Zhang, and Eva Ann Turley, The Journal

25 of Biological Chemistry, Vol. 268, No. 12, Issue of April 25, pp. 8617-8623,
1993.] RHAMM was also increased in the contralateral artery suggesting

the release of a soluble factor that regulates RHAMM expression from the
injured tissue. However, sham operated animals showed little increase in

~ the expression of RHAMM (Fig. 2). In experimental animals, expression
30 of RHAMM was maintained for several days, then levels dropped.
Examination of fixed tissue revealed that the major cells expressing
RHAMM were activated white cells and smooth muscle cells (Fig. 1, 3).

The involvement of RHAMM in white cell and smooth muscle cell
locomotion was assessed in vitro using image analysis to measure

35 random locomotion and Boyden chambers to measure chemotaxis.
Peptides (100 ng, plate) that mimic regions (in particular the hyaluronan
binding domains) of RHAMM, inhibit macrophage (Fig. 4) neutrophiles
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Figure 10 ill ust ,saqb@eqqut dnterartionspefhesg.- cells with the endothelium. It is
15 expected, that expression of the other hyaluronan receptor, CD44, is also
elevated.

For a discussion and illustration of terms and exp\ressions in
this application, reference should be had to the unpublished article
entitled "Neointimal Formation after Balloon Catheter Injury: A Role of

20 Hyaluronan and the Hyaluronan Receptor RHAMM?", which is
reproduced hereinafter, the portions thereof which discuss and illustrate
terms and expressions referred to previously being incorporated into the
disclosure of the invention herein before written.

"Neointimal Formation after Balloon Catheter Injury:

25 A Role of Hyaluronan and the Hyaluronan Receptor

RHAMM"

ABSTRACT

Since hyaluronan (HA) and its interaction with the HA

30 receptor RHAMM (Receptor for HA-Mediated Motility) have been
implicated in smooth muscle cell migration in vitro, we investigated the
expression of these molecules in an in vitro model of injury that affects
smooth muscle cells, the balloon catheter de-endothelialization of the rat
carotid artery. Leukocytes and smooth muscle cells were primarily

35 affected in the expression of RHAMM following injury. Two hours after
injury, neutrophils and macrophages had adhered to the site of injury and
strongly expressed RHAMM. By six hours, a subpopulation of medial
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of the 15  Collectively, these results suggest that HA and RHAMM play a role in
migratory responses to vascular injury.

INTRODUCTION
' Balloon catheter-induced de-endothelialization of the rat
20 carotid artery is a well-established model of restenosis after balloon
angioplastyl. A sequence of inflammatory cell adherence, smooth muscle
cell proliferation and migration into the intima, followed by excess
extracellular matrix production result in stenosis of the affected vessel
after injury to the endotheliuml-5. Growth factors such as platelet-
25 derived growth factor (PDGF)5 and transforming growth factor 8 (TGF-8)?,
hormones such as angiotensin8, and proteases such as tissue - and
urokinase-plasminogen activators’ regulate this process. Inflammatory
cells may also modulate the responses by producing a wide array of
growth factors including PDGF and TGF-8;. Upon injury, a small
30 proportion of the smooth muscle cells within the medial layer undergo
proliferation, and the neointimal layer is formed by the migration of these
cells through the internal elastic laminall. Excess extracellular matrix
deposition by these smooth muscle cells leads to a reduction in the size of
the lumen of the injured artery!2. The mechanism(s) by which
35 inflammatory cell chemotaxis and smooth muscle cell migration occur

following in vivo injury remain unclear.
We have previously shown in vitro that the RHAMM:HA
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©°25  anti body was visualized with chem | um nesgfnce and the relative anounts
of bound antibody were quantified with opti caf*densitometry. Operated -
ani mal s .di spl ayed an acute, large rapid increase in the presence of RHAMM
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scranbl ed pepti deX AdERIALL ¥ lﬂﬂ&@iatl ng the specificity to the
"sense pepti @. E}mmsexpres& on (determ ned by a nmethod of detection

named. Vestern transbl ot angyypl Souitigifk- IR0y Tatds (CRaried “River)° weighing
325-350 g and aged 15 weeks were used throughout these experiments.

" Balloon Catheter Injury
Animals were anesthetized with 80 mg/kg of ketamine
20 (Aveco) and 6 mg/kg xylazine (Haver) intramuscularly. The left carotid
artery was exposed and a 2F Fogarty balloon catheter (Baxter, model 12-
060-2f) was introduced into the lumen. With the balloon inflated, the
catheter was passed through the common carotid three times to remove
the endothelium. Both common carotid arteries from injured animals
25 were harvested. Sham operated animals had their left carotid artery
exposed without passage of the catheter and the nght artery was harvested

for study.

Anti-RHAMM antiserum and RHAMM HA'-bindz'ng Peptide
30 A polyclonal antiserum (Anti-peptide aa269-288 Ab, Savani et
al., submitted) was raised in rabbits to a peptide (aa269-288) encoded in the
RHAMM cDNA!4. This antiserum has been shown to block both
HA-stimulated random locomotion and migration of smooth muscle
cells following wounding. Further, it partially blocks HA-binding to
35 RHAMM (Savani et al., submitted).
The HA-binding region of RHAMM consists of two 10 amino
acid domains located close to the carboxy terminus of the proteinls. A
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- RHAMM (Turl ey, Austin, L., Vandeligt, K _and Cary, C, 1991, J. Cell
Bi-ol ., *112: 1041) reveal ed an acute increase-#h- expr essi on of this receptor
20 that was detectable by two hours (Fig. 2), a tinme frame during which
“white cells were m@dvmlmmMngtDommlhﬁmutmaaﬁi@gwe 41 -YREORIKAT VSR -
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fromthe injured tissue. However, sham operated aninmals showed little
i ncrease in the expression of RHAI\/I\/I (Fig. 2). In experinental aninals,
expression 30 of mewermsmryau ned for several days, then |evels
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o000, "o chens U168 fuailnr B Plvay %%ﬁlf?ﬂni’gé G berd %%Eiésf i futdetect
RHAMM and in paRHAMM ortwmi'ydiajbmtmylbtedﬂ-hﬁg bingirty tegipnicf eggeainql1:300r
| oconoti on ofs whi ilﬁu%?x QF%H ?{H?:‘t? ﬁE? C@Jrlafatﬁ%nmgcﬁ Q% PHA' Th
?l : al el ect % e sections

expression s e evate i Ssue I n >|’/Q)
experinental bal famRELANDM staining Wereamsubgtedrwﬂm otinylated tgaatt anti-rabbit

rabbits just IOrl t(VeEﬁ%tdm'AB er@HASRA, Wbﬁfreﬂﬁ’&rﬁi i tB%é-ﬁgl bihd TA
M stol ogi oal o115 gk OAY 58 b e as
gical cri ra 1§ r BeroXid apes gw
arteries of hyal quemeted mahe]jé%ah dt @pp@ﬁcﬁﬁdesmnlﬂei@haﬁél qapdltidlckrodt) for
di spl ayi ng % | M4Eh Hgt% Q‘?lrogm temperature (RT). All sections were then incubated
with an av1dm—b10t1n—perox1dase complex (Vectastain, Vecto Labs.) for 1
hour at RT. Staining was obtained using diaminobenzadine (DAB, Sigma,
10 mg/mL in 0.05M TBS) and the reaction was stopped with distilled
water. The color of the reaction product was enhanced with 0.5% copper
25 sulfate in 0.9% NaCl for 10 minutes. Sections were counterstained using
0.25% methyl green for 15 minutes. After clearing in n-butanol and
xylene, the sections were mounted in PermountR (Fisher Scientific). The
specificity of staining for RHAMM was confirmed by the greatly reduced
staining observed following the use of serum from which RHAMM
30 antibodies had been removed by affinity chromatography. Specifically of
staining for HA was confirmed both by incubation of the probe with excess
HA prior to staining, and by pretreatment of the sections with
Streptomyces hyaluronidase to degrade HA prior to staining. Normal
rabbit IgG (5 pg/mL, Sigma) and anti-cytoskeletal actin antibody (1:1000
35 dilution, Sigma) were used as negative and positive controls respectively.
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* The rationale for these results is that hyal yronan bound to cells

expressing i gh l'evels of its receptor, RHAWMKPand prevent ed subsequent
-interactions of "these cells with the endot hel | um It is 15 expected, that

" ‘expression of thEmmmeebigtal ur onan recept or is al so el evated. For a
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after injury, trﬁngiéi)ﬂﬂtlpﬁam I]a@e‘ﬂe@ém midl iy TE8F)eovernight at 4°C ﬁ\
primary antibody was detected using goat anti-rabbit IgG annbody
conjugated to horse radish peroxidase (Sigma Chemical Co., St. Louis, MO;
0.2 pg/mL in 1% defatted milk in TTBS) incubated for one hour at room

20 temperature and was visualized with chemiluminescence (ECL,

Amersham) as per manufacture's instructions.

