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Cartilage: Structure, Function, Development, Pathology

15 , Articular cartilage covers the ends of bones in
diarthroidial joints in order to distribute the forces of
locomotion to underlying bone structures while
simultaneously providing nearly frictionless articulating
interfaces. These ©properties are furnished by the

20 extracellular matrix composed of collagen types II and
other minor collagen components and a high content of the
proteoglycan aggrecan. In general, the fibrillar
collagenous network resists tensile and shear forces
while the highly charged aggrecan resists compression and

25 interstitial fluid flow. The low friction properties are
the result of a special molecular composition of the
articular surface and of the synovial fluid as well as
exudation of interstitial fluid during loading onto the
articular surface (Ateshian, 1997; Higaki et al., 1997;

30 Schwartz and Hills, 1998).

Articular cartilage is formed during the
development of long bones following the condensation of
prechondrocytic mesenchymal cells and induction of a
phenotype switch from predominantly collagen type I to

35 collagen type II and aggrecan (Hall, 1983; Pechak et al.,

1986). Bone is formed from cartilage when chondrocytes
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several body sites such as the ears and nose, areas that

15 are often subject to reconstructive surgery.

2) Cartilage Repair: The Natural Response
Articular cartilage has a limited response to
injury in  the adult mainly due to a lack of
20 vascularisation and the presence of a dense proteoglycan
rich extracellular matrix (Newman, 1998; Buckwalter and
Mankin, 1997; Minas and Nehrer, 1997). The former
inhibits the appearance of inflammatory and
4 pluripotential repair cells, while the latter emprisons
25 resident chondrocytes 1in a matrix non-conducive to
migration. However, lesions that penetrate the
subchondral bone create a conduit to the highly wvascular
bone allowing for the formation of a fibrin clot that
traps cells of bone and marrow origin in the lesion
30 leading to a granulation tissue. The deeper portions of
the granulation tissue reconstitute the subchondral bone
plate while the upper portion transforms into a
fibrocartilagenous repair tissue. This tissue can
temporarily possess the histological appearance of

35 hyaline cartilage although not its mechanical properties
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3) Current Approachés for Assisted Cartilage Repair

Current clinical treatments for symptomatic

cartilage defects 1involve techniques aimed at: 1)
20 removing surface irregularities by shaving and
debridement 2) penetration of subchondral ©bone by

drilling, fracturing or abrasion to augment the natural
repair response described above (i.e. the family of bone-
marrow stimulation techniques) 3) Jjoint realignment or
25 osteotomy to use remaining cartilage for articulation 4)
pharmacological modulation 5) tissue transplantation and
6) cell transplantation (Newman, 1998; Buckwalter and
Mankin, 1997). Most of these methods have been shown to
have some short term benefit in reducing symptoms (months
30 to a few years), while none have been able to
consistently demonstrate successful repair of articular
lesions after the first few vyears. The bone marrow-
stimulation techniques of shaving, debridement, drilling,
fracturing and abrasion athroplasty permit temporary

35 relief from symptoms but produce a sub-functional
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15 extensively in orthopaedic clinical practice for the
treatment of focal lesions of articular cartilége that

are full-thickness, i.e. reaching the subchondral bone,

and are limited in size, typically less than 3cm® in
area. Use of these procedures was initiated by Pridie and

20 others (Pridie, 1959; Insall, 1967; DePalma et al., 1966)
who reasoned that a blood clot could be formed in the
region of an articular cartilage lesion by violating the
cartilage/bone interface to induce bleeding from the bone
into the cartilage defect that 1is avascular. This

25 hematoma could then initiate the classical cascade of
wound healing events that leads to successful healing or

at least scarring in wounds of vascularized tissues
{(Clark, 1996). Variations of the Pridie drilling
technique were proposed later including abrasion

30 arthroplasty (Childers and Ellwood, 1979; Johnson, 1991)
and microfracturing (Rodrigo et al., 1993; Steadman et
al., 1997). Abrasion arthroplasty uses motorised
instruments to grind away abnormally dense subchondral
bone to reach a blood supply in the softer deeper bone.

35 The microfracture technique uses a pick, or an awl, to
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15 the cartilage lesion (Hangody et al., 1997).

There is no universal consensus among
orthopaedists on which type of articular cartilage lesion
should receive which type of treatment. There is also a
lack of rigorous scientific studies that demonstrate the

20 efficacy of these treatments for particular indications.
Thus the choice of treatment for cartilage lesions is
largely dependent on the training, inclinations and
personal experience of the practitioner. Reasons for this
lack of consensus are multifold but include the

25 variability in the type of lesion treated and a variable
if not uncontrolled success in the formation of a “good
guality” blood clot. Some of the problems associated with
forming a good quality blood clot with these procedures
are 1) the uncontrolled nature of the bleeding coming

30 from the bone, which never fills up the cartilage lesion
entirely 2) platelet mediated clot contraction occurring
within minutes of clot formation reduces clot size and
could detach it from surrounding cartilage (Cohen et al.,
1975) 3) dilution of the bone blood with synovial fluid

35 or cilrculating arthroscopy fluid and 4) the fibrinolytic
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a 15 of viability of some blood components due to extensive ex
vivo manipulation and 3) the solidification of the clot
ex vivo which precludes good adhesion to all tissue
surfaces surrounding the cartilage defect and limits
defect filling. In summary, current clinical procedures

20 practised by orthopaedists for treating focal lesions of
articular cartilage mostly depend on the formation of a
blood clot within the lesion. However the ability to form
a good quality blood clot that fills the lesion and
contains all of the appropriate elements for wound

25 healing (platelets, monocytes, fibrin network etc) in a
viable state produces inconsistent and often
unsatisfactory outcomes. One of the embodiments of the
present invention ameliorates this situation by providing
a composition and method for delivering these blood borne

30 wound healing elements in a full-volume non-contracting

matrix to an articular cartilage lesion.

5) Biomaterials and Growth Factors
Several experimental techniques have been

35 proposed to repair cartilage lesions using biomaterials
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15 collagen matrices and fibrin glues including bone
morphogenetic proteins (Sellers et al., 1997; Sellers,
2000; Zhang et al. Patent WO 00/44413, 2000),
angiotensin-like peptides (Rodgers and Dizerega, Patent
WO 00/02905, 2000), and extracts of bone containing a
20 multiplicity of proteins called bone proteins or BP
(Atkinson, Patent WO 00/48550, 2000). In the Ilatter
method, BP soaked collagen sponges needed to be held in
the cartilage defect using an additional fibrin/thrombin
based adhesive, creating a rather complex and difficult
25 to reproduce wound healing environment. Coating the
biomaterial with fibronectin or RGD peptides to aid cell
adhesion and cell migration has been done (Breckke and
Coutts, Patent 6,005,161, 1999). Some previous methods
have combined bone-marrow stimulation with post-surgical
30 injection of growth hormone in the synovial space with
limited success (Dunn and Dunn, Patent 5,368,051, 1994).
Specific biomaterials compositions have also been
proposed such as mixtures of collagen, chitosan and
glycoaminoglycans (Collombel et al., Patent 5,166,187,
35 1992; Suh et al., Patent WO 99/47186, 1999), a crushed
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15 6) undesirable systemic or ectopic affects (calcification
of organs) of the active biologics. The successful
implementation of these approaches awaits the solution to

some or all of these issues.

20 6) Cell Transplantation
Techniques involving cell transplantation have
provoked much recent interest due to their ability to
enhance cartilage repair by introducing into articular
defects, after ex vivo passaging and manipulation, large
25 numbers of autologous chondrocytes (Grande et al., 1989;
Brittberg et al., 19924 and 1996; Breinan et al., 1997),
allogenic chondrocytes (Chesterman and Smith, 1968;
Bently and Greer, 1971; Green, 1977; Aston and Bently,
1986; Itay et al., 1987; Wakatini et al., 1989; Robinson
30 et al., 1990; Freed et al., 1994; Noguchi et al., 1994;
Hendrickson et al., 1994; Kandel et al., 1995; Sams and
Nixon, 1995; Specchia et al., 1996; Frankel et al., 1997;
Hyc et al. 1997; Kawamura et al., 1998), =xenogenic
chondrocytes (Homminga et al., 1991), perichondrial cells
35 (Chu et al., 1995; Chu et al., 1997), or autcgenic and



defects, after ex vivo passagi ng and mani pul ati on, |arge 25 nunbers of
aut ol ogous chondrocytes (Grande et al., 1989; Brittberg et al., 1994 and
1996; Bravaamoeer2al ., 1997), allogenic chondrocytes (CheBCECAano®@MD Snith,
1968; Bently and Geer, 1971; Geen, 1977; Aston and Bently, 1986; Itay
et al., 1987, Wakatini et al., 1989; RebPnson 30 et al., 1990; Freed et
al., 1994; Noguchi et al., 1994; Hendrickson et al., 1994; Kandel et al.
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and i s unforaxdatedglaoed knowm due t@lt’dﬂeladaclblm‘pawrrmfet izon noh—dwakDA
requested contsplhed,apd, proliferated during several weeks, and re-
introduced into the cartilage lesion by injection under a
sutured and fibrin-sealed periosteal patch harvested from
the patient's tibia. Knowledge of its efficacy has been
questioned (Messner and Gillguist, 1996; Brittberg, 1997;
20 Newman, 1998) and is unfortunately not known due to the
lack of completion of an FDA reguested controliled and
randomised clinical trial. Recent animal studies indicate
that the injected ©passaged autologous chondrocytes
contribute very little to the observed healing and that
25 the outcome i1s similar to that obtained using bone-marrow
stimulation (Breinan et al., 1997 and Breinan et al.,
2000) . Thus the surgical preparation of the defect could
be the main factor inducing repair, in this procedure as
well. Nonetheless, due to the enormous potential benefit
30 of cell transplantation, a large number of patents have
been granted in the past two years to protect aspects of
autologous chondrocyte processing (Tubo et al., Patent
5,723,331, 1998; Villeneuve, Patent 5,866,415, 1999), as
well as the use and preparation of adipocytes (Mueller
35 and Thaler, Patent 5,837,235, 1998; Halvorsen et al.,
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Cell transplantation for. assisted cartilage
repailr necessarily involves a technique to deliver and
retain viable and functional transplanted cells at the
site of injury. When cells are grown ex vivo with or
without a support matrix, press-fitting may be used by

20 preparing an implant that 1is slightly larger than the
defect and forcing it therein (Aston and Bentley 1986;
Wakatini et al., 1989; Freed et al., 1994; Chu et al.,
1997; Frankel et al., 1997; Kawamura et al., 1998).
Press-fitting necessitates the use of a tissue that is

25 formed ex vivo and thus not optimised for the geometric,
physical, and biological factors of the site in which it
is dimplanted. Suturing or tacking the implant can aid
retention (Sams and Nixon, 1995) although sSutures are
known to be an additional injury to the articular surface

30 inducing yet another limited repair process (Breinan et
al., 1997). Biological glues have been attempted with
limited success (Kandel et al., 1995; Jurgenson et al.,
1997). When the implant is not amenable to press fitting,
such as with contracting collagen gels or fibrin clots,

35 or when cells alone without a support matrix are



defect and forcing it therein (Aston and Bentley 1986; Wkatini et al.,
1989; Freed et al., 1994; Chu et al., 1997; Frankel et al., 1997, Kawanura
et al., M98)0027Press-fitting necessitates the use of a tpPeBEaot/msy i s 25
formed ex vivo and thus not optimsed for the geonetric, physical, and
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deViceS ﬁﬁCh%ﬁrkértlg%%E’fﬁggir ranging from gel matrices (Griffith
et al., 1998; Caplan et al., 1999), to sutures and fibres
(Vacanti et al., 1998; Vacanti and Langer, 1998a and
1998b), to screw type devices (Schwartz, 1998), and
magnetic systems (Halpern, 1997). Taking together the

20 above, current cell delivery techniques for cartilage
repair are clearly not optimal. A desirable cell delivery
vehicle would be a polymeric solution loaded with cells
which solidifies when dinjected into the defect site,
adheres and fills the defect, and provides a temporary

25 Dbiodegradable scaffold to permit propef cell
differentiation and the synthesis and assembly of a
dense, mechanically  functional articular cartilage

extracellular matrix.

30 8) Repair of other tissues including meniscus, ligament,
tendon, bone, skin, cornea, periodontal tissues,
abscesses, resected tumours, and ulcers

Natural and assisted repair of musculoskeletal
and other tissues are very broad fields with numerous
35 complex biological processes and a wide variety of

approaches to accelerate the repailr process (as in bone



magneti c systens (Hal pern, 1997). Taking together the 20 above, current
cell delivery techniques for cartilage repair are clearly not optimal. A
desi rabl avaer/vo2del i very vehicle would be a pol yneric sol p€T/caoi/eased with
cells which solidifies when injected into the defect site, adheres and
fills the defect, and provides a tenporard 25 bi odegradabl e scaffold to
permt proper cell differentiation and the synthesis and assenbly of a

SOTSy marar oRugaLLY, Tuncl 9031 AT LEULAE SAlly | 4% SHLael lidan
30 8) Repair er “tissues incld meni scus, 1 one,
ski n, orneaﬁeﬁﬁﬁ¥oééﬁﬁ§ﬂtW's@U%sln ngééé§é§ Iﬁé?@dted andpbes reshdeul cer s

Nat ural and assistey 18paih ol AIscH oskeh el pl C@ngOtﬁ©@6t'S%H%%o%b%,Very
br oad fleldgﬁﬁﬁéh nunerous 35 conpl ex b|olog|ca processes and a wde

variety of & %&?E%G§CJ%RRR9¥9%ﬁeOFﬁBrréﬁhlFhﬁrd%%%%oq%%a¥neﬁﬁﬂ@n%8
02/ 00272 sPCTAKa03+00868es- ihZolneri he agTbBdl i @vénssu@& thn@tn -Fravelhittle

t i t artila repair ce.,
searring (as b FRBR s an: 0o EREpk: H5ekE” e tuslin:he FPSraRice
certainly ooaﬁralml®h@ blotogtcaheebehenb§ 51aﬂdepMQ®EQ$¢scmnvmb&edsethe
gl obal event fl % g ?E uma ag%d T% X u%%lude t he

ood cl ot at t

formation , e sit o tlssu sru t|on elease
chempt acti ¢ %ﬁﬁﬂ?ﬁté@%n#@fﬁa@méF§rYrdﬁﬂﬂﬁhtépétsplu¥¥ﬁ¢tﬁﬁ%#alnﬁE@@ﬁﬁtory

cell's ang plesipof epssahlsepahtidf, cehlisriMaseyl anesatisenutand bicnakley the
resol ution of the repair rocegkf% dlfferentla%lon of regg r cells their

synt hesi s of P& TacBIPGRSS ﬁ%%ﬁ%ﬁ?%onlﬁ r'Ries r &PEILE
out cone t he spechdsis| oodl tdxisueeldnMiaronnmestiriand thmpspentélc facala

populati on udoc BLGi POLEBLLR bEPBLESCCLS Webloigad |9 e TefTion of

the correct type © I ssuée repl ace
environment and the specific local populatlon of

15 pluripotential repair cells will lead to the formation of
the correct type of tissue, bone to replace bone, skin to
replace skin etc. Given the similarity of the general
elements in the tissue repair process, it 1is not
surprising that approaches to aid repair in one tissue

20 could also have some success in aiding repair in other
tissues. This possibility becomes much more likely if the
method and composition to aid repair 1s based upon
augmenting some aspect of the natural wound healing
cascade without significantly deviating from this more or

25 less optimised sequence of events. In the present
invention particular composition and methods are proposed
to provide a more effective, adhesive, and non-
contracting blood clot at the sitel of tissue repair.
Examples |, and preferred embodiments are shown for

