
TITLE OF INVENTION USE OF HYALURONIC ACID AND FORMS TO PREVENT ARTERIAL
RESTENOSIS. FIELD OF INVENTION 5              This invention relates to the
prevention of the narrowing (stenosis) of tubular walls of an animal after
the tubular walls have been traumatized.  In one embodiment, this invention
relates to the prevention of arterial restenosis after balloon angioplasty.
BACKGROUND OF THE INVENTION 10              Balloon angioplasty is a widely
accepted method of opening blockages in the coronary arteries. The balloon
catheter was introduced experimentally in the early 1960's and was first
applied clinically in the late 1970's. It has since assumed a major
therapeutic role in the treatment of single and multiple vessel coronary
artery disease (Baumgartner, H.R., 15   1963, Z. Ges. Exp. Med., 137:227).
However in some patients after successful treatment by balloon angioplasty,
arterial restenosis occurs. This time however the narrowing of the inner
diameter (ID) of the artery is caused by growth (proliferation) of
endothelial cells in the areas of irritation caused by the 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   Their
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
-2- solution which will be released through the perforations contacting an
area of the artery after angioplasty to prevent restenosis. U.S. Patent
5,116,864 (Hathaway et al.) purports to teach the prevention of restenosis
in peripheral or cardiac vascular systems after 5   vascular recanalisation
by systemic administration of photo activatable psoralen to give serum
psoralen levels which inhibit smooth muscle cell growth. U.S. Patent
5,092,841 (Spears, J.R.) purports to teach the treatment of an arterial
wall injured during angioplasty by delivering bio- 10   protective material
between the wall and the angioplasty catheter so that the bio-protective
material is entrapped and permeates into the tissues and vessels of the
arterial wall during opposition of the angioplasty catheter. EP 356275-A
(Petitou et al.) purports to teach the use of new o- 15   acylated
glycosamino-glycan derivatives in the inhibition of post- 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    - 3 -
teach the use of ACE inhibitor (via the oral   parenteral route) for
preventing or reducing the risk of restenosis following angioplasty U.S.
4,929,602 (Harker, et al.) purports to teach a method of inhibiting
arterial restenosis by administration of D-phenyl alanyl-prolyl- 5
arginyl-balomethyl ketone peptide derivative or a hydrolalin acid addition
thereof. U.S. 4,820,732 (Shell, et al.) purports to teach a composition
containing a prostaglandin compound for the reduction of restenosis and
abrupt stenosis. 10              Applicant is also aware of a company
Glycomed developing a fragment of Heparin that prevents arterial restenosis
after balloon angioplasty. In the basic research efforts in the latter '70s
and the early 80's, there existed considerable confusion as to what role
immunotherapy 15  should take in cancer. Activation or "hyping" of
macrophages was thought to be important. However, in an examination by
Romans and Falk of peritoneal 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. 25  indomethacin, and naproxen
(Naprosyn[err]). Again, in animal tumors it was repeatedly 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
-4- any pathological tissue to alter therapeutically local prostaglandin
production. While intravenous preparations exist of Indomethacin and now of
other agents, the data is overwhelming, that using these drugs alone
produces prohibitive side effects in human subjects. Therefore only 5
insufficient amounts can be brought into the body to effect more than
occasional responses in neoplasm. However the majority of the evidence is
present to indicate and therefore it can be postulated that the basis for
neoplastic development and how  the initial cell "sneaks by" the immune 10
surveillance mechanism relates to its production of prostaglandin. One need
postulate only one mutation to alter the amount of prostaglandin synthesis
produced by cells when they become "malignant" to establish a mechanism of
blocking out the initial cell in any immune reaction, i.e. 



the macrophage. It therefore became essential to develop a combination 15
of NSAIDS for clinical use to produce a major improvement in response in
neoplastic disease and other conditions where excessive prostaglandin
synthesis represents the basis of the pathogenesis of this disease state,
i.e. arthritis, and various others of the so-called connective tissue
inflammatory disorders and/or auto-aggressive diseases. 20
See also: 1.  Modulation of Immunity in Cancer Patients by Prostaglandin
Antagonists, Immunity to 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.    -5- Further and other objects of the
invention will be realized by persons skilled in the art from the following
summary of the invention and discussion with respect thereto. SUMMARY OF
THE INVENTION 5             Applicants believe that forms of hyaluronan or
hyaluronic acid (especially hyaluronic acid and salts thereof) will prevent
stenosis of 



the inner diameter (ID) of irritated tubular walls and particularly prevent
restenosis of the arterial walls by for example the proliferation of
endothelial cells as a result of irritation arising from balloon
angioplasty 10  or other treatment. The forms of hyaluronic acid (for
example hyaluronic acid and salts of hyaluronic acid) can be administered
intravenously or by injection (in the case of direct injection of small
amounts) in effective amounts of about 10mg/70kg person to in excess of
3000mg/70kg person prior to, during and/or after injury. 15
Hyaluronan or hyaluronic acid is a glycosaminoglycan that is 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 aspect 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



