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COMPOSITIONS AND METHODS FOR INDUCING OR ENHANCING
CONNECTIVE TISSUE REPAIR

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application iz related and claims priority to U.S. Provisional Patent

Bbels]

Application Serial No. 61/272,427, filed September 23, 2009, the disclosure of which 15

expressly incorporated bevein iy its entivety by this reference,

TECHNICAL FIELD

10002] This invention relates generally o compositions and methods for treating and
preventing excessive platelet activation in warns blooded subjects and pathophysiclogical
sequetae therefore, including, but not imiied to, using such compositions and methods to induce

or enhance the repair of injured connective tissue.

BACKGROUND QF THE INVENTION

{0003] Repau techniques for partially ruptured, lacerated or severed tendons and Bgaments

{collectively denoted “cords™} vary widely depending on the natwe of the injury and the
particular tendowipament affected. There are major differences in cwrrent treatment of injured
cords, depending on the species of the sabject {e.g., man, mammal, bird), the extent to which
access can be obtained in the least obtrusive manner, in the amownt of cord excursion, the
surrcunding environment, the stresses to which different cords are normally subjected, and in the
healing chavacienstics of different cords. In addition, often there is no consensus of the overall
best way torepair a given cord. Examples of ofien injured cords having different accepted repatr
techniques are flexor tendons of the human hand, the anterior cruciate Higament (ACL) of the
human knee and the superficial digital flexor (SDF) tendon in the horse

{0004} Forexample, repair of a long flexor tendon that has been severed is typically
achieved by suturing the severed tendon ends face-to-face, Historically, the joinis across which
the tendon acts were immobilized from three to eight weeks to protect the tendon while it healed,
particalarly as a freshly sttured tendon can withstand only  fraction of the tensile force to which
a healthy tendon is sub\;'ected during normal use. Inunebitizing the tendon, however, can result
m seareng and adhesion formation along the length of the tendon, as well as can adversely affect

AX

the range of motion of the tendon, particularly 1n the case of flexor tendons.
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[0005] More recently, it has been discovered that flexor tendons have an intrinsic capacity
to heal and that Hmited motion will sctually expedite healing: The affected joints are most often
partially immobilized to prevent inadvertent application of excess force.

[0006] T the case of an anterior cruciate ligament (conne cting the bottowm of the fenvr and
the top of the tibia) the stresses resulting from applied forces are much greater, particalarly as
there is fess interaction with Siti”i‘&i‘.llidiilg tissue and bone, the excursion of the cord 18 less, and
the healing tendencies are vastly different. Despite numerous stusdies, there still is no universally
accepted repair procedure, and prevaili;ng‘p‘ro::.ad ures are difficult and ntricate. The current
“standard of care” remains the reconstruction of the ACL using a bone-tendon-bone auvtograft
(1.2, harvested from the patient). However, there are multiple problems with bone-tendon-bone
grafung. The intact ACL possesses imporiant mechanoreceptive and proprioceptive capabilities.
Graft reconstruction sacrifices these capabilities. Autografting iuvolves considerable donor site
morbidity. To aveid donor site morbidity, occasionally a cadaveric grafl is used; however, this
carries the risk of dissase transmission,

0047} T the case of partially ruptured tendons, or in surgical manipulation or
reconstruction of njured tendons, a viscous solution of hvaluronan (a.k.a. hyaluronie acid (HA))
is sometimes used primarily as & lubricant within the tendon sheath. Although it functions as a
moderately effective tubricant in this scenario, extensive irials in horses designed to demonsirate
improved healing or 2 reduction in recovery time have failed to show any benefit of intralesional
HA (or PSGAG, another GAG, or B-aminoproprionitrile fumarate (BAPN), all three conumonty
preseribed for equine lameness) over controlled exercise aloue (see Dyson 8, 1977 & 2004).
[0608] In previous works, and as is described in 1S Patent No. 53,358, 973), the present
inventors have shown that a combination of HA and dextran also functions as an effective
tubricant, preventing formation of adhesions betsween apposing injured swfaces; as may often
oceut iy injured tendons between the tendon and the sheath within which it normally freely
glides.

{06091 Kegarding the occurrence of non-clastic scarring after regeneration of injured
comnective tissue, it is well known that healing of skin and other connective tissues is often
complicated by the formation of disorganized and unsightly scar tissue, as for example in
wounds related to, bug not limited to, burns, incisions and ulvers, Apart from the probiems of

searing m tendons and hgaments referred to above, and 1o the obvicus aesthetic and funclional

-
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complications of topical (skin) and infernal scar fonmation following most forms of invasive
surgery, and in plastic surgery (e.g. breastwugmentation) In particular, the compositions
disclosed can also be applied to pravent scat complications i other Gssues, including, but not
Hmited to, prevention of blindness after scarring due to eve injury, facilitation of newronal
recomnections w the central and peripheral nereous svstem by elimination of ghial scarring, and
restitution of normal gut and reproductive functionality preventing strictures and adhesions after
mjury mewrring in the gastrointestinal and reproductive systems.

{0016} in'the indications described above and in connective Hssue repair i general,
platelets play a common pivotal and very early role in regulating conpective tissue repair. Thiy is
achieved partly by rapid early release (degranulation) of wravs of cell signaling substances
{cytokines) which mitiate defensive cascade reactions and partly by their ability to pull togetber
(retract) the meshwork of fibrin fibres which form most of the hemostatic plug when blood
coagulates. Platelets thus regulate fibrin clot retraction, density and porosity, which partially
determine the rate at which stem cells, fibroblasts and other cells involved in the wound healing

process subsequently invade the hemostatic clot{sce, 8. Neuss, 2010).

fO011} Indeed, platelets have long been known to play a central role in the early initiation

of events leading to blood clotting (hemostasis) and the nflammatory response. During
evolution, when life-threatening grossty infected dirty traumatic wounds, often with major blood
loss, were common events, platelets and lenkocytes plaved @ key role in survival, functioning as
a rapid carly waming defense system whereby activated platelets contsibuted to non-adaptive
immonity and inflammation by rapidly secrsting chemokines and cytokines that attract

leukoeytes to sites of crude tjury and potential sepsis.

{6012} In modemn tunes; when surgical procedures are performed with-sterile instruments
ina low bioburden environment, sach cascades tend o overshoot their defensive role and uiility,

and constitute a pathophysiological risk to the patient instead, precipitating complications such
as excesstve mflammation, post-operanive thrombosis, macro- and micro-embolism, excess
thickening of the blood vessel wall thyperplasia) and subsequent restenosis or occlusion, cathster
ccclusion and shadding of harmiful platelet-leukoeyie microemboli, which in their turn may
trigger transient wschemie attacks (TIAs), stroke or myecardial infarction or may occlude or
compromuse the nucrocireulation in, for cxample, transposed skin or muscle flaps during

reconstructive/plastic surgery.

$29
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{6013 The formation of platelet aggregates on the surface of atheromatous plagues and
subssquent organization of these white thrombi into fibrous occlusive intimal Tesions is
undoubtediv one wechanism by which atherosclerotic lesions progress to severe obstruction and
total occhusion; coronary artery thrombosis leading to myocardial mfarction almost always
occurs at the site of an atheromatons plaque.  Percutancous transhiminal coronary angioplasty
{(PTCA) has become an yportant procedure to re-ustablish blood flow to the beart through
partially occluded blood vessels. Unfortunately, approximately 30% to 40% of patients that have
coronary angioplasty suffer restenosis of the treated vessel within 6 months of treatment;
'Gu}'ift‘-I‘zl"i‘y', there 1 no reliable method of preventin_g vascular restenosis,. A rcvascuzl.axizatiun
[0014] These compii_caii(srxg are particularly devastating inmost 'i’orm;-s of vascular surgery
but also present a chailenge in less invasive vascalar procedurss such as PCTA (balloon
angioplasty) and in various medical conditions characterized by impaired blood supply such as,
but not limited to, acute steoke, acute pancreatitis, frostbite/gangrene, loss of hearing, etc.”
Activated platelets arg not ouly involved in the etielogy of these conditions but are also
mstramental via their interaction with Ieukocytes in het tiggering “ischemia-reperfusion injury,”
whiclh typically cccurs when oxygenated blood Sow is restored to an ischemic vascular bed afler
removal of a clamp, embelus or other obstruction to {low as, for example In organ or tissue
transplantation, [ysis of an occluding clot or on restoration of blood volume after hemorrhagic
shock. This downstreany “reperfusion injury” is generally mediated by free radical release from
leukocytes which in their tusn have been activated by cytokine release from activated platelets
{see, Salter 2001).