Cells and Cell Lines: '
Smooth muscles cells were isolated from bovine aorta as

25 described previously for rate aortal? and were maintained in Dulbecco's
Modified Eagles medium (DME) supplemented with 10% fetal calf serum
(FCS) and 20 mM Hepes buffer, pH 7.2 at 37°C and 5% CO3 in air. All
experiments were performed using defined medium [DM, Dulbecco’s
Modified Eagles medium with 20mM HEPES buffer, pH 7.2, 0.5 U/mL

30 insulin (beef and pork zinc suspension, Novo Laboratories Ltd.,
Willowdale, Ontario) and 4 pg/mL transferrin (Sigma Chemical Co., St.
Louis, MO)], and the culture medium was replaced 24 hours before
filming. Wounding injury to confluent monolayers consisted of removal
of half the monolayer using a cell lifter followed by the addition of fresh

35 DM in the presence of either RHAMM peptide aa%01-411 or the scrambled
peptide of the same domain as described above.

The macrophage cell lines S1 and WEHI-3 were used to
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h| gh levels of RHAMM but HA expression was restrlcted to cells at the
junction of *the medial and neointimal |ayers: 27rwo i sof orns of RHAMM (65 and
84 kDa) were noted in control arteries. Coincident with the increased
"staining for RHAMR3Yze lheceffectvefl antitiadies etdasyntlietf, pa ptifle 16h ‘Jf‘ e
e weerF%

soform that ma n o] red b
:and 72 hours aft )eerh @?‘%tﬁr&? Eﬁi/ge‘{r?;dgﬁ%‘ §%t§]‘g£t§§ &r@gﬁwrgﬁgﬁg&mﬁm cell lines
i nhi bi ted by ant iWei8sise maintsimed ialDME vaﬂ'péﬁ‘f/d BeSemadozi FOMaH] ffEfOP

i ng

HA- bi ndi ng donai 17.2 Sh8TAChaRE 9% Q%ﬁ{aﬁn gration fol lowing in vi
was al so inhibited by these reag 15 Collectively, these results

suggest that and RHAWM pHuagan meus-ophils gY%ReoP?tameqiohsas I:Ienp’laenllllb?lbod
injury. | NTRODUCEhtﬁgalaal OOdr lhx%l%{ &‘iuﬁﬁé Hﬁx?&d@t aéélﬁ@%dnagpgﬁ

rat 20 carotid ar is a well-esta |se en03|s
bal | oon angi opl ad¥i§Pe 1%%@3@@&6&1\41 ¢itnie apisk @y Rextmo ahteepeemt clottioigh 5%

nuscl e cel | prol Detpdr orastadidér Qhﬁtl%h‘énsé#&tré’teﬁio la'sﬂ{a' H BIGsH Q¥ll§)§&$— S

extracellular matri x prod tlon resu i s of ected vVeéesse

after injury to CREOYEGot hEne wellsr were avash ft&{'}F%rl@ Eﬁ@hpﬁ pRaand et -Figell
derived growlh fgradient RR%EFubed tb sep Qrété&héfl g y8s<0 W He fléah&rd B@ﬁfﬂoihﬂs

(TG-Jerr])[err] hor nes |ote r ot eases

tissue - and ur oHEd BP%@?H#S@B% ?’s@[f@guﬂiﬁgcﬁ %’eﬁ?iﬁ%@gy rief
| nfl ammat ory cel ExpoayreaﬂosbymmbnhcaPBSI he responses by producing a w de
array of growth factors including PDG- and TGF-[err]. Upon injury, a small
30 proportion of the smboth nuscle cells within the nedial |ayer undergo
proliferation, a emelr@smeamcmmgrm}m is formed by the migration of these

cel I's througfs the internal wé cet?\Im; Ewe’e%%%@ﬁﬁﬁéﬁﬁﬁéﬁwhsﬁ%x

deposition by thﬁ%ﬁg aQt h € eads to
the lumen of t hel¥nd Sﬁiluﬂé?fﬁ (TRicroscape Fﬁem:sﬂtﬁ’é Jeq ramera(Famamatsu
. :c n}‘ : ammatory cel CC@l,e]lﬁQt qxp&)awds%mehédnm@l &m&hérdﬁrﬂhﬁhi_r@@lhﬂpSWC using a
t ﬁ at O\chggR:_&N\,\//: \Ifﬁ\ u@iafoerrrrnal &ﬁ Cé’%’d Zexss, aéer tcue\\)/'S 0“8911 io(c)\ol\gloltpoﬁ/ Ivtvgg
followed by using image analysis (Image 1, Universal Imaging Corp.,
20 Westchester, PA). This program allows quantification of nuclear
displacement from a sequence of digitalized images. The motility of thirty
cells in each experiment was followed for a penod of 24 hours with mean

velocities calculated every hour.

25 Chemotaxis Aséay :

Chemotaxis was stimulated using either bacterial endotoxin-
activated mouse serum (AS), prepared according to Stevenson et al.!® for
macrophage cell lines, or 100 ng/mL interleukin-8 (IL-8) for meutrophils.
Heat-inactivated serum (56°C for 20 minutes) or medium served as

30 negative controls respectively. The chemotactic assay used was a
colormetric assay developed in our laboratory and described in detail
elsewherel®. Briefly, a 96-well chemotaxis chamber with a lower recess
large enough to hold a microtiter plate (Neuro Probe, stock# MBA96) and
a 5 um framed filter (Neuro Probe, used PED5/A) were used. The

35 microtiter plate was filled with chemoattractants and controls and placed
in the recess of the chemotaxis chamber. The framed filter was then
placed on the top of the filled microtiter plate. The chamber was then
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."=24- interaction is necessary for the m'grati n of ras-transformed
cell s[err] sand snooth rnuscle cells into wount (Savani et al., submtted)

Anjury to the nongl ayer resulted in an increase in cell-associated HA,
- ‘expression of a rngs@d'% di@S0 pkof areall suspemsion (Zbchkﬂslcgngr/f,@E Pin DM

| ocal i zati on of at conotion a ter

i nj urlyZ F:th her Ftheigy%ﬂgd %& aglatf %@ﬁh%a{% o@ie &E’BBﬁBl I”E‘S“P?ﬁeé at

receptor inhibi tg?e %’ n'lgg‘? ‘}fsrlg ré 2t 18 %Jéunﬁf"ﬁg ll(l@ahmn,eheahedxum m
bmtted In t expre

of both R)HL\ ang A %%*”%% EPHPH T arllice Rl 20 P B BB, Gifedig 20

during the d b‘ﬁf&&n‘b éf an emﬁelbﬂfﬂd b 4°6n rsi’tQJmlaﬁtQSheCeﬂs e‘etrsamhgaonlthe'i

RHAMM ant i sera andp RiAMAG d | 0 |
cell's. MATERI ALS@S:D TH%%:&&%%%@ Prite peilgg“!'(eiCh e‘gﬂpa{: esg’ﬁéﬁ %S

Ri ver) wei ghi ng é dnigrat é’k@ Wéﬂéf thenfiliemeare qollssted by

experinments. Bal kentri Imtnemmausa rﬁ'l“t%ESa t%raenes@m f&@(iownﬁﬁuéga d
ng/ kg of ketam n u ﬁl

Veco Xyl Have I nt ranusc

The left caroti d%Eﬂrt ﬁv\é‘é %)@pggé‘deﬁgﬁ 92>I; &H‘ébfﬁ'apf gbigptasese ceks WaS
_(B?rt ter 4 rr?ﬂw 1quaﬂwre21f bywalse ldﬂdlﬁdmcﬁﬁ 3-4. s-dlheethymahzdl\lz- )t-mg @@He?:%'tﬂ
infl ate e ca S, pass omon’.c 0
remove the endot h‘%ﬁ%ﬁ V%opﬁ) Hfﬁrm g? adplaﬁfép?%?‘q%b?ﬁ‘ q% ge(tlﬂ‘ﬂg
25 were harvest wis iSdubatedeata3ZAC fori 4tourhadHehdark pefple mnysthlsdpmdxﬁeyl by d
exposed t hout t t r\:e
FarCstudy. ALt - %ﬁﬁ%ﬁﬁ‘&?ﬁn@%%@%‘%ﬁ %ﬁr%%“’ﬁﬂét Flith 480 RRloteaGEe
A pol ycl onal ant iSOPrORRRehn(3 v HER a’&{lerpl]it%asmmecbtwuhm Zshoms V<% )
was raised i15r aﬁﬁefomépﬁ]mteemssieréa%k%fd\ 6@@4?] fﬂ@*&%ﬁl MTT

 ock HA- st'1 mu tedran om

cDNA[err]. This antiseru wn to
| oconoti on and nf %cweiﬁ%lﬁhmrﬂfgﬂ“éeé IWB?‘] owi ng woundi ng.
Further, it partially blocks HA-binding to 35 RHAMM ( Savani et al.

submi tt ed) : RESULTS
RHAMM and HA expression increases following balloon
20  catheter injury of the carotid artery.
The endothelial and smooth muscle cells of carotid arteries -
obtained from uninjured rats was weakly positive for RHAMM (Fig. 7A).
Two hours after injury, neutrophils and macrophages adhered to the
denuded area and strongly expressed RHAMM (Fig. 7B). However, by six
25 hours after injury, a proportion of smooth muscle -cells showed increased
expression of RHAMM (Fig. 7C), and by 48 hours, smooth muscle cells
that formed the neointima stained stained strongly for RHAMM (Fig. 1d).
By 7 days, and up to 14 days after injury, there was an increased in the size
of the neointimal layer. Cells in this layer continued to express high
30 levels of RHAMM (Fig. 7E & 7F). Sections incubated with preimmune
IgG or anti-RHAMM antisera that had been chromatographed on a
RHAMM-GST fusion protein column to remove anti-RHAMM
antibodies showed no staining (data not shown).
The expression of RHAMM was further investigated using
35 western blot analysis of arteries from injured and sham operated animals
using Anit-peptide aa26%288 Ap  In uninjured arteries, constitutive
expression of two isoforms of RHAMM of mw 84 and 65 kDa was
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‘The HA- bi ndi ngreg| on of RHAWM consists of two 10 ami no acid domai ns | ocat ed
close to the car boxy terminus of the protein[s¥q. A 25 peptide _
m m cking Domain | (am no acides[err]) - YKXKI KHVKLK - and a scranbl ed