- 6 - narrowing of the tubular walls.  (The hyaluronic acid may be
administered before, during and/or after the injury). Preferably the form
of hyaluronic acid is hyaluronic acid and salts thereof. The amount of the
form  of hyaluronic acid administered is preferably between about 5
10mg/70kg person and about.3000mg/70kg person. Thus according to another
aspect of the invention, a process is provided for the prevention of
arterial restenosis after balloon angioplasty in a human, the process
comprising the administration of a therapeutically effective non-toxic
amount of hyaluronic acid and/or salts 10  thereof and/or homologues,
analogues, derivatives, complexes, esters, fragments, and subunits of
hyaluronic acid to the human to prevent arterial restenosis. Once again
preferably the form of hyaluronan or hyaluronic acid is hyaluronic acid and
salts thereof and preferably the amount of the form of hyaluronic acid
administered is between about 15  10mg/70kg person and about 3000mg/70kg
person. The hyaluronic acid can be administered before the procedure, for
example, balloon angioplasty or during or after the procedure (immediately
following). The compositions are preferably administered intravenously in a
liquid form and include suitable diluents or other adjuvants as 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
example N-Methyl Glucamine), Piroxicam, the (+) tromethamine salt of
Ketorolac, acetylsalicylic acid, Naproxen and the like. The amounts of
UNSAID may be appropriate accepted doses preferably administered to
patients. In some cases dose amounts up to 10mg of the NSAID/kg of 5  body
weight (for example 1-2mg of NSAID/kg of body weight) are suitable. With
Diclofenac much larger amounts are appropriate. Where greater than normal
amounts of NSAIDS are used, in order to reduce side effects caused by
excess NSAID administration, greater than about 200mg of the form of
Hyaluronan or Hyaluronic Acid (HA) per 70kg person may be 10  administered
to reduce and eliminate the side effects such as gastro- intestinal
distress, neurological abnormalities, depression, etc., of administration
of the NSAID. A therapeutically effective amount of a free radical
scavenger and anti-oxidant such as Vitamin C may also be added to the
composition 15  to enhance the effect of the Hyaluronic Acid and Hyaluronan
administered. Such amount may be up to 50 grams - 100 grams in a dosage as
Vitamin C is soluble and is excreted by the kidneys although much lower
amounts are normally used. Other anti-oxidants and free radical scavengers
may also be used. In one embodiment the composition 20  comprises a form of
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 use 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,    -8-
immediately after the trauma. Preferably the form of hyaluronic acid or
hyaluronan is hyaluronic acid and salts thereof, for example sodium
hyaluronate. According to another aspect of the invention, the use of a 5
pharmaceutical composition for the prevention of arterial restenosis after
balloon angioplasty in a human  is provided, the use being of a
pharmaceutical composition comprising a therapeutically effective non-
toxic amount of hyaluronic acid and/or salts and/or homologues, analogues,
derivatives, complexes, esters, fragments, and subunits of 10  hyaluronic
acid in association with a suitable diluent, pharmaceutically acceptable
carrier or other adjuvants to prevent arterial restenosis preferably the
form of hyaluronic acid is selected from hyaluronic acid and salts thereof
and the amount of the form of hyaluronic acid is between about 10mg/70kg
person and about 3000mg/70kg person. 15              In one embodiment the
form of the pharmaceutical composition is for intravenous administration
and is administered immediately before the trauma (for example before
balloon angioplasty). In another, the composition is administered
immediately 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 ([err])
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 a non-steroidal anti-inflammatory drug
(NSAID) for    enhancing the arterial restenosis prevention effect of the
administered hyaluronic acid and/or salts thereof administered. The NSAID
may be at accepted appropriate doses depending on the NSAID for example up
to about 10mg/70kg of body weight (for example 1-2mg of NSAID/kg of body 5
weight). The appropriate dose for Diclofenac is much greater. Where it is
desired to use a dose excess of NSAID, the amount of hyaluronic acid and
salts thereof preferably exceeds about 200mg/70kg person. The composition
may further comprise a therapeutically effective amount of Vitamin C or
other free radical scavanger or anit- 10  oxidant for enhancing the effects
of the form of hyaluronic acid to prevent narrowing of the tubular walls.
The Vitamin C may be used in large amounts (for example even 50 - 100
grams) although much smaller amounts are suitable. The composition may also
comprise an effective amount of a 



15  stenosis inhibiting drug. The composition may comprise hyaluronan or
hyaluronic acid and at least of one of an NSAID, Vitamin C, free radical
scavenger, anti-oxidant and 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 composition 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:    - 10 - In one embodiment the pharmaceutical composition is or
prevention of arterial restenosis after balloon angioplasty in humans. In
embodiments the pharmaceutical composition is given before the balloon
angioplasty and immediately after the trauma. 5              According to
another aspect of the invention, the use of; (1)  hyaluronic  acid  and/or
salts  thereof and/or homologues, analogues, derivatives, complexes,
esters, fragments, and 