{0815} Thus, interactions between activated platelets on the one hand and the endothelium,
leukacytes, other cells, surfaces and fibrin in clot retraction, i, on the other hand largely initiate
and define the fate of the body’s early defense against injary and sepsis. Platelet
activation/degranulation following tissue mmr’v is generally the trigeer which activates legkooyte
rolling and sticking to the vascular endothetivm and in some injury scenarios may precede
leukocyte recraitment and mobilization by as much as 3-5 houwrs, as for example in endotoxemic
iury o the hepatic microciroulation (see, Croner, 2006). 1a other situations, however, this time

fag miay only be punutes or seconds.
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o616} Thus, events which are largely triggered by platelet activation, such as leukocyte
activation, rolling and sticking to the endothelinm of the microvasculatere following ischemia-
reperfusion {IR) injury, may be used as surrogate indicators of underlying platelet activation.
[0617] We therefore speculate that the surprising synergistic effects of combining
pelysaccharides and HA which we disclose below may have a muitifactonal etivlogy involving
several interrelated synergistic factors inchuding suppression of platelot activation, the presence
of hyvaluronan, and palvmer-nduced changes in the morphology, frapyiity and Iysability of the
fibriy clot formed m response to the acute imury.

[0818] In many of the surgical and medical scenarios described above, polysacchandes
like dextran and, fo some extent, HES, (and more recently GAGs like HA, such as discussed i
US Patent 5,585,361 have lonz been used to suppress platelet hyperactivation and its
mflammatory complications but ofien the doses requuired to attain effective and sustaied
protection are above the safe recommended doses of these agents.

{6019} For example, the risks of significant blseding or renal complications with hoth
dextran and HES are divectly dose-related, and in sifuations where heparin or other
anticoagulants arg given at the same time, the doges of dexivan or HES must be further reduced
or omifted {o minimize the visk of bieeding.

f0020] Both dextran and HES are also effective blood volume expanders. In some
treatment scenanos, such as in sivoke or threatening gangrene where the patient has pot saffored
significant bload loss, volume expansion may ofien be undgsirable or contraindicated.

[6021] A synergistic interaction between dexiran or other polysaccharides and HA thus
offers an mmportant therapeutic advantage in that the desired effect can be achieved by much
lower and safer doses of each of the components.

[6622] An effective synergistic combination of HA together with dextran or HES, or both,

therefore permits a réduction in total dexiran or HES dosage without losgs of the beneficial
suppression of excess platelet activation, thus radically improving patient safety and offering the
physician grester flexibility in devising optimal dosage regimes.

{00231 The present invention is intended to improve upon gad resolve some of these

known deficiencies within the relevant art - discussed above.
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[0023a] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

SUMMARY OF THE INVENTION

[0024] The present invention provides compositions and methods for attenuating
excessive platelet activation and subsequent pathophysiological sequelae or complications after
tissue injury, including complications such as thrombogenesis, microembolism, restenosis,
ischemia-reperfusion injury, inflammation and scarring. The compositions and methods are
particularly useful for including or enhancing connective tissue repair without undue formation
of fibrosis and non-elastic scar tissue. In accordance with certain aspects of the present
invention, the compositions comprise a synergistic combination of biocompatible polymers in
aqueous solution wherein the combinations comprise a glycosaminoglycan (GAG) together
with a neutral polysaccharide.

[0024a] According to a first aspect, the present invention provides a composition capable
of synergistically attenuating platelet hyperactivation and enhancing connective tissue
regeneration comprising an aqueous solution, wherein the aqueous solution comprises from
about 0.1% to about 7.0% by weight of a glycosaminoglycan (GAG), from about 0.3% to about
35% by weight of a neutral sub-colloidal crystalloid polysaccharide and from about 1.0% to
about 25% by weight of a neutral colloidal polysaccharide.

[0024Db] According to a second aspect, the present invention provides a method for
treating platelet hyperactivation or an associated disease, a condition or pathophysiological
sequela thereof by administering to a subject an effective synergistic amount of an aqueous
solution containing a glycosaminoglycan (GAG), and a neutral colloidal polysaccharide.
[0024c] According to a third aspect, the present invention provides a method for treating
platelet hyperactivation or an associated disease, condition or pathophysiological sequela by
administering to a subject of a composition according to the first aspect.

[0024d] According to a fourth aspect, the present invention provides use of a composition
according to the first aspect in the manufacture of a medicament for treating platelet
hyperactivation or an associated disease, a condition or pathophysiological sequela thereof.
[0024e] According to a fifth aspect, the present invention provides a method for

synergistically accelerating repair, regeneration, treatment or inducing the repair of an injury, a
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defect or a condition of a connective tissue by administering to a subject an aqueous solution
containing from about 0.1% to about 7.0% by weight of a glycosaminoglycan (GAG), from
about 1.0% to about 25% by weight of a neutral colloidal polysaccharide and from about 0.3%
to about 35% by weight of a neutral sub-colloidal crystalloid polysaccharide, wherein the
glycosaminoglycan (GAG) has a weight average molecular weight from about 2kD to about
5,000kD, the neutral colloidal polysaccharide has a weight average molecular weight of from
about 20kD to about 100k D and the neutral sub-colloidal crystalloid polysaccharide has a
weight average molecular weight of from about 0.4kD to about 4kD.

[0024f] According to a sixth aspect, the present invention provides use of an aqueous
solution containing from about 0.1% to about 7.0% by weight of a glycosaminoglycan (GAG),
from about 1.0% to about 25% by weight of a neutral colloidal polysaccharide and from about
0.3% to about 35% by weight of a neutral sub-colloidal crystalloid polysaccharide, wherein the
glycosaminoglycan (GAG) has a weight average molecular weight from about 2kD to about
5,000kD, the neutral colloidal polysaccharide has a weight average molecular weight of from
about 20kD to about 100k D and the neutral sub-colloidal crystalloid polysaccharide has a
weight average molecular weight of from about 0.4kD to about 4kD, in the manufacture of a
medicament for synergistically accelerating repair, regeneration, treatment or inducing the
repair of an injury, a defect or a condition of a connective tissue.

[0024¢] According to a seventh aspect, the present invention provides use of a
glycosaminoglycan (GAG), and a neutral colloidal polysaccharide in the preparation of a
medicament for treating platelet hyperactivation or an associated disease, a condition or
pathophysiological sequela thereof, wherein the medicament is adapted to be administered to a
subject in an effective synergistic amount of an aqueous solution containing the GAG, and the
neutral colloidal polysaccharide.

[0024h] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,
but not limited to”.

[0025] In accordance with certain embodiments of the present invention, a composition
capable of attenuating platelet byperactivation comprising an aqueous solution containing from
about 0.1% to about 7.0% by weight of a glycosaminoglycan and from about 1.0% to about
32% by eight of a neutral polysaccharide is provided. The glycosaminoglycan is selected from

at least one of hyaluronan, chondroitin, dennatin, keratin, heapran, heparin, and GAG analogues
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dextran sulphate, peritosn sulphate, while the neutral polysaccharide is selected from at least
one of an isomaltose oligomer, dextran, a hydroxethyl starch, polyethylene glycol (PEG) and
fucoidan.

[0026] In accordance with still other embodiments, the glycosminoglycan component
can by hyaluronan and the neutral polysaccharide component can be dextran. In accordance
with this embodiment, the hyaluronan has a weight average molecular weight from about 1.5kD
to about 6,000kD, while the dextran has a weight average molecular weight from about 0.3kD
to about 110kD. In more specific embodiments, the hyaluronan has a weight average molecular
weight of from about 2.5kD to about 2,500kD, while the dextran has a weight average
molecular weight of from about 0.5kD to about SOkD.

[0027] In certain aspects of the present invention, the neutral polysaccharide of the
composition capable of attenuating platelet hyperactivation can be a hydroxethyl starch having
a weight average molecular weight of from about 10kD to about SO0kD, while in other
embodiments the weight average molecular weight of from about 20kD to about 350kD. In

accordance with still other aspects of the present invention, the neutral polysaccharide is an
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oligomer of iseialiose and has a weight average molecudar weight of from about €.3KD to about
10kD, more specificaliv from about 0.3kD to about 4kD.

{60283 in one form hereof, the glveosaminoglvean of the inventive coniposition capable of
itenuating platelet hyperactivation is a pdm‘th\ cross-linked hyalaronan having a degree of
CTOSs- h!}kmw that 1s fess than about 23%.

{60291 In stil] other embodiments, the composition capable of attenvating platelet
hyperactivation further compnsss at least one of an antioxidant, a scavenger, a cytoking, a
growth factor, an interleukan, a gene therapy agent, a viscoclastie agent and & stem cell.