30 cartilage repair, one of the most difficult tissues to
repair. However application of the composition and method -
and modifications thereof, conserving the same basic
principles, to aid repair of other tissues including

meniscus, ligament, tendon, bone, skin, cornea,



replace skin etc. Gven the simlarity of the general elenents in the
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in one tiweORIR® coul d al so have sonme success in aiding rPORCA0I/00ISH her
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conposition to aid repair is based uponlaugnenting sonme aspect of the
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bi oer odi bl e an i oconpati bl e cat oni Cc yners have been use
t he bi onmedi éalloqqimﬁw erorca\*me?ﬁaChe%sPlyi@e%%dtbéﬁe h&ve nbgen dhseecbeﬁ@zu ere

et al., 19983hé\4121:2§61ﬁédiic§1 alndus@993 apd 1994)nd drug1ang geng debieery

Carreno Gorrez
( 1nductlon (Denuziere et al., 1998; Muzzarelli et al.,

1993 and 1994), drug and gene delivery (Carreno-Gomez and
Duncan, 1997; Schipper et al., 19897; Lee et al., 1998;
Bernkop—Schnurch‘and Pasta, 1998) and in scaffolds for
cell growth and cell encapsulation (Yagi et al, 1997,
20 FEser Elcin et al., 1998; Dillon et al., 19928; Koyano et
al., 1998; Sechriest et al., 2000; Lahiji et al 2000; Suh
et al., 2000). Chitosan is termed a mucoadhesive polymer
(Bernkop-Schnurch and Krajicek, 1998) since it adheres to
the mucus layer of the gastrointestinal epithelia via
25 dionic and hydrophobic interactioné, thereby facilitating
peroral drug delivery. Biodegradability of <chitosan
occurs via its susceptibility to enzymatic cleavage by
chitinases (Fukamizo and Brzezinski, 1997), lysozymes
(Sashiwa et al., 1990), cellulases (Yalpani and
30 Pantaleone, 1994), proteases (Terbojevich et al., 1996),
and lipases (Muzzarelli et al., 1995). Recently,
chondrocytes have been shown to be capable of expressing
chitotriosidase (Vasios et al., 1999), the human analogue
of chitosanase; its physiological role may be in the
35 degradation of hyaluronan, a linear polysaccharide

possessing some similarity with chitosan since it is



Duncan, 1997; Schipper et al., 1997; Lee et al., 1998; Bernkop-Schnurch
and Pasta, 1998) and in scaffolds for cell growh and cell encapsul ation
(Yagi et vab02/0297, 20 Eser Elcin et al., 1998; D llon et BCT/CAMBER59 Koyano
et al., 1998; Sechriest et al., 2000; Lahiji et al 2000; Suh et al.,
2000). Chitosan is terned a nucoadhesivel$otyner (Bernkop-Schnurch and
Krajicek, 1998) since it adheres to the nmucus |ayer of the

gastrointesti Lt heki L0 %ngjbl t
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al., 1999), th hurran anal Qg of, .chitos nase ySi |caI rol g may

be in the SSHJE%rada?l on 8? ﬁy%l ur(gﬁgh a%l i ﬁear’ pil@?écc frt% pc?sré ssi ng
sone sim |l arddickesh, 160Kt oSamsitnc eet t ails , WOIOB/;00RTR. RET/ GAQL/ 00380 - 14
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Chi t osan has ose in various fornulations, and w t h ot her
conmponents, b 51s9c51 IﬁF@n?ep%ﬁ ragf detl; Eeeneal &ﬁd hat@0®) ssusk in a
nurber afy feﬂ%éﬁti&@M %tpaélke»s Ma@ﬁ_»tagne mn$ducb¢§,9@@88,19@@mto

i i Sl Skl 19952, Shhgenmsg ang Mpam . 1%be: Ueno ot al
i nventions (Spmkemandlmeray;oulaat entd 415177, 996teﬂl986,,90M)§l98y, 1Pt Nt
IAsatgggt Bgogoﬁ%@aﬁg% oha oﬁgpnate%é o, ]Fé%%'gl , ’Jc%g%e?g?gensen
WO 98/22114 1998 The propertles of chltosan that are most
15 commonly cited as beneficial for the wound repair process
are 1its biodegradability, adhesiveness, prevention of
dehydration and as a barrier to bacterial invasion. Other
properties that have also been claimed are its cell
activating and chemotractant nature (Peluso et al., 1994;
20 Shigemasa and Minami, 1996; Inui et al., 1995) its
hemostatic activity (Malette et al., 1983; Malette and
Quigley, Patent 4,532,134, 1985) and an apparent ability
to limit fibroplasia and scarring by promoting a looser
type of granulation tissue (Bartone and Adickes, 1988;
25 Stone et al., 2000). Although a general consensus about
the beneficial effects of chitosan in wound healing is
apparent, its exact mechanism of action is not known, nor
is the most effective means of its application, i.e. as a
powder, suspension, sponge, membrane, solid gel etc. Part
30 of the reason for the ambiguity in its mechanism of
action could be that many previous studies used chitosan
that was not chemically defined (acetyl content and
distribution, molecular weight) and of unknown purity.
The interesting hemostatic potential of chitosan has also
35, led to its direct application to reduce bleeding at
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h tati ial .of chit . al i.ts.di | i cati
Lo Teduce bl aed Hy 22 2vEs 0% 05393 Bty chdn  BgEGe2ohs i, FEbARRGsE o
sites (Mal etard epuifiedogatojmpette Pdidel@iisgl €ocipamentt 42532 PE34Nnt1985) .

Sone studi ess cipsoithat 1bhe)henpst at kgeactiyhtyxof ok t ogan dﬁa&ie‘é%%tsm ely
from it's apility to aggl ytinate red blood cells (Rao and 5 Sharma, 1997)
whi | e ot her slrb‘é?riléfén‘l t $EpdPy CR T ant PenCtRardct EietanT aePF v at énd

pl atel ets toairmedeasens ha oohihplete laakt bat enthexahpssi eakreodgubalt was

cascade {husy gadnailg |15 M8 A 2 OISt gyl corhngtl Bl

5,773,033, I1g98Yapewtidellynt éxt ofidhe tprsssent repeénti orhriugh s itimeort ant

to nOteJEn tfﬁ%ﬁ%ff%%”t6¥'a%d chitosan containing blot clot at the
repair site. ,

One technical difficulty that chitosan often
presents is a low solubility at physiological pH and
ionic strength, thereby limiting its use in a solution

20 state. Thus typically, dissolution of chitosan is
achieved via the protonation of amine groups in acidic
aqueous solutions having a pH ranging from 3.0 to 5.6.
Such chitosan solutions remain soluble up to a pH near
6.2 where neutralisation of the amine groups reduces

25 interchain electrostatic repulsion and allows attractive
forces of hydrogen bonding, hydrophobic and van der Waals
interactions to cause polymer precipitation at a pH near
6.3 to 6.4. A prior invention (Chenite Patent WO
99/07416; Chenite et al., 2000) has taught that admixing

30 a polyol-phosphate dibasic salt (i.e. glycerol-phosphate)
to an aqueous solution of chitosan can increase the pH of
the solution while avoiding precipitation. In the
presence of these particular salts, chitosan solutions of
substantial concentration (0.5-3%) and high molecular

35 weight (> several hundred kDa) remain liquid, at low or



inventions a conplete | ack of any exanple where blood was m xed with
chitosan in solution and applied therapeutically to aid tissue repair

t hrough twe od@2fnr mati on of a chitosan containing bl ot clpCT/ahot/ée59 r epai r
site. One technical difficulty that chitosan often presents is a |ow
solubility at physiological pHand ionilostrength, thereby limting its
use in a solution 20 state. Thus typically, dissolution of chitosan is.

achi eved vi i 0] m.n ro A ct di u | yti ons
navi ng a pH TonS; eRbBatuPg, PhoB A" HC G B0 A pe MEEEUR BRI
sol ubl e up t® ahyeirdagicelywraeenicahkal heatrah dsfedipn ahthecghodps

reduces 25 ipigrohaingliectygsiati ¢ repytaten and ahi.omsg abkr agliitk@arnf orces
of hydrogen bondi ng, hydrophobi ¢ and van der Waals _interactions to_cause

pol yner prectbiRaffbhs atPa? pPRRBEF TH28 PEiptainag SPrer MVAvEHtidy -(@Renite
Paltenlt V\E 9%@:?14%.@%ameniillﬁp@it@ht, ﬁopebpfa@s%t auglilts t hatchadm Xxi k&30 a

pol yol - phosphat e di basic salt (i..e. ycerol - phosphate) to an.aqueous

sol ution of ¢ H%%%Ihﬁ%%ﬁy?ﬁcyéé%%h?EQ pH(gf/PPShe SHTLET DR whiT°d BV ST ng |
precipitatiosolidifheor pgesenoenohethedetparhi epbacpsaktts, tehiteosdmre

sol utions of bs I al cent i o - nd hj rpgr]'sec r 35

wei ght (> sevé%gl %%irl%vg%d %g) q@e}gn%én |lqt8?%§)§e]laiowg§rﬂ% /0(3%?2 ot

PCT/ CAQOL/ 00959]ectad irdem Pefigeratiee, werea | 68§ perdmelof agintd l@dch a pH

in a phsi l%c?@%?@él%a@%@%@ﬁh@d”%ﬂ{ é@bcﬁ@gh_@?lﬁge% 908<6.18 fride tThi s
aspect facilitates the m xing chitosan. , w cells in_a manner tha
mai nt ai ns t h&rPeR+ bbi ﬁt?f' An2§69121di tFondl 1PRBEFERAt CAr P& S_Z%i% &S such

chi t osan/ pol yohe phesphate (GHRP)relubons shlitbsans insad i dbflyboe gelatwhen
heated L S EOROML g et e, Lol o b, fagd ElLLgsaalcel
reduction of either chitosan concentration (to 0.1% in Lu
15 et al Biomaterials 1999) or of chitosan molecular weight
and degree of deacetylation (to ~350kD and 50% in
respectively in Cho et al Biomaterials, 1999) Other
studies have also shown that chitosan presents a
microenvironment that  supports the chondrocyte and
20 osteoblast phenotype (Suh et al., 2000; Lahiji et al.,
2000; Seichrist et al., 2000) however these studies were
not based on liquid chitosan in a form that could be
mixed  with cells and injected. Finally NN-
dicarboxylmethyl chitosan sponges have been soaked with
25 BMP7 and placed into osteochondral defects of rabbits
(Mattioli-Belmonte, 15999). Here again some improved
histochemical and immunohistochemical outcome was
observed, however, incomplete filling of the defect with
repair tissue and a significant difficulty in retaining
30 the construct within  the defect appeared to be
insurmountable problems. The present invention overcomes
these issues and presents several novel solutions for the
delivery of compositions for the repair of cartilage and

other tissues.
35



10 nodul es can be fornmed in subcutaneous spaces in nude mce (Chenite et
al., 2000). It is inportant to note that sone other studies have retained
chi tosan waozo®ot ubl e state at physiol ogi cal pH but thespCBCAdI/@®59
necessitated the reduction of either chitosan concentration (to 0.1%in Lu
15 et al Biomaterials 1999) or of chitoskh nol ecul ar wei ght and degree of
deacetylation (to '-350kD and 50%in respectively in Cho et al

Bi omat eri al s101998ym&rheof BrildreBrBave al so shown that chitosan presents a

m croenvi ronnment th S rts the chondrocyte and eqbl ast. .phenot ype
(sun et al 15000 | tin; FRRGEEE, (0P BERRT S RAAL £Po SRt T N e
t hese studi escpeie, ASt MHEsedeorsdiduibathimpoyartddhal duesn thatimpmdwe be

m xed , wth.gell dqi Rk ed. . Fi I . di met byl [
sponges havetﬁbge.rygesra"(;}z;kéE}ILHLI\/l\n'%t%E1 Z%agk/%%iaxrdéﬂé%gegéi%%?gﬁgst%gcﬁolﬁét}régla efects
of rabbits ¢RaEt{d¥F- BAVPortRS 1999POSREr enfhaPRPSbHBeNBrdVedested.

hi st ochem cabomado "oHBS6I SteBheRuesl havkCcamhivasd absemted.n heweveot
inconplete filli ng of the dﬁf.ectgﬁ/isth rtepair t,é Sﬁue and a si, gi fi cant
difficulty i ACFEPEFRTRg 30 SCHEICHs tHRGE4dT HI- ¢ he' Jef8st “?ﬁg‘ A& &0 be

i nsur mount abke pdwbl éns. thee pbesente | nfenbhpn prectbhoes diheseliessias

and' . present n | ut Fon r .t [ve . _CO itions for
the repair o%fg(gér{ﬁ?%ge%\aéﬁt O%gt h%# tlién gggrlt{gS 3%{6%)2/ 8%E%rPC[IE%%§!8%S 0959

- 17 10% Supempyref PO ofhakt favnsunwhey dfhepr femidyt dforbansi stagyrow

cartilage repahfiiatiolay Re1sdigiddat _i@HYaEEQ'ﬂ@HQPEST}EPsi M it very
limted natural repair response of articul ar cartil age have _heen proposed
and experi meREAFEFSERstARL  SSITEEDF SEVELE Lt eBhini HuRs Tave &AnFRRTC

certain | evelsefiesacsephanggei brclienileakngr aabioee dautodridirs: shas mmigdi been
articular cartilage. One main obstacle towards the
15 development of an effective cartilage repair procedure is
the absence of a composition and method to provide an
appropriate macromolecular environment within the space
requiring cartilage growth (cartilage defect or other
site requiring tissue bulking or reconstruction). This
20 macromolecular environment or matrix should 1) be
amenable to loading with active Dbiological elements
(cells, proteins, genes, blood, blood components) in a
liquid state 2) then be injectable into the defect site
to fill the entire defect or region requiring cartilage
25 growth 3) present a primarily nonproteinaceous
environment to 1limit cell adhesion and cell-mediated
contraction of the matrix, both of which induce a
fibrocytic cellular phenotype (fibrous tissue producing)
rather than chondrocytic cellular prhenotype
30 (cartilaginous tissue producing) and which can also
disengage the matrix from the walls of the defect 4) be
cytocompatible, possessing physiological levels of pH and
osmotic pressure and an absence of any cytotoxic elements
5) be degradable but present for a sufficiently long time
35 to allow included biologically active elements to fully



so due to the absence of any practical and clearly effective method of

i nproving the repair response 10 conpared to that found when the famly of
bone mar movo2/e2rrul ati on techni ques is applied. This inveR€CT/oA01/@86r esses

and sol ves several of the main problematic issues in the use of cells and
bl ood conponents to repair articular €atgi+age. One nmain obstacle towards
the 15 devel opnent of an effective cartilage repair procedure is the

absence of ar88g99§5£599 ?n%a”%aﬁgg'kgugr%{%%%ea%a %EHEPQ{.QHF ortin
macr onol ecul ar “environnen Wit i o the space reqU|Fing car ﬁﬁéﬁ% groﬁ&h
(cartil age deeekdnprast Herad siwiehpefuiddarpdatsqnre bdhkiatdigrion it 'is

reconstructi gy odBi S+30 MRl Qeulalg €Nyl r opRENt 29F MehLicx show! d J1) be
anenable to loading with active biologjical elenents (cells, proteins,
genes, bl 00dSOBPHREt L8RApoREnt ShaFachersHLFY st 2)P’ hetPRiel§%hj atttdbl e
into the gdefpchishl emotiofichkibhe eBWvhftasdehectreph ire@OnHRGUIH IS hes
cartil age 25 ﬂr wt_h gﬁdpresent g.grin&&ilﬁino rotginaceo S_environnent to
limit cell afh&siof dNd c&riSnedidf8d" ¢co etllﬁgc{}]i’on Pt hE At riSCT V6t h of
whi ch i nduceparifddbnbayti tieebiksl ar apserstype (fricksrousd i sswene,oduaichg)
rather than g 8§££pcytic cel l ul ar phenotype 30 (cartil agi nous tissue

produci ng) an ich can al so disengage the matrix fromthe walls of the
defect 4) be cytocdipaeble, bposseddivngigshiysildicogieabel @relvddetl pHtdnd

osnoti c Pf esguhewandiibphsencerof any GYf ofapd £ ebgReRLSend)-aRe cdegadabl e

but present for a sufficiently long tine 35 to allow incl'uded biologically

active el emeRREtb2FUNPYSWOLE8FB6272 PCT/ CAOL/ 00959 - 18 reconstitute a
cartilagi nous tissue capable of supporting mechanical |oad w thout

cuch 8 coniRmeRs BF dek, SWVRNZERC® (Ul o be applied with 5 mnimal
nodi fications towards the repair of other tissues
15 One aim of the present invention is to provide a
new composition for use in repair and regeneration of .
cartilaginous tissues.
In accordance with the present invention, there
is . thus provided a composition for wuse in repair,
20 regeneration, reconstruction or bulking of tissues of
cartilaginous tissues or other tissues such as meniscus,
ligament, tendon, bone, skin, cornea, periodontal
tissues, abscesses, resected tumors, and ulcers.
In accordance with the present invention, there
25 1is also provided the use of a polymer solution that can
‘ be mixed with biological elements and placed or injected
into a body site where the mixture aids the repair,
regeneration, -reconstruction or Jbulking of tissues.
Repaired tissues include for example without limitation
30 cartilage, meniscus, ligament, tendon, bone, skin,
cornea, periodontal tissues, abscesses, resected tumors,
and ulcers.
The biologicai elements are preferably based on
blood, blood components or isolated «cells, both of

35 autologous or non-autologous origin.



such as neniscus, |iganent, tendon, bone, skin, cornea, periodontal

ti ssues, abscesses, resected tunors, and wulcers. It would be highly

desi rabl avo 02/e7provi ded with 10 a new conposition for uBer/ICAOr/@pPsd r and
regeneration of cartilaginous tissues. SUMVARY OF THE | NVENTI ON 15 One aim
of the present invention is to provide d9 new conposition for use in repair
and regeneration of cartilaginous tissues. In accordance with the present
invention, there i tnys Hrov&ded a co %%Elgﬂe use .in, re%%%

C rqapce esen iny
regener ati on, I‘ECOI’I r UCtI on or u | SSUes 0 cartil agl I’IOUS t’l SSUES

or ot her t|ﬁﬁﬁ%ﬁsmehEﬁpvﬁﬂﬂ®0@snethpgam§n repadohnd bene;iskia, ofomnea,
peri odont al ;;&few@&saeacmdreagaf;fglﬁymm %ubfe atrbaue%efdance

with the present invention, there is also provided the use of pol yrer
sol ution thatMean SdE mi bdtBY# t 1 bitGRGteduLS é%§ﬁ¥§kaﬁd ﬁF&&@@Ibrgﬁﬁjected
into a bady sdfysosierent heudh Xtrw=e alsdadt heomgpasitionr W@t i, the

reconstruction or bul kj of tissues. ired tissues. | e for exanple
W thout Lt SRt S APEORShE i She Lo gSﬁ%ht,pwﬁdﬂ A
cornea, perivslmntalngissaesisabscesses, resected tunors, and ulcers The

bi ol ogi cal el enentsgre pi oesrjta% oggﬁz L &qﬁgr%ggd goggggev\éeleor

isolated cells, both of ogous ori
02/ 00272 PCTod/©uasonentig Al so in accordance mnth t he present

invention, -there isgtanavi ggd 2 midaedef o £8PaIHD NGraséhesuavehtaon,
patient, said nmethod conprising the step of introducing into said_tissue a

t enper at ur e- dePERdERt BTt EHRS gl mgtcl@ﬁlpdfscﬁ i BRPSUERNE h&t S ofPosi ti on
adhere to theatient, said method comprising the step of introducing a

polymer composition in said tissue, said polymer
composition being mixable with at least one blood

15 component, said polymer composition when mixed with said
blood component results in a mixture, said mixture
turning into a non-liquid state in time or upon heating,
said mixture being retained at the site of introduction
and adhering thereto for repairing the tissue.