subunits of hyaluronic acid, and (2)  an agent selected  from  a
non-steroidal anti- 10  inflammatory drug (NSAID), a stenosis inhibiting
drug, and Vitamin C, free radical scavenger and anti-oxidant and
combinations thereof is provided in the manufacture of a pharmaceutical
composition (including diluents, adjuvants and other carriers) for
preventing the 15  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
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.    Where the NSAID is used in dose
excesses (greater amounts than the 



normally acceptable dose amounts, the amount of the form of hyaluronic acid
preferably exceeds about 200mg per 70kg person. Suitable  NSAIDS include
Diclofenac Piroxicam, Indomethacin (solubilized in N-methyl 5  glucamine),
acetylsalicylic acid, + tromethamine salt of Ketorolac, naproxen and the
like. According  to  another aspect of the  invention  a pharmaceutical
composition is provided comprising (together with diluents as required) an
effective non-toxic amount of hyaluronic acid 10  and/or salts thereof
and/or homologues, analogues, derivatives, complexes, esters, fragments,
and subunits of hyaluronic acid, for preventing the narrowing of the
tubular walls of a human after the tubular walls have been traumatized, the
composition being characterized by an effective non-toxic amount of
hyaluronic acid and/or salts thereof 15  and/or homologues, analogues,
derivatives, complexes, esters, fragments, and subunits of hyaluronic acid
being incorporated into the pharmaceutical 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 I.V. 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    - 12- (2)  an  agent selected  from  a
non-steroidal anti- inflammatory drug; a stenosis inhibiting drug, Vitamin
C, an anti-oxidant and free radical scavenger and combinations thereof for
preventing the narrowing of the tubular walls of an 5  animal after the
tubular walls have been traumatized, the composition 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 composition
together with  a therapeutically 10  effective amount of the agent (2), to
prevent the tubular walls from narrowing, the 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 the amount of
component (2) enhances the effect of component (1) in the prevention of the
narrowing of the 15  tubular walls. Preferably component (1) is hyaluronic
acid and/or salts thereof most preferably sodium hyaluronate and preferably
in a liquid dosage form such as an Intravenous form (I.V. Bag). The
composition may be made in bulk 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, [err] tromethamine salt of Ketorolac, naproxen and
the like.    -13- When the composition comprises an agent selected from
NSAID, stenosis inhibiting drug, Vitamin C, free radical scavenger and
anti-oxidant and combinations thereof, Applicants postulate that the
hyaluronic acid and or salts thereof and/or the homologues, analogues, 5
derivatives, complexes. esters, fragments, and/or sub units of hyaluronic
acid also facilitates the transport of the agent to the site of irritation
to enable the agent to penetrate the cells (in the artery, endothelial
cells) which together will help prevent for example arterial restenosis. By
way of example and to illustrate the facilitation of the 10   delivery or
transport of a chemical to a site in a mammal, when  ethyl alcohol is
injected directly into a cancer tumor, and sonographic (ultrasound)
assessment is made, it is not dispersed throughout the tumor. When the
ethyl alcohol to be administered into a tumor is carried by hyaluronic acid
and/or salts thereof, sonographic assessment of the 15  tumor, demonstrates
the dispersion of the ethyl alcohol throughout the tumor. While Applicants
postulate that the hyaluronic acid facilitates the transport and delivery,
Applicants invention may be used as described irrespective of the actual
method of operation of 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/ml of n-    - 14- methyl glucamine
(NMG). This substance is then passed through a 22 micron Milipore filter to
produce sterility . This material is non-toxic at 16 micron Milipore filter
to produce sterility.  This material is non-toxic at 15 fold the
therapeutic dose in animals and for this reason was considered appropriate
to be used in human conditions. Thus, IndocidTM solubilized 5  in  NMG  is
administered  to human  patients intravenously  or intravascularly at a
varying dose up to 10 mg/kg where each dose of indomethacin is combined
with for example 200 - 1000mg of hyaluronic acid (for example
"LifeCore[err]" hyaluronic acid [sodium hyaluronate]) diluted in the
original solution of indomethacin and. NMG with for 10  example the
"LifeCore[err]" hyaluronic acid. This produces an appropriate mixture and
can be administered safely by any of the routes. [Similar clinical studies
have been done with hyaluronic acid prepared by other methods, i.e.
extraction.  The extracted material is satisfactory to use for 



intravenous.] 15              Thus when an NSAID for example indomethacin
(dissolved in n-methyl glucamine) or other NSAID is administered with
greater than 200mg hyaluronic acid for 1 - 2 mg/kg body weight of the NSAID
(in one instance indomethacin and NMG), no major toxic side 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[err]) 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 synthesis inhibitors.
The hyaluronic acid and salts thereof may be utilized at    varying doses -
10 to 1000 mg/70 kg person. As there is no toxicity, the hyaluronic acid
can obviously be administered in a dose excess (for example 3000 mg/70 kg
individual) without any adverse effects. One form  of hyaluronic acid
and/or salts thereof (for 5   example  sodium  salt) and  homologues,
analogues, derivatives, complexes, esters, fragments, and sub units of
hyaluronic acid, preferably hyaluronic acid and salts and thereof suitable
for use with Applicants 