{0030] According 1o still another embodiment of the present invention, a method for
treating platelet ﬁ»pc*ax,twatson and associated diseases, conditions or pathophysiologica

sequelae thereof is provided. In accordance with this enibodiment, an effective amount of an

aqueous solulion voniaining s glycosaminoglyean and a neutral polvsaccharide is administered to

{00313 In accordance with certain ilustrative aspects of the present invention, the
associated diseases, conditions or pathophysiological sequelae of the treated platelet
hyperactivation condition inchude a disorder selected from the group consisting of thrombosis, &
thrombotic complication of an atherosclerotic disease, a thromboetic complication of an
intervention of au atherosclerotic disease, a thrombotic complicaiton associated with surgical or
mechantcal damage, a mechanically-induced platelet activation, a shunt occlusion, thrombosis
secondary 1o vaseular damage and inflamumation, an indication with a diffuse thrombotic or
platelet cc‘n‘sumpiion component, venous thrombosis, coronary arterial thrombosis, a
pathological effect of atherosclerosts and arterioscleresis, a platelet aggregation and clot
formation in biecd and blood products during storage, a chronic or acute state of hyper-
aggregability, a reocclusion of an artery or vein following fibrinolytic therapy, platelet adhesion
associated with extracorporeal circulation, thrombotic complications associated with
thrombolytic therapy, thrombotic complications associated with coronary and other angioplasty,
thrombotic complications associated with coronary artery bypass procedures, and disorders,
procedures or sequelae characterized by inflammatory cascades triggered by platelet
degranation, including ¢ disorder selected from the group consisting of an intimal hyperplass,
artheroma and restenosts of arteries or veins, platelet-lenkocyte~fibrin micro-and macro-

emabolisim, stroke, myvovardial infarction, raised leckocyte activation, aggregation, adhesion and
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free-radical injury in association with ischemia-reperfusion injury following clot twombaolysis,
decluaping, anginplasty, organ and tissuc transplantation, tssue salvaging reconstrugtive surgery
or restoration of bicod velume in hypovelemia, imnflanmmatory joing disorders and the sequelae of
excessive fibrin clot retraction including fibrosis and scarring in comisetive tissue.

{0832] {n-one form thereof| the step of gdnmunistering to the subject an effcctive amount of
the aquecs solntion comprises at least one of topically applying the aqueous solution to the
subject or injecung the agueous solution nto the subjeet, In certain embodiments, the subject
being treated comprises a mammal, such as a warm-blooded anmmal, including & huwman.

{0033} In accordance with still yet another aspect of the present tnvention, a8 method for

repaining, regeneraling, treating, or inducing the repair of an iyury, & defect or a condition of'a

‘,,\‘

connective tissue by administering to a subject of an agueous solution containing from about

0.1% to-gbout 7.0% by weight of a glvcosamineglvean and from about 1.0% to abont 32% by
weight of a neutral polvsaecharide is provided.
{0034] In yet other aspects of the pragent invention, a wethod for repairing, regenerating,

- freating, or inducing the repair of an injury, a defect or a condition of a connective tissue by
administering to a subject an aqueous solution containing from about 0.1% to about 7.0% by
weight of a glveosamineoglycan, from abont 1,0% to gbont 25% by weight of a neutral colloidal
palysacchande and from about 0.3% to about 33% by weight of a neutral sub-colloidal
crystalioid polysaccharide 1§ provided. In accordance with this exemplary embodiment, the
glycosaminogiyvean has a weight aversge molecular weight from about 2kD to about 5,000kD,
the seutral colloidal polysaccharide has a weight average molecular weight of from about 20kD
te about 100k D and the subeolloidal crystallond polysaccharide has a weight average molecular
weight of from about 0.4k} to about 4kIY.

BETAILED DESCRIPTION

[0035] The embodiments of the present invention described below are not intended to be

exhaustive or to hmit the invention to the precise forms disclosed in the following detailed

description. Rather, the embodiments are chosen and deserthed so that others skilled in the art
nay appreciate and understand the principles and practices of the present invention.
[9036] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. Although any niethod and materials similar or equivalent to those described herein can
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be used o the praciice ov testing of the present invention, the specific methods and materials are
now-described,

100371 Al references mentioned hereunder are incorporaied by reference in their entirety.
Unless mentioned otherwise, the technigues employed or contemplated herein are standard
methodologies well known to one of ordinary skill in the art and the materials, methods and
examples ave itlngtrative only and not wtended to be Hmiiing.

{0038} Asused herein, the term “connective tissue”™ inchides, bat is not hmited o,

ligament tissue, tendon tissue, cartilage tissue, skin, cornga and scar tissug.

{00393 As used herein the term “Hgament” is intended to refer to both the rope-like
structures of white fibrous connective tissue, which attach auterior extremities of Interacting

bones, as well as the tissue defining a synovial capsule. In accordance with non-limiting and
illustrative embodiments of the present invention, the ligament can be an anterior cruciate
ligameut, a posterior cruciate ligament, a tibial collateral ligament, a fibular collateral ligament, a
transverse ligament, a posterior menisco-femoral igament, a posterior superior tibiofibular
ligament, or 2 lateral collateral ligament, which is 2 complex of three ligaments that helps
support the lateral side of the ankle joint.

{0040 As nsed herein, the term “tendon™ 1s intended to define the connective tissue
structare, which joins muscle to bone for example, and wcladey, but is not limited to, the achitles
tendon, which 1s a tendon formed by the union of two musecles, the gastrocnemius and the solous,
which join i the mud-calt area and are known as the gastroc-soleal complex or Latissimus Dorsi
Tendon, the posterior tihial tendoi, the patellar tendon, the plantar flexor muselestendon unit and
the rotator cuff tendon,

{0041} As contemplated by this invention, the implant or transplant may be 1n the site of
the injury, defect or condition or miay be adjacent to such injury, defect or condition. The
differentiation, repair, regeneration, or treatment can be monitored by periodic assessment of
tendon/ligament-like tissue formation, or tendon or ligament growth andfor repair. The progress
can be monitored 'iﬂ.y methods known in the art, for example, X-rays (C1), ultra-sound, MR,
arthroscopy and histomorphomettic deterninations.

[0042] The composition of the invention may comprise, in addition to a tendon/ligament-
indueing protein such as BMP-12 or VL-1 (BMP-13), other therapeutically useful agents

including, but not Imited to, MPS2, cpidennal growth factor (EGF), fibroblast growth factor

9
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{(FGF}, platelet derived growth factor (PDGF), transforming growth factors { TGF-acand TGF-B)
fibroblast growth factor-4 {FGF-4), parathyroid hormone (PTH), leukemia mhibitory facter
(LIFHILDA/DIAYL insubin-like growth factors (IGF-1 and IGE-11), platelet nich plasma (PRI
and mesenchymal or other stem or progenitor cells. In addition, it should be understood and
appreciated horein that portions of these agents may also be tsed 1 compositions of the present
mmvention axd such compositions may be useful for treating defects of the embryonic joint where
tendon, hgaments, and bone form simultaneously at contiguous anatomical locations, and may be
usefdd for regenerating tissue at thesite of tendon attachment to boue.
{0043] It is contemplated that the compositions of the present invention may also be used
" wound healing, such as skin healing and related tissue repair to avoid unwanted {ibrosis or
- scang. The types of wounds include, but are not limited to burns, incisions and-alcers.
{0044} The preparatton and formulation of such pharmaceutically/physiologically
acceptable compositions, having due regard to pH, isotouicity, stability and the like, is within the
skill of the art, and methods of adnunistration include topically; systemically, or locally as an
injeciable andior implant or device.
[G045) When administered, the composition for use i accordance with the present
invention is, of course, in a pyrogen-free, physiologicaily acceptable form. Purther, the
composition may desirably be injecied in a viscous form for delivery to the site of tissue damage.
Moreover, topical administration may be swtable for wound healing and tissuc repair,
[6046] In addition, the compositions of the present invention may be used i conjunction.
with presently avaifable treatments for tendow/ligament mjuries, such as sutire (e.g., vicryl
sutures or surgical gut sutures, ) or tendon/ligament allograft or autografl, in order to enbance or
accelerate the healing potential of the suture vr grafl. For example, the suture, allograft or
auntograft may be soaked in the compositions of the present myention prior 1o Implantation. It
may also be possible 1o incorporate interfenking or gene therapy vig vectors tnto the composition

of the invention or meorporate the composition oato suture materials, for example, by freeze-

drving.
{0047} The compositions may be in a carrier such as an appropriate matrix and/or

sequestering agent. For instance, the matrix may support the composition or provide a surface
for tendon/ligament-tike tssue formation andfor other tissue formation. To this end, the choice

of g carrier material may be based on biocompatibiliiy, hiodegradability, mechanical properties,
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cosmetic appearance and interface properties. The particutar appliication of the compositions will
define the appropriate formulation. Potential mairices for the compositions may be,
biodegradable and chemically defined. Biodegradable materials, such ag cellulose films, or
surgical meshes, may also serve as matrices. Such materials could he sutured into an yury site,
or wrapped around the tendon/ligament.

[0048] Specific classes of varriers inaccordance with the present invention may inclode
polymeric matrices, such as polymers of poly(lactic acid), poly{glycolic acid) and copolymers of

lactic acid and glycolic acid. These matrices may be in the form of a sponge, or i the form of

poreus particles, and may also nclude a sequestering agent.

[0649] Additional optional components useful in the practice of the subject application
inclede, e.g. antimicrobial preservatives such as methyl and propyl parabens and benzyl alcohioly
antioxidants such as EDTA, hydralazine, glutathione, citrate and BHT (butylated
hydroxytoluene); anitbiotics, surfactants such as poly{sorbatesy and poly(oxyethylenes); and
viscoelastic agents such as high or verv high Mw Ha to adjust viscosity, ete.

[6036) Advantageously, the compositions include further components, such ag
osteoinductive or osfesconductive materials, medicaments, stem or progenitor cells, and three-
dimensional stryctural frameworks.