“peptide consi sti n@bservee (ataenatrishowani dHOWémgﬁﬁuh'&r@d o ?%‘éta{]@&?s‘? tently

- th B

we\rN:r 5sZénat eZ' ??%}Af’&ag%ﬁce%ﬁm %I on g% glfle Fh qlfo Mn%sa served
| mrunocyt ocheni s Defween e jddid Bérhmsnsedffénldel-endmhehhbﬁt%ﬁ 3!3{ & 8¥hfef Wkidh
10 obrarn e lar Q“Ef‘%% of il 1toRRNEnEa 88" Bl 4 DbSedaine proeredn

10 obtain 5 [err] mSect] ons specific
with 1.5% goat? sethen84n aO!ﬁolfmrl‘nlUabuidtedeﬁonalmnboﬁfEB&)dfwntthwlu 1dhaes;

269- g
(15100 di 1'ut  ony_ SORKE(ER: 8.1 Bikse éiatonls gty *%2%6&3%&%?&8%%% of the'
RHAMM or with th8& bklaﬁllﬁﬁ Qrte dn HAjwiedd artgriee iFig g)f infgrestingly 1 a®0addftional
di lution) isolat e%&féﬁm&%wmww x?géé%@ﬂ[ﬁ%ﬁ'hé?o 2 H5irs Bter Wiury (Fig.

sections for RHAMy| stai ni ng were |ncu

ot nylate
anti-rabbit |gG (YectHBt mgﬁsmasgaaxuw&bethg ﬁtrovs&témma CralgﬁﬁMM and HA
Burl i ngane, D 5 pbservedth %u@doa’lrl}éﬂ' ?_gg e activi ty of endogenous

per oxi dases was quenched w 6% hydE roxi de in nmethanol

(Mal l'i nckrodt) for 20 half %‘MF qaretid Wep resizictesh o
wer e t hen i ncubat e endbtheliuay iagidntHei odvehtttﬁo}?d 829. ootk \Etdraigfaty!) the

Vecto Labs.) for d.,usi,n ni nob zad| ne
(DAB, Sigma, 10 ’]‘?‘r‘xﬁug’hﬂ% %’$E§°$§%%e$a%d¢%§ Q§ nhfade ‘g‘r‘gﬁge‘b‘ E\M wed a
distilled water. %tcmmoeaseﬂm HA-staaning (Figr 88)ic BywéS henins, nthedsmiobth Gnasdle
copper 25 suylsfatg r
count er st ai ngo‘? usi 0&.21%5%%%‘ Q%r%%nﬂgg}éiétréﬁ%eggax\o?e&rc ear Flé |9C)
n-but anol and xy|<aiBcidens ithels expressionnobigh levelsn oft REAMMe(Fig. 9D).
Scientific). The Bawedér @ andofidstays) tse (saairgMArEEA CRIrebsRs dHd [ame
greatly reduced sta ni ng obscﬂsved follo ngft e us erum from W?i:
RHAMM cted to cells at the junction™of the me ia an the neointima (Fig. 9D
& E). Sections pretreated with hyaluronidase or preincubation of the
20 Dbiotinylated HA-binding probe with HA prevented staining (data not
' shown), confirming the specificity of the assay.

The RHAMM:HA interaction regulates inflammatory cell chemotaxis
Since the expression of RHAMM was increased in the

25 inflammatory cells adherent to the injury area of the carotid artery, the
role of the RHAMM:HA interaction in neutfophil and macrophage
chemotaxis was studied using both a peptide encoding one of the two HA-
binding domains of RHAMM (aa%'!"4!1)1¢, and Anti-peptide aa?**-%8% Ab
previously shown to interfere with HA-binding to RHAMM (Ref.14 and

30 Savani et al., submitted). Human neutrophil chemotaxis to IL-8 was
significantly inhibited by peptide aa*’!*%!! (Fig. 10), and both peptide
aa04!! and Anti-peptide aa?®®28® Ab inhibited the chemotaxis of the two
human marcrophage cell lines S1 and WEHI-3, to endotoxin-activated
mouse serum (Fig.11).

35 :
The RHAMM:HA interaction regulates smooth muscle cell migrat:un
after wounding injury
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-’80 antibodies had been removed by affinity chromatography. Specifically of
stai ning“for MA was confirmed both by i ncubat3®bn of the probe with excess
HA prior to staining, and by pretreatnent: of the sections with Streptomyces

- 'hyal uroni dase to degrade HWg ilavet previousiygshownmahay abhi; M anti
[err]g/nL, Sigma) I &Igﬁ@g antisera

dilution, Sigm) l{/\%‘%t 3§édd ﬁéétgélgagt ?‘ég* at dggssﬁﬁé}gog%ﬁ 1;150?9.41 meenelayeseinto

26 - | munobl ot Woundsi(Sauiticet ab., \submﬁ;ﬂe fToAurthien donfiivhd thé tin PERB M

Fonssent s g 1 3 oL BV e 45 oI 508 norate e

triton X- 5h %oo mY%tsg@nednthlecefgennwiataepepnds enceding onedtEERA, HARbirdifg -

pr-ot ease i nhibit p A1 I

(2 mMv), pepstatl(r%{(ﬁ-g\gﬁ‘{é 8f)er rf‘%@ glygai ?nliﬁhg lpg}a te%{é}& {J)ahﬂgy%edugoé'tﬂe

?Ih gh::)cg:r glr z?gloﬁrrarriatﬁ ( %g&rsi%mqn CfFfr Eg)%mg%cmfgﬁ cglls ofelleveing: veonnding oy

ASHEH ads R dé'Tbth

sanpl e of the lysis er F e? t lﬁﬁ‘\i

protein from eagﬁ%ﬁ pepiide gap g‘gr 5 gﬂ@nqmgr@gg{‘;igl&nl

ni t Logoe/l ::Iu:‘ 0se ge%ddi ti onal protel n b| nd| ng sites were bl ocked

W t o defatte ) Lo TTBS (0.01 M Tris base, 150 MM NaCl, pH 7.4, with

0. 0. 5% Tween 20 cal Co., St. Louis, MJ). Blots 15 were
i ncubated with the primary Hpalurotlin( Antompement eofatitsc 8xttatelNolar Im25fix, has

ant | body was det SeRBY ?fﬁe?ﬁa@&é{‘ el oRBRHON elting By asheBsTt o Fimor
horse radi sh permnlvcaasen gtrransfammatibnCdy, sncogem#% Mpd an2 I'F%IP@M}’/SHLO

in 1%defatte afi. ;\%ﬁﬁ -BTBf)e FH&&%‘HA Bﬁrc%@c&%hoataﬁafa #Pbe ntemiated by e

and was vi su h chem sce Aner s e
manuf act ure's |n§PP9'(f%q dggseptars s ﬁ&c 8 2 }:Jloeé'l‘éeh?%b\ﬁﬁ?e

' 53' ated from bovmplicaeed ama?th85m1§ﬁt€dn tesfd bptie vérndsthelibbranidatseneotht ahasdle
and were maintai ngg 2s00 DUl BYGGANMM has been shown to be important in the migration
' of embryonic smooth muscle cells’! and of adult smooth muscle cells

20 following wounding injury (Savani et al., submitted). Since smooth
muscle cell migration forms a critical component of the pathogenesis of
restenosis after balloon angioplasty’, we hypothesized that the expression
and distribution of RHAMM and HA would also play a role after balloon
catheter de-endothelialization of rat carotid arteries jin_vivo.