invention is a fraction supplied by Hyal Pharmaceutical Corporation. One
such fraction is a 15 ml vial of Sodium hyaluronate 20mg/ml (300mg/vial 10
- Lot 2F3). The sodium hyaluronate fraction is a 2% solution with a mean
average molecular weight of about 225,000. The fraction also contains water
q.s. which is triple distilled and sterile in accordance with the U.S.P.
for injection formulations. The vials of hyaluronic acid and/or salts
thereof may be carried in a Type 1 borosilicate glass vial closed by a
butyl 15   stopper which does not react with the contents of the vial. The
fraction of hyaluronic acid and/or salts thereof (for example sodium salt)
and homologues, analogues, derivatives, 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 mucopolv-saccharides on a
total weight basis; iii)  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    about 0.25; and 



xii)   a pH within the range of 7.3-7.9. Preferably the hyaluronic acid is
mixed with water and the fraction of hyaluronic acid fraction has a mean
average molecular weight within the range of 150,000- 5   225,000. More
preferably the fraction of hyaluronic acid comprises at least one
characteristic selected from  the group consisting of the following
characteristics: i)   less than about 1% sulphated mucopolysaccharides on a
total weight basis; 10              ii)   less than about 0.4% protein on a
total weight basis; iii)  less than about 100 ppm iron on a total weight
basis; iv)  less than about 10 ppm lead on a total weight basis; v)   less
than 0.00166% glucosamine; vi)  less than 0.0166% glucuronic acid; 15
vii)  less than 0.0166% N-acetylglucosamine; viii) less than 0.00166% amino
acids; x)    a UV extinction coefficient at 257 nm of less than about 0.23;
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[err] Biomedical, Inc. having the following specifications.
Characteristics                         Specification 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   



OD, 260nm                             < 0.25 OD units Hyaluronidase
Sensitivity            Positive response 5. IR Scan
Matches reference pH, 10mg/g solution                   6.2 - 7.8 10
Water                                 8% maximum Protein
< 0.3 mcg/mg NaHy Acetate                               < 10.0 mcg/mg NaHy
15 Heavy Metals, maximum ppm As   Cd   Cr   Co    Cu    Fe    Pb    Hg
Ni 2.0  5.0  5.0  10.0   10.0   25.0   10.0   10.0   5.0 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 cm[err]/g., and preferably greater
than about 2000 cm[err]/g.;    - 18 - (b)   a protein content of less than
0.5% by weight; (c)   ultraviolet light absorbance of a 1% solution of
sodium hyaluronate of less than  3.0 at 257 nanometers 



wavelength and less than 2.0 at 280 nanometers 5              wavelength;
(d)   a kinematic viscosity of a 1% solution.of sodium hyaluronate in
physiological buffer greater than about 1000  centistokes, preferably
greater than  10,000 centistokes; 10             (e)   a molar optical
rotation of a 0.1 - 0.2% sodium hyaluronate solution in physiological
buffer of less than -11 X 10[err] degree - cm[err]/mole (of disaccharide)
measured at 220 nanometers; (f)   no significant cellular infiltration of
the vitreous 15              and anterior chamber, no flare in the aqueous
humor, 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 hyaluronate 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 100ml individual containers, 30ml size being
preferred.  



- 19  - BRIEF DESCRIPTION OF THE DRAWINGS Surgical procedures were
undertaken to illustrate an embodiment of the invention and analysis of
results are illustrated in the enclosed Figures in which; 5
Figure 1 contains photographs of injured and sham operated arteries. Figure
2 illustrates in graph form RHAMM (Receptor for HA (Hyaluronan) Mediated
Motility) expression by the carotid arteries. Figure 3 contains photographs
of RHAMM and hyaluronan 10  expression in smooth muscle cells of the
carotid artery 4 days after their injury. Figure 4 illustrates in a bar
graph the effect of RHAMM, HA binding [Hyaluronan-(Hyaluronic Acid)-
binding] peptides (401-411) and anti-Rhamm antibody on the Chemotaxis of
Macrophage cell lines to 15  complement (C5a). Figure 5 illustrates in bar
graph form the effect of RHAMM HA - Binding peptides (401-411) of the
chemotaxis of the neutrophiles 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)".    REPLACEMENT SHEET Figure 12 illustrates "EFFECT OF
RHAMM HA-BINDING PEPTIDE 401-411 ON SMOOTH MUSCLE CELL MIGRATION 5 HOURS
AFTER WOUNDING". BRIEF DESCRIPTION OF THE EMBODIMENT 5             The
following experiments were conducted. 10 rabbits were anesthetized and
balloon angioplasty was performed on them. The rabbits were perfused with
hyaluronan (5 mg/ml) or buffer alone and allowed their recover. Rabbits
were sacrificed at 2, 24, 48 hours after injury and carotid arteries were
processed for 10  histology and serial 5-10 [err]m sections were taken for
processing. Sections were stained with hematoxylin or with anti RHAMM
antibodies. 10 sections of each treatment were analyzed. 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
animals 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).    - 21 -
Figure 4.  The effect of RHAMMM peptides on chemotaxis of neutrophiles in
response to IL-8. RHAMM  peptides that mimic the hyaluronan binding domain
of RHAMM  inhibit the chemotaxis of neutrophiles in a Boyden chamber assay.
5           Figure 5:  RHAMM  peptides and  antibodies  inhibit chemotaxis
of macrophage cells lines (S1, WEHI-3) in response to complement.
Complement but not heat-inactivated complement (56[err]C) stimulated
chemotaxis of macrophage cell lines. RHAMM peptides that mimic hyaluronan
binding domain of RHAMM and anti-RHAMM 10  antibodies inhibit chemotaxis.
Figure 6: RHAMM peptides inhibit the locomotion of smooth muscle cells
responding to injury. The RHAMM peptide that mimics the hyaluronan binding
domain of RHAMM inhibits the locomotion of injury smooth muscle cells. The
scrambled peptide had no 15  effect indicating the specificity to the
"sense peptide. 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 Hyaluronan-binding Domains in the Hyaluronan
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    (Fig. 5) and
smooth muscle cell (Fig. 6) migration to a highly significant degree (p >
0.0001, Student's "T" test). Collectively, these results indicate that
RHAMM, and in particular its Hyaluronan binding capability is essential for
locomotion of white cells and smooth muscle cells and that 5   its
expression  is elevated at the site of tissue injury  following
experimental ballon catherization in rabbits. Hyaluronan treatment of
rabbits just prior to their injury abolished adherence of white cells to
endothelium resulting in tissue that appeared intact as detected by
histological criteria (Fig. 1). Several days 10   after injury, carotid
arteries of hyaluronan treated rabbits appeared similar to controls
displaying an intact endothelium. 