(0051} As will be explained in detail below, the present invention relates to the surprising
discovery that the disclosed combinations of biocompatible polymiers, comprising a
glveosaminoglycan {GAG) together with one or more neutral polysaccharides, act synergistically
to induce, enhance or accelerate the repair and organized regeneration of a connective tssue
injury without the formation of undesirable fibrosis and non-elastic scar tissue.

{0052} In gecardance with certain aspects herein, the Inventive compositions and methods
are predicated on the surprising finding that combimations of GAGs and neutral polysaccharides
mteract synergistically to suppress excessive activation of platelets following tissue injury, thus
blocking or attenpuating a wide range of inflammatory cascades involved in the etivlogy of many
wmedical and surgical comiplications.

{8053} Given the crucial role of excessive platelet activation in the etiology of a wide
range of pathophysiological processes aud complications, including those deseribed above, the

regulation of excessive platelet activation by the compositions diselosed herein can be an

11



WO 2011/037912 PCT/US2010/049640

invainable ool i reducing the risk of undesirable or life-threalening complications of surgical o

nedical freatments

[op3d] The syneraistic suppression of excessive platelet activation by the presently
disclosed combination of polvmers naturally affects many other phystological processes and

cascades tn which platelet activation plays a key role. One well docuwented example s the
formation and refraction of a blood clot or throntbus, which involves acomplex cascade of
cvents mediated by an anray of signal subsiances released pnmarily by platelets entrapped in the
fibrin fiber netwark of the clot or thworsbus. Clot stabilization and retraction in particular is
mediated by activated platelets which link and pull the composnent fibrin fibers closer together,
increasing clot density and reducing porosity (see, Carr & Carr, 1993).
{0D55] - Naturally, any suppression of platelet finction in this respect will impact these
processes, reducing retraction forees binding the fibrin meshwork jogether, reducing clot density
arl Increasing its porostty and penstrability to invading mesenchymal stem cells (MSCs) and
fibroblasts botly of which secrete fibrinolvie enzymes to betfer enable them to penetraie the
fibrin clof. Noi surpeisingly, the ease and rate at which these progenitor cells penetrate the clot
re significant factors in aceelerating orderly regeneration of collagen fibrils (sce Neuss, 8.,
2010}
[0056] At the same time, polymerization of fibrin 1o form the fiber network of the clot is
radically modified by the presence of the colloids in the compesition, in that the fibers formed
are puch thicker yet also less dense and more easily lysed by MSCs and the body’s own
ERZYMES.
[O0S7] This additional effvet on fitvin mesh morphology and porosity permits & more rapid
lysis and elimination of the initial disorganized clot or thrombus, paving the way for the sarlier
mfluy of fibroblasts and other cells involved in organized repair. The present findings
surprisingly indicate that this latter aspect may be particularly important inthe repair of ruptuyred
endons or ligaments where it 1s important that fibrin clots formed at the lesion (fear or injury) by
leakage of blood or tvmph from torn capillaries do not form persistent disorganized non-elastic
scar tissue, but are lysed endogenously at an carly stage so as to create space and an organized
environment for the neogenssis of primarily coaxiallv aligned collagen fibnils for maximum

slasticity.
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[B058] Both glycosaminoglycans {GAGs) and polysaccharides (such as destrans or HES)
are polymiers containing mixtures of differently stzed molecules, each composed of basie
repeating wuts, which, for polysaccharides are ylucose, and for GAGs ke HA are disacchandes
composed of Dglucironic acid and D-N-acetyl-glncosamine.

(6039} Because polymers are polydisperse; they have no exact moelecular weight but must
be defined by weight average {(Mw) or rmber average (Mn) molecular weights, or more
precisely by a molecular weirght distribution curve. As used herein, the torms Mw and Mn are
intended to imply the meanings as defined above. In addition, the use of the term “dextran 60,7
for example, or “HES 130, ete., shall mean a dextran with a Mw of ca 60,000 Dalions {or 60kD)
Just as “HES 1307 shall mean HES with a Mw of ca 130,000 Daltons {or 130kD}.

(0601 These palymers are also “polydisperse.™ For example, ca 80% of the moleeules in
clinical grade dextran 60 (Le. Mw =60kD or 68,000 Dalions (Da)), referred to in Example 1
helow, will generaily e between 14kD and 115kD but dextran 60 also contains significant
portions (> 3%} of small dextrans in the ranges 0.5kD - 10kD at the low end, and a similar
proportion of very large molecules exceeding 200kD.

{00613 The GAG components of the invention may include, but are not linnited to, natural
proteogiyeans, and the glycosaminoglyean nwieties of proteoglveans. GAGs may be sulphated
like chondroliin, dermatin, keratin or heparaw, or may be unsulphated {ike hvaluronan (HA) or
heparin, Alternatively, analogues of glycosaminoglyean, like dextran sulfate or pentosan
sulphate may be vsed. In accordance with vet still other embodiments herein, hvaloronan (HA)
may be used. Some so-called “cross-Hanked” GAGs, such as cross-hinked HA (¢.¢. Synvise
{Genzyme), contain a relatively low content of cross-linked miaterial. In such cases. where most
of the molecules exist as free unbound HA, the preparation is regarded as HA for the purpaoses of
this invention.

(0662} Hyaluronan is rapidly broken down in the cireudation by at least two forms of
hyaluronidase. Thus, the intravascular {plasma) half-life of a high molecular weight HA, (e.g.,
having a Mw of 2,000kD) is relatively shott, generally less than one bour, depending upen the
total dose given. At the cellular Jevel, HA is degraded progressively by a series of snzymatic
reactions that generate polymers of deereasing sizes, the various swmall fractions often triggering

different signal transduction pathwavs.
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{D063] Thus a high molecutar weight HA can be adminisiered by parenteral injection and
function as a pro-drug for in-vive geperation of smaller fractions like the HA fractions used in
Example 1. In Example T below on the effects of HA and polysaccharides on platelet activation,
the effects of several sharp HA fractions with molecudar weights (Mw) between of 1.53kD and
250kD were investigated. Although all the fractions withon this range significantly reduced
platelet activation, the effects were most pronounced ata Mw of about 2.67 kD.

[0064] In contrast to HA, dextrans are not nonmally degraded in plasma but are only
broken down by the Hver or the reticalo-endothelial system (RES). The intravascular (plasma)
half-fives of dextrans ave therefore much longer than for HA ~ ranging from ca 30 miputes for
ssnall fragments of dextran of Mw ca TkDD to over 10 hours for dextran 70kD, partly depending
on renal function since molecules smaller than ¢a 20kD are freely excreted via the kiduevs (seg,
Axfors, Buckley, 1997). The plasma half-life of HES depends on Mw but is also much fonger
than for HA.

[6065) It should be noted, however, that the half-Hves of both HA and polysacchandes can
be much longer when administered into tissues with relatively poor blood supply, such as
conunective tissue {e.g. cartilage, tendon, Hgament, comes, etc), or into avascular compartments,
like the synovial (joint) space.

[0066] It is therefore possible for those skilled in the art to adjust the doses and relative
proportions and molecular weighis of cach component in the polymer combinations disclosed to
“tardor make” formulations for optimal duration of effect in cach specific application and tissue,
and for cach specific type and extent of § irguty.

{0867} QOne specific polysacchanide component of the disclosed compositions is clinical
dextean, which like other polymers, oceurs as a mixture of different size molecules ranging in
size from isemaltose oligomers with Mw of ca 0.3kD to macromoleeules with Mw well over
100D, Dextran fractions within this wide range of molecular weights are well docnmenmed to
suppress excessive platelet activation and its subsequent pathophysiological sequelae, including
leukoeyte activation, thrombogenesis, ¢ic. (see, Arfors, Buckley, 1997),

{0068) As indicated ahove, the molecular weight of the dexiran fraction used will
defermine its plasma or tissue half-life, particularly if most of the fraction lics below the renal
threshold for dextran, which is approximately 20kD. Thus, very small molecules of dextran

{e.g.. oligomers of isomaltosey are rapidly removed from the circulation. However, when
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different dextran fractinns are studied at equivalent ox fixed plasma concentrations, their effects
on platelets and downstreany cascadies appear to be essentially similar, at least for dextran
fractions within the accepted “clinical™ Mw range (ca 0.3kD to about 110kD).

[{0069] Steinbauer et al,, 1997 & 1998, for example, found no significant diffsrence
between the effects of dextran fractions with Mw values of 1k, 40kD, 60kD, 70kD, 110kD and
150 XD on a surrogate marker of platelet activation, leukocyte adherence, i a standard hamster
isehemia~reperfusion injury model 30 minntes after reperfusion. AS expected, however,
measurements at later tine pomts after reperfusion, reflected the shorter plasma halt-lives of the
smailer dextran fractions in particalar. Thus, in Example 1 below, a representative broad
fraction of dextran 60 in which 8094 of molecules He between ca 14kD and 180kD and 5% lay
below ca 10KD was chosen to represent the clintcal dextran Mw range from 1kD to { 1OKD with
regard to dextran’s specific effects on the activation and degranulation of platelets and
subsequent leukoevie adherence 30 minutes afler reperfusion.