20 The polymer can be a modified or natural
polysaccharide, such as <chitosan, chitin, hyaluronan,
glycosaminoglycan, chondroitin sulfate, keratan sulfate,
dermatan sulfate, heparin, or heparin sulfate.

The polymer composition may comprise a natural,

25 recombinant or synthetic proteinsuch as soluble collagen

. or soluble gelatin or a polyamino acids, such as for
example a polylysine.

The polymer composition may comprise polylactic

acid, pol&glycolic acid, a synthetic homo and Dblock

30 copolymers containing carboxylic, amino, sulfonic,
phosphonic, phosphenic functionalities with or without
additional functionalities such as for example without
limitation hydroxyl, thiol, alkoxy, aryloxy, acyloxy, and
aroyloxy.



ti ssue and pronote support for cell proliferation for repairing the

ti ssue. The conposition preferably conprises at |east one blood conponent.
10 Still waozeror dance with the present invention, therePCEFCAPDMISEd a
met hod for repairing a tissue of a patient, said nmethod conprising the
step of introducing a polynmer conpositiazh-in said tissue, said pol yner
conposition being m xable with at | east one bl ood 15 conponent, said

pol ymer conposition e i Wi i:d . o] nent, v esyl; i
m xture, said mxt uer\eM% P%%?ﬁgru réognpgjas’nlgcnl- |.q8|gchgltr%?e_ [ .nh%i %Uéﬁa&gaﬁ
heating, saliEsnkiedeCheisiERatdsichetnap e &3 econtdhpibdudniosgandvd

adhering thes£fios f oguk@paidd Ngsbheuhi SSWR.0rdQelne potysBiukanchecaugpdified
or natural d_‘[\)ol ésa,ccharl de, such as chitosan, chitin, %%/al ur onan,

gl ycosani no 1 ER AP BPR R e s U Rt BEC ke Bt arP SRiP¥ Bt Rt S - der mat an sul fate,
heparin, sor hepari nTsel f alcd.ymEre pnpeRyiCiospOShsy onbevy deeBpliree aor
natural, 25 Lgsgaceonné)eix@a:rth Qr .8 tehet io%t%r‘Oti%i nsu]é:ho asagol ubl gtcol I ﬁgen or
sol ubl e gel atiror a poPyam' aci ¢S Such s 1or r%xajh%l G p8P§ y?isne.
The pol yner Tonmposti+onosplyatenpri sérpoltplsact i ¢ placsrphatpdl ygl ygdicosaci d, a
synthetic h Bl ock 1, 30,0001 YERESpRORLAI N AfR BOXY foBRLRY,

sul foni ¢, phosphoni ¢, phosphenic fUﬂCtI%naHfl es wth or withou

addi tional fIHEEABIRE I ed2brehowanine, dkaipfe WEBoutand i¥ME3 ati on

hydroxylio thiol, al koxy, ywhexy, @eWaxdtiand has oy%géy@;rmg)?/ 802

PCT/ CAGL/ 00959 - 20 T$e oly conposi tion i I, eragl |n(|jt|al y

di ssol ved orPSUSFhdY nag‘ u??ér acrg%t &ini ﬁaijIBEQEMI c@ %‘gﬂ% st¢h &s

sodi um chl orpldesi pbd@ssaunvealei b weamghes i ndsphbsphdt €)0 subfmte, and

car boxyl at e. The blood component may be for example without
limitation whole Dblood, processed blood, venous blood,

15 arterial blood, blcod from bone, blood from bone-marrow,
bone marrow, umbilical cord blood, or placenta blood. It .
may also comprise erythrocytes, leukocytes, monocytes,
platelets, fibrinogen, thrombin or platelet rich plasma
free of erythrocytes.

20 The blood component can also comprise an
anticoagulant such as citrate, heparin or EDTA. To the
opposite the blood component can comprise a pro-coagulant
such as thrombin, calcium, <collagen, ellagic acid,
epinephrine, adenosine diphosphate, tissue factor, a

25 phospholipid, and a coagulation factor like factor VII to
improve coagulation/solidification at the site of
introduction.

The blood component may be autologous or non-
autologous. ‘ "

30 The polymer composition is preferably used in a
ratio varying from 1:100 to 100:1 with respect to the
blood component.

The polymer composition and the blood component
are preferably mechanically mixed wusing sound waves,

35 stirring, vortexing, or multiple passes in syringes.



5 The pol yner conposition may be di ssolved or suspended in a buffer
containing an organic salt such as glycerol-phosphate, fructose phosphate,
gl ucose wbozphzat e, L- Serine phosphate, adenosi ne phosphaP€T/CAgl/u®ssan ne, .
gal act osam ne, HEPES, PIPES, and MES. 10 The pol ynmer conposition has
preferably a pH between 6.5 and 7.8 andlan- osnolarity adjusted to a
physi ol ogi cal val ue bet ween 250 nOsni L and 600 nOsni L. The bl ood conponent

may be for exanple (%gtss &;q:tl V\Qé)l S%IP Qg?rggnoggﬁgggrgltggd venous

bl ood, 15 arteri al rom one, ( HBr oW, bone,
marrow, unbifi¢®al eéémﬁlbl o@’dth@ﬁl’tpl aciemt ba bl ovd. cartipageal spendpprisse

erythrocyt e%léﬁﬁ%&%ytﬁéndwn%é’ﬁé& skPhat ebehga fb@&heag%@alt hrQibien or
platelet ri chﬁl asna free of ythrocyt es. 20 The'b conponent can al so

conprise an SEveciod] 5ﬁtse§E€H dIRG Lt at 8T Hjelﬁ%?rqsn or IEDT%quoG@ﬁ;@Sr

opposi t est hecHd osdteoroNEnt r SANCTOHONT 1S BhPr BoQagldlyante sueliaslly
t hrombi n, calci u m . $o

| age eII i neph | aden
di phosphat e, Pt TREU fJ%%t g?mbge 5 % EﬁI’c\L dcilpﬁ dP Sind @Ba@ﬁ?g?&iﬁef &&Cor
| i ke factor bd | doone byprmieer ciogagul abredisgl icdi fdchtliioy aintbe asijbeeaft

| ntroduction.; Jhe bfé’gnon?és’”JS’P“?Qécg?é{r?%g“ﬁc@b%%stBr cRaat a0l 0aGus.

The pol yner conpositi era used In"a_ ratio vary rom 100
to 100:1 wi tfP¥ e§;§7@ctpPéY¥lﬁé WW%@%@néﬁﬂ ERE a5 6l yh@’?oc&ﬁtﬁ)sﬁtlit@n and
the bl oad corponentng ar&opref er ably mechani cal 'y m xed using sound waves,
35 stirring, vorteX| n or nulti asses | in WD Q2/ 00272
PCTT CAOL) 00059 - - 2EEFhET, [es A BeCy %é?rgﬁeﬁﬁn?:e@é‘ﬁ&“&tlé’@'l s
for exanpleﬁMéfmuﬁsllmdaidexm ear¢hiagean mepilseus®n for use in cell
delivery to repair or regenerate a tissue in vivo, said
chitosan solution comprising 0.5-3% w/v of chitosan and
15 Dbeing formulated to be thermogelling, said solution being
mixed with cells prior to being injected into a tissue to
be repaired or regenerated. The solution may be induced
to thermogel by addition of phosphate, glycerol phosphate
or glucosamine, Jjust to name a few for example.
20 Preferable, the chitosan solution has a pH between 6.5 to
7.8. )

The cells may be selected for example from the
group consisting of ©primary cells, passaged cells,
selected cells, platelets, stromal cells, stem cells, and

25 genetically modified cells. Preferably the cells are
suspended in a carrier solution, such as a solution
containing hyaluronic acid, hydroxyethylcellulose,
collagen, alginate, or a water-soluble polymer.

In accordance with the present invention, there

30 1s also provided a gelling chitosan solution for use in
culturing cells in vitro, said chitosan solution
comprising 0.5-3% w/v of chitosan and being formulated to
be thermogelling, said solution being is mixed with cells

prior to being cultured in vitro.



| i gament, tendon, bone, skin, cornea, periodontal tissue, abscesses,
resected tunors, or ulcers. In sone cases, 5 the site of introduction in

t he body way2/e7surgically prepared to renove abnornal tPEBEA81/0088Ch
procedure can be done by piercing, abrading or drilling into adjacent

ti ssue regions or vasculariz-ed regions 29 €reate channels for the polynmner
conposition to mgrate into the site 10 requiring repair. Further in

accordance with the ven t is chi t gsan
solution for use |n1%£%$ﬁ£%gﬁpver§h r%er ?gé é%?g?e Ya ti¥sueth
vivo, said RkakFvesan &dllut ped cb@rprlhs/‘th@ 2B Wwov P 0% hideoszat et kb

bei ng formul ahedobanbeitheiRgeldd nh1saithsouiien Pehpdngniped W (Pzace' I's
prior to beln% 1$M§cted into.a tissue to be repaired or regenerate The
e

sol ution may® aced #oPtAR? nBgEPOR M Bddi ti on of phosphate, gl ycerol
phosphate or gl ucosam aecojdshct 0 wialre ahée\@xfszferﬁxamﬁ{rentzenf’r Gflﬁx@' e,

t he chitosan, sohyt_tn has _a Q ﬁ%? II el.ls ma

sel ected for™example E??oﬁfoﬁp e%roap Ry iﬁlrﬁfq§oﬁﬁ' f8§||% epéﬁ%aged
cells, sel ecepdicéhysa phasgbetendsthenmbec¢MEseo§temﬂhﬁIanmpngiﬁﬁbn
genetl cally IHQg' 189, CBE' s Effgﬁfab@{et H\%n%%lac%u ofu%peggﬁgca&/n fr

carrier soluti such as a sol ution containing a uroni c”aci
hydroxyethyIEbF?E?o@%PaléolIagen alginate, or a mater-soluble pol ymer. In

accordanee with the mresenk lpue bken, othetge 30rdSet SO PFrovi dgd agel Iing
chi t osan SOlﬁﬁifn for use in rin s in vitro, said chitosan

sol ution %Whﬁgot%r§@bﬁf% %?g%ﬂﬁgogﬁ °¥nd being fornulated to be
t her mogel | i ng, saldﬂnaLmenmsbepujymEﬂﬂxed Widdl yeedd Ssopttoent p heitng

Culturedlrlyﬁ{ chX%)Q%£QQZZ% t éch's%%%Sapplf%%tf&%fgggmfﬁte'5%d

pol ymer conp05| G- Co
to mean without limitation a polymer solution, a polymer

15 suspension, a polymer particulate or powder, and a
polymer micellar suspension.

The term “repair” when applied to cartilage and
other tissues 1is intended to mean without limitation
repair, regeneration, reconstruction, reconstitution or

20 bulking of tissues.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to 1F are schematic representation of

the mixing of polymer solution with cells and in vitro
25 solidification and culture for cartilage growth;

Figs. 2A to 2C 1illustrate the viability of
chondrocytes after encapsulation and culture in a
chitosan/glycerol-phosphate gel;

Figs. 3A to 3E 1illustrates cartilage formation

30 within chitosan gel in vitro, as measured Dby
glycosaminoglycan (GAG) accumulation;

Fig. 4 illustrates a RNase protection analysis of
cartilage-specific =~ mRNAs expressed by’ primary
chondrocytes cultured in chitosan gel for 0, 14 and 20

35 days;



between 0.01 and 10% w v of 20%to 100% deacetyl ated chitosan wth average
nol ecul ar wei ght ranging fromlkDa to 10Mla and a bl ood conmponent. 5 In
accor danoe0ow/0271 he present invention, there is further peDeAdE®9Is pol yrer
conposition for use in repairing a tissue, and the use thereof. The
conposition may also be used for the wreduf-acture of a renmedy for tissue
repair. 10 For the purpose of the present invention the followng terns

are defined bel ow. t eens; 4 t.or_ "pal S ion",.both
i nterchangeable in }Eg'prése%%fg%%??%%.ié% §%§¥gEPEn§£§£ t%nal %lﬂjfﬁ%ut
limtation acpbiyrgesetibhc a polopednsls spessioh, abpol ymerimary

particul ate @hoR@¥EiefsefnduatupP@yBt Bheebkah sispenston, The LeaM2o
“repair" when applied to cartilage and other tissues is intended to nean

wi t hout |ini¥aY¥%on repair, regeneration, reconstruction, reconstitution or

20 bul ki ng of tissu@sg.BRS EF1DESEREPESON: O THENDBAW NGH A Os: 3A tll F are

schemati c representat.ion t.he m,xin ution with cells and

f . f I
in vitro 25°587T drftcatTon” ahd %ﬁ?tﬁ%ghg%Fp%%%??%%égéﬁ?bmmh; Figs. 2A to
2C illustrate the vEégLLriyiefzachohdmatytegeﬁngaennanﬂmmIafigmhymér
culture 1n anighid Qpay alyeel ola phospbat endhs £h98cr20nt 2, 8F hiLystrates
n 30 Wt r by

cartilage fornmati in C |tosanjg§ In Vi O, as neasure

gl ycosani nogl ycan (&AGP-acé@nuie@d o®B Filg.lustinatiest cat dolairNase pricteect i on
anal ysi s; oof hggféld)@geoﬁp@&ﬁi;@aﬁh@@o@ﬁpé@@é@ga@ao@mg%gga@nﬂiegyt es

gg}}g&gg/bgggglt?sg%i%?ldwqifhstraggg goRNggedg %%ection ana&%sis of
cartilage-specific mRNAs expressed in in vivo implants of

chitosan gel with or without primary chondrocytes;
Fig. 10 illustrates a western blot analysis of

15 cartilage-specific proteins expressed in vivo in mouse
implants of chitosan gel harboring primary chondrocytes;

Fig. 11 illustrates the mechanical properties of
cartilage implants grown subcutaneously in nude mice;
Figs. 12A and 12B illustrate adhesion of

20 thermogelling chitosan solution to chondral only defects
in ex vivo porcine femoral condyles of intact joints;

‘ Figs. 13A and 13B illustrate loading of
thermogelling chitosan solution to chondral defects in
rabbits, and 24 hours residence in vivo;

25 Fig. 14 illustrates the retention of
thermogelling chitosan solution in chondral defects in
rabbits, 24 hours after injection; |

Fig. 15A 1s a schematic representation showing
the preparation, mixing and in vitro solidification of a

30 blood/polymer mixture; |
Figs. 15B and 15C illustrate the liguid
blood/polymer solidification in vitro, in an agarose well
(Fig. 15B) or tube (Fig. 15C) composed of glass or

plastic;