The rationale for these results is that hyaluronan bound to cells
expressing high levels of its receptor, RHAMM and prevented subsequent
interactions of these 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 expressions 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    - 23-
smooth muscle cells that demonstrated increased expression of RHAMM could
be identified next to the internal elastic lamina. Forty eight hours after
de-endothelializtion, a layer of smooth muscle cells, staining strongly for
both RHAMM and HA, had formed adjacent to the lumen. 5  From 7 to 14 days
after injury, this neointimal layer continued to express 



high levels of RHAMM, but HA expression was restricted to cells at the
junction of the medial and neointimal layers. Two isoforms of RHAMM (65 and
84 kDa) were noted in control arteries. Coincident with the increased
staining for RHAMM and HA observed in injured arteries, a 70 10  kDa
isoform, that may represent a membrane form of RHAMM, appeared between 36
and 72 hours after injury. Macrophage and neutrophil chemotaxis was
inhibited by anti-RHAMM  antisera and by a peptide encoding a RHAMM
HA-binding domain. Smooth muscle cell migration following in vitro wounding
was also inhibited by these reagents. 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 endothelium[err]. Growth factors such as platelet- 25
derived growth factor (PDGF)[err] and transforming growth factor [err]
(TGF-[err])[err], hormones such as angiotensin[err], and proteases such as
tissue - and urokinase-plasminogen activators9 regulate this process.
Inflammatory cells may also modulate the responses by producing a wide
array of growth factors including PDGF and TGF-[err]. 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 lamina[err]. Excess extracellular matrix
deposition by these smooth muscle cells leads to a reduction in the size of
the lumen of the injured artery[err].  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    