25 Early accumulation of inflammatory cells at the denuded
area of injured arteries has been described previously’?, and our results
confirm these findings. The accumulation of inflammatory cells at sites
injury requires their chemotactic migration to the site and subsequent
adherence®. Adhesion is initiated by interaction with selections that

30 leads to rolling of cells along the vessel wall, followed by strong adherence
via specific vascular integrins, and subsequently extravastion (for review,
see ref. 34). The increased expression of RHAMM in the inflammatory
cells that are adherent to the denuded endothelium may perform several
functions. The finding that both neutrophil and macrophage chemotaxis

35 can be blocked using anit-RHAMM antisera or a peptide mimicking one
of the HA-binding domains of RHAMM suggests that RHAMM:HA
interactions may contribute to the accumulation of inflammatory cells at
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- "Nodi fi ed Eagl es nedi um (DIVE) suppl emented with 10% fetal calf seru /CFE&PSS

and 20 *nM Hepé&s-. buffer, pH 7.2 at 37[err]C ang15% CJerr] in air. Al
experinments were perforned usi ng defined nedium [DM Dul becco's Mdified

Eﬁgl ;eair rkregl: ﬁ‘r:n \émutsﬂle@nm onﬁgﬁﬁopigéor at EHr;ll %S%IYtegh;‘(ﬁ F%ﬁ?ﬂ%ﬁ r%:{ &HAI . )?fgﬁm
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pepti de aaf er 1] oghg@@sg@ﬂ | ed peptide of the sane domain as descri bed
above. The macrophage cell [ines S1 and WEHI -3 were used to -27 - '

Sl yze Uhe o1 cEt 1 ant | b ESveRIGANERLObEeyER: NHcaTR ST pRpDSson of
chenotaxis to endsg RDanrs@%erEB EREAMME b?ﬁﬁf@séé@ smjébﬁﬁ ?n@é’élé clellgﬁ {13@5,%.5

.al so maintained in with 10% FCS and :? @'P
and 5% CJerr] irf thes appearance of a gD ﬂe{fl.o B’B’Hl F%‘ oyith ningreased
peri pheral bl ood mag&dtﬁm OFOHBW weliHaiger mjary. MTes laEtAﬁbt%% UhdPbeen

0.085) Mtri,sodiumgitr Mctr revent
Cottihg soelbos iiRdisied oanptessy %ﬁ@%@%&ﬁ?@éﬁ‘ BF RFANYCRHks 18 Hirmsgance
cells were rermve:dnn&idescahﬂs mersas‘aﬂshammmﬁaorescﬁﬁ& cpﬂ-in?erﬁbamie-éod%lmw
10 radi ent wa t e t
‘neut rgphl : S mre%ﬂeﬁq&g%?@gg f%%lgg Wéﬁgy&t %IS Iggﬁ"&%fse@erﬂéelpf&gﬁ“
by brief exposur&tudyhyyeisbowe thes. like mwbemmcellammlshe uninjured
Injured cell rmnlcay@ﬁa a\f\?errg e;?i»é;s@aeﬂsmb MM éh‘d &gaégauwlﬁg &g{&s 70

inverted m cr video ¢
157 |1|59 %é?eana?%ﬁeéi ne ﬂ aéarﬁg was eRlyd egspameﬁh

was attached:
(TRZ 3700, Zei ss beGweenrdf ander hbuesalmerqmum ahdl toineidedy with RE@poABAST the

analysis (1mege fm L Y& &3 migRYo%f 8ioth muscle cells into the injured sitel?. A
causal role of the RHAMM isoform is cell locomotion is currently being
studied. Since an 84 kDa protein was not produced by smooth muscle

20  cells in vitro, its nature and the cell type that expresses it are currently
unknown.

We have previously shown increased association of HA with
smooth muscle cell monolayers coincident with the membrane
localization of RHAMM and the expression of the 70 kDa isoform

25 following wounding injury (Savani et al., submitted). Increased staining
for HA in the current study was in the time period of maximal migration
and expression cf the 70 kDa RHAMM isoform. These results support the
hypothesis that RHAMM:HA interactions regulate cell motility. The
ability of reagents that block RHAMM function in vitro, including anti-

30 RHAMM antiserum and RHAMM peptide, is consitent with this
proposal. :

A number of growth factors, in particular PDGF-BB*® and
TGF-81%, have been implicated in smooth muscle cell migration, and in
the pathogenesis of restenosis® 7. PDGF-BB, derived from both adherent

35 platelets and from the smooth muscle cells themselves, has a greater effect
on migration than on the proliferation of smooth muscle cells®. TGF-81
is produced by the smooth muscle cells at the injured site and contributes
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20 Canada (MRC), grant # 10948 (EAT), and the Manitoba Medical Services

Foundation (RCS). EAT is the recipient of a Chilren's Hospital of
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S-15 m'crptitek plate ELISA reader with a filter of 540 nm The degree of
MIT reducti-on® corresponds to relative cell m&er [err]. RESULTS RHAM and
_HA expression increases follow ng ball-oon 20 catheter injury of the
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anti - RHAMM anti sera that had been chronmat ographed on a RHAMVI GST f usi on

protein colum tg renmove anti-RHAMM ant i bodi es‘pj‘howegpgo st ai ni ng (data not
shown). The exprfssion of RRKiaNwAs BowemBepPenisiligdnes ¥siSshwastz, Sidsard n

gl _ot : analt _yzi 34 mE @6?/@% @sxlvf rma}élei-aég%atnd;réhﬂm m%ft_t;t%tn%tbavézﬁoaﬁ{ !?ﬂuscl$
ni t-peptide aa[ery . 1.n uni nj yr ey ri.es,. constitutive ressi on o
two isoforms of %legFaWSénéilndnS‘@gfk igkrriing 1592 rahJp 3 phaballege
shown) . HO\/\BVGF,ahglidPMs#y.eﬂCHhtIﬁvéﬂSl%a, 8®B07-51Ent |y el evated expression of
the 84 kDa isoformof RHAMM was observed between 2 and 24 hours after
de-endot helialization (Fig. 8) after which expression of this isoform

decreased (Fig. B). A subsMajesin, MW &inder, V. 5Twardzik MRaSchwiaotanSdsand
noted from 75 hoReflyaMAC FHbHBEESN (W TrandfoRnlifl GrowihdFadtor Bﬁﬁfrﬁwag"@éﬁaii%?y

m ni mal changes in the expression of the 65 k lsof-ormin injured arteries
(Fig. 8). IntercaRteFg] V‘)u%?aémth“ﬁ?ﬁilw%og%?%gmnw 70 kDa was expressed

from36 to 72 hours after injury (Fig.
8. Rakugi, H, Jacob, HJ, Krieger, JE, Ingelfinger, JR and Pratt, RE:
Vascular injury induces aniotensinogen gene expression in the media and
20 neointima. Circulation 1993, 87:283-290

9. -Clowes, AW, Clowes, MM, Au, YPT, Reidy, MA and Belin, D:

Smooth muscle cells express urokinase during mitogenesis and tissue- -

type plasminogen activator during migration in injured rat carotid artery.
25 - Circ Res 1990, 67:61-67

10. Miano, JM, Vlasic, N, Tota, RR and Stemerman, MB:
Smooth muscle cell immediate-early gene and growth factor activation
follows vascular injury: A putative in vivo mechanism for autocrine

30 growth. Arterioscler Thromb 1993, 13:211-219

11. Clowes, AW and Schwartz, SM: Significance of quiescent
smooth muscle cell migration in the injured rat carotid artery. Circ Res
1985, 56:139-?

35 _ _ _
12, Clowes, AW, Reidy, MA and Clowes, MM: Mechanisms of
stenosis after arterial injury. Lab Invest 1983, 49(2):208-215
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-.8), coinciding tenporally with the strong staining for RHAVM and HA 10

obser\4ed in isnjured arteries (Fig. 7). Distri¥ution of HA in the uninjured
carotid was restricted to the endothelium and the adventitia (Fig. 9A). Two
“~hours after injury, the neutrophils and macrophages adherent to the denuded

area showed a sl i,ght |nCJre ng (Fig . By 48 hours, the
snoot h nuscl e 151gcel s for: ’HSY{EQ tieg'a g/e Xag bigsi yKpasid i Claryor G-A

(Fig. 90, coinciHyalurenah diiar cﬁkﬂBMaﬁd ?hu@bnéﬁ‘b%&u% Blithte

ot ri ot ea to, corte oo ol e Rngidihed faly f §ﬁh?ﬂ€f’$@@.migcsafalct%@ugp

& E). Section® pretreat ed with hyal ur oni dase or pre| ncubati on of the 20 .=
ont 1 1 ngthe sadni 1ol Ly T3fedisk, &, HSHEL Gl AR ROafSBR 2" Hih W
confirm ng es CIICIy as

inflammatory cel R/I Cripps, . eAustere dpr NascenDM dridAThdr] fAﬂMcﬁé&ﬁdr
[ he 25 infl e\ya d
artery, the rol :@wayofmmwﬁ sePrer it AR et T ot
chenot axi s was s GelldBioli3992; 113(8): 343%¢}3%0de encodi ng one of the two HA-

bi ndi ng domaygpps of RHAWM (aa[err])[err], and Anti-peptide aa[err] Ab
previously shown_ to interfere with HA-bI ndi ng to RHAMM (Ref. 14 and 30
h

Savani et al., sd&Bmitted). ﬁ%r‘B:nZHFBSp% AR Eﬁﬁlteéixﬁs‘\toldmlqﬁé@n of two
significantly inhi yRhirefaRibindiig uea}@rm]méﬂn;&luiéﬁan fadpeel REPAMMUY Biol

aalerr] and Anti-pe I nhi blted the chenotaxis of the two

human marcrophagg?‘@g} gﬁﬁgé%é VEHI - 3, to endotoxin-activated nouse

serum (Fig..11). 35 The RHAWMM HA i nteract ion regul ates snooth nuscle cell -

m gration af{eer undi ng i v

Ant i - RHAWM gsﬁt [ i@ra I nhi bﬁﬁélﬁlgc’dl %‘Xﬁﬁﬁmﬁé@%ﬁ?’fﬁg@f‘y %gfc))\tgﬁ M%ﬁgghs,

cel | nonol ayers RK:o The hyaluronic acxd binding region as a specific probe for the
localization of hyaluronic acid in tissue sections. J Hisotchem Cytochem
1985, 33:1066-1086

20 17. Majack, RA and Clowes, AW: Inhibition of vascular smooth
- muscle cell migration by heparin-like glycosammoglycans ] Cell Physiol
1984, 118: 253-256

18. Stevenson, MM, Kongshovn, AL and Skamen, E: Genetic
25 linkage of resistance to Listeria monocytogenes with macrophage
inflammatory responses. J] Immunol 1981, 127:402

19. Shi, Y, Kornovski, BS, Savani, RC and Turley, EA: A rapid,
multiwell colormetric assay for chemotaxis. ] Immunol Methods 1993, in
30 press '
20. Laurent, TC and Fraser, JRE: Hyaluronan FASEB ] 1992,
6:2397-2404
35 21, Toole, BP: Developmental role of hyaluronate, Conn Tiss

Res 1982, 10:93-100
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:-wounds (Savani et al., submtted). To furt her_3§c3nfi rmthe invol venent of
the RHAMM KHA ~ interaction in this woundi ng response, we 5 investigated the

_effect of a pepti encodi ng. ope t - bi ndi ng, domai ns of RHAWM :
--(aa[err])[err]. T#S pept i*dg.‘gpeé'mi “l"cgfxﬂ@f?ﬁﬂﬁ@étﬂ Rk locatretioin. Cancer Met
transl ocati on of BewdOB2nik2igocel ls followi ng woundi ng of nonol ayers (Fig.