Fig. Sillustrates a western blot analysis of cartilage-specific proteins
expressed by primary chondrocytes cultured in chitosan gel for 0, 14 and
20 dayswOori@726 illustrates a nmechani cal behavi or of geCT/CdbBO®sCUl tured
wi th and wi thout chondrocytes; Fig. 7 is a schematic representation of
polymer mxing with cells and subcutaneébus-injection into mce; Figs. 8A

and 8B illustrate a toluidine blue 10 histology of cartil age grown
subcut aneously in mﬂg m Ge; iFlil . aitlelsustdrnat e3,8- sesoqlrio&i%%tcj n .
anal ysis of cartilage-specifitc expressed in 1m vivo'inp ants of

chi tosan geltiWe hobrawbihedy cpitrary nhshdrecyeessusFicg.ootD alidngstusdings a

western bl oty, Boed Y&ESm Ofhrde §aFkLlage-specific proteins expressed in vivo
in nouse inplants of chitosggbgel har bor i ng prinar¥Fchondrocytes; Fig. 11

illustrates the nechafi-cal’’brbbbistertet 2 catfl| S8 FRRTARDs Ogr o,

subcut anepusdy bhodtdpoli/ger rhkx@sireblA antnd28iidd usyr atiesaghaesiimef 20
thernngelling.c@itosan SP%Utiﬁn t 0. chondr al ongg gefec S 1In ex vivo
porci ne fenolar coHdy! e3" bF~ i AERRE T oPAt S 2FPgRSS1%3A%hAd 13B il lustrate

| oadi ng of thernogelligsg chi?®samrsbl ut7on tid letsdndrtal dehect phiysiaadbbits
and 24 hours i j i : 9. j he .r. io f
thernngellin%ﬁéiéfgﬁgﬁ gglE?ﬁgglﬁglg%gﬁiraIb%é?é%égagﬁegralgﬁkggg24gﬁgurs
af ter injecthonrs Fpgstisantsagtiomensitt cotap? eSuReEt | Orii BhoW By ofhés

prepar ation, £pd i fige BNh & N aMislds0 S0dd difii GatkireR0fwal 13028100/ RMIRS

m xture; Figs. 15B and 15C |Iluztrate %he Ii qui d bl ood/ pol yner
solidificatith THR[Erd, Prhtah AgdPost/Wwefl (Fig. 15B) or tube (Fig. 15C)
conposed of gl ass origpl asts c; iVWDuB2+002%42 RGT/ GAMAILQO9BE of liquid

chitosan, but not other liquid polysaccharide solutions,
reversing heparin-mediated anti-coagulation;

15 Figs. 19A to 19C illustrate an histology of
blood/polymer mixture;

Figs. 20A and 20B illustrates viability of
leukocytes and platelets after mixing with a chitosan

. solution;

20 Fig. 21 illustrates a prolonged release of blood
proteins from an in vitro-formed blood/polymer mixture
versus blood alone;

Figs. 22A to 22C illustrate the preparation,
mixing and injection of polymer/blood mixture to improve

25 healing of articular cartilage defects;

Figs. 22D and 22E are a schematic repfesentation
of therapy to heal human articular cartilage;

Figs. 23A and 23B illustrate enhanced chemotaxis
of repair «cells originating from bone marrow and

30 migrating towards the cartilage defect, 1 week after
delivery of the blood/polymer mixture to a chondral
defect with bone-penetrating holes; and

Figs. 24A and 24B illustrate the growth of
hyaline cartilage in defects treated with a blood/polymer



- 24 Fig. 16 illustrates an average solidification tine of a

bl ood/ chitosan m xture versus bl ood al one using blood fromthree different
speci es; WD Q2/0@7A illustrates a clot contraction of bl oodPCT/&A01/00959

bl ood/ pol ynmer m xtures, as neasured by plasma release wth tine, after
deposition in a glass vial; Figs. 17B-antb17C illustrate the physical
appear ance of solid blood and bl ood/ pol yner m xtures, 28 hours

post - contrac i S ee mell di scs
cast in agar%%%gae%ls an g |ngR%§FEd gf %ﬁrﬁ?é“g 6%%? gfﬁéht%f
illustrates dafe@®fxture of liquid chltosan, but not other I|qU|d

pol ysacchari de sol utions, reversing heparin-nedi ated anti-coagul ation; 15

Figs. 19A to_19C illustrate_an histol ogy_of bl ood/polyner m xture; Figs.
20A and 20B 9E$£ﬂ§ﬂE&d@E§9BﬁgEEeﬁyggizgﬁeiﬁﬁﬂ£$E£8§and platelets after mxing
with a chitosan tion; 20.Fig. 21 illustrates rolon rel egse of

bl ood pE%telns fro S i RO %?%ngF%Ed£BPSngEBI9i8B CﬁF&P@engér bl ood
al one; Fi gs.p@Rfmen 22CLH lhestimatan taguprepasatnbhon picxiimg aandqugect i on
of POl et/ bLogdegixiire bp P avep 25.haaling ofacti cular saridage
defects; Figs D an are a ‘schematic representation erapy to
heal human a@b@%@?%@rééF%FEa@é ﬂﬁ%ﬁp0k¥W$¥uEK?BBrﬁtL9§tb&ﬂ@geﬁh@ﬁcdd

chemotaxis of {gpaikabekl §11th gheall Bg fsreQ@CQ%e dBR AW A o BQIEgY,at i ng
towards the Sartllage defect, 1 week after delive ré of t he bl ood/ pol yner

m xture 1% a?thdhdital thaefet Wi ie bBhEt pERetirat THdSR6PBLE &Hd Caki & 24A
and 24B il U§Ia<aé@ bheogr awt e dfodhyal te@etnatt rkage e’ defsaiess dAdeatgd W th
a bl ood/ poly

Pgéeneration, reconstruction or bulking and 3) that the
mixture has a beneficial effect on the repair,
regeneration, reconstruction or bulking of tissue at the

15 site of placement.

A préferred ‘embodiment is shown in Example 5
where a solution of the natural polysaccharide, chitosan,
was used at a concentration 1.5% w/v and in 0.135 moles/L
disodium glycerol phosphate buffer at pH = 6.8. This

20 solution was mixed with peripheral rabbit blood at a
ratio of 1 part polymer solution to 3 parts blood. The
polymer/blood mixture was then injected into a surgically
prepared articular cartilage defect in the rabbit whére
it solidified within 5 minutes (Fig. 22). Histological

25 observations of the healing process revealed a stimulated
repair that resulted in hyaline cartilage after 6-8 weeks
(Fig. 24). Control defects that did not receive the
polymer/blood mixture were incompletely healed or healed
with non-functional fibrous or fibrocartilagenous tissue

30 (Fig. 24). This example demonstrates that the use of a
polymer/blood mixture can result in more effective
healing and greater functionality of repaired tissue than
simply inducing bleeding at the wound site. Trivial
modifications of this invention are evident to those

35 skilled in the art. Other polymers and other formulations



WO 02/ 00272 PCT/ CAOL/ 00959 25 m xture versus growh of fibrotic tissue in
untreated defects. DETAILED DESCRI PTI ON OF THE | NVENTI ON 5 When conbi ned
wi t h bl oodo erodapod conponents the polynmer could be in arCHGuepu®ssol uti on
or in an aqueous suspension, or in a particulate state, the essenti al
characteristics of the polyner preparati2en-being that 1) it is mxable
with bl ood or selected conponents of blood, 10 2) that the resulting

mxture is ing r_ca I t i a . S t uires
tissue r epaiéry, e&rf e%%?a??o%?g(?gg%ngﬁr%&gt%i ggaryorg%uf‘gﬁ%%lg%%g%) P?%a{t%t%he
m xt ure has @ Igersdn ci geletfient @raielimapai Eheyr eg@teriat i ophe three

reconstructi g, ctul king-of dissue 3f the LailRof Rlaceaphl. Ang
preferred 'enbodinment is shown in Exanple 5 where_a solution of the

natural pol ySREhafi dEN1ENi TRIVERACE WY udsd BFL1B1RbhEedtPdticsh 10 58 % v and
in 0.135snolesddir dbsodigpugkyeehelr phesphaiecbldder sath phls=mén8schiki,s 20
sol ution was .mi xed with erd'c&her'a]o rabbit blood at a ratio of.\%éi P&ré

a © € {-Ren

pol ymer sol utiGH T8 3 p 00d”hRe  pofYier / TUSEH xt BFET
i njected i nttolsswsr gi calbbsceggepar edemrddtead ar teardrd,age adef ectilicrrishe

rabbit wher it SAIGIL ] o, WLALNS BLIVLES (5. 2 d.5hal a0l sal. 25
observati ons “0f the heal i ng process revealed a stinulated repalr that
resul ted in ah&D isieldentil age after 6-8 weeks (Fig. 24) . Control defects

that didonot recei vget heprpodyirer ERbppedeBl Xtane Weke deneanplel el ycheal ed or
healed w th non-functional fibrous or, fi brgcg&tl | a enouﬁz tissu Fi g.

: 30
24) . This @&?ﬁl@%e‘ﬁ%‘ﬁ%@ﬁ%% ?hatcthe ue 18 1pEFYEPFbIrB6 UERREur e
can result imn norénkfibectbue heal i ntheand gypatel fupdticenali-tydobteepai red

ti ssue t hf”‘” cosrin%rgnp%%tionxgu%fngablbﬁeodoidn'gcilt tt ki? m@rﬁ%cinSi tglogcrii Vv;iq:lh the
nmodi ficationS © is”i nventfonare evident Yo 0se

polymer prior to solidification (Fig. 17) 2) the

15 resulting maintained full-volume scaffold and therefore

better defect f£filling for tissue repair (Fig. 18) 3)

adherence of the solidified polymer/blood mixture to the

surrounding tissues (Fig. 22A) 4) a slower release of

chemotactic and mitogenic protein factors from the

20 polymer/blood mixture than from a simple blood clot (Fig.

21) 5) maintenance of leukocyte and platelet viability in

the polymer blood/mixture (Fig. 20) and 6) provision of a

polysaccharide environment in the repair site that is

more conducive to cartilage formation than is a purely

25 proteinaceous matrix (Figs 2-6, 8-10, 24) . These

phenomena are demonstrated to occur 1in our examples.

Their demonstration does not, however, reject the

possibility that other important events occur such as

those involving the kinetics of cellular degradation of

30 the polymer, and binding/concentration of endogenous
factors by the chitosan.

A second preferred embodiment of this invention

is shown in Examples 1 and 2 where a thermogelling

chitosan solution was used to deliver primary

35 chondrocytes to subcutaneous regions- in mice or to



35 skilled in the art. Qther polynmers and other fornulations WO 02/ 00272
PCT/ CAOL/ 00959 - 26 of polynmers or polyner blends may be substituted for
the chitvogano®et uti on providing they retain the three char/aadeeiIsti cs
cited in the previous paragraph. And clearly, this approach may be
trivially applied to the 5 repair of tt+sXues other than cartilage such as
meni scus, |iganent, tendon, bone, skin, cornea, periodontal tissues,
abscesses, r&seeled b g%%mamq} ubgers, mppLiealians 14,41 asue, Al king and
reconstruction are so evi d present exanpl es evidence to

t each pOSS|kbl@o%@ﬁ@]ﬁ@@ﬁﬁt%fn%@@$@h"‘-@te§hﬁs gﬁﬁ;&engu @ﬁpahelladiyn@n bhe

i nhi bi tion géafiheoky@héal:hpwsghegom’aeh%eqloﬁent hagt ‘tﬁﬂsOfpr%f@rQi%ﬂ id ot by

m xi ng bl ood with pol yner prior to solidification ) the 15
resul ti ng meTRtAYRRd ¥id | AoParelstaffol BraRaATEhePBRf o?fe bdéﬁtté

filling fsor $éBstkonepasingFi gly&&oB) pﬁdb@haﬂée ahdt hetselr d|Sfl|I1ﬁ.d_ar
polyner/bloqg P%xture to the _surround ti ssues éFig. §2A 4 sl owner
rel ease of Chendtact® &M HESGami-c e?d?%?%n?%ﬁ? ¥ s FPom ymer

pol ymer/ bl oot hivki om e ntehanbér omx@dsi wpkb btebls cleod (Hig. pozy)ne&)/cell
mai nt enance of ﬁ@%ﬁcxgﬁeégggp' hat )8t .2 %1'1' Htk{) whgﬁﬁﬁgbﬁe Logels,

bl ood/ m xture Flg provi sion o

sacc
in the repaifespielinhag I%HHW@%%WICIWtOV@%{Jl%e afor il orﬁ?etJHeﬁn is a

purely 2% protehpaceoys )nat rine (Fegs1d- 6,mdy 10pe24)resthig@sdiaRhenpAeny, are
denonstrated to pccur.in. o exanpl es. hei r dgﬁnnstratlon does not,
however, rejReYStALOIHERS] WQﬁ;f'thgf STHST | ot arR T eveht SUSBEHS Sich as

t hose invoIV$mghtbe kiedétiloseofinceln ul st oegs acatfon, obr306rt he pdlxiney, and
g:g?gp?égogﬁgg%ﬁa%ﬁ%n ?ﬁ% ?g%?ﬁggﬁ?Féo%ptoﬁg Q%K%Pedgpét%%monstra%%ggg
the formation of cartilage tissue in vitro (Figs 2-6) and
15 in vivo (Figs 8-11) when primary chondrocytes are
"injected with this polymer solution. Trivial
modifications and extensions of this embodiment of the
invention are also evident to those skilled in the art
where, for example, other cell types may be used and
20 concentrations of the chitosan and the buffer may be

changed to achieve the same result.

The present invention will be more readily
understood by referring to the following examples, which
are given to illustrate the invention rather than to

25 limit its scope.

EXAMPLE 1
Mixing of thermogelling chitosan solution with primary
chondrocytes for in vitro growth of cartilage

30
Chitosan (0.22g, 85% deacetylated) as an HCl salt
powder was sterilized by exposure to ultraviolet
radiation in a biological laminar flow hood and then
dissolved in 7.5 ml H,0 resulting in a pH near 5.0. D(+)-
35 glucosamine (0.215g, MW 215.6) was dissolved in 10 ml of
0.1M NaOH and filter sterilized using a 22 pm pore size



is showmn in Exanples 1 and 2 where a thernogelling chitosan sol
used to deliver primary 35 chondrocytes to subcutaneous regi ons-
to WO 02M00a7@2PCT/ CAOL/ 00959 - 27 culture chanbers in pCT/CA01/00954 hi s

case the absence of

t he

part of the chitosan solution alon&8 and this property is

a particular preparation of the chitosan 5 sol ution using gl ycer
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sol uti ons Wy sheyv data

or ot her carrier
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invention rather than to 25 |limt ifs scqp ye. EXAMPLE 1 M xi ng
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critical importance to retain these two parameters within

the limits required to maintain cell wviability.

ensi on
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These

15 limits vary with cell type but are generally 6.6 < pH <
7.8 and 250 mOsm/kg-H,0 < osmolarity < 450 mOsm/kg-H,0. A
solution is prepared by dissolving 150 mg hydroxyethyl
cellulose (Fluka) and 6 ml DMEM (Dulbecco’s modified

Eagles Medium), and filter sterilized using a 22 um pore

20 size disk filter. A cell~pellét is resuspended with 2 ml

of hydroxyethyl cellulose-DMEM solution, and admixed into

the chitosan-glycerol phosphate solution. As a negative

control, the chitesan solution mixed with 2 ml of

hydroxyethyl cellulose-DMEM solution with no cells was

25 generated. When this solution is heated to 37

transforms into a solid hydrogel similarly to

°C it

the

thermogelling solution disclosed in a previous invention
(Chenite et al. Patent WO 99/07416). Most importantly,

this previous invention did not demonstrate that

cell

30 viability was maintained throughout the thermogelling

process in this chitosan solution, and thus did not

enable the wuse of this chitosan solution for cell
delivery, tissue repair and tissue regeneration.
The above solution in the liquid state at 4°C was

35 mixed with enzymatically isolated primary chondrocytes



powder was sterilized by exposure to ultraviolet radiation in a biological
| am nar fl ow hood and then dissolved in 7.5 mMl H2O resulting in a pH near
5.0. D(+wa@8s2/gl2azosam ne (0.215g, MN 215.6) was di ssol vedP€CTCAOV/of950f 0. 1M
NaOH and filter sterilized using a 22 pmpore size W 02/00272

PCT/ CAOL/ 00959 - 28 disk filter. dyeet®l-phosphate (0.8g, MN 297
including 4.5 nole water per nole glycerol phosphate) was dissolved in

2.0 mM of HZE%Q ghrfnéxlmﬁe Sta‘i“ I 'f?gz g %&% l3)]&%%)/3_8}%e d| ) f| I ter.