-24- interaction is necessary for the migration of ras-transformed
cells[err] and smooth muscle cells into wounds (Savani et al., submitted)
Injury to the monolayer resulted in an increase in cell-associated HA,
expression of a novel 70 kDa isoform  of RHAMM, and cell surface
localization of 5  RHAMM  concomitent with high rates of locomotion after
injury. Further, polyclonal RHAMM antisera that block HA binding to this
receptor inhibited the migratory response to wounding (Savani et al.,
submitted). In this study, we investigated the distribution and expression
of both RHAMM and HA in balloon-catheter injured rat carotid arteries 10
during the development of the neointima, and studied the effects of anti-
RHAMM antisera and RHAMM peptides on chemotaxis and migration of vascular
cells. MATERIALS AND METHODS 15  Animals Male Sprague-Dawley rates (Charles
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 right artery was harvested
for study. Anti-RHAMM antiserum and RHAMM HA-binding Peptide 30
A polyclonal antiserum (Anti-peptide aa[err] Ab, Savani et al., submitted)
was raised in rabbits to a peptide (aa[err]) encoded in the RHAMM
cDNA[err]. 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-bindingregion of RHAMM consists of two 10 amino acid domains located
close to the carboxy terminus of the protein[err]. A    25 peptide
mimicking Domain I (amino acides[err]) - YKQKIKHVVKLK - and a scrambled
peptide consisting of the same amino acids arranged in a random  manner-
- were synthesized at the Manitoba Institute of Cell Biology. Both peptides
were used at a final concentration 5 of 2[err]g/mL in locomotion assays.
Immunocytochemis try Arteries harvested for immunocytochemistry were fixed
in 10% phosphate buffered formalin, embedded in paraffin and processed to
10 obtain 5 [err]m sections. Non-specific sites on the tissue were blocked
with 1.5% goat serum in 0.01 M Tris buffered saline (TBS) for 1 hour. The
sections were incubated overnight either with Anti-peptide aa269-288 Ab
(1:100 dilution) dissolved in 0.01M TBS with 1.5% goat serum to detect
RHAMM, or with the biotinylated HA binding region of aggrecan (1:300 15
dilution) isolated from bovine nasal cartilage[err] to detect HA. The
sections for RHAMM staining were incubated with biotinylated goat
anti-rabbit IgG (Vectastain ABC peroxidase kit, Vector Laboratories,
Burlingame, CA 5 [err]L/mL of 0.01M TBS). The activity of endogenous
peroxidases was quenched with 0.6% hydrogen peroxide in methanol
(Mallinckrodt) for 20  half an hour at room temperature (RT). All sections
were then incubated with an avidin-biotin-peroxidase 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
[err]g/mL, Sigma) and anti-cytoskeletal actin antibody (1:1000 35
dilution, Sigma) were used as negative and positive controls respectively.
-26 - Immunoblots Carotid arteries were snap frozen in liquid nitrogen and
maintained at - 80[err]C  until further analysis. The tissue was
homogenized in lysis buffe [25 mM Tris HCI, 0.1% sodium dodecyl sulfate, 1%
triton X- 5  100, 1% sodium deoxycholate, 0.15 M NaCl, 1 mM EDTA, and the
protease inhibitors leupeptin (1 [err]g/mL), phenylmethyl sulfonylfluoride
(2 mM), pepstatin  A  (1 [err]g/mL), aprotinin  (0.2  TIU/mL)  and  3,4-
dichloroisocoumarin (200 [err]M)]. Protein concentration was determined by
the DC protein assay method (BioRad, Richmond, CA) using an equal 10
sample of the lysis buffer for background determination. Five [err]g of
protein from each sample was separated on 10% SDS-PAGE, transblotted onto
nitrocellulose membranes. Additional protein binding sites were blocked
with 5% defatted milk in TTBS (0.01 M Tris base, 150 mM NaCl, pH 7.4, with
0.0.5% Tween 20, Sigma Chemical Co., St. Louis, MO). Blots 15  were
incubated with the primary antibody (Anti-peptide aa269-288 Ab, 1:250
dilution in 1% defatted milk in TTBS) overnight at 4[err]C. The primary
antibody was detected using goat anti-rabbit IgG antibody conjugated to
horse radish peroxidase (Sigma Chemical Co., St. Louis, MO; 0.2 [err]g/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 aorta[err]
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[err]C and 5% CO[err] 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
[err]g/mL transferrin (Sigma Chemical Co., St. Louis, MO)], and the culture
medium was replaced 24 hours before filming. Wounding injury to confluent
mQnolayers 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[err] or the scrambled peptide of the same domain as described
above. The macrophage cell lines S1 and WEHI-3 were used to    -27 -
analyze the effect of antibodies and synthetic peptide on macrophage
chemotaxis to endotoxin-activated mouse serum (AS). These cell lines were
also maintained in DME with 10% FCS and 20 mM Hepes buffer, pH 7.2 at 37C
and 5% CO[err] in air. 5              Human neutrophils were obtained from
peripheral blood samples of normal volunteers and mixed in ACD solution
(0.085) M trisodium citrate, 0.065 M citric acid, 2% Dextrose) to prevent
clotting. 5% Dextran was added and the separated plasma and white blood
cells were removed. The cells were washed twice in PBS, pH 7.2 and a Ficoll
10   gradient was used to separate the lymphocytes. The isolated
neutrophils were then washed and resuspended in PBS. Red cells were lysed
by brief exposure to hypotonic PBS. Timelapse Cinemicrography 15
Injured cell monlayers were monitored for motility using an IM 35 Zeiss
inverted microscope to which a video camera (Hamamatsu CCD, Inc., Japan)
was attached. The cells were maintained at 37[err]C using a heated plaform
(TRZ 3700, Zeiss, Germany). Cell locomotion was 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 period of 24 hours with mean
velocities calculated every hour. 25   Chemotaxis Assay Chemotaxis was
stimulated using either bacterial endotoxin- activated mouse serum (AS),
prepared according to Stevenson et al.[err] for macrophage cell lines, or
100 ng/mL interleukin-8 (IL-8) for meutrophils. Heat-inactivated serum
(56[err]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 elsewhere[err]. Briefly, a
96-well chemotaxis chamber with a lower recess large enough to hold a
microtiter plate (Neuro Probe, stock# MBA96) and a 5 [err]m 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    closed and 200 [err]l of a
cell suspension (2.5 X 10[err] cells/mL) in  DMF was then added to the
wells of the upper plate. The chamber was incubated at 37[err]C for 4 to 6
hours in 5% CO[err] in air. After incubation, the medium in the wells of
the upper plate was replaced with 200 [err]l of PBS containing 20 5
[err]M EDTA and incubated at 4[err]C for 30 minutes. Cells remaining on the
top of the polycarbonate membrane were removed with cotton Q-tips. The
cells which had migrated into or through the filter were collected by
centrifugation with a 50 ml tube adaptor at 500 g for 10 minutes and
transfered into a 96-well plate. The number of displaced cells was 10
quantified by the addition of 3-(4.5-dimethylthiazol-2-yl)-2.5-diphenol
tetrazolium bromide (MTT) to a final concentration of 250 [err]g/mL that
was incubated at 37[err]C for 4 hours. The dark purple crystals produced by
the reduction of MTT were dissolved by mixing with 100 [err]l of acid-
isopropanol (2 mM HCI). The plate was analyzed within 2 hours on a 