(0670} The polysaccharide component of the invention, to be used in combination with
one oy more of the GAGs above, may consists of one or more fractions of g clinically scceptable
neutral polysaccharide, such as a dextran, or a substituted stavch such as hvdroxyethyl starch
{HES) or bioccompatible fractions of polyethylene glyeol (PEG) or fucoidan.

{0071} The polysaccharide component may be a small sub-colloidal fraction {Mw <1550
such as isomaitose oligomers {i.e hydrolysed dextran) or mamnitol, Altematively, it may be a
higher molecufar weight colloidal fraction where most of the polysaccharids molecules hie above
the renal and capillary theeshalds (>20KD), such as Dextran 4 or 00 or HES 130 0r 200, The
polysaccharide component may alternatively be a pharmaceutically accepiable mixture of both
sub~colloidal and colloidal polysaccharides,

{0072} In accordance with certain aspects of the disclosed compeosition, the colloidal
polysaccharide is a dextran with s Mw of about 0.3kD to.abont 160kD. In another emibodiment,
the polysaccharide component is 2 sab-collotdal polysaccharide, including isomaltose
oligossecharides with weight average molecular weight {(Mw) of about 0.3kD te about 10kD. In
yet another aspect of the present invention, the pelysaccharide component is & bimodal mixtwe
of both a sub-colloid fraction of dextran (a.k.a., isomaltose oligonicrs) and & collowdal fraction of

doxtran
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[0073] The sequelae or complications which the disclosed composition xoay be used
prevent ot treat include, but arg not limited 1o, any pathophysioiogieal or undesirable
consequence, direct or indirect, of excessive platelet activation, including but not Himited 1o
thrombogenesis, formation of maero- and micro-cmboli, leukocyte hyp.amctivatio.s‘:x, atheroma or
hyperplasia formation and restenosts, iSchemia-reperfusion impury, and excesstve fibrin elot
refraction, including suboptimal healing of connective tissue injugics, resulting in non~elastic
scarnng or fibrosis formation in cords, skinor comea.

[0074] In oneaspect of the present invention, a method of ireatment or prophyviads of'a
traumatic or ischemic condition 1n a warm blsoded subjeet {e.., 2 human) is provided. In
accordance with'this aspect of the present Invention, the method comprises adminstering 16 &
subject a therapeutic composition containing hyvaluronic acid (HA) and a newtral polysaccharide
in a dosage effective to inhibit excessive activation, adherence and aggregation of platelets

within the subject’s vascular system, In certain agpects, the travmatic or ischemic condition 18 a
traumatic accident, such as blunt or pencirating irgury and may involve major blood loss, a
fracture, a raptarad tendon or izament, an intentional travma, such 8sa surgical operation,
particularly major prolonged surgery, blood loss or a vascular occlusion, which can load to the
development of pulmonary emboli (e.g., tHofemoral thrombosis, mesenteric vein thrombosis and
Budd-Chiari svndroms).

[0075] In one form hereiy, the present mvention is particularly usetul for treating or
preventing thromibosis or microembolt in patients who have not sustained major blood foss and
therefore may not tolerate large doses of dextran or other volume expanders as, for example;
hemorrhagic stroke. In another form herey, the ischemic condition is arterial thrombosis,
particularly coronary artery thromnbosis, where further platelet activation may be deleterions.
{8076} o accordance with vt other aspects of the present invention, a method of
preventing or reducing thrombogenesis or the formation of micrcembeoll fina wanm blooded
subject at risk of developing such complications is provided. In accordance with this aspect of
the present invention, 2 subject is adonnistered a therapentic composition containing hyaluronic
acid plus polysaccharide at a dosage elfective to inhibit the adhercuce and aggregation of
platelets. In accordance with one exemplary enabodiment of this aspectof the invention, the
subject may have an increased risk of developing 4 thrombus due to a medical condition which

disrupts hemostasss, including heparin induced thromboeytopenia, coronary artery disease,
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atherosclerosis, pregnancy, stroke, neoplasia, obesity, systemie lupus ervthematosas, nephrotic
svadrome, polyeytheniia vera, mtanumatory bowel disease, homocystinuia,
hyperhomocysteimemia, parosysmal noctumal hemoglobinuna, shock and congestive heart
fatliwe, In further aspects, the mammal may have an increased risk of developing a thrombus or
microcmboli due to a medical procedure, including cardiac swgery, cardiopuimonary bypass,
catheterizalion, percutanenns raustuminal coronary angioplasty and atherotomy, ay well as
procedures which wvolve the placement of either a synthetic or bioprosthetic prosthesis (.., a
cardipvasculur valve).

{0077] [t should be understood and appreciated herein that in sccordance with certain of
the disclosed aspects of the present tvention, the combination HA and polysaccharide may be
administered systemically or locally. Moreover, the administration of HA and polysaccharide
nay oceur prior fo during; or after a medical or surgical procedare, or treatorent wish other
agents (o.g., thrombolytic agents).

[0078] In still another aspect of the present invention, a methed of inhibiting the adherence
of platelets to the surface of a prosthetic device by coating the device with hyaluronic acid plus
polvsaccharides in an amount sufficient to inhibit the interaction of the platelets with the surface
of the device prior to exposure of the device to the platelets is provided. Iy sccordance withs this
aspect of the invention, the device can be made of any suitable hiocompatible material, either

totally or partially synthetic, that is cormumonly used i medical procedures. In certain

erbodiments, the prosthetic device s a coronary valve, vascular graft or a stent,

[0079] Ine stil] another aspect of the present invention, a method for indpeing or enhancing
the repair and regeneration of injured connective tissue or skin without undesivable formation of
non-clastic sear tssue is provided. In accordancs with this embodiment, the disclosed
composition is plaved into contact with the injured connective tissue, such as a tendon or
higament, skin or camea.

{00891 In accordance with certain ernbodiments, the invention also provides methods of
treating intra- and extra-articudar Iunies in a subject (£.9, & mammal} by contacting the ends of
a ruptured tissue from the subject with the compositions of the invention. In accordance with
{tus aspect of the present invention, intra-articular injuries include, for example, meniscal and
ligament tears, while extra-articular injuries inclade, for example, injuries (o the hgament, tendon

or muscle.

y—
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[O0811 In accordance with certain aspects of the present invention, a method of weating the
acute inflammation of 3 joint as, for example, after trauma ar acute overloading as in (sports)
miury related kuee ostecarthritis 1s provided by introducing the disclosed composit,im)s into the
joint. Itshould be understood and appreciated herein that the inventive methods and
corpositions may alse be similarly used for treating chronic mflammmatory states such as
rhewmnatoid arthritic joint diserders where cytokine release from activated platelels has recently
been reparted W play a key role in the generation of inflanunation (see, Botlard, 2610).

[0042] I this context it may be noted that injection of dextran alone {either mono- or bi-
modal fractions} into inflamed joints has been shown o reduce inflammationand pain as
reported by one of the present inventors in US Patent No. 5,902,800, While it is known by those
of ordinary skilf i the art that endogenous high molecular weight HA is present m the joim
synovial fleid and that the adjustment of viscosity or lubricating properiies of the dexiran
solution may be made by addition of viscoelastic agents (which could include HA), the present

mventors are unaware of any teaching or suggestion of 1 specific synergistic interaction betweon

dextran and HA i terns of (or in regard ) their presently disclosed affects on platelet
activation and itz assoctated sequelae, including inflammation, ar on their novel synergistic

offects on the regencration of injured connective tissue.

{0083} T Light of the novel synergistic effects of dextran and HA as disclosed herein, &
skilfed artisan would be able to devise more infoimed and flexible dosage strategies for
mflammatory joint disease, particularly where excess poh saccharide-induced volume expansion
of the synovial joint 1s undesirable or contiaindicated. In this respect, the combination of HA
with high concentrations of very small molecules of dextran or isomaltose oligomers (Mw 0.3kD
= 10kD) wall reduce sxcess volwumne expansion and side affects associated with high Mw
dexirans, yet still meet the conditions for synergy with HA, as disclosed below,

f0084] Farthenmore, the tindings disclosed in Example | below; indicate that synergy
between dextran and HA is optimal when HA has a low Mw (<0 250kD). Since enzymatic
degradation of high Mw HA occurs in circulating blood, intravascular administration of high Mw
HA {2.g. Mw 2,800KkD) into the blood stresm will function as a pro-drug for delivery of lower
Mw HA moieties to the inflamed tissue.