2.25 mM of t ucosam ne sol’ut1on &r° th erile
condi tions t@uih@recmﬁbséﬁlgm uﬂﬂohowilfh agilnhaffiign af\,a a e;rﬁié-r @alkletof 4C

Then 1m of iLhe glygenplephasRhabans obbt | PRies s 13fjded, ndensthe aane

conditions. This final solution is stil and renal ns
ext ended per FBHtPFaR. IgdyIOUF 19N t BB t4eh""per a%%r E1Ps kgt fbW, 1Pse. thfear

4|C Thﬁ RH loilqhmlisthuibﬂg%gsﬁ&tm%uoll@glgca: ta_tss@e8 andhe p&ml aridy s
al so physi ol ogi ca un - t_is critig ortance
to retain th@g g asr?gtléir]sf%\n? Efg I[E‘htefqri n‘?q mjr%%??ed affg it cel |
viability. Thbsesibﬁlkil retls waarly metl[hscé.lsl wageschutian eDYBMer ahldy Bl pH <
7.8 and 250 Qrht o] t 50 H S
prepared by ssol Vi n%%15?) %%Bh@&‘r o‘%u rﬁﬁfgo %%(Fﬁj?ﬁ? g %%Dfrﬁ DVEM
(Dul becco' s %ﬁhfgéédSEégﬁw W@éiduﬁﬁil 4§rtét’efl|ll Pépteseri Hizéd wsildy &£1%2 pm

pore 20 & zecHiskshhl Lo A &ed! ypehl &lelss resuspanded V\_txthcamhreofln
hydr oxyet hyl  cel | ul ose- M solution, and adm xed into

chi t osan-gl y?:]éiib'}’lﬁ‘ﬂ?)%p‘ﬁ%t solution. As a negative cont roI , the chitosan
sol ution m xed WI thz @élomaﬂntdfmg/et:hyltscaidm{e%ea%hﬂ sol poi (mtrwitteh no

cells was 25 5 ted 52 h| S éoj ut i on%ilg heat gd tlo %70 i tOll nsf or s
intoasolid g s Fary to the? T herigel PHRG solPufT o ' di™scivsed in
a previous i Ihvmmt igrnicK Chents e wetreal corRat ehrom\Ot8e/ giAdl6andMpdtced in

inportanﬁiy’culture for up to 3 weeks. Discs were cultured
individually in 48-well tissue culture plates with
sterile nylon 1000 1M meshes beneath to allow media
access to all surfaces. Over 90% of the encapsulated
cells were viable immediately after encapsulation, and
20  throughout the culture period (Figs. 2A to 2C). Samples
were incubated in calcein AM and ethidium homodimer-1 to
reveal 1live (green) and dead (red) cells. Freshly
isolated chondrocytes (Fig. 2A) were encapsulated in the
gel, solidified and tested immediately for viability
25 (Fig. 2B), or after 20 days of culture in the gel (Fig.
| 2C) . Fig. 2C shows cells with typical chondrocyte
morphology from the middle of the gel.
Several distinct cell types exhibited the same
high degree of viability after encapsulation and cell
30 culture, including Rat-1, Ccos, 293T, and de-
differentiated bovine articular chondrocytes, confirming
that the gelation process maintained cell viability, and
could thus be used to deliver cells in vivo by injection.
Toluidine blue staining of the gel with cells after 22

35 days of culture revealed a metachromatic ring of .staining



this previous invention did not denonstrate that cell 30 viability was

mai nt ai ned t hroughout the thernogelling process in this chitosan solution,
and t hus widod2emtr2 enabl e the use of this chitosan sol uti oPrCT/cAOD@I9S9
delivery, tissue repair and tissue regeneration. The above solution in the
liquid state at 4C was 35 mxed with enymatically isolated primary
chondrocyt es V\DOZ/00272 PCT/ CA01/ 00959 - 29 (Buschmann et aI , 1992) and
t hen poured | tu dis Fig F 1A a
cell pellet éllg%'or%ggis n eﬁaég Eaé x%@%‘ér %Eg%élrr?lgg%e)ﬁé ]1n C%&;l
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m nutes, after which the solid l's is was
discs cored &M a dlepsySpanehd | HiEng. arEibeddespmrgdeed n@@ﬁll@ﬁtds are

pl acefl [ f$d48ag@éicaﬂﬁ,at’§§pe| mFbglléFent lﬁlﬁdlﬁllﬁhl Ip@@@@g@el T‘ﬂl‘es‘éflll\@o]ssléncey S

are placed in culture_ in e ring cells forne

after a 20 rﬁ%ﬁt@a FhZud4ts ofi-8P Lé%d’ln F%gbé g gﬁgflﬁ%ﬁb% bg (dit&ret er

1 nm thick diGcs wEnescopedplrtm t tmnagﬂlechnd:qol acleslermel5thel t Ueetfiare up to

3 weeks. Di SCSy- 1gré:ul éyr eqhel n duaa[% 4%)1% él sgye %lildte%r %epl at es
a

with steril e on 100 M nesh eneat ia access

surf aces. O/feleEgO%be tﬂiét@”rﬁ:%\fplsﬂ,ﬂ]@tred theel P@rv\é?élvﬂéﬁl eringredifat éIA@ af ter
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Sanmpl es were jncubated jn, calcein AM and et hi di um honodinmer-1 to._ reveal

live (green)dPad Pkt =cel FRe FLBShPY PBBPaFréRIchbRdr B&YEesPERNg. 2A)
were encapsulledesied the geloandeldydid-eddaned estedérarediaigly Bon .

\Ié: gbl |2ICt Zhgvs\%é C %%ZBgilﬁorclggréa o%ﬁogg¥§89f? (:elilllé[alf)rsellllarl:et&elgelch(lto an 20).
gel at 2x10’ primary Chondrocytes per ml and cultured as

15 6 mm discs for up to 20 days. Primary calf chondrocytes
were encapsulated and cultured in 2% agarose and analyzed
in parallel. Day 0 and day 20 cultures were processed by
paraffin sectioning and toluidine Dblue staining for
agarose gel cultures (Figé. 3A and 3B) and chitosan gel

20 cultures (Figs. 3C and 3D). At day=0, nuclei stain dark
blue (Figs. 3A and 3C) whereas accumulated pericellular
GAG stains metachromatic blue-violet (Figs. 3B and 3D,
large arrows) . These pericellular regions were

- immunopositive for aggrecan, collagen (II) and cartilage

25 link protein. At a magnification of 40X in Fig. 3E,
quantitative biochemical analysis of GAG present at days
0, 14, and 20 of culture using the DMMB assay revealed a
similar accumulation of GAG in chitosan gel compared with
agarose gel.

30 RNA analysis of type II collagen and aggrecan
mRNA expressed by the encapsulated chondrocytes revealed
high levels at 14 and 22 days of culture (Fig. 4, lanes 4
and 5) that were comparable to those levels observed in
articular chondrocytes in cartilage (Fig. 4, lane 6). A

35 mixture of antisense 3?P-labeled RNA probes complementary
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30 cul tumeg oz/eerudi ng Rat-1, COS, 293T, and de differenti RCEEADDMIISE
articular chondrocytes, confirmng that the gelation process naintained
cell viability, and could thus be used 3Io deliver cells in vivo by
injection. Toluidine blue staining of the gel with cells after 22 35 days
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wer e processed bg}? paraffin Sectioning and toluidine blue staining for
agarose gel RRPIRARE (Eicgs. 13A HHAIBBPYand e hrFPBSARYIGE STPEeFItres OfFi gs.

3C and 3D). #Ajgtiay=d, arlfktLICi:y?peSIBI soUbikenbl ue (Figs. 3A and 3C) vvhereas
accunul at ed peri cel \Nul ins netachromati N Dbl ue-vi ol et (Fi g
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aggrecan, cothegesuldtigodanctldart shaged an accumulation of cartllage
15 matrix link protein between 2 and 3 weeks in culture

(Fig. 5). Total proteins were extracted, separated by
SDS-PAGE, and immunoblotted with antisera recognizing
vimentin, PCNA, the C-propeptide of type II collagen, or
cartilage 1link protein. Samples analyzed include
20 chitosan gel with no cells (lane 1), bovine kidney (lane
2), duplicate samples of primary chondrocytes (107 /m1)
cultured in chitosan gel at day=0 (lanes 3 and 4), day=14
(lanes 5 and 6), or day=20 (lanes 7 and 8), 2-week calf
articular cartilage (lane 9), or adult bovine cartilage
25 (lane 10). 'Results show the accumulation of cartilage-
specific proteins CP2 and link at 14 and 20 days, as well
as the persistence of PCNA expression through culture day

20, as a marker for cell proliferation.
Discs containing primary bovine articular
30 chondrocytes were mechanically evaluated at days 4 and 13
of culture using uniaxial unconfined compression stress
relaxation tests. By comparing to control gels with no
cells, a significant, cell-dependent degree of stiffening
was observed even at day 4 and became much more dramatic

35 at day 13 (Fig. 6). Discs (~5mm diameter) from days 4,



25 link protein. At a magnification of 40X in Fig. 3E, quantitative
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day=14 " was also found together with a near 100? reduction in
15 hydraulic permeability (5? 0.08 ? 10-12 N-s/m4) due to
the presence of primary chondrocytes in these gels during
only 13 days of culture in vitro. Taken together, these
results demonstrate that the chitosan gel is
cytocompatible and cytodegradable, conducive to
20 maintenance of the chondrocyte phenotype, and permits the
elaboration of a neo-cartilage matrix with a significant

increase in mechanical stiffness in vitro.

EXAMPLE 2
25 Mixing of thermogelling chitosan solution with primary
chondrocytes and subcutaneous injection for in vivo
growth of cartilage

To demonstrate that this 4in situ gelling system

30 can be employed in animals, athymic mice (CDl nu/nu) were
subjected to dorsal, subcutaneous injections of 100 to

300 pl of chitosan gel described in Example 1, containing

10 million calf articular chondrocytes per ml (Fig. 7). A
cell pellet of primary calf chondrocytes was admixed with

35 liquid chitosan gel at 4°C to achieve a concentration of

1 to 2 x 107 cells/ml, and injected in liquid form as 100
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that _t,he chitosan eI | t at.i bl e _and.cyt.odegra
d'20 n%bC‘tltaneouS Par?{g; pneno nyepse h%ﬁ eﬁgrm %g the

enance- of I choné?ocy
mice. Control mice received 100 pl subcutaneous dorsal

implants of liguid chitosan gel alone. 48 days after
injection, implants were harvested and processed for
paraffin histology and toluidine blue staining.
Metachromatic violet staining reveals the accumulation of
GAG in the implant with chondrocytes (Fig. 8A). No GAG
accumulation is detected in the implant with chitosan gel
only (Fig. 8B).

Cartilage-specific mRNA expression, collagen type
IT and aggrecan, was detected in the in vivo implants
with primary chondrocytes at day 48 post-injection (Fig.
9).

No type II collagen or aggrecan expression was
detected in implants of chitosan gel alone (Fig. 9). A
mixture of antisense ?P-labelled RNA probes complementary
to bovine type II collagen, aggrecan, and GAPDH were
hybridized with tRNA (lane 1), or total RNA, from bovine
kidney (lane 2), from day=48 in vivo nude mouse implants
with chitosan gel only (lane 3) or day=48 in vivo
implants of chitosan gel with primary chondrocytes at 2 x
107  cells/ml (lane 4), or adult bovine articular

cartilage (lane 5). Samples were treated with RNase A
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cartilage 1link ©protein. Samples analysed include

15 chitosan gel with no cells (lane 1), bovine kidney (lane
2), two distinct in vivo nude mouse implants of chitosan
gel only at day 63(lanes 3 and 4), of in vivo implants of
chitosan gel with 2 x 107 calf chondrocytes per ml gel at
days 48 (lane 5) or day 63 (lane 6), 2-week calf

20 cartilage (lane 7), or adult bovine cartilage (lane 8).
Results show the accumulation of cartilage-specific
extracellular matrix proteins CP2 and link, in only those
chitosan gel implants carrying chondrocytes. The acronym
PCNA means “proliferating cell nuclear antigen”. CP

25 refers to type 2 collagen C pro-peptide and link refers
to cartilage link protein.

The in vivo implants with no cells had a pasty
consistency, whereas the implants with cells could be
cored into 3 to 5 mm discs and subjected to mechanical

30 testing to reveal a high mechanical stiffness not found
in an in vitro disc without cells (Fig. 11). These data
indicate that chondrocytes can be delivered in situ, via
injection, with the chitosan thermogelling solution as a
carrier. The injected chondrocytes remain viable, and

35 synthesize and assemble significant levels of a
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with a relaxation criteria of 0.05g/min. The equilibrium
15 modulus at 20% and 50% compression offset is shown for
the 48 day implant containing cells compared to a control
disk left in vitro during a 42 day period. The in vivo
grown chondrocyte laden gel has developed substantial
mechanical stiffness during 48 days due to the synthesis

20 and assembly of a functional cartilage matrix (Fig. 8A).

EXAMPLE 3
Adhesion of thermogelling chitosan solution to cartilage
and bone surfaces

25
One of the most significant advantages of this
chitosan thermogelling formulation for cartilage repair
is its ability to conforﬁ and adhere to irregular
cartilage defects and other irregularly shaped cavities
30 in the body that require tissue repair, regeneration,
reconstruction or bulking. Many current tissue repair
procedures suffer draétically in this respect. Chitosan-
glycerol phosphate liquid gel without cells was delivered
ex vivo to porcine femoral condylar intra-chondral (not
35 involving bone) defects. Disc-shaped defects in the

articular cartilage were created using a biopsy punch



chitosan gel wth 2 x 107 calf chondrocytes per m gel at days 48 (lane 5)
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conpr essi on Bhesehitossmovwge ¥ ordhered to and was retained in all of
15 the defects after simulated joint motion (Fig. 12B).
In vivo filling of intrachondral defects was also
performed on the patellar groove of rabbits. A
rectangular (4mm x 5mm) defect was created by shaving off
cartilage down to the harder calcified cartilage layer
20 with a microsurgical knife. Several microfracture holes
were introduced using a 16-gauge needle. The
thermogelling chitosan solution described in Example 1
was injected into this defect and allowed to solidify for
5 minutes (Fig. 13A) and the rabbit knee Jjoint sutured
25 up. The rabbit was allowed to ambulate freely and the
following day i1t was euthanised and the treated knee
joint prepared for histological analysis (Fig. 13B). A
live New Zealand White rabbit was anesthetized, and a 3 x
4 mm chondral-only defect created in the trochlea of the-
30 femoral patellar groove. Several microfracture holes
were introduced with a 16 gauge needle. Liguid
thermogelling chitosan was loaded into the defect and
allowed to gel for 5 minutes in situ (Fig. 13A3). The

joint was closed, and the rabbit allowed to recover with
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section of the defect reveals retention of the chitosan

15 gel in situ, as well as adherence to cartilage and bone

surfaces in the defect.

EXAMPLE 4
Preparation, mixing and in vitro solidification of
20 blood/polymer mixture

Several distinct mixing methods were employed to
admix blood with an aqueous polymer solution‘(Fig. 15A).
Blood and polymer are admixed in a recipient, resulting

25 in a homogenous liquid blend of blood and polymer.

In general, 3 volumes blood was mixed with 1
volume of 1.5% polysaccharide in an disotonic and iso-
osmolaric solution. In the case of chitosan gel, 1.5%
chitosan was dissolved in 70mM HCl and 135mM ?-glycerol

30 phosphate. In the first blood/polymer mixing method, one,
lcc syringe was loaded with 750 pl whole peripheral
blood, and a second lcc syringe was loaded with 250 pl
liquid polymer solution. The syringes were
interconnected, and mixed by pumping the two phases back-

35 and-forth 40 times, until apparently homogenous. In the

second mixing method, 625 pl of liquid polymer solution



The chitosan gel adhered to and was retained in all of 15 the defects
after sinulated joint notion (Fig. 12B). In vivo filling of intrachondral
defects we@ozbemo2 performed on the patellar groove of rabPCT/€A0RN0959
rectangul ar (4mm x 5nm defect was created by shaving off cartilage down
to the harder calcified cartilage layer 3 wth a mcrosurgical knife.
Several mcrofracture holes were introduced using a 16- gauge needl e. The
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joint di ssectl on ? Hi st ol ogi cal anal reveal ed the
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stopper of the v1al. 6éml of peripheral blood was admltted

15 to the vial. The vial was vortex mixed for 10 seconds at
full speed. Following any of these mixing techniques,
the resulting mixture was deposited into a 4 ml
borosilicate glass vial at room temperature, a plastic
vial at 37°C, or an agarose well (Figs. 15B and 15C), or
20 an articular cartilage defect ex vivo. As a control, the
same treatment was performed with peripheral whole blcod
only. As another control, a wvacutainer vial of EDTA-
treated Dblood was drawn to measure CBC and platelet
number. All blood samples tested displayed normal CBC
25 and platelet counts for the respective species.
Regardless of the species, the prepared blood/polymer,
solidified and adhered strongly to the walls of the glass
vial within 2.5 to 18 minutes after mixing (Fig. 16).
Mixed whole peripheral blood solidified in‘general more
30 slowly compared to blood/chitosan gel (Fig. 16).
Separate samples of Dblood, with or without 1liquid
chitosan gel, were mixed and solidification time was
measured by the number of minutes elapsed between mixing,
and achieving, a solid adherent mass in the original

35 mixing vial, or secondary recipient.



sectioned, and stained with Tol uidine Blue. A cross- section of the defect
reveals retention of the chitosan 15 gel in situ, as well as adherence to
cartil agavanzloizone surfaces in the defect. EXAVPLE 4 Prepar/gaaduongsm Xi ng
and in vitro solidification of 20 bl ood/polyner m xture Several distinct
m xi ng nmet hods were enployed to adm x B%od with an aqueous pol yner
solution (Fig. 15A). Blood and polyner are adm xed in a recipient,

resulting 25 1n a hamgepousd i guid.bl.and of,fl, %p%f%&oggg% ib

general, 3 volumes bl oo vol ume saccﬁaflde in
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pol ymer 130! Uiy Wesrdlapogdagrieraa $hBbike 320849l ass hanasid i gateqvi al
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and metal crimpet BEnpT aj F‘rv}éil:lﬁur%véa‘s B awpAratehede v PR WiCRSa 10m
syringe and ﬂﬂsjgm@eg needttesaUsmg 40y s oper pths@haﬂ:@mbdﬂaiﬁml quesesh

gregmhera' Bl 00 Fromy S hel; £ARDT G, Art ey, or, YR pr eayi ng vein vas
blood/chitosan in glycerol phosphate buffer mixture was

15 also analyzed. 500 pl of each sample was deposited into
a 4 ml glass tube at 37°C. At distinct time points, all
excluded plasma was removed from each tube and weighed,
to determine the amount of clot contraction. All samples
except blood/chitosan glycerol phosphate mixtures

20 contracted to 30-50% of their original volume.
Blood/chitosan mixtures contracted minimally maintaining
approximately 90% of their initial volume.