15  microtiter plate ELISA reader with a filter of 540 nm. The degree of
MTT reduction corresponds to relative cell number [err]. 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 aa[err] Ab. In uninjured arteries, constitutive expression of
two isoforms of RHAMM of mw 84 and 65. kDa was    -29 - observed (data not
shown). However, in injured arteries, a consistently elevated expression of
the 84 kDa isoform of RHAMM  was observed between 2 and 24 hours after
de-endothelialization (Fig. 8) after which expression of this isoform
decreased (Fig. 8). A subssequent increase in 5  the 84 kDa isoform was
noted from 72 hours and continued up to 168 hours (Fig. 8). There were only
minimal changes in the expression of the 65 kDa isoform in injured arteries
(Fig. 8). Interestingly, an additional isoform of mw 70 kDa was expressed
from 36 to 72 hours after injury (Fig. 



8), coinciding temporally with the strong staining for RHAMM and HA 10
observed in injured arteries (Fig. 7). Distribution 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 slight increase in HA-staining (Fig. 9B). By 48 hours, the
smooth muscle 15  cells forming the neointima were strongly positive for HA
(Fig. 9C), coincident with their expression of high levels of RHAMM (Fig.
9D). Between 7 and 14 days, the staining for HA decreased and became
restricted to cells at the junction of the media and the neointima (Fig. 9D
& E). Sections pretreated with hyaluronidase or preincubation of the 20
biotinylated 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 neutrophil and macrophage
chemotaxis was studied using both a peptide encoding one of the two HA-
binding domains of RHAMM (aa[err])[err], and Anti-peptide aa[err] 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[err] (Fig. 10), and both peptide
aa[err] and Anti-peptide aa[err] 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
migration after wounding injury    -30- We have previously shown that
Anti-RHAMM  antisera inhibit the directional migration of smooth muscle
cell monolayers into 



wounds (Savani et al., submitted). To further confirm the involvement of
the RHAMM:HA  interaction in this wounding response, we 5  investigated the
effect of a peptide encoding one ot the HA-binding domains of RHAMM
(aa[err])[err]. This peptide significantly reduced the. rate of
translocation of smooth muscle cells following wounding of monolayers (Fig.
12). A scrambled peptide containing the same amino acids as peptide aa[err]
had no effect on the wounding response (Fig. 12). 10 DISCUSSION Hyaluronan,
a component of the extracellular matrix, has been implicated in cell
locomotion during embryogenesis[err], tumor invasion[err], transformation
by oncogenes[err], and in responses to .15  injury[err]. The effect of HA
on cell locomotion appears to be mediated by specific receptors[err] such
as CD44[err] and RHAMM[err]. HA has been implicated in the migration of
both endothelial and smooth muscle cells[err], and RHAMM has been shown to
be important in the migration of embryonic smooth muscle cells[err] 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[err], 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 in vivo. 25              Early accumulation of
inflammatory cells at the denuded area of injured arteries has been
described previously[err], and our results confirm these findings. The
accumulation of inflammatory cells at sites injury requires their
chemotactic migration to the site and subsequent adherence[err]. 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
-31 - the injured site via chemotaxis. We have also shown interactions
regulate pseudopodal extension in fibroblasts, a process necessary for
extravasation. Likely, RHAMM plays a role in this process during the
extravasation of macrophages. We are currently investigating 5  this
possibility. We have previously observed the constitutive expresson of a 65
kDa isoform of RHAMM by quiescent smooth muscle cell monolayers and the
appearance of a 70 kDa isoform coincident with increased migration
following wounding injury. This last protein has been 10  predicted to
represent a membrane form of RHAMM since its appearance coincides with
increased immunofluorescence of membrane-localized RHAMM by FACS analysis
(Savani et al., submitted). In the present study, we show that, like smooth
muscle cells in vitro the uninjured carotid artery expressed a 65 kDa RHAMM
and that following injury, a 70 15  kDa isoform  appeared.  This RHAMM
isoform was only expressed between 36 and 72 hours after injury, and
coincided with reports of the timeframe for migration of smooth muscle
cells into the injured site[err]. 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 of 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[err] and TGF-[err]1[err],
have been implicated in smooth muscle cell migration, and in the
pathogenesis of restenosis[err]. 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[err].
TGF-[err]1 is produced by the smooth muscle cells at the injured site and
contributes    -32- to smooth muscle cell proliferation and abnormal
extracellular matrix deposition in the latter stages of the restenotic
process[err]. Growth factors have also been implicated in the regulation of
inflammatory cell locomotion. Thus, TGF-[err]1 regulates the chemotaxis of
monocytes[err] 5   Further, TGF-[err]1 - stimulated increase in fibroblast
locomotion is mediated by the RHAMM:HA interaction, and TGF-[err]1
regulates both the expression of RHAMM and the synthesis of HA in
fibroblasts[err]. The regulation by TGF-[err]1 and PDGF-BB of RHAMM and HA
expression in smooth muscle cells is currently under investigation. 10
Thus, in the present study, we have demonstrated that profound changes in
expression of RHAMM and HA occur after in vivo vascular injury, and have
shown that the RHAMM:HA interaction is required for inflammatory cell
chemotaxis and smooth muscle cell migration in vitro. These data raise the
possiblity of using agents that 15   block RHAMM:HA  interactions in vivo
to reduce or prevent the development of restenosis after balloon catheter
injury. These studies are currently being pursued in our laboratory.
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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.    - 37 - Amended claims 1.   The use of: an effective non-toxic
amount of a form of hyaluronic acid selected from hyaluronic acid,
pharmaceutically acceptable salts thereof, fragments thereof 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
tubular walls have been traumatized, the use being characterized by an
effective non-toxic amount of the form of hyaluronic acid being
incorporated into the pharmaceutical composition. 2.    The use of Claim 1
wherein the form of hyaluronic acid is hyaluronic acid and/or salts thereof
whose molecular weight is less than 750,000 daltons. 3.    The use
according to Claim 1 or Claim 2, wherein the pharmaceutical composition is
in intravenous from. 4.   The use of any preceding claim wherein the form
of hyaluronic acid is utilized at a dose between 10mg to 3000mg/70kg
person. 5.   The use of Claim 4 wherein the form of hyaluronic acid is
utilized at a dose greater than 200mg/70kg person. 6.    The use of any
preceding claim wherein the pharmaceutical composition is for prevention of
arterial restenosis after balloon angioplasty in humans.    -38 - Amended
claims 7.   The use of; (1)   a therapeutically effective non-toxic amount
of a form of hyaluronic acid, 