{0085 In avascular compartments, however, Hike the synovial (joint) space, this rapid

degradation doss not occur. Stnce the synovial space normally contains endogenous HA with
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kel

very high Mw {>3,000kD}, and there s Hitde access to eirculating hyaluwronidase, the rate of
degradation {and generation of HA moleties <250KD) is substantially slower than in blood.
“Thus, the injection of dexivan alone into the joint (Le, 15 in-vivo admixiure with very high Mw
endogenous HA) will not create optimal conditions for promoting synergistic interaction
between dextran and HA since the Mw of the synovial HA s toe high

[BO86] Although the Mw of endogenous synovial HA s often fower in severe
nflammatory Have-ups of the joint, it seldom falls below 2,000kD, still far higher than the
optitoal HA Mw range (<Q50kE) for synergy with dexitran or other polysaccharide: As such,m
accordance with certain aspects of the present invention, a method of treating an inflanumatory
jornt disorder in wanm-blooded amimals (weluding humans) can comprise infra-articular Rgection
of a co~mixture of ) biocompalible neutral polysaccharide, such as dextran, oligomers of
womaliose, HES, PEG or fucoidan and HA, which can have a Mw below 2,000kD, or more
speciiically below S00kD. In accordance with this-aspect of the present invention, the Mw of the
dextran may Lo between about 0.3KD aud about 110kD.

[0087] 1t should be understood and apprecisted herein, however, that the prescatly
disclosed methads do not exclude the addition of & suitable amount of high or very high
molecular weight HA (linear or cross-linked) or other viscoslastic agents solely for the purpose
of adjusting viscosiy or lubrication as mentioned in US patent No. 5,902,300,

{0088} In certain specific aspects of the present invention, the HA component of the
disclosed composition when used for systemic administration in the bloed to prevent platelet
activation or adhesion and thewr pathophysiological sequelae, s given in the range of about
Imgikg body weight (o about 600 mgkg, wheremn the polysaccharide component of the
composition for the same parpose is given in the range of about 3 mg'kg o about 2000m/ky.
{0085} The viscosity of the disclosed composition of HA and polysaccharide as a solution
should be Tess than 1000 centipeise and greater than 135 centipoise. The molecular weighis of
both HA and polysaccharide components can be adjusted according to the desired viscosity for a

pecific concentration of HA and polvsaccharide.

wr

{00901 In accordance with certain embodimenis, the average molecular weight of the HA
18 greater than aboue 1.53KD; more speeifically, between about 2.6kD and abowt 3,000kD and
even more specifically, between about 100k and about 2,000k in still other embodiments, the

average molecular weight of the polysaceharide is between about 0.3KD and 110D, more
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specifically between about 0.5kE and about 70kD., and even more specifically, the
polvsaccharide has a bimodal molecular weight distribution obtaiied by nuixing & very low
molecnlar weight polysaccharide with Mw range from about 580 I to-about 10KD together with
a higher molecuiar weight polysaccharide with a Mw range from about 20kD to about 75kD.
fO0%1} For the focal administration of HA and polysaccharide solution at the site of
intended action W prévent excessive platelet activalion or clot retraction, the concentration of the

\

HA component lies b n about 0.1% and about 7% and the polysaceharide component lies
hetween about 1% and abowut 329 and the viscosity of the combination of HA plus
polysaccharide lies i the range of about 20 centipoise o about 300,000 centipoise.
{0082] {in accordance with certain embodiments of the present invention, the composition
1% an agueous sofution of biopolymers containing hyaluronan in an-amount of about 0.1% to
about T (wiv}, and dextran or HES, in an amount of about 1 to ghout 25% {wiv), the
hyaluronan having a weight average molecular weight {Mw) within the range of about 1.5 kD to
about 6,000kD, dextran having & Mw witlin the range of about 0.3kD to about 110 kD and HES
having a Mw within the range of about 10kD to about S00kD,
{0093] 1n accordance with still other embodiments of the present invention, methods of
imiplanting or ingecting the polymer combination described above into an injury, defect or
condition of the tissue in need of such treatment are provided, while in accordance with yet other
embodiments, the compositions are useful for regenerating connective Ussue, and can be
admingstered to an arca having mjury to, or a loss of], connective tissue, such as bone, cartilage,
tendon, and hgamen.
[0094] Advantages and improvements of the processes, methods and compositions of the
present invention ave demonstrated in the following examples. These examples are dHustrative
only and are not intended to livmit or preclude other embodinments of the present invention.
EXAMPLE 1
{00957 The effects of varjons sharp fractions of hyalurenan (HA)Y and dextran on platelet
rolling and sticking in the microcireulation were investigated fn vive in a standardized mouse
small intestine model by intravital fluorescence microscopy using platelets labeled ex-vivo with
rhodamine-6G infused Lv. during reperfusion.
{0096} Under anesthesia, female Balble mice were subjected to mudline laparctomy and a

Jejunal segment was gently exteriorized; 90 minutes of mtestinal ischemia wers induced by
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occlusion of the ssgmental artery by nucroclip, followed by reperfusion for 30 minotes o
simudate ischemia-reperfusion imjury (I/R). This standard igjury induced a highly significant
erease in platelet rolling and adhesion to the endothelium of arierioles and venules compared
with sham controls.

{6097} Addrtiomal groups of animals were given low intravenous (1.v) doses {1030 mg'kg)
of'several different sharp (monomeric) fractions of pure pyrogen-free HA, from a Mw of 1,330D
o a Mw ofca 2500000, Al groups cousisted of § ov 6 animals, values recorded as wean /-
SEM. At both the 30mg'kg aud 10mgke dose levels, all fractions of HA significantiy reduced
the effects of I'R frjury on platelet rolling and adhesion in arterioles {(p<0.03 vs. FR).

{8098} The following resulis were obtained when effects of the lowest HA dose (10
mg'ke) on platelet activation were compared with very low doses of dextran 60 {Smg/kg) and
with combinations of these same polymers at the same doses in the same modet.

{0099} In arterioles, firm adherence of platelets was reduced from a mean of 803 mm-2 in
the group subjected to R alone, to a mean of 410 mun-2 dn those subjected to IR followed by
HA (10 mgkg). Mean value for platelet adheronce in those recetving 5 myfkg dexiran 68 alone
after ¥R was ca 190 mnt -2, The corresponding wean value for the group receiving a
combination of 10 mg'kg HA and Smgfke Dextran 60 after /R was 130 mm -2 (p<0.05 vs. IR).
{00100} Roiling of platelets in arterioles responded to VR, HA and Dextran 60 in a simidar
nuanner; VR induced a shawp increase in platelet rofling from 2 mun-1 per sec /mim (sham) to 39
mm-1s/mm, whilst 10 mg/kg HA after R reduced rolling to 24 mm-1/s/mm, Dextran 60 alone
{at 3mg/kg) reduced rolling after UR to ca 21 mnt-1/8/mum whilst the combination of 10 mgefkg
HA + 3 mg/kg Dextran 60 reduced rolling after I'R to 6 mm-1/s/mu. (p<0.05 vs. I/R).

{00161} Despite the stuking anti-adhesion effects above of both HA and dextran in
artericies, on the venular side, platelet adhesion was not significant reduced by either [0mgikg
HA or by Smg Daxtran 6£.

[00102) Platelet rolling in venules, however, was significantly reduced by both HA alone
and dextran alone and 1o a far greater extent by the combination of 10mg/kg HA + Smg'kg
Dextran (the comresponding values for sham, IR, 10mgkg HA, § mykg Dextran and the

~

HA/Dextran combination being: 3, 34, 20, 15, and 10 mm-1 /s/mm. respectively),

i
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[oa103] Thus, at the time pomt chosen {34 min afier reperinsiont both HA and dextran
nyocted separately in very low doses significanily reduced the intense platelet activation and
adherence induced by 90 minutes of ischemia,

{06104} The combination of a very low dose {Smg'ke) of dextran (L. at a dose far toa low
to exert any volume expausion, hemodilution or other rheological effects on the Grculation)
given together {simultaneously) with HA reversed the effeets of TR on platelets to 2 much

greater effect than HA or dextran viven separately and alone: thas, exhibitine a pronounced
-~ ~ M P D > a

synergistic effect.
{0105} As noted above, all dextran fractions within the “clinical” molecular weight range

{1 to FTOKIY) exbibit similar well documented suppression of platelet hyperactivity and of
downstrean platelet-induced cascades such as those involved with leukocyte activation and
recrutment, at equivalent intravascular concentrations.  Por this reason, & relatively broad
fraction of dextran 60 in which ca £0% of the mol mass distribution lics between 14kD and
180KDy with sigmificant fractions (>8%%) in the ranges 0.53kD — 10kD and 190kD-210kD was used
as a representative dextran in the above Example 1.
[00106] Although the mtravascular half-life of HA i1s much shorter than that of dextran, it
sheuld suffice to synergistically reintorce the effects of dextran in aienuating excessive platelet
activation and degranulation i the crucial sarly phase after trauma when inflammatory cascades
are tutially triggered. Suppression of this eacdy phase in cascade generation is truportant if
subsequent downstream complications of excess platslet activation are to be prevented
001071 Therefore a judicial combination of i.v.HA and dextran not only ensures maximam
conirol of excess platelet hyperactivity rizht at the crucial early phase of platelet activation
mmediately following trawma, but also permits sustained control ever a longer period of up 1o §-
10 hours {e.g. overnught afler surgery) to ensure optimal prevention of corplications. In this

respect, use of HA alone to suppress hyperactivated platelets is not an option in many treatment

SCEOnarios.
EXAMPLE 2
{00108} By way of background, tendons and ligaments are the leadmg cause of “down

time™ in equine related industties. Injury to the superficial digital flexor tendon {SDFT) i
particular is often a career Hmiting injury with a high incidence of reinjury {see, Dyson 8, 2004).