12). A scranbl ed peptide containing the sane am no acids as peptide aa[err]
had no effect on the woundi ng response (Fig. 12). 10 DI SCUSSI ON Hyal ur onan,

‘a conponent of th23.extracel Wiildens@btr, XA, M@rtﬁﬁ&@eﬁﬂpﬂ]’j cRteH, iB"afxﬁ' héil
| oconotion dugl ngRe;Rra/o&l%aeéi s[errl]1 tunor invasi onLerr], t Fanst or mat }%ﬁn_’
by oncogenes[&rr] > dnacinulalppnobshyzlurepan; f@rﬂsé Pl edema dnf experimesital
on cell | oconoti omyapprdiakirfardienredCihdaveyt F91c88i1622-¢62pt ors[err] such <
as CD44[err] and RHAMM err]. HA has been inplicated in the mgration of

bot h endot helial and smpoth nuscle cells[err], and RHAMM has been shown to
be inportant in t2& nigrati WEiféL @ty Faller, G ctrid eBokef, cRDt A ehbdeP st Be

adul t smoot h nus I 20 .1 ollow ng.woundi ng L0 Savani . et al .,
Subm tedy. | noote PR dvRGnis SoCHha e Uk oty EVRNACY Riaiatony
of the pat hod@neslesponse and ovosnd healing. bTheoret Biobife, 4392184234, we

hypot hesi zed that the expression and distribution of RHAMM and HA woul d

also play a role after balloon catheter de-endothelialjzation of rat
carotid arteries 3n vivo. 2Bray, BA, SampsongfiMy QsmanuMatGiandsimenico, A and

inflammatory cel IFusho! GMdPariedhangss &l luAgUiisshedhy hir ic aci
descri bed previousl &er ,a d@(e).urbggg'?ul .S .ggnféé mltg ses}ﬁ?ﬁ?ﬁ@‘?ﬁ% acid)
accunul ati on of iaﬁ'ﬁ\ XﬁH‘ 8f‘§/‘£]al§§lllns My FRINAHF )?Yeé’gmsr’é‘s amefers. Am Rev
chenot acti c b gr ResprDisd Phe143:284-2881° subsequent adherence[err]. Adhesion
Is initiated by interaction with selections that 30 l|eads to rolling of

cells along the vessel wall_, followed by strong adherence via specific _
vascular integri g8, and subkeejeenBPy Hyeluronan oandf éts binding peeteins, the

34). The i ncreas@gafiieis. Auff OBRANM Biolt 19®0i disbogagt ory cel I's that are

adherent to the dénuded endot hel i tm may perform several f.unctions. The
finding that both neutrophil and macrophage chenotaxis 35 can be bl ocked

using anit- RAMVRANt i ser a ¢apngsg[BF, ddad) H-0kafid Pareordf KLhTheArbhsslefitbrane
domai ns of RHAMVLygﬂﬂ%%% 3 réc%ef:attorR I(%VA multiple functions, multiple forms. Cancer
Cells 1991, 3(9):347-350 ., .

28. Ausprunk, DH, Boudreau, CL and Nelson, DA: Proteoglycans
25 in the microvasculature II: Histochemical localization in proliferating
capillaries of the rabbit cornea. Am J Pathol 1981, 103:367-375

29. West, DC and Kumar, S: The effect of hyaluronate and its
oligosaccharides on endothelial cell proliferation and monolayer integrity.
30 Exp Cell Res 1989, 183:179-196

30. Boudreau, N and Rabinovitch, M: Developmentally

regulated changes in extracellular matrix in endothelial and smooth

Muscle Cells in the ductus arteriosus may be related to intimal
35 proliferation. Lab Invest 1991, 64(2):187-199

31. Boudreau, N, Turley, EA and Rabinovitch, M: Fibronectin, |
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- |nteract|ons may- contri'bute to the accunul ation of inflammatory cells at

-31 - the injtred site via chenptaxis. W hav3-al so shown interactions
+eqgul ate pseudopg_%@ extension in fibroblasts, a process necessary for

- ro

extravasation Iy mmélaﬁyaurmm |Blnt1ihgs PRORSR SHnH t(% 1Gcreased

“extravasation of dmmpm}ga% KC nvest at| n
possibility. W m 2 | ouss s%rvquﬁfﬂé %‘(an&’iglrﬁ B oBiodf 199165
kDa i sof orm of R %@ éw escent snoot h nmuscl e cell m)nol ayers and the

appearance of a 70 kDa isoform coincident with increased mgration

fol |l ow ng mqnﬂ 32 injury. This |last protein has been 10 predicted to
represent a ne form &oakANMM; e Megreapp@RP{an]iaeobplwm dBulwi [.h

i ncreased i MuNoHe#HLSC FACS SI s .
(Savani et al., submtteﬁ‘)scenﬂ{’hﬁgiwegsen% stu%%/(ﬁ W\ﬂ?{ %E h
muscl e cell's in $ATOHE antery of the Lﬁabbltca%rtetldsdrm'e‘ombel&%e%&émzclw kDa RHAMM
and that following injury, a 70 15 kDa isoform appeared. This RHAW

i sof orm was only,expressed bglt(ween 36 nd 72 hours after injury, and
coincided with rédorts of FREKYi mb#Aa lIEGFIQﬂsgr dnterpretersnoof h celisepecific
cells into tlfe icdrbohyidsdtedhirmatich daviad infRimatiohhesd 9?20f298@611~°969
cell loconotion is currently being studied. Since an 84 protfern was not
produced by smooth nuscle 20 cells in vitro its nature and the cell type

that expresses i¥.are currBustin, Mknand. Sp¢inger.e Tar: eAhﬁuSREVSHﬁY@uh@F"l%?ed

associ ati on of H# h smooth nuscle cell nonol ayers coincident wth the
menbr ane | ocal i Zati on of RHAMM and the expression of the 70 kDa isoform 25
fol l ow ng wounding injury (Savani et al., submni tted) | ncreased staining

for HAin ths cgsient studwepds ¢} $dienbichEl PerdRy MS :'ggﬁpor'Plglﬁ%tabe%eénd

expression of t 70,k MMi SOf Se resu
hypot hesi s t hat Q?awm ﬁcﬁ% %?%‘6%%3’3’@89&9 ipage d&|and shemotacticTrespanises tin
of reagents thatvabtulak sRtdd¥y thuseleicells) In WitfCell Des Bl 18011 27A:425-431

36. Merwin, JR, Roberts, A, Kondaiah, P, Tucker, A and Madri,
20 JA: Vascular cell responses to TGF-8; mimic those TGF-8; in vitro.

Growth Factors 1991, 5(149-158)

37. Wahl, SM, Hunt, DA, Wakefield, LM, McCartney-Francis, N,
Wahl, LM, Roberts, AB and Sporn, MB: Transforming growth factor type

25 beta induces monocyte chemotaxis and growth factor production. Proc
Natl Acad Sci, USA 1987, 84 (August 1987):5788-5792

38. Samuel, SK, Hurta, RAR, Spearman, MA, Wright, JA,
. Turley, EA and Greenberg, AH: TGF-8,; stimulation of cell locomotion is
30 mediated by the hyaluronan receptor RHAMM and hyaluronan. ] Cell

Biol 1993, in press
As many changes can be made to the invention without
departing from the scope of the invention, it is intended that all material
contained herein be interpreted as illustrative of the invention and not in

35 a limiting sense.
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- 30° RHANMM anti serum and RHAIVM peptide, is con5|tent with this pr
A munber of = gr‘owt h factors, in particular PDGF37BB[err] and TG (ra,p-p}@?
have been inplicated in smoth nmuscle cell migration, and in the

‘pat hogenesi s of r @HEEMBOHMENTROOE-BRE IN’V'EYﬂql N ? ﬁé’i&ﬁg&&ﬁ tﬂi?&ly&

bn migrati on t hant BOLHRT RRORTRMILEGHE I3 CLAIRD ABE 4 donOws.