selected from hyaluronic acid pharmaceutically acceptable salts thereof,
fragments thereof, and subunits of hyaluronic acid, and (2)   an agent
selected from a non-steroidal anti-inflammatory drug, stenosis inhibiting
drug, Vitamin C, anti-oxidant and free radical scavenger and combinations
thereof in the manufacture of a pharmaceutical composition for preventing
the narrowing of the tubular walls of an animal after the tubular walls
have been traumatized wherein a therapeutically effective amount of the
forms of hyaluronic acid is administered to humans together with a
therapeutically 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. 8.   The use of Claim 7 wherein component (2) is
hyaluronic acid and/or salts thereof whose molecular weight is less than
750,000 daltons. 9.   The use according to Claim 7 or Claim 8, wherein the
pharmaceutical composition is in intravenous form. 10.  The use of any of
Claims 7 to 9, wherein component (1) is utilized at a dose between
10mg/70kg person to 3000mg/70kg person. 11.  The use of Claim 10 wherein
component (1) is utilized at a dose greater than 200mg/70kg person. 12.
The use of any of Claims 7 to 11, wherein the pharmaceutical composition is
for prevention of arterial restenosis after balloon angioplasty in humans.
- 39 - Amended claims 13.   A pharmaceutical composition comprising
together with diluents, adjuvants and other pharmaceutical carriers as
desired; (1)   a form of hyaluronic acid selected from hyaluronic acid,
pharmaceutically acceptable salts thereof, fragments thereof and subunits
of hyaluronic acid, and (2)   a stenosis inhibiting drug, for preventing
the narrowing of the tubular walls of an animal after the tubular walls
have been traumatized, the composition being characterized by an effective
non-toxic amount of the form of hyaluronic acid being incorporated into the
composition together with a 



therapeutically effective amount of agent (2), to prevent tubular wall
narrowing, the 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. 14.  The pharmaceutical
composition of Claim  13 wherein component (2) further comprises an agent
selected from a non-steroidal anti-inflammatory drug (NSAID) Vitamin C, a
free radical scavenger, and, anti-oxidant and, combinations thereof. 15.
The composition of Claim 13 or 14 wherein component (1) is hyaluronic acid
and/or a pharmaceutically acceptable salt thereof whose molecular weight is
less than 750,000 daltons. 16.  The composition according to any of Claims
13 to 15 in injectable or intravenous form and component 1 is sodium
hyaluronate. 17.  The composition of any of Claims 13 to 16 wherein
component (1) is utilized at a dose between 10mg to 3000mg/70kg person. 18.
The composition of Claim 17 wherein component (1) is utilized at a dose
greater than 200mg/70kg person.    - 40 - Amended claims 19.   The
composition of any of Claims 13 to 18 wherein the pharmaceutical
composition is for prevention of arterial restenosis after balloon
angioplasty in humans. 20.   A pharmaceutical composition comprising a
plurality of dosage amounts as claimed in Claims 43, 44, 45, 46, 47, 48, or
49.    