To test for the degree of contraction of
solidified blood/polymer mixes relative to coagulated

25 whole blood, a clot contraction test was performed on an
array of blood/polymer samples, using several controls
(Figs. 17A, 17B and 17C). One group of controls
consisted of non-agitated whole peripheral Dblood, or
agitated whole peripheral blood, or whole peripheral

30 blood agitated 3 : 1 (volume : volume) with phosphate-
buffered saline. These samples were compared with
experimental samples containing 3 volumes whole
peripheral blood agitated with 1 volume of distinct 1.5%
polysaccharide solutions dissolved in PBS (alginate,

35 hydroxyethyl cellulose, or hyaluronic acid). Another



into a sterile 10m syringe. A 20-gauge needle was attached to the
syringe, and inserted through the rubber stopper of the vial. 6m of

peri pher a¥O bt/ed was adm tted 15 to the vial. The vial waBCVOeADENIR xed for
10 seconds at full speed. Follow ng any of these m xing techniques, the
resulting mxture was deposited into a 4Gi- borosilicate glass vial at
roomtenperature, a plastic vial at 37C, or an agarose well (Figs. 15B and
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was tested db% of the original mass (Fig. 17A). From these data it

15  was concluded that blood/chitosan gel resists

contraction, and provides a more space-filling fibrin

scaffolding inside the cartilage defect. In Figs. 17B

and 17C, samples shown include blood (1), or mixed blood

(2), blood/PBS (3), blood/chitosan in glycerol-phosphate

20 (4), heparin Dblood/chitosan (5), blood/alginate (6),

blood/hydroxyethyl cellulose (7), and Dblood/hyaluronic
acid (8).

To test whether anti-coagulated blood could be

used to generate blood/polysaccharide in situ solidifying

25 implants, 3 volumes of blood treated with 1.5 mM EDTA,

0.38% citrate, acid-0.38% citrate dextrose, or sodium

heparin (Becton Dickinson) was mixed with 1 volume

chitosan-glycerol phosphate solution. Chitosan-glycerol-

phosphate solution was able to reverse heparin- (Fig.

30 18), EDTA-, and citrate-mediated anti-coagulation. 1.5%

chitosan in glycerol-phosphate solution, or three

distinct 1.5% polysaccharide solutions, were admixed at a

ratio of 1 volume polysaccharide solution, to 3 parts

whole peripheral blood. 500 nl of each sample was

35 deposited in a glass borosilicate tube and allowed to



10 m xed fresh peri pheral

various 1.5% pol ysaccharide solutions including chitosan in glycerol
phosphat avédot/6er2 Fresh bl ood w thout m xi ng was al so aneCyradi/odsheparin
bl ood/ chitosan in glycerol phosphate buffer m xture was 15 al so anal yzed.

500 pl of each sanple was deposited intodla4 nml glass tube at 37C. At
distinct tine points, all excluded plasnma was renoved from each tube
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Histological sections of solid Dblood/polymer

samples showed that mixtures were homogenous, that red
blood cells did not hemolyse after mixing or
solidification, and that platelets became activated and
were functional (as evidenced by the generation ‘of a
dense fibrin network) (Figs. 19A to 19C). A solidified
mixture of blood/chitosan was fixed, embedded in LR White
plastic, sectioned, and stained with Toluidine Blue. (In
Fig. 193, at 20x magnification, global homogeneous mixing
is apparent. . In Fig. 19B, at 100x magnification,
intermixed pools of red blood <cells and chitosan
hydropolymer is apparent. At 2000x magnification (by
environmental electron scanning microscopy) the presence
of fibrin fiber network throughout the blood/chitosan
composite is evident.

Some leukocytes remained viable a number of hours
following mixing and solidification (Fig. 20) .
Peripheral whole blood was mixed with chitosan gel and
allowed to solidify. In Fig. 20A, 60 minutes post-
solidification, the plug was placed in viability stain
with calcein AM/ethidium homodimer-1 to reveal live white

blood cells (green cells, large arrows), live platelets

d wth. 1 volunme chitosan-glycerol phosphate

uded



wi th the pol ysacchari des al gi nate, hydroxyethyl cellul ose, or hyal uronic

acid contracted to 40% 50% of 10 the original mass (Fig. 17A). The

bl ood/ chiwesam2gel sanpl es showed negligi bl e contracti onPCWCAb1/@OsE r act i on

to 90% of the original mass (Fig. 17A) The heparini sed blood/chitosan gel

sanples also resisted contraction, to -88%-of the original mass (Fig. 17A)
Fromthese data it 15 was concl uded that bl ood/chitosan gel resists

éontraction, rovi des r.e ace-filling fibrin .scaffaldi i-nsi de
the cartil agé%%?@ct%ﬁ%’ F%énsf_i. 117%&%\%%{ 17&,nﬁsélfr?pﬁ es"%h%%nfbil(r%ggug%%sood
(1), or mxetrefiovdcleR); bhobdtPB80B3) 2 blissdhchi seg@de was fixed at

gl ycerol - phosphatyg 20 ) pohepaniin Alaed/ okt osgRrEtadeqb! 5?80'/@@%1413&@ (6),
bl ood/ hydr oxyet hyl cellul 6se (7), and bl ood/ hyaluronic acid (.8) . To test
whet her ~ ant i 288agflared tsibodt @ oulTd P iFsd@®t 0 Heperhapr Microscopy.

bl ood/ golsyscr':]m@hﬂvé dehagosit s 50! beh iaxéiraghezaéi Adhaklys e s3 wﬂfm%éﬁd)m ood
treated with_1 mvl EDTA .38% ci.t.rate,, aci d:- 0. 38% ci e dextrose, or
sodi um hepa??ﬁf’?%fejc?%nc%ilgkffﬁg%ﬁ)ll\ﬁé’s rﬁie%lvhﬁ??rht 1190&%’&; micrographs

chi t osan- gl yger 3| hphos ppate-sokitgoandCapl bdahighyytenol - phosphate sol ution
was able to reversehe 1905 +(Fi 1 DIA-., a i.trat e-nedi
anti-coagul ation. 1. %%q{: ]irg/isc}s{ncg? néq?.ygéé};%ﬁ %ﬁggrﬁhgg gctgélln%t ﬁgng% o}ﬂt;ot%ﬁr ee
di stinct 1.5% petysidersriee $dlond/shsitosare hahiRednat s liditfiisadfion

vol ume p@l yspsshgegermokut i PRuat 0v31RakkS o MRAle dReldPhiersdd Riaed s 200 pl
of each sanple was 35 de og%ed in a gl ass borosilicate tube ,and allowed to
WO 02/ 00272 &/ CREE ()?)@279 11199 1dp| FARFYSPor B Sri nut’ee af 1898, WSH er ent

pol ysacchari tesns fiettelé hyal utnaioidaad- PBS1(3), ofhydr oxggetletll  plate
co [l ove Pes. (6 AL oRkar PR, (O, oo aper ol ol (4,

t ubes The discs were successively changed into fresh PBS

15 solution at 37°C at 4, 5, 7, and 19 hours. PBS washes

were lightly centrifuged to remove any cells prior to

analysis. Several discs were extracted for total protein

after 3 or 19 hours in PBS. Total proteins present in

the discs, or PBS washes, were analysed by SDS-PAGE and

20 total protein stain with Sypro Orange. Serum proteins

were released more slowly more sustained from the

blood/chitosan sampleé compared with blood samples (Fig.

21). These data suggest that blood and platelet-derived

proteins involved in wound healing are released in a more-

25 sustained and prolonged manner from blood/chitosan-filled

defects, compared with blood clot-filled defects. Solid

discs of Dblood/chitosan gel, or Dblood only, were

generated from 150 pl initial liquid volume. Resulting

discs were washed in 1 ml PBS for 3 hours, then

30 transferred successively at 4, 5, 7, and 19 hours for a

total of four additional 1 ml PBS washes. After 3 or 19

hours of washing, representative discs were extracted

with GuCl to solubilise total retained proteins. Soluble

proteins were precipitated from equal volumes of GuCl

35 extracts or PBS washes, separated on SDS-PAGE gels, and



were laid horizontally and phot odocunented. Only the m xture of

chi tosan-gl ycerol phosphate and heparini sed blood becane solid. Qher
heparin Wooudpaet ysacchari de m xtures using 10 hydroxyet hgT/Cael/b09bDse,
al ginate, or hyaluronic acid, failed to solidify (Fig. 18) . Fromthese
data it was concluded that blood/chitosih-in situ solidifying inplants
can be generated using anti-coagul ated bl ood. Hi stol ogical sections of
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15 blood/chitosan—-glycerol phosphate mixture that was
delivered as a liquid, and allowed to solidify in situ
(Figs. 22A to 22C). In Fig. 22A, a full-thickness
cartilage defect, 3 x 4 mm square, was created in the
femoral patellar groove of an adult (more than 7 months)

20 New Zealand White rabbit. Four, 1 mm diameter microdrill
holes were pierced to the bone, until Dbleeding was
observed. In Fig. 22B, liquid whole blood was mixed at a
ratio of 3 volumes blood to 1 volume chitosan in glycerol
phosphate solution, and deposited to f£ill the defect. 1In

25 Fig. 22C, after 5 minutes in wsitu, the blood/chitosan
implant appeared to solidify. The capsule and skin were
sutured, and the animal allowed to recover with
unrestricted motion.

A similar treatment in human patients is

30 schematized in Fig. 22D, where prepared cartilage defects
receilve an arthroscopic injection of liguid blood/polymer
that solidifies in situ. Alternatively, an arthroscopic
injection of liquid polymer is mixed with bone-derived
blood at the defect site (Fig. 22E). In Fig. 22D, the

35 patient blood is mixed with the polymer ex vivo, and

delivered to a prepared defect by arthroscopic injecﬁion,



and submtted to Transm ssion El ectron Mcroscopy. 5 Active phagocytosis by
peri pheral nonocytes (arrow head), reflecting cell viability, is evident
in TEM mwooye@phs at 3 hours post-m xi ng and sol i di fi capCDCAIBODINAl ySi S
of the total serumproteins lost from either blood or blood/chitosan
following solidification 10 was performed.- Equal vol unes of blood, or

bl ood/ chitosan gel were solidified in agarose wells. The discs were

transferred i, pdi Vi ?% s _of 8- wel . c Wyl - PBS and
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successi vely
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stai ned for dbimeter obengsresengadypdo hQlargeiere generated by either

15 microdrill with constant irrigation with 4°C PBS, or by
puncture with a custom-made awl and hammer. The defect
was flushed with PBS, and depending on the degree of
bleeding, up to 200 pl of sterile epinephrine (2pg/ml) in
phosphate buffered saline was injected into the bleeding

20 holes. The cartilage defect was covered with a sterile
gauze soaked with PBS. Rabbit periphéral blood was
removed from the central artery of the ear with a
vacutainer™ needle and untreated, siliconized, glass 4cc
vacutainer™ vials from Becton Dickison.

25 In one treatment, 750 pl blood was drawn into a
sterile lcc syringe. A second syringe holding 250pl of
chitosan—-glycerol phosphate solution (1.5% chitosan/70 mM
HC1/135 mM ?-glycerol phosphate) was interconnected with
the Dblood-containing syringe with a sterile plastic

30 connector. The syringes were pumped back—-and-forth 40
times. The mix was drawn into one syringe, to which a
20-gauge needle was attached. After purging half of the
mix, one drop (about 25pl) was deposited into the defect.
In a separate treatment, 2 ml blood was added to a

35 polypropylene cryovial tube containing 667 pl 1.5%



Conparatively, nore proteins were retained in the blood/polyner discs than
the bl ood di scs throughout the 19 hour wash period. Conparatively, a

sl ower amdonwee75 prol onged rel ease of serum proteins intPCT/haoPB8smashes
was seen for bl ood/chitosan than bl ood over the 19 hour wash period.
EXAMPLE 5 10 Preparation, mixing and inj%ction of bl ood/polymer mixture to
i nprove healing of articular cartilage defects Chondral defects vm'th

perforations, dr, e rest t hera
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and al | owed qi‘cﬁrslo{@ dﬁf%mqnn deiame teFi Y 1plore 3 osPeE} . beadsiog. @1291\ tabe

full -thicknegss &ashddi; aggngegﬁgk@n 3r¥r410mssadans, W@%o&bﬁ%& (e olub@
fermoral pat Jd % gr%ove an adul &ﬁ (more than 7_pon W Zeal and
Foar 2 Jo‘? e

VWi te rabbit® et er cr]becﬁqlﬁm%o]régu%\%rélﬁp@ c8dtPs3the
bone, until :ﬂml;eembmgrmve@bs.emedhelmﬂgwﬁBBa ki-gutdewheke shiraadeyas

m xed at a iQ o 3vo|u sblood hltosanln gl ygeral
phosphat e soafacil %n 5a%dn e osi ted"t 1_Ttt%lc%leﬂc")le% def ec? “Yat28°Fi %%58 after
5 minutes i mPwidingt BQOD[LOCJ@/QIMI t]@@aﬁyrﬂmbantompéaped (ta@osrtl |215f§al)The
capsul e and sid n &‘@ﬁ@sﬁé’&“r%@ #nd 1t he rani '@ér@:{ié’ d &Qfé@&over Which

unrestricted notion. A simlar treatment in_ human gatl ents Is
schemat i zed R¥PFHLLPOIFamhat e tpidpaied caliPiage Bef e?ﬁjsldlr%éelﬁ%f arn

art hr oscopi Qnirﬂl”@@é} opfrebrl huicth bleodégekymer andhatk 50l hdkéi esitiuresi,t u.
ATt Vel g o021 LBLRRCoRe, ol ecli 00 0f, g poL YT L ST wed
pati ent bl ootkédls rhxéd wdlet her pd yhir cax ybvaavend(nde} i \lermmlldép a
prepared defggh, fy) arthgsaopi 6,4 eqhian, V021 092{24 PCTUGRQALQ0939, 44
LR/White plastic, sectioned, and stained with Toluidine
15  Blue. Blood/chitosan-treated defects at 1 week of
healing revealed large numbers of chemotactic cells
migrating towards the blood/chitosan-filled zone (Fig.
23R) . Untreated defects had a relatively weak
chemotactic response (Fig. 23B) towards the blood clot at
20 the top of the defect. A chondral defect with microdrill
holes was created in both femoral patellar grooves of an
adult New Zealand White rabbit, one of which was filled
with blood/chitosan gel, and another left untreated. One
week after healing, the joints were fixed, processed in
25 LR-White, and Toluidine blue stained. At 2 to 3 mm below
the surface of the cartilage, a large number of cells
migrating towards the defect filled with blood/chitosan
were evident (Fig. 23A), whereas fewer migrating cells
were seen at the same region of the untreated defect
30 (Fig. 23B).
After 5 to 8 weeks healing, the blood/chitosan-
treated defect was filled with hyaline repair tissue in 2
rabbits (1 male, 1 female) (Fig. 24R) . This
blood/chitosan-based repair tissue had the appearance of