TG--[err]1 is produced by the smooth nuscle cells at the injured site and

contri butes -32- to snmooth m{f\ dﬂfge” roliferation and abnor nal
extracel | ular mattix deposi 't SR Y Preysding the darggwing. of éBe dnbular walls

process[err]. 5 oof lanf mlrmlSahewdi@ltﬁbumeWallEﬂ‘ianab@éh Itfhutxﬁfn é‘cﬂ“{t Lt '}6

i nfl ammatory cel Ge-|err equl at axi's
monocyt es[err] 5 c&r&&?ﬁ%ﬁ tthGég ﬁ-l;iané%t? I BPF}'@F%‘; ecti Ve mom-tostic
| oconotion i s nedamoeshtbgf tl"()ealﬁd'dm\tb’l &Ad ahdr/aet saits ther:éo'f@nﬂ%f]ﬂomologues
regul ates both th é%ﬁ%?md%? waHAM\/I ang t he s%nt h% aﬂgﬂ

fi brobl asts[err] &}% SRuCSHTSIHYS: FemPpiexes eSthgs: DAL HAf
expression in snobydlunoricl acid ¢blthe ianimat te piréyentatowirvg of ItbattubﬁlarJvOalls
Thus, in the mresent study, we have denonstrated that profound changes in
expr essi on of Rl—w\/l and HA gccur after in vivo vascular injury, and have
shown that the RHAMM HA i nt EReénetbadi of Clajm dewhesein tire fm‘namrhyaiei'dmc acid

chenpt axi s and sripgklectads tdogn ?hlur@h&fﬁéza%d Bal¥d g{egeofThese data raise the
possi blity of using agents tha bl ock I nteractions in vivo

to reduce or prevent the devel opnent of resten03| S after bal | oon cat het er
injury. These stldies are cThe emetlyodeohClaivhs aedwherdinr thahibRilgF YWalls are

.Acknowl edgne nde Resea Counci, |  of
20 Canada ? %/RCE%%}ésﬁts‘s QE%W ¢ E&?f‘ ggﬁﬁecﬁé Wa??aflggg as%r%@eghe
Foundati on ( RCS) admmst;atm ﬂabeqalpiacea)fbedo@m dnamlgs aHds/rmrt afteﬁft}'w il kg
Resear ch Foundat |aagm§5lgg®arsh| p. The expert assistance of M. _

]'588

er r;}"”f(

4. The method of Claim 2, wherein the amount of the form of
20 hyaluronic acid administered is between about 10mg/70kg person and
about 3000mg /70kg person.

5. A method of preventing arterial restenosis after balloon
angioplasty in a human, the method comprising the administration of a

25 therapeutically effective non-toxic amount of hyaluronic acid and/or salts
thereof and/or homologues, analogues, derivatives, complexes, esters,
fragments, and subunits of hyaluronic acid to the human to prevent
arterial restenosis. |

30 6. The method of Claim 5, wherein the form of hyaluronic acid
is selected from hyaluronic acid and salts thereof.

7. - The method of Claim 6, wherein the amount of the form of
hyaluronic acid administered is between about 10mg/70kg person and
35 about 3000mg/70kg person.

SUBSTITUTE SHEET

T,,’,?'s'.l,ie”t’ilm”””mm AN IIII




AR A XL L © ¥ PCT/CA93/ 00338

- Elaine Garagon and Ms. Laurie Lange is grat egéjlly appreci ated. 25

- REFERENCES :1.+ Ferns, GAA Stewart-LeeY*AL and Anggard, EE: Arteri al
response to mecfg'iml cal injury: balloon catheter de-endotheli al | zat | on

At her oscl er osi s 31992, » 92: gbhaomethbod. of Claim 1R&sor B whered

Sof°
at her oscl er osi stk 19 8
Casscells, W M ﬁé?ﬁ)rﬁee#ﬁg\é%omﬁ%%gfé@?@etﬁyﬁwgﬁ gpgggr E@Flg ba?l%o“
Critical events Ié'éﬁ%’nom s. Circulation 1992, 86(3):723-729 4.
Tanaka, Y, Adanms, DH and Shaw, S: Proteoglycans on -33- endot hel i al
cells preseng a%hem on- |nqﬂ_$| ng cyt oki 85 to_| eukocytes. | munol Today
1993, 14(3):9117115 5: e methiog p§(Claim tn@ndelSo0rf whemin sthenforin of -
Lundqvi st, H antyalurdsdé lagfPhs sddiuat Yotk Qintilis toRs Bty S¥Eh th'iy.

restenosis follow ng coronary angi opl dsty: possible preventative
alternatives. J Int Med 1993, 233:215-226 6. Jawi en, A, Bowen- Pope,

DF, Lindner, V, 18chwartz, mé amhaa of @lanRs1, é\/\B B a{red Q&rtﬁéf' Fﬁsﬁ\‘ga
Fact or prom)tes nmoot h . nusc m gration, and | nti mal g I n~a
rat nodel of bal %?eéﬁ’ibqailﬁll Sgé(ftwﬁ @%PH“F Rk & negosterqida @f‘-ts.{‘l qzmmatory
“P/BJ SS k%/, MN? L[I_ﬂdﬂg (NSAImrféimdﬂ&? Cthwaéﬂféct SMthedoii of RgialitroryA: ac|1d
roduction o a air arteria
injury. J din Fr@g@ﬁg‘im eé‘i’@ Lags%gféetﬁelﬁubﬂ&’ ﬁ
Krieger, JE, Ingelfinger, JR and Pratt, RE: Vascul ar i njury i nduces
ani ot ensi nogen ne expre h d on
1993, 87:283- 298?9 e C?nétﬂoh %\ﬁ 1&‘ % fmer %WI% g%ﬂéw}&ﬁ%
Belin, D Smoot AMAWR of ) least gne of ORI G %mrantgomdweraeérge gadical
ti ssue- typgs pl scaviengeeamms bl #ehesis dahibiting drag ifop ehhahé‘ilnlgrﬁfé effect df Ched

f

rter
artery. form of hyaluronic acid administered in the prevention of the arterial
restenosis.
12, A method of preventing of arterial restenosis after balloon

20 angioplasty, the method comprising the administration of a
~therapeutically effective non-toxic amount of hyaluronic acid and/or salts
thereof to prevent arterial restenosis.

13. The method of Claim 12, wherein the amount of the
- 25 hyaluronic acid and/or salts thereof administered is between about
10mg/70kg person and about 3000mg /70kg person.

14. The method of Claim 12 or 13 further comprising a-
therapeutically effective amount of an agent selected from a non-steroidal

30 anti-inflammatory drug (NSAID), restenosis inhibiting drug, Vitamin C
an anti-oxidant and free radical scavenger and combinations thereof for
enhancing the arterial restenosis prevention effect of the administered
hyaluronic acid and/or salts thereof.

35 15. - The method of Claim 12 or 13 further comprising an agent
selected from a non-steroidal anti-inflammatory drug (NSAID), a
restenosis inhibiting drug, Vitamin C, an anti-oxidant, and a free radical
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'~ 25. drg Res 1998 87 61- 67 10. M ano, JM Masic, N, THRG/CRER3/90383
Stenerman, MB* Snooth nuscle cell inmediate-early gene and growth factor
activation follows vascular injury: A putati ve3%n vivo mechani sm for
aufocrine 30 growt h.s Arterioscler Thronb 1993, 13:211-219 11.

Coves, AW and SEFA¥ENgEF aod.compinations thersof dor Menhrgw Brilar bbbl
SRBS

mgration in the
Cl owes, AW Rei dyp MA ané{ gfe%p%%?éxrﬁ |%1r§cm§e/§°f ithersof éﬁ@mﬁenﬁl
injury. Lab I nvesthe 8gent hemg selegted1m such amount to be'l'affelcaye 1%;&4&{

L, Vandeligt, K aggtefiaph I al uro
bi ndi ng prot ei gggl at égﬁtﬁgoF%a%#{)‘%?lg%na ﬁFg‘sf’F rtié%s eggq q{ al‘ﬂro@é{: jacid.
Bi ol 1991, 11 5) 6@&5192#18589_ Har dwi ck, C Hoare K, Oaens, R =

Hohn, HP, Hook, M Mbore, D, Crlpps V, Austen, L, Nance, DM and Turley,
EA: Mol ecul ar clo .ng of a novel Hyal uronan recegtor t hat_ nedi ates tunor

cell motility. J Il Biol Tbgoxmethord @f: Clrimglizié orpllswh erein if amh@Am is
Zhang, L and Turl sslected; tHéj%Toh}\'t%tthQNS)AID\@aﬁ)@fééh%% gﬁse
in the hyal uronan recep tOL m (Pl ol ‘Réﬁ 68: 861 ﬂ?@

Ripel lino, JA Ki$Xsesyef theaNSMPand he RB‘%I-H& yajurenicrgeid FY4S therept
aci d bi ndi ng 10egi @&cedds ab@memo‘mg/ so6f. the |l ocalization of hyaluronic

acid in tissue sections. J H sotchem Cytochem 1985, 33:1066-1086 20 17.

Maj ack, RA and Cl owes, AW Inhibition of vascular snmooth nuscle cell
nigration by hepalZ.n-like gTheasaniagharameseulicdletdémplogition fdO8e prevention
118:253-256 18.  of the natrBWARE UF thiNMub N0 bf 4t aARHaSKRIF Phe FubGRPSLALS

have been traumatized, the use being of a pharmaceutical composition

15 comprising.a therapeutically effective non-toxic amount of hyalﬁronic
acid and/or salts thereof and/or homologues, analogues, derivatives,
complexes, esters, fragments, and subunits of hyaluronic acid in
association with a suitable diluent or pharmaceutically acceptable carrier
to prevent narrowing of the tubular walls.