These injuries consume valusble tme and resources with the plethora of new generally
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neffective treatment options now being offered. Although somes hmited advances have been
claimed, as for example with autologous stem cells, down thwe (anproductive convalescent time)
16 still inexcess of 12 months (see, Stashak, 2002, p 617).

{00109 Pravious studies smploying wtralesional hyalwronan (HA) (Dyson S, 1977, 2004)
conclnded “there appears to be no benefit of treatment with either hyaluronan or PSGAG
comnpared with contrélled exercise alonie,

{00118] A study was therefore set up to mvestigate whether previousty poor histornical
restits m freabing SDF tendon injuries with intralesional 1% hyaluronan (HA) alone could be
imiproved upon by the intralesional injection of a combination of fryvaluronan with a muxtuwre of
colluidal and sub-colloidal polysaccharides (coded GLVL1, consisting of 19% HA (Mw

cal S00kD), 10% dextran 70 and 1.2% isomaltoss-oligosaccharides as descxibed in the current
myention).

{08111} The combination of HA and dexivan was injected direcily into the leston m the core
of the tendon, not into the sheath or adjacent Hissues, in order to clearly differentiate between iis
physical lubricant properties and its now disclosed surprising ability to accelerate regeneration of

imjured conpective tissue in the core of the tendoa.

{99112} To date, 246 horses with ultrasonic evidence of acute tendon or suspensory
ligament injuries have been entered into the study. The sabiect pepulation includes all mgjor

breeds, sex, age and performance levels - 54% Standardbreds, 12% Quarierhorses, 8%
Theroughbreds, 8% barrel horses, 13% hunters and 4246 others.
[60113] Ages ranged from 3 years to 17 years of age with 2 medn age of 7.12 and a median
age of 7. 30% of the horses had suspensory lesions, 31% had superficial flexor sendon lesions
and 13% had XYZ lizament or distal sesmoidian figament damage. Lesions have ranged from
%o ~ 80% of tendons and 5% ~ $0% of suspensory ligament damage. Of these horses, 69% were
eeldings, 25% stallions and the rest mares.
[Bo114] Methods: All horses received an ultrasound within 24 to 48 hours of injury. The
areas of the injuries were surgically prepared and GLVTI was aseptically ijected inira-
lesionally at a dosage of about Tee per cubic cm of damaged tissue. A Gelocast was applied and
changed after 48 hours. The second Gelocast was removed after an additional 48 hours.
{00115} When possible, horses were squasized for the next 14 days. In the event water

therapy was not available, the horse was hand walked twice per day for 40 min. After the 18th
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day, the horse was returued 0 light work for 14 days and then resumed training afier a follow up
ultrasound exam. Most of the horses were exarcising 6 miles per day at the extended trot. The
horses were then allowed to resume racmg or showing according to the trainers decisions.
{00116] Rexuits to date: Ofthe 246 acute tendon /suspensory (ligament) mjuries tredted to
date, 94% have returned to competition in less than SO days with 92% remaining sound for a
miniman of 3 months or 12 races depending on breed.
(001171 This compares dramatically with the 12 months normally required to return a horse
to racing despite treatment with HA alone. According to Dr. Sue Dyson, a leading intemational
authority on equine tendon injuries, the incidence of recurrent tendon injury 1n horses trested
with 1% HA alone ranged from about 20 to 37% in a-study previously perfonmed by heron g
sivailar horse population {see, Dyson 5., 2004). Qther historical data on tendon injuries indicate
that only 20-60% of these horses retum to racing.  Some 0% are reimjured i racing and 44% o
show fiorses are-also reinjured.
[00118] Conclugion: Considering the broad range of the horses” ages, breeds and sex
variations, the return tine to performance levels, given varying juries, was extremely shon.
This surprising reduction in “down-time,” together with the very {ow rates of recurrent injury
indicate that the combination of HA with isomaltose oligomers and celloidal dextran not only
accelerates tendon/ligament repair, but also restores the strength and efasticity of these tissues to
their original pre-injury condition.
[00119] The resulis extubited show quite objectively by sonographic imaging and carly
return to normal racing without undire reinjury rates that regeneration and sustained healing of
the lesion ocour m lass than one quarter of the time normally required in horses treated
conventionally by controlied exercise or with hyvaluronan, PSGAG or BAPY alone. Tnthis
respect, the economic benefits of reducmg performance “down time” for the equine industry are
very significant. The same benefits in terms of reduced suffering and costs also apply to human
connective tissue fnjuries, not least tendon and figament njuriss in sporlsmen, or rawma patieats.
{060120] The resulis of the egrine studics show that not only is recovery time significantly
reduced, bat also remnjury rates, afler resumiption of racing, are surprisingly low, which indicate
that the elasticity and strength of the new collagen fibrils regencrated in the leston are weli
comparable with those 1 uninjured tendon i.¢. that regencration of most collagen fibrils has

ocourred it good coaxial alignment with the tension gradient.. This 1s 1 contrast to the problem
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of disorganized non~elastic scarring and persistent suboptimal coliagen neogencais, which are
reported to oceur for at least 14 months afler tendon injury when the leston is left to heal withow
specific reatment (see, Williams, TF, 1985}

00121} With regard to the prevention of non-etastic scar fissne following acute tendonor
other connective tissue injury, the present inventors speculate that other factors or components of
the disclosed composition may also theoretically contribute to the surprising synergy observed in
the examples above between the key components of the disclosed composition.

{00122} Etis well documented, for example, that hyaturonan (HA) is found in embryonic
and fetal tissues in much higher concentrations than 1n corresponding tissues in adults. Since
fetal wounds heal with minimal inflammatory response and witheut svident scarring, and this
appears {see, I fa-virro work by Olutove, O Q, 1997} to be related to the presence of HA, it is
tempting to specelate that the HA component of the present Inventive compositions may
contribute to the surprising in-vive results disclosed herein. Other anthors, however, (see,
Dyson, 8§, 1997 & 20045 have failed to show any significant improvement in tendon repair using
HA alone tn an extensive f-vive trial on 219 horses:

{30123} Ii ¢ alse well documented  that fibrin formed in the presence of neutral
carbobvdrate poiviners such as dextran, hydroxyethyl starch (HES) or theoidin, tends to form
much thicker fibers during polyruerization, and the resulting clot is more fragile and more easily
lysed by the endogenous {brinolytic enzyme (PA (s¢e, Strauss 1985 Carr, 1993).

[00124) While an exeraplary embodiment incorporating the principles of the present
mvention has been disclosed heremabave, the present invention is not Hmited to the disclosed
embodiments. Instead, this application is intended to cover any variations, uses, or adaptations
of the invention using its general principles. Further, this application is intended to cover.such
departures from the present disclosure as come within knowrror customary practics in the art to
whicl this invention pertains and which fall within the imits of the appended claims,

{60125] References: The following references are incorporated herein by reference in their
entirety:

{80126} 1. DYSON 84, Treatment of superficial digital flexcr tendonitis: & comparison of

conservalive management, sodivn hyahwonan and glycosaminoglyean polysulphate, Proc, Am.

Ass, Equine Practurs. 43, 297-300, 1977;

(3]
LAa
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{80127} 2. DYSON 8.1, Medical Maragement of Superficial Digital Flexor Tendonitis: A

Comparative Study in 219 horses {1992-2000) Equine Veterinary Journal 2004; 36: 415-419;
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[60129] 4. NEUSS 8., et al., Secretion of fibrinolytic enzymes facilitates human
mesenchyimal stem cell ivasion intn fibrin clots. Cells Tissues Qrgans. 2010; 191{1):36-46;
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CLAIMS

l. A composition capable of synergistically attenuating platelet hyperactivation and
enhancing connective tissue regeneration comprising an aqueous solution, wherein the aqueous
solution comprises from about 0.1% to about 7.0% by weight of a glycosaminoglycan (GAG),
from about 0.3% to about 35% by weight of a neutral sub-colloidal crystalloid polysaccharide
and from about 1.0% to about 25% by weight of a neutral colloidal polysaccharide.

2. The composition of claim 1, wherein the glycosaminoglycan (GAG) is selected from
at least one of hyaluronan, chondroitin, dermatin, keratin, heparan, heparin, and GAG
analogues dextran sulphate and pentosan sulphate, wherein the neutral sub-colloidal crystalloid
polysaccharide is an isomaltose oligomer and wherein the neutral colloidal polysaccharide is

selected from at least one of a dextran, hydroxyethyl starch and fucoidan.

3. The composition of claim 1, wherein the glycosaminoglycan (GAG) is hyaluronan,
the neutral sub-colloidal crystalloid polysaccharide is an isomaltose oligomer and the neutral
colloidal polysaccharide is dextran, wherein the hyaluronan has a weight average molecular
weight from about 1.5kD to about 6,000kD, the isomaltose oligomer has a weight average
molecular weight of from about 0.4kD to about 10kD and the colloidal dextran has a weight

average molecular weight from about 0.3kD to about 110kD.