35 hyaline, GAG-rich cartilage repair tissue. The repair



or (Fig. 22E) the polyner is delivered arthroscopically or during open
knee surgery and m xed at the defect site wth patient blood issuing from
t he def eavO 02@02a2 pr oof - of - concept study, the effects of BChICaoddwsd t osan
gel treatment were tested in rabbits. Adult, skeletally mature New Zeal and
Wiite rabbits (7 nonths and ol der) weréf@mesthetized, wth xyl azine-

ketam ne foll owed by isofl uorene/ oxygen gas. anesthesia. The trochl ea of

the femoral palsldar grogve wascexppsad 10 by a pAraRalallar i Relsiop and
patel | ar displacement. A full-thickneSs cartilage defect,” up to 4 x 5 mMm
in the trodkl@pfathers ennfgifesatel | ar hgfoovel9as FPRRARESHCS t h &

m crosurgi cafikfbdLrt Fode 4rmn.degpp) 1 mMmrndiramelgs honenhpemnelaticag hol es

wer e generat ed, ei the 5 mcrodrill with copstant ircrigation,wth 4C
PES. or by SURAHIS vrkh RICH i HTR anPE andLRaHeF L O PHERAEt LA
flushed wi t wiRBS n anchelepdftialg @ittche ategreee tleydildeedi ngeclp t @o2@6 it of
sterile epi I (2p i h e e 1. L nj ed
into the bl e%g%h{n% ) ho%&egﬂﬁgr%gr ﬁsﬁ[]%gééc dgic"té%t Eﬂa/gzg%?gj\/lgﬁem%% glgsst erile
gauze soakedwgatedBEr Rabbi feperbpherdle Plagodneses enbvad Adohtt Hew

central artefy,pind haneare Witdhid ¢ vadiiiai nar TNmeed! ¢.and synhept 6d.cn
siliconized, gl ass 4cc vacutainerTMvials fromBecton D ckison. 25 In one

t r eat nent, R/ B b HasI et avit§ ntBCRhe st eFFeUREESaYRAngertA e Odnd
syri nge 1ol di 19d258plafafer ahidloigsan- gt xeerelintRosphes ef sebaf i prrockss%d

he. bi ood- cot aFf G 25t M6 wj b K LPar ool 41 %0 cathekter . 2HRe
syringes wereegaipetiback- dmwdaf ditteh Alood/ oiest o Fde-mioated defenti itaol one
Phoi e, 5 Moty ghshaus, aeeilectnsontiachedy Lt sl et o
separ at e trezdfehtade®, mwisldod agiseradded ot othe 359963 §ipr sy iase sor y g¥idal
tube contai nENOI &G7+RE heF%t. In Fig. 24B, repair tissue from the
untreated defect had the appearance of fibro-cartilage,
with practically no metachromatic staining for GAG, and
only partial defect filling.
While the invention has been described with
20 particular reference to the illustrated embodiments, it
will be understood that numerous modifications thereto
will appear to those skilled in the art. Accordingly, the
above description and accompanying drawings- should be
taken as illustrative of the invention and not in a
25 limiting sense. For example, we have demonstrated that
mixing chitosan in solution with blood allows the
formation of polymer/blood clot that does not contract
significantly, demonstrates a slowed release of
chemotactic and mitogenic blood proteins, maintenance of
30 blood cell viability, and a dramatically improved repair
of articular cartilage defects. It is obvious to those
skilled in the art that the chitosan solution could be
prepared differently to achieve the same result. Examples
include: 1) altered chitosan concentration and mixing

35 ratio with blood 2) altered choice of aqueous solution by



WO 02/ 00272 PCT/ CAOL/ 00959 45 chitosan/ 70 mM HC1/ 135 nM ?-gl ycer ol
phosphate and 6 sterile 3.2nm di aneter stainless steel beads. The tube
was cappeudo ozad7shaken for 10 seconds, rigorously (aroundPCHEADDOBEY
actions) . The resulting liquid bl OOd/ChI tosan 5 m x was renoved fromthe
vial with a sterile lcc syringe, and ‘a4270g needl e was attached to the
syringe. After purging 200pl fromthe syringe, one drop (about 25 pl) was

deposi ted tafih ﬁépe RATdd agepdel gal.  JBSci bk oqdd chi f1asan dp Xtur e pyas
allowed to solidify for 5 10 mnutes, after which the capsule and skin were

sutured, amPiSRISwurRPRYTHIEt ePE RIS ¢ SPOHEGEES at 41 wlek

(n=1, male) Iwirtaic@ﬂatﬁé 501 tleysen (Poddet dBBindd WedBl @) pripent mivehe
fixed, decalcif,ed edd

i £ Tol ui di'sE S B o, Fob B9 T CHPFSSanE P FER: G HolBht o WE Chosle of HE o

heal i ng Bevéalend | ange panbky s difsscllert Abeine cm:lliesr pogyalmfsg hayabes t he

bl ood/ chito n ( 3 t | gt vel'y
weak chern)tstgbf:let(gl cééglgp%%sg %gthE%B@)lgy‘%gﬁg%E g ﬁVo'?gléftgnég t%e top
of the defecits Aa@h@népaguéléflécteﬁiﬁetqt ner @@reirppmehélyésf%@uéabam@d1tn bot h

fenoral patejhary grwﬁa@ha@fﬂm duditsNew @ﬁ!kﬁn%sV\h'Hye h%lil?igt, a0ne oof
which was filled wth, bl ood/chlto san gel, and another |eft untreated. One
week after HEAIFHY:TRHECT 0Pt sSCHBP LRt PRedt pFoERsSAF WY LRIGhi 1k, Zand

Tol ui di ne blpreoisd ah npdlyﬁérZ si@eh3 an pelolwsthe svuffcamelaajert heouaﬁt lbleage, a

| ar ge nunber f cells in vvards he, def fllled
bl 0od/ chi t os&n" vvg_‘re é’l\ﬁh&% (I§9ml?L §A) \%\ﬁ%F%as evver gra ing cé]l I"s

wer e seen atbehiewadre tbgton tdfesche lmtteat edpebaches30 wWiHilg. P8B) asAfter
S to 8 weeksghealing,t he bl oqd{chi mrlterdeat %qlbq,gf%tn was fild edyth

hyal i ne repalr tlssue|n2 rabbits (1 nmale, 1 female)(Fig. 24A) Thi's
immunogenicity, toxicity, and '‘cell adhesion/contraction

15 effects, these and other formulations are considered part
of the present invention since they possess the
characteristics of the polymer preparation of the present
invention being that 1) it is mixable with blood or
selected components of Dblood, 2) that the resulting

20 mixture is injectable or can be placed at or in a body
gite that requires tissue repair, regeneration,
reconstruction or bulking and 3) that the mixture has a
beneficial effect on the repair, regeneration,
reconstruction or bulking of tissue at the site of

25 placement.
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articul ar caarF?W@%@atﬁrﬁoﬂép%?ﬁ{ltStmoglyﬁﬁr 2% 76CORBOSAtigngsysh wRat X |
J. Gao, anksX.d h@@xﬁp@é1ti@ﬂ7adﬁagl§r a:tdkolfhe depgadentanﬁeq?_«dn%dﬁe lﬁlﬁ%@aﬁfjd
ost eochondral_defects in he ra nee joint. .Journal of Bionmedica
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Yal pani, M, and D. Pantal eone. 1994. An exam nat i on of the unusual

susceptibiljties of am no ans to enz ic hydrol ysis. Carboh drate
Reseafch 255 no. %#y(ar repairlng !ngassuey hid lea tient, i

method comprlslng the step of introducing a polymer

composition in said tissue, said polymer composition being
mixable with at least one blood component, said polymer
composition when mixed with said blood component results in
a mixture, said mixture turning into a non-liquid state in
time or upon heating, said mixture being retained at the
site of introduction and adhering thereto for repairing the

tissue.

4. The method of claim 3, wherein the polymer is a

modified or natural polysaccharide.

5. The method of claim 4, wherein the polysaccharide
is selected from the group consisting of chitosan, chitin,
hyaluronan, glycosaminoglycan, chondroitin sulfate, keratan

sulfate, dermatan sulfate, heparin, and heparin sulfate.

6. The method of c¢laim 3, wherein the polymer
composition comprises a natural, recombinant or synthetic

protein or a polyamino acids.

7. The method of claim 6, wherein the polyamino acids

is a polylysine.

8. The method of claim 6, wherein the natural protein

is soluble collagen or gelatin.



Zhang, R, E. Morris, and D. Peluso, inventors. 3 August 2000. "Methods
and conpositions for healing and repair of articular cartilage." Inc.
Geneti cswQ02/600231i tute, assignee. WO Patent 00/44413. WO PeI/QART7®IS9

PCT/ CA0O1/ 00959 - 67 WHAT IS CLAIMED IS: 1. A nethod for repairing a
tissue of a patient, said nethod conpriging the step of introducing into
said tissue a tenperature-dependent polyner gel conposition such that
sai d conposition adhere to the tissue and pronote support for cell

proliferatign for kgpai rnlléltgu;(ye gfss%galﬁ.i The ngthod. of ?hae' mr%@%gr ein

t he COITDOSI tion conprises at | east one ood conponent .

repairing LR I CErTEves B%lkﬂla%t%oﬁc%npp@lﬂ%bycﬁ%bl%t@l@i a

i ntroduci n%ﬁutﬁ@%@rhoxﬁ@”ﬁﬁ& 10 ki @o@@l%@rﬁt&n%rﬁrpfl &’aﬂi%o sition
being mxable with | east %g‘g bl ood corrponent sai d corrp05| tion

when ni xed E}/thrﬁ"salﬂl Y € orRISPRIROR ESul tRPTPReRI G X l%%ﬁjdf?ﬁ% ure
turni ng i ntwilth ron-witdubat sd@decidnal i foenoriepon headj ng, said m xture
being retained at the site of introduction and adhering thereto for
repairing the tissue. 4. The nethod of claim3, wherein the polyner is a
modi fi ed orlthat ur alhpol psabehar pde. cbaimhed net Wodreincl dien 4gddvhieir@ianl t he

pol ysaccharf&?ctloﬁqaslel@fé@a}éoréle @gt%mﬁq_»&@n&ét IRgupf éa?{stlgscq?r(% chEtin,

hyal ur onan, gl ycosam nog?i/c chondroitin sulfate,” keratan sul
der mat an sUNHERKY e gt M%rawwyata&%@xw@%twmxw aim 3,
wherein the polymer conposition conprises a natural, reconbinant or

synt hetic rotein_or a |.yam no_acids., 7. The thod of claim@6, wherein
t he pol yanimo aci dzgei sﬁ%%rﬁnys?ﬁe galﬁ“he Fret hBESOFLR| altr%leG RPEFRTH t he
nat ural prataupgpsition is initially dissolved or suspended in a buffer

containing inorganic salts.

12. The method of claim 11, wherein the inorganic salts
are selected from the group consisting of including sodium,
chloride, potassium, calcium, magnesium, phosphate,

sulfate, and carboxylate.

13. The method of c¢laim 3, wherein the polymer
composition is dissolved or suspended in a Dbuffer
containing an organic salt selected from the group
consiéting of glycerol-phosphate, fructose phosphate,
glucose phosphate, IL-Serine phosphate, adenosine phosphate,
glucosamine, galactosamine, HEPES, PIPES, and MES.

14. The method of claim 3, wherein the polymer
composition has a pH between 6.5 and 7.8.

15. The method of claim 3, wherein the polymer solution
has an osmolarity adjusted to a physiological value between
250 mOsm/L and 600 mOsm/L.

16. The method of claim 3, wherein the blood component
is selected from the group consisting of whole blood,

processed blood, venous blood, arterial blood, blood from



is soluble collagen or gelatin. WO 02/ 00272 PCT/ CACL/ 00959 - 68 9. The
nmet hod of claim 3, wherein the polynmer conposition conprises polylactic
aci d, polw@byenric acid, a synthetic hono and bl ock copoPgmeAsl/@OsH ai ni ng
carboxylic, am no, sulfonic, phosphonic, phosphenic functionalities wth
or w thout additional functionalities- 0. -The nethod of claim9, wherein
the additional functionalities are selected fromthe group consisting of
hydr oxyl , thired,, @l&ody framylmae-mexHoexy,band aneaybexy.unbllitkd mebhdd of

claim 3, \/\/_@De_.LrOgDidgutfap_g]l F]’;ﬂlay ta cqurg%%?i tionis initially dissolved or

suspended in r ~"containing 1 norganic salts. 12. The nethod of claim
11, wherein the inorganic salts are selected fromthe group consisting of

i ncl uding sodi um Tghl gEidey RAL assium 3 cal,akulY nMRgReH WYy
sul fate, and carboxylate. 13. The nethod of claim 3, wherein the polyner

conmposi ti oS s S8i-886EFedfEPMsUsendEP U §OBSLEEL NI oRt ai Y ZREBr Yani ¢
salt sel ectietioaroddie it NP1t d1g10f, of yeermdgghosphntieyrInidict ose
phosphat e, gl ucose phosphate, L-Serine phosphate, adenosi ne phosphate,

gl ucosam ne, gal act osam ne, HEPES, PIPES, and MES. 14. The nethod of claim

3, whereinltthe pol ¥her metctumposift icmiras3 a pHebetinedhes 8 cand chrgorldnt The

nmet hod of |4 é/\,gﬁr iy dihe,; ol ut | hé'a%, ;r)ﬁs;g)el rity adjusted
to a physi oogdgpcl%ev uagd%let Weelﬁ94 %Sﬁaﬁéirr?df 60 %& L. %’6. The net hod
of claim3, wherein the blood conponent is selected fromthe group

consi sting 10f  whol enbl @RehodpPracessedn bt POQhe\f@BBU%h@ Qﬂ%ocﬁré&ﬁﬂc%erbi ood,
bl ood from WD 02/00272 PCT/ CAOL/ 00959 - 69 bone, bl ood from bone-narrow,

bone marrowS @HiiGRH GG

20. The method of claim 19, wherein the blood component
contains an anticoagulant selected from the group

consisting of citrate, heparin or EDTA.

21. The method of claim 3, wherein the blood component
comprises a pro-coagulant to improve

coagulation/solidification at the site of introduction.

22. The method of claim 21, wherein the pro-coagulant
is selected from the group consisting of thrombin, calcium,
collagen, ellagic acid, epinephrine, adenosine diphosphate,

tissue factor, a phospholipid, and a coagulation factor.

23. The method of c¢laim 22, wherein the c¢oagulation

factor is factor VII.

24. The method of claim 3, wherein the blood component

is autologous or non-autologous.

25. The method of claim 3, wherein the polymer
composition is used in a ratio varying from 1:100 to 100:1

with respect to the blood component.

26. The method of claim 3, wherein the polymer

composition and the blood component are mechanically mixed



bl ood, and placenta blood. 17. , The nethod of claim 3, wherein the bl ood
conponent is selected fromthe group consisting of erythrocytes,

| eukocyt @0 omemoryt es, platelets, fibrinogen, and thronbi RCT/CAB1/000h%® net hod
of claim 3, wherein the bl ood conponent conprises platelet rich plasna
free of erythrocytes. 19. The nethod of 7€l ai m 3, wherein the bl ood
conponent is anticoagul ated. 20. The nethod of claim 19, wherein the bl ood
conponent lcuntai ssurah wavésoagulaningel eotrédxfingm tive ngrldliplecqrsisds ng of
citrate, th@ égDTA 21. The nmethod of claim3, wherein the bl ood
conponent nﬁﬂi a pro-coagulant to inprove coagulation/solidification
at the site of |ntroduct|on 22. The nethod of claim 21, wherein the

pro-coagul ant. is sgkegkedohr @@cfo&@lgng% coigi shéngrot1bhRaMi o cad ci um

col | agen, el lagi.c acid, i nephrine,, "aden S|ne dlphOS hate, , tissue
factor, a Mll“c?st%‘m t§1 ]a"rpiﬁileajc% & ‘?fﬁ LPpl'rﬁaprhseltsh*"dcp‘-?)fofcI aim
22, mhereimdﬁﬁikzygpﬂmﬁmxﬁbuéaclﬂgamSntactenthL bzﬁe , Theinet hask-rofa cl ai m

3, wherein_t d conpone t__is_autol og t ol ogo 25. The
met hod of 8%§i% ereln t lSSo‘fyher co%%%%ﬁtl%%cﬁggused|l{lsﬁ%ﬁ§o

varyi ng f r GrTpOLGMATEl 1100: A W sdueespebscessehe bksedtednpoments, 26d The
met hod of ¢liaidp3, wherein the polymer conposition and the bl ood conponent
are nechanlcally m xed WO 02/ 00272 PCT/ CA01/ 00959 - 70 using sound waves,
stirring, vortexing, or nmultiple passes in syringes. 27. The nethod

accordi ng t@.any one pﬁlginékﬁscémb@saﬁaonmﬁo@ nde tirssuedss selgcted
fromthe gr.aup, conS|st éhl cartila meni scus, Ijs(_gament tendonci bone,
skin, corned,®® 6H6% XW%%J%?WQé%G%?Qﬁ%ﬁWEﬂl%% (fegolymer an

blood component

29. A polymer composition for use in repairing a tissue
of a patient, said polymer composition being mixable with
at least one blood component, said polymer composition when
mixed with said blood component results in a mixture, said
mixture turning into a non-liquid state in time or upon
heating, said mixture being retained at the site of

introduction and adhering thereto for repairing the tissue.