- 20 .
18. The use of Claim 17, wherein the form of hyaluronic acid is

selected from hyaluronic acid and salts thereof.

19. The use of Claim 17, wherein the tubular walls are arteries
25 which have been subjected to balloon angioplasty and the use has been
administered before, during and/or after the balloon angioplasty.

20. The use of Claim 17, 18 or 19, wherein the amount of the
form of hyaluronic acid administered is between about 10mg/70kg person
30 and about 3000mg /70kg person.

21. The use of a pharmaceutical composition for the prevention
of arterial restenosis after balloon angioplasty in a human, the use being of
a pharmaceutical composition comprising a therapeutically effective non-
35 toxic amount of hyaluronic acid and/or salts and/or homologues,
analogues, derivatives, complexes, esters, fragments, and subunits of
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25 Imkaggv% reg?sstance to Listeria nonocytogenes with macr dpOEAGA93/00388
i nf | anmat ory* responses. J I nmunol 1981, 127:402 19. Shi, Y,

Kor novski, BS, Savani, RC and Turl ey, EA: A #pi d, nmultiwell col ormetrl C
assay for chenotaxis. J Inmmunol Methods 1993, in 30 press 20.

Laurent, TC and hyakargnic somd mmsmnauen WABEBSUitabie2d il Gsrd 35 341% gé“&%ﬁ
Tool e, BP: Develaeeép}gbm cét‘f*e? t8f 1@5@11195&9?%?{85%; Tiss Res 982 10: Y00
a

22. Turl ey, uro and ce oconotlon. Cancer Mt Rev
1992, 11:21-30 23. Val censtrom A, Martinussen, HJ, CGerdin, B and Ha

|1 gren, 5 R an:urruIatl | con, erlrretal
myocar di al i arc I on gh %%s(tglail)‘gﬁ1 a@g&%@%}{?()@&ﬂ”@f hQaﬁerm%g ef, .
PH, Fuller, Cteéis@@m mmrommdlmdaﬁaltmﬂ\emfe of hyal uronic acid and
fibrinogen in the early events of inflammtory 10 response and wound

heal i ng. J Theorgt Biol 1986, 119:219-234 25. Bray, BA, Sanpson, PM
Gsman, M G anddreni co, A Ehejuseiof fdaimngl o522, Véhﬁﬁ&'e;*,h@ nmqmy of sheiform

hyal uronan (hyalbfr R¢akuresi€)adadid wetweenl dBsAt Imxﬁg Zﬂggﬁg%% about

alveolitis in h m Rev 15 Resp Dis 1991

Tool e, BP: Hyal éﬁ@‘#ﬁﬁy& PEEOS: ndi ng proteins, the hyaI adherins. Curr Opn
Cell Biol 18®0, 2:839-844 20 27. Haynes BF, L| ao, H X and Patton,
KL: The transnerprane hya ate r |t Ie functions

nul tiple forms. “Cancer Cel %ff @%ﬁﬁ‘ gzr?{éggj ég il reuA E ft&ﬁﬂ" Ofythe
Boudr eau, CL anghmoingo en,mm ccm'tposmghyxsafm xmrawenouaadmnummml ature 11:
H st ochem cal |ocalization in proliferating capillaries of the rabbit

cornea. AmJ Pathol 1981, 103:367-375 29 West, DC and Kumar, S: The
effect of hyal uf8nate and Thes use i gfo Sdaimnal?,di8 30 en@d: Hurther eemprising a

proliferati® atierapeatiealty efféédé ainount of an agent selected from a non-steroidal
- anti-inflammatory drug (NSAID), restenosis inhibiting drug, Vitamin C,
anti-oxidant and free radical scavenger for enhancing the effect of the
form of hyaluronic acid in the prevention of the narrowing of the tubular

walls.

20
26. The use of a pharmaceutical composition for the prevention

of arterial restenosis after balloon angioplasty, the use being of a
pharmaceutical composition before, during and/or after balloon
angioplasty comprising a therapeutically effective non-toxic amount of

25 hyaluronic acid and/or salts thereof in association with a suitable diluent
or pharmaceutically acceptable carrier to prevent arterial restenosis.

27. " The use of Claim 26, wherein the amount of the hyaluronic
acid and/or salts thereof is between about 10mg/70kg person and about
30 3000mg /70kg person.

28. The use of Claim 26 or 27 further comprising an agent
selected from a therapeutically effective amount of an agent selected from
a non-steroidal anti-inflammatory drug (NSAID), restenosis inhibiting
35 drug, Vitamin C, anti-oxidant and free radical scavenger and
combinations thereof for enhancing the arterial restenosis prevention
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- 30" Exp Cel | Res 1989, 183:179-196 30. Boudreau, N an8CT/CA93/00388
Rabi novi t chy Kt". Devel opnental ly regul at ed chggg_es in extracellular matrix

i n endot helial and snooth Muscle Cells in the ductus arteriosus nay be

related to inti praliferati.o a vest . 1991, 64(2):187-199 31.
Boudr eau, N, Turfééfegc? rjfg Rﬁﬁ{rﬁ F?ﬁh BTY%}PBPBFFechlﬁ and /@6-salts thereof

Hyal uronan, and & isteredn Bi nding Protein contribute to increased ductus
arteriosus snooth nmuscle.cell mgration Develop Biol 1991, 143:235-247 5
32. Kockx, MM De Meyer, CGRY, Jacob, WA, Bult, H and Herman, AG

Tri phasi c sequen@@ of neoi rnfheraisef of nEldiom 260 orh27 chufrtiest eaﬁcpmﬁngr Eﬁré(gé}(t |

h bb 4 5 :
tSeFeE:'ii i olng: )Iasn': :;Széegé er -SH'H 01[1? ctie‘??gp%égqaﬁ Zqé% ‘Zeaggb%uﬁr of a ﬁ‘?ﬁ 5?‘?1‘9%4%@““"@;
during inflammt i ansoamryedm@:(N%mp&zesmstmbxtmg diusg and Mitaaiid C

Spri , TAD Angy Wl sh, CJ, .
SPhierenel |k anangpmaEs hetdor forrdniithdre, e arterial restefigsi prevention
Phosphol i pase D &ffgct nértbeeh;talnrwmsmmdmd/forvsadtajﬂmreeﬁadnhnmtemch thelrcn-

ot o, e g ok e M g B i
TGF-[err] niMc bqég’élgmie{tedrm such, pmosntsste heneffegtiver in @gqncmgltlng arssjal

37. V\ﬂh| rédtenstidiprebbntibakefib@! 8 thdladihindstbnRY ?Eﬁﬁ%ﬁc: adid Mﬁor
LM Roberts, a%g%ﬁgé)rn MB: Transform ng growth factof type 25 beta
i nduces rmnocyte T89f-s and growth factor production. Proc Natl Acad

Sci, USA 1987, 84 (August 1987):5788-5792 38. Samuel , SK, Hurta,
RAR, Spear nan, Wi ght, ~JA, er rl]&:
stimul ation of cer’l | ocorm#' nuseSEESﬁa@ ?g& fb1 %&M 2 Selsctrd.
RHAMM and hyli ur theapmaunteof ths NSAMD s mrarpeéfsstwe dose or a dose excess of the
NSAID and the amount of hyaluronic acid and salts thereof exceeds about

200mg/70kg person.
31. The use of:
20 an effective non-toxic amount of hyaluronic acid and/or salts

thereof and/or homologues, analogues, derivatives, complexes, esters,
fragments, and subunits of hyaluronic acid,

in the manufacture of a pharmaceutical composition for

preventing the narrowing of the tubular walls of an animal after the

25 tubular walls have been traumatized, the use being characterized by an

~ effective non-toxic amount of hyaluronic acid and/or salts thereof and/or

homologues, analogues, derivatives, complexes, esters, fragments, and

subunits of hyaluronic acid being incorporated into the pharmaceutical

composition.
30
32. The use of Claim 31 wherein the form of hyaluronic acid is
hyaluronic acid and/or salts thereof.
33. The use according to Claim 31 or Claim 32 in a liquid form.
35 |
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As many changes.can be made to the invention without departing f%rﬁ?ﬁ/ém—"ss
scope of the fnvention, it is intended that ajd. nmaterial contained herein

be interpreted as illustrative of the invention and not in 35 a limting
- sense. - 37 - 34nmended chg : e : ef.fectiyve non-toxic
e st of CHif 8100753 PRsthinr el v . hyaluronic

anount of a form of, hyal groni-c acid _
phar naceuti cal | yaﬁl‘:jcé%t‘gﬂll%eéaﬂtt% daser betwedrn a@mntlﬁ)mgetbeaﬁoaﬂ(;;oggﬁ?ybpﬁ
of hyal uroni c acpgrsd) t he manufacture of a pharnaceutical conposition g
preventing the narrowi ng of the tubular walls of an animal after the

tubul ar walls have been traunati zed, the use being characterized by an

effective norgto86c anount Tofe hgk_'e chﬁ:ﬁ‘iﬁf 3i‘>’c§;’1Ji g%qué&e%itﬂﬁbﬁwg of hyahéf%ii%