4. The composition of any one of claims 1 to 3, wherein the neutral colloidal
polysaccharide is a hydroxyethyl starch having a weight average molecular weight of from
about 10kD to about 500kD and wherein the neutral sub-colloidal crystalloid polysaccharide is
an isomaltose oligomer having a weight average molecular weight of from about 0.3kD to

about 10kD.

S. The composition according to any one of claims 1 to 4, wherein the
glycosaminoglycan (GAG) is a partially cross-linked hyaluronan having a degree of

cross-linking that is less than about 25%.

6. The composition according to any one of claims 1 to 5, further comprising at least
one of an antioxidant, a scavenger, a cytokine, a growth factor, an interleukin, a gene therapy

agent, a viscoelastic agent and a stem cell.
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7. A method of treating platelet hyperactivation or an associated disease, a condition or
pathophysiological sequela thereof by administering to a subject an effective synergistic
amount of an aqueous solution containing a glycosaminoglycan (GAG), and a neutral colloidal

polysaccharide.

8. A method of treating platelet hyperactivation or an associated disease, condition or
pathophysiological sequela by administering to a subject in need thereof a composition

according to any one of claims 1 to 6.

9. Use of a composition according to any one of claims 1 to 6 in the manufacture of a
medicament for treating platelet hyperactivation or an associated disease, a condition or

pathophysiological sequela thereof.

10. The method of claim 8, or the use of claim 9, wherein the associated disease,
condition or pathophysiological sequela includes a disorder selected from the group consisting
of: thrombosis, a thrombotic complication of an atherosclerotic disease, a thrombotic
complication of an intervention of an atherosclerotic disease, a thrombotic complication
associated with surgical or mechanical damage, a mechanically-induced platelet activation, a
shunt occlusion, thrombosis secondary to vascular damage and inflammation, an indication
with a diffuse thrombotic or platelet consumption component, venous thrombosis, coronary
arterial thrombosis, a pathological effect of atherosclerosis and arteriosclerosis, a platelet
aggregation and clot formation in blood and blood products during storage, a chronic or acute
state of hyper-aggregability, a reocclusion of an artery or vein following fibrinolytic therapy,
platelet adhesion associated with extracorporeal circulation, a thrombotic complication
associated with thrombolytic therapy, a thrombotic complication associated with coronary and
other angioplasty, a thrombotic complication associated with coronary artery bypass
procedures, and a disorder, a procedure or a sequela characterized by inflammatory cascades
triggered by platelet degranulation, including a disorder selected from the group consisting of:
an intimal hyperplasia, artheroma and restenosis of arteries or veins, platelet-leukocyte-fibrin
micro-and macro-embolism, stroke, myocardial infarction, raised leukocyte activation,
aggregation, adhesion and free-radical injury in association with ischemia-reperfusion injury
following clot thrombolysis, declamping, angioplasty, organ and tissue transplantation, tissue

salvaging reconstructive surgery or restoration of blood volume in hypovolemia, an
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inflammatory joint disorder and a sequela of excessive fibrin clot retraction including fibrosis

and scarring in connective tissue.

11. The method of any one of claims 7, 8 or 10, or the use of claim 9 or claim 10,
wherein the glycosaminoglycan (GAG) is selected from at least one of hyaluronan, chondroitin,
dermatin, keratin, heparan, heparin, and GAG analogues dextran sulphate and pentosan
sulphate and is present in an amount of from about 0.1% to about 7.0% by weight of the
aqueous solution and, wherein the neutral sub-colloidal crystalloid polysaccharide is an
isomaltose oligomer and wherein the neutral colloidal polysaccharide is selected from at least
one of a dextran, a hydroxyethyl starch, and a fucoidan and is present in an amount of from

about 1.0% to about 25% by weight of the aqueous solution.

12. The method of any one of claims 7, 8, 10 or 11, or the use of any one of claims 9 to
11, wherein the glycosaminoglycan (GAG) is hyaluronan, and the neutral colloidal
polysaccharide is dextran, the hyaluronan having a weight average molecular weight from
about 1.5kD to about 6,000kD and the dextran having a weight average molecular weight from
about 0.3kD to about 110kD.

13. The method of any one of claims 7, 8 or 10 to 12, or the use of any one of claims 9 to
12, wherein the neutral colloidal polysaccharide is hydroxyethyl starch having a weight average
molecular weight of from about 10kD to about 500kD and wherein the neutral sub-colloidal
crystalloid polysaccharide is an oligomer of isomaltose having a weight average molecular

weight of from about 0.3kD to about 10kD.

14. The method of any one of claims 7, 8 or 10 to 13, or the use of any one of claims 9 to
13, wherein the glycosaminoglycan (GAG) is a partially cross-linked hyaluronan having a

degree of cross-linking that is less than about 25%.

15. The method of any one of claims 7, 8 or 10 to 14, wherein the step of administering
to the subject an effective synergistic amount of the aqueous solution comprises at least one of
topically applying the aqueous solution to the subject or injecting the aqueous solution into the

subject.



2010298484 26 Aug 2014

25

231 -

16. A method for synergistically accelerating repair, regeneration, treatment or inducing
the repair of an injury, a defect or a condition of a connective tissue by administering to a
subject an aqueous solution containing from about 0.1% to about 7.0% by weight of a
glycosaminoglycan (GAG), from about 1.0% to about 25% by weight of a neutral colloidal
polysaccharide and from about 0.3% to about 35% by weight of a neutral sub-colloidal
crystalloid polysaccharide, wherein the glycosaminoglycan (GAG) has a weight average
molecular weight from about 2kD to about 5,000kD, the neutral colloidal polysaccharide has a
weight average molecular weight of from about 20kD to about 100k D and the neutral
sub-colloidal crystalloid polysaccharide has a weight average molecular weight of from about

0.4kD to about 4kD.

17. Use of an aqueous solution containing from about 0.1% to about 7.0% by weight of a
glycosaminoglycan (GAG), from about 1.0% to about 25% by weight of a neutral colloidal
polysaccharide and from about 0.3% to about 35% by weight of a neutral sub-colloidal
crystalloid polysaccharide, wherein the glycosaminoglycan (GAG) has a weight average
molecular weight from about 2kD to about 5,000kD, the neutral colloidal polysaccharide has a
weight average molecular weight of from about 20kD to about 100k D and the neutral
sub-colloidal crystalloid polysaccharide has a weight average molecular weight of from about
0.4kD to about 4kD, in the manufacture of a medicament for synergistically accelerating repair,
regeneration, treatment or inducing the repair of an injury, a defect or a condition of a

connective tissue.

18. The method of claim 16, or the use of claim 17, wherein the glycosaminoglycan
(GAG) is selected from at least one of hyaluronan, chondroitin, dermatin, keratin, heparan,
heparin, and GAG analogues dextran sulphate and pentosan sulphate and the neutral colloidal
polysaccharide is selected from at least one of dextran, a hydroxyethyl starch, and fucoidan, and

wherein the neutral sub-colloidal crystalloid polysaccharide is an isomaltose oligomer.

19. The method of claim 16 or claim 18, or the use of claim 17 or claim 18, wherein the
glycosaminoglycan (GAG) is a partially cross-linked hyaluronan having a degree of

cross-linking that is less than about 25%.
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20. The method of any one of claims 16, 18 or 19, or the use of any one of claims 17 to
19, wherein the connective tissue is selected from at least one of a tendon, a ligament, cartilage,

bone, skin and a cornea.

21. The method of any one of claims 16 or 18 to 20, wherein the administration step
comprises implanting into the subject the aqueous solution to augment direct repair of the

connective tissue.

22. The method of claim 16 or any one of claims 18 to 21, or the use of any one of claims
17 to 21, wherein the glycosaminoglycan (GAG) is hyaluronan and the neutral polysaccharide
is dextran, wherein the hyaluronan having a weight average molecular weight from about 1.5kD
to about 6,000kD and the dextran having a weight average molecular weight from about 0.3kD
to about 110kD.

23. The method of claim 16 or any one of claims 18 to 22, or the use of any one of claims
17 to 22, wherein the neutral colloidal polysaccharide is hydroxyethyl starch having a weight
average molecular weight of from about 10kD to about 500kD, and wherein the sub-colloidal
crystalloid neutral polysaccharide is an oligomer of isomaltose having a weight average

molecular weight of from about 0.3kD to about 10kD.

24. Use of a glycosaminoglycan (GAG), and a neutral colloidal polysaccharide in the
preparation of a medicament for treating platelet hyperactivation or an associated disease, a
condition or pathophysiological sequela thereof, wherein the medicament is adapted to be
administered to a subject in an effective synergistic amount of an aqueous solution containing

the GAG, and the neutral colloidal polysaccharide.

25. A composition capable of synergistically attenuating platelet hyperactivation
according to any one of claims 1 to 6; or a method according to any one of claims 7, 8 or 10 to
16 or 18 to 23; or use according to any one of claims 9 to 14 or 17 to 24, substantially as herein
described with reference to any one or more of the examples but excluding comparative

examples.