Jincorporated into_the armaceut 1 cal conposi : e use of :
wherein the fornfGR ta desqigreatenthan 20Amg /A9kg pesIror salts t her eof
whose nol ecul ar weight is |ess than 750,000 daltons. 3. The use

according to d a1ij 1 or Agim2, V\gfréliﬁn the pharmaceutical conposition is
in intravenous from 4. yse impBéceri 3%y whereinwihe ahammaceudical

of hyal uroni ¢_acesmpositiohi 1€0fo¥ predeffiopeiofeapteki rboteB@PNTH K Shalloon
person. 5. mThe%Jgél zf Cl.aim 4 erein the formof hyaluronic acid is
utilized at a do @P a8F¥ N RumaBs o g/ 70kg per son. 6. The use of any
precedi ng cl ai mwherein the pharmaceutical conposition is for prevention of

arterial restenogps after Lll_gg fangi oplasty in humans. -38 - Anmended
clainms 7. The use of; (1 a therapeutically effective non-toxic anmount
of a formof hyaluronic actld, hyaluronic acid and/or salts thereof and/or

homologues, analogues, derivatives, complexes, esters, fragments, and
15  subunits of hyaluronic acid, and '

(2) an agent selected from a non-steroidal anti-
inflammatory drug, restenosis inhibiting drug, Vitamin C, anti-oxidant
and free radical scavenger and combinations thereof

in the manufacture of a pharmaceutical composition for

20 preventing the narrowing of the tubular walls of an animal after the
tubular walls have been traumatized wherein a therapeutically effective
amount of the hyaluronic acid and/or salts thereof and/or homologues,
analogues, derivatives, complexes, esters, fragments, and subunits of
hyaluronic acid is administered to humans together with a therapeutically

25 effective amount of the agent (2), the use being characterized in that the
amount of component (1) is an effective amount to prevent the
narrowing of the tubular walls of the animal and component (2) enhances
the effect of component (1) in the prevention of the narrowing of the

tubular walls.
30 '
38. The use of Claim 37 wherein component (2) is hyaluronic
acid and/or salts thereof.
39. The use according to Claim 37 or Claim 38 in intravenous
35 form.
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'om hyal uroni utically acceptable salts e f.
R@P4£0H505 and gummm'ﬁﬁml uronic acid, and (2) F /g‘@éﬁ‘[ﬁo%s
om a non-ster I | ammat ory drug, stenosis inhibiting -

.+ sel ected
fragment’s

sel ected
drug, Vitgmn C anti:-oxidant and free radf 631 “scavenger and conbi nations
t hereof i the manufacture of -a pharnmaceutical conposition for preventing

the narrof ng of0.t he t ubuTlhe usaldf<Claimad’ aniddawkerely comgponebt i b iswalilized

have beenktraungti ' ' i
Forms. of fyal urer S5 YN 0R B2 i & R ROR R g persOR
t herapeutfcally effective anmount of the agent (2), the use being

char acz e[ Lzed iq.that theTREREBtfA12BAMPOBEMS, Wiherkhh admplohest i(VeisaaBlpEd t O
preven ne

arrowi,ng of the tu ar | s of the aninal "and conmponent (2) °
enhances the'{]efqtéc‘[loﬁgﬁ8@6?&5&h§ﬁgﬂbm%kg&?rﬁ%vention of the narrow ng of
the tubular walls. 8. The use of Claim7 wherein conmponent (2) is _
hyal uroni ¢ aci d,.and/ or salts thereof, who mol ggul ar weight i s less than
750, 000 dal tonst2 g, Thel I 613 & rgllﬂé“ts% ara‘r% ?”%‘?fedj‘a{}kﬁ é’,si"ch@i i
phar neceut i cal coanpositioronisi for nprevemtiienoo$ aotemiall@estefbeisusdtaxf tzaljowmd

Clainms 7 to 9, | qﬁ%ﬁ (1) is utilized at a dose between
10nmg/ 70kg persoa%éﬁggaggg gﬁsp'erson. 11. The use of Caim 10 wherein
component (1) is utilized at a dose greater than 200ng/ 70kg person. 12.

- The use of any gf Cains £ Fﬂa%’acé\@ﬁéﬂi "doﬁﬁ%d@ﬁéﬁ”@&xﬂ _ris(iﬁg, QégBﬂi?‘é'rt Wathis
for prevention of %rter_l al estenoslé af te&& bal | oon angi opl asty.in Tumans.
- 39 .- Amended S¥iabig dilyients as sRAVIEE o AR S ERCUVERRIIOXIS RIBBHRE P& hygluronic

together with dididesid/ondhlsatiesed@naler hphwslopaesit aralogers) iddrivasves,
desired; (1) a form of h%al urpnic acid se4 ect.ed .f-ronfl Ral uroni c _aci d,f

ohar maceut i cal ISPRBERSa At Sl FaBMHISorN SRS ThdPRIRTORSE 20HimifPs
-~ of hyal uroriis5c gmettenting (120 narsowimegasi the hbhidri nallr of,arf anipaévend: tige

have been 11 aundl i i g atverees oLl Bl W Bl éﬁﬁ?‘iﬁﬁ'&ﬁ%ﬁ%&?ﬁe
.non-toxi ¢ amourly an effectiver nonftokitarmounit Ofdeyalupenicadid cndrasalts thersof he
conposi tion toge{d)eyr Nbibldgues, analogues, derivatives, complexes, esters, fragments,
and subunits of hyaluronic acid being incorporated into the
20 pharmaceutical composition to prevent the narrowing of the tubular
walls.

44, The composition of Claim 43 wherein the form of hyaluronic

acid is hyaluronic acid and/or salts thereof. '

25 |
45. The composition according to Claim 43 or Claim 44 in a
liquid form. ' | '

46. . The composition of Claim 43 or 44 wherein the form of
30 hyaluronic acid is utilized at a dose between about 10mg/70kg person to
about 3000mg/70kg person. -

47. The composition of Claim 43 or 44 wherein the form of
hyaluronic acid is utilized at a dose greater than 200mg/70kg person.
35 ' '
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therapeutically effective amount of agent (2), to prevent tubLﬁ%Vc\ﬁgMomss
narrow ng, ,t ke conposition being characteriz t hat the anmount of conponent
(1) is an effective amount to prevent the narrowi ng of the tubular walls of

- the animal and nponent enhances it he effegt . of conponent (1) in the
prevention of tﬁg nar r owi g of CPRPUHATYr O&a%ﬁ?‘m1443 Ve {thawhereini ¢hk

conposition of pharmac&ﬁnmﬂecm ositigroie for PVENONF LP8HR4] t
selected froma Qgﬁ ag{éhgf\ aﬁ,tl i nfl am‘rat(Pg‘ry drug (NSA D§ %i%%&rﬁg%?&
free radical g sty iR Wﬁ%t and, conbi nations thereof. 15.
The corrpositlon of CI aim 13 or 14 wherein conmponent (1) is hyaluronic acid
and/ or a phagf maggutically ac table $ ose m)lecul ar wei ght -i's
| ess than 7% 88 dal tonsAsl “gb%;ogé‘?\%gﬁﬁé%%h TUPRESINS a\tﬁﬁegferd“élﬂhs
13 to 15 in inj diuentsy adr)uvants amlnothe fpi-ramméuboaipmmats és desisedli um

hyal uronate. 17. The co 5| ti.0 y of er

conmponent (1) is utili zed yc?géléoﬂ ‘tvv@é:hd Oﬂt}@? 658 Wfager%%ﬁ/oi&
The conposition omc{tbgues,linmlmguesn deoivadivest com‘)plesea;tesltensecfragmmk)smd
greater than 209&&{“{@ Amended cl ai ns 19. The
corrp05|t|on of any o %rar msﬁ'&%glﬁ aCIfSélgﬁerel n the pharnmaceuti cal
conpositiontds for preventionasi agenti ae lecsederfsons af tmontatereisal anti-

angi opl asty in fHfBAat Qh t i mlﬁ,h@qaa
plurality of dosage arfaoéfr}{s a ﬁa'rs k@al s~ 43 g44‘!!3&4 46, xcal or
49 scavenger and ant1—ox1 ant and combinations thereof

for preventing the narrowing of the tubular walls of an

animal after the tubular walls have been traumatized, the composition

15 Dbeing characterized by an effective non-toxic amount of hyaluronic acid

and/or salts thereof and/or homologues, analogues, derivatives,

complexes, esters, fragments, and subunits of hyaluronic acid being

incorporated into the composition together with a therapeutically

effective amount of agent (2), to prevent tubular wall narrowing, the

20 composition being characterized that the amount of component (1) is an

effective amount to prevent the narrowing of the tubular walls of the

animal and component (2) enhances the effect of component (1) in the
prevention of the narrowing of the tubular walls.

. 25 50. The composition of Claim 49 wherein component (1) is
hyaluronic acid and/or salts thereof.

51. The composition according to Claim 49 or Claim 50 in
injectable or intravenous form and component 1 is sodium hyaluronate.

30
52. The composition of Claim 49 or 50, wherein component (1) is

utilized at a dose between about 10mg to about 3000mg/70kg person.

53. The composition of Claim 49 or 50, wherein component (1) is
35 utilized at a dose greater than 200mg/70kg person.
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54. ° The composition of Claim 49 or 50, wherein the

pharmaceuhcal composition is for prevention of artenal restenosis after
balloon angioplasty in humans.

5 55 A pharmaceutical composition comprising a plurality of
dosage amounts as cla1med in Claims 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53
or 54.
10
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