30. The polymer composition of claim 29, wherein the

polymer is a modified or natural polysaccharide.

31. The polymer composition of claim 30, wherein the
polysaccharide 1is selected from the group consisting of
chitosan, chitin, hyaluronan, glycosaminoglycan,
chondroitin sulfate, keratan sulfate, dermatan sulfate,

heparin, and heparin sulfate.

32. The polymer composition of claim 29, wherein said
polymer composition comprises a natural, recombinant or

synthetic protein or a polyamino acids.

33. The polymer composition of claim 32, wherein the

polyamino acids is a polylysine.



t enpor omandi bul ar tissues, abscesses, resected tunors, and ulcers. 28. A
pol ymer conposition for use in repairing a tissue, said polyner

conposi tivoaozenzpz i sing a polynmer and a bl ood conponent. POT/CAopa@losner
conposition for use in repairing a tissue of a patient, said polyner
conposition being mxable with at |east/lone bl ood conponent, said pol yner
conposition when mxed with said blood conponent results in a m xture,
said m xtuwé. turnThg ipulyremorohpgsidishatet | wleiime 32, upbrreieat tng,

said m xturehging Fgleg@%]lr}pdlsatsélq%g%t(’eql%agp&?t&odélecté% and adhering

thereto for repairing t tissue mer” conposi tion of claim29,
wherein the polyner is a nodified or natural polysaccharide. 31. The

pol ymer compsi tionnhaf J18i8r30:oMH8E E Dot he £ r&ha/ﬁ?cgbar e e rsel ecd ed
al ur onan,

fromthe group consisting of chitosan, chitin,

gl ycosami ndbqtﬁ;b@%ﬁf Cﬁ‘ﬁ%ﬂi%r i PR FERES FF<%]|'3é]taa‘h @3S, eetwateroiffate,
hepari n, armbama,paraj nsyuthatec 3Zomd hearpd| }bmbkCOﬁbpslyMQﬂsOfc@ﬂl’@aMﬁQg
wher ei n -sai d r%yllc r%%n t| on ¢¢ (grllses a nat uraéril reconbé

synt hetic prot or-'a po no aci B3 THE GOV ??5? %mo?
claim 32, v:he“r@‘anrprtatﬂeltlmﬁ yvezmmoozacfmshcmst aatbtﬂlt;ulqasalnefunmmtwt?ﬁes

PCT/ CAOL/ 00959 - 71 34. The pol yner conposition of claim 32 V\/nerei n the

nat ur al prot ein is soluble collagen or gelatin. 35. The pol .conposi tion
of clai m293°wher eFResHUYRRT y FEFPOSHESENt i Oh EdAPRI s p ?K&éﬂ cthei d,

pol ygl ycol igddacisham &)Uﬁdtﬁtdrfélmqmésﬁm(ir@ O@lél@@}ﬁ@ﬁyﬁ@&@mcoﬂﬁé" NG AGup
carboxylic, am nog,, sulf g OSf lryhc é hos hen| C ctl onal i tjoes W th

or without HKREITORE P népi} yﬁﬁﬁ’ E&MposT Y ore

claim 35, wvet earptlhexy.additional functi onal ities are selected fromthe
group
37. - The polymer composition of claim 29, wherein the
polymer composition is dissolved or suspended in a buffer

containing inorganic salts.

38. The polymer composition of claim 37, wherein the
inorganic salts are selected from the group consisting of
including sodium, chloride, potassium, calcium, magnesium,

phosphate, sulfate, and carboxylate.

39. The polymer composition of claim 29, wherein said
polymer composition is dissolved or suspended in a buffer
containing an organic salt selected from the group
consisting of glycerol-phosphate, fructose phosphate,
glucose phosphate, L-Serine phosphate, adenosine phosphate,
glucosamine, galactosamine, HEPES, PIPES, and MES.

40. The polymer composition of claim 29, wherein said
polymer composition has a pH between 6.5 and 7.8.

41, The polymer composition of claim 29, wherein said
polymer solution has an osmolarity adjusted to a
physiological value between 250 mOsm/L and 600 mOsm/L.



consi sting of hydroxyl, thiol, alkoxy, aryloxy, acyloxy, and aroyloxy. 37.
The pol yner conposition of claim?29, wherein the polynmer conposition is

di ssol veavon2/e2gpended in a buffer containing inorgani c BarAan/@8s9 The

pol ynmer conposition of claim37, wherein the inorganic salts are selected
fromthe group consisting of including78odium chloride, potassium

cal cium magnesi um phosphate, sulfate, and carboxylate. 39. The pol yner
conpositiomMaf cl ai[‘hezaqol/yrmnei cosgbditpohy nef cd)aﬁlmsiw,onwhsréimsottlv@d or

suspended 'k!c}lfc?oﬁ'P“% ?n&g %ha' Q@l?rm@g%%ﬁ S&l% §Ebﬁﬁt %%Jsrl%@ oup

consi sting gl ycer te 05€ phos I ucose p sp at e,
L- Seri ne pwﬁgﬂmt@o%emmecé V@Q}tfi)s@]r@%, @Jateam@hd?ﬁmd

HEPES, Pl PR3 oand dYem, %aneTheb%lomnerfrgﬁnpgéh&Lﬁar%wclawh@&m;mefsvﬁln
said polyner conp05|t|on has a pH betmeen 6. 5 and. 7.8 41. The polyner

conposi t i oI @ IM IS ¥ m R P LR Ut i on has an osnol arity
adjusted to a physiological value between 250 nOsniL and 600 nmosni L. WD

02/ 00272 PCT/ CA01/ 00959 72 42, Th l.
wherein the' ébl ood&)g on]e&mle]f scpglgloggitga 0t 1 of‘n Fﬁ%’igf'o%% %tl?llngtl?)?

whol e bl ood;lqmct)cesmgdnbhbod,s veabast &l oddpmartther i gt0bp0@13bn31lsltom@ fobm

bone, bl ood, rr gpggs il d
pl acenta bl oo% 4%%3&0 et conpnglgclgrt?cly& té%mcé%é:%%%gimgrkg?%‘?éﬂée}g' bl ood

conponent &G et eyl + omthe group consisting of erythrocytes,
| eukocytes, monocytes, platelets, fibrinogen, and thronbin. 44 The

pol ymer co osition of claim?29, wherein the _blogod c one conprises
platel et rith pl ashBef RLGReT eF?f“F?PS& vies ¥k c %ﬁ‘émpo;?@ SﬁﬁGSl*f}P%n of
claim 29, wmmﬂdﬂlﬁcbh©onent comprises platelet rich plasma free of

erythrocytes.

45, The polymer composition of claim 29, wherein the

blood component is anticoagulated.

46. The polymer composition of claim 45, wherein the
blood component contains an anticoagulant selected from the

group consisting of citrate, heparin or EDTA.

47. The polymer composition of claim 29, wherein the
blood component comprises a pro-coagulant to improve

coagulation/solidification at the site of introduction.

48. The polymer composition of claim 47, wherein the
pro-coagulant is selected from the Jgroup consisting of
thrombin, calcium, collagen, ellagic acid, epinephrine,
adenosine diphosphate, tissue factor, a phospholipid, and a
coagulation factor.

49, The polymér composition of claim 48, wherein the

coagulation factor is factor VII.

50. The polymer composition of claim 29, wherein the

blood component is autologous or non-autologous.



bl ood conponent is anticoagul ated. 46. The pol yner conposition of claim 45,
wherein the blood conponent contains an anticoagul ant sel ected fromthe
group comvederomg of citrate, heparin or EDTA. 47. The pol paeICAecwmpssi ti on
of claim 29, wherein the blood conponent conprises a pro-coagulant to

i nprove coagul ation/solidification at /Re-site of introduction. 48. The
pol ymer conposition of claim47, wherein the pro-coagulant is selected
fromthe group conShstipglwhert hroopoisitical cofimecledd agen, weldradginc aeéd,

epi nephrin g?gpo i i phosphat tissue_f [, i.pid, d a
coagulatioﬁp?lc or.§%@50$%29§§I3%E$K§%%§%§i?ig%£§ éﬁﬁgﬂgﬁgﬁg%%ergi% he
coagul ati ont® akt®rl iwlflacresrast . taothaHel ol yeRERPeREPOSi t i on of cl ai m 29,
wherein the blood conmponent is autol ogous or non-autol ogous. WO 02/00272
PCT/ CA01/ 00959 - 73 51. The polyner conposition of c¢claim29, wherein the
pol ymer conmposi ti oflPs RREBAGH GOMBPFELVAryiChy FHotH 12200 WReF oid0: 924 t h
respect to pdieyidood canpesenion52. ardde pohyMerbTOPOSi to@Poéne! ai 29,
wherein Sai%a}?%%%: conposi,tion_and th blqgg conponent are _mechanically
m xed usindnéﬁd% W%V%%,m F??rﬁﬁéPQVSPPg i g, < 6r {Fkﬁ%'p%%g%%XT%g'
syringes. 53¢ rithet olg/ mexssodposi syomeetording to any one of clains 29 to
52, wherein the tissue is selected fromthe group consisting of cartil age,
meni scus, Iiganent, tendon, bone, skin, cornea, periodontal tissues,
abscesses, °Yesect 8%t URBEENCANFWRE S 1Y, 2pserefing t eppetat uPeedepEndent

pol yner gelc1£0iosbt iton 42 LhssHenr €pai feime The Wee ek etl arB¥b4ihe
wherein the conpositipn .conprises a; | east one bl ood conponent. 56. Use of
2 pol ymer CHHGSI £PBN T 6IRPepal ARG [ EresdiEn scts, Ligalent,  tendon,

bone, skin, cornea, periodontal tissues, abscesses,

resected tumors, and ulcers.

54, Use of a temperature-dependent polymer gel

composition for tissue repair.

55. The wuse of claim 54, wherein the composition

comprises at least one blood component.

56. Use of a polymer composition for repairing a tissue
said polymer composition being mixable with at least one
blood component, said polymer composition when mixed with
said blood component results in a mixture, said mixture
turning into a non-liquid state in time or upon heating,
said mixture being retained at the site of introductioﬁ for

repairing the tissue.

57. The use of claim 56, wherein the polymer is a

modified or natural polysaccharide.

58. The use of claim 57, wherein the polysaccharide 1is
selected from the group consisting of chitosan, chitin,
hyaluronan, glycosaminoglycan, chondroitin sulfate, keratan
sulfate, dermatan sulfate, heparin, and heparin sulfate.

)



sai d pol ymer conposition being mxable with at |east one blood conponent,
sai d pol yner conposition when m xed with said blood conponent results in a
m xt ure, vwaonzoarxture turning into a non-liquid state inPCT/AROILOOISHPON
heating, said mxture being retained at the site of introduction for ~~
repairing the tissue. 57. The use of cld®nT56, wherein the polyner is a
nodi fi ed or natural polysaccharide. 58. The use of claim57, wherein the
pol ysaccharide is Thel ected fradm t héagmoupbeonsiwdtaneg rof thet ogamlymdartin,

hyal ur onan, . hoghysans ghandr .o sul.fat,

der mat an suci(%gy epar?n b nﬁe e(|§taﬂﬂ|£ér?d&sf at!é bbé%g %% P%%%ﬁ%%%ogsg
- 74 59. BHOUEE I (2 A¥9A BRI t he pol ymer  conposition conmprises a
natural, reconbinant or synthetic protein or a poI yam no acids. 60. The

use of cI ai m 59, rein th | yami no acids jis polylysine. 61, The use
of claimb5% V\,her\(,a\& €t H&%n rcilalﬁ“roc’t ai ?e%lm ﬁy acﬁl‘ig%lja% n.
62. The use qfolgtlapairdd, wherein the polynmer conposition conprises
polylactic acid, polyglycolic acid, a synthetic hono and bl ock copol ynmers
contai ning carboxylic, am no, sulfonic, phosphonic, phosphenic

functional iGli-es wrhk osewiotthedeiaddi%ti omelr<fimndtiomatitiads pBFeifheisise of

claim 62, whengin the ition elaf netionalities are selected fromthe
group consisting of hydroxyl, h|o al koxy, aryl oxy, acyloxy, and

aroyl oxy. 64. The use of claim 56, wher ein the polyner conposition is
initially dissol vedher suspendgd iplaifuffes, ceamaidlinng ther g Cysatt s.
65. The use of clatf m 64, wherein t%h]@{i norgamc&alts re sel ect e fromthe
group consi SRS BF 9t UH My <o di Horidedr gt ReEi Rl aagiin @

magnesi um sphosphate, homo and block copolymers contalnlng carboxylic,
amino, sulfonic, phosphonic, phosphenic functionalities

with or without additional functionalities.

63. The wuse of «claim 62, wherein the additional
functionalities are selected from the group consisting of

hydroxyl, thiol, alkoxy, aryloxy, acyloxy, and aroyloxy.

64. The use of <claim 56, 'wherein the polymer
composition is initially dissolved or suspended in a buffer

containing inorganic salts.

65. The use of claim 64, wherein the inorganic salts
are selected from the group consisting of including sodium,
chloride, potassium, calcium, magnesium, phosphate,

?

sulfate, and carboxylate.

66. The use of claim 56, wherein the polymer
composition 1s dissolved or suspended in a buffer
containing an organic salt selected from the group
consisting of glycerol-phosphate, fructose phosphate,
glucose phosphate, L-Serine phosphate, adenosine phosphate,
glucosamine, galactosamine, HEPES, PIPES, and MES.

67. The use of claim 56, wherein the polymer

composition has a pH between 6.5 and 7.8.



sul fate, and carboxylate. 66. The use of claim56, wherein the pol yner
conposition is dissolved or suspended in a buffer containing an organic
salt sel avdetlof2rom t he group consisting of gl ycerol - phospoeiCagt/éasct ose
phosphate, gl ucose phosphate, L-Serine phosphate,™ &é&nbstrie phosphat e, ~

gl ucosam ne, gal actosani ne, HEPES, PIPE%> and MES. 67. The use of claim 56,
wherein the polynmer conposition has a pH between 6.5 and 7.8. WD 02/00272
PCT/ CAOL/ 00959 - 75 68. The use of claimb56, wherein the polynmer solution
has an os rity u d sizol o b L and
600 nOsnf Erg@ Tﬁgéuzltg%of&gl gllQP%G S%Mﬁ}gelagne]trﬁey}g?ogg\yg’%%roneol[mﬂ

sel ected fh&f téﬁe C@ﬂ@.ﬂ{ﬁ—@dﬁél%ﬂ%@ﬁﬁ whot @lmfiﬂddloglmédceéfs]etﬁ Beoteevenous
bl ood, arterg@lyddpad, o e ffcyn/tbone, bl ood from bone-narrow, bone
marrow, unbilical cord blood, and pl acenta bl ood. 70. The use of clai m 56,
wherein the bl ood conponent is selected fromthe group consisting of
erythrocyt m I eukﬁéyheé om’oagaytnese phatealedtns .t Hd bﬁiﬂdﬁi@g&:’bmgﬂiﬁbﬂ’d'lrmbi n.
71. The use f ein the bl ood component m%rﬁses Iet
rich plasnae?f%%e% §?%ro Fes ITPHP . AR CPS 2 >wh ? The
bl ood conmpenamtedss=d antdecdagukated. bidodiheaniserofl chapou/2 blwher ef rom he

bl ood compenent,  5PBLA! ?mfﬁnb%@lte'-%%@%ﬁntb&%eﬁgfgo&r0%{1% GQURorg

consisting of citrate, eparln or e use of erein
the bl ood &dmsshertnd gomsiandes b 9b- coagul ant to i nprove

coagul ation/solidification at the site of introduction. 75. The use of
claim 74, ereln t r o- cQagul ant el ected fr t he group consjsting
of thronbi caIC|EH? QESIPEQgﬁalglﬁéglﬁ' e édicn qué%%ﬁﬁﬂﬁﬂﬁrﬁ§

diphosphat$£lected from the group consisting of erythrocytes,

leukocytes, monocytes, platelets, fibrinogen, and thrombin.

71. The use of claim 56, wherein the blood component

comprises platelet rich plasma free of erythrocytes.

72, The use of claim 54, wherein the blood component is
anticoagulated.
73. The use of claim 72, wherein the blood component

contains an anticoagulant selected from  the group

consisting of citrate, heparin or EDTA.

74. The use of claim 56, wherein the blood component
comprises a pro-coagulant to improve

coagulation/solidification at the site of introduction.

75. The use of claim 74, wherein the pro-coagulant is
selected from the group consisting of thrombin, calcium,
collagen, ellagic acid, epinephrine, adenosine diphosphate,

tissue factor, a phospholipid, and a coagulation factor.

76. The use of claim 75, wherein the coagulation factor
is factor VII.



ti ssue factor, a phospholipid, and a coagul ation factor. 76. The use of
claim75, wherein the coagulation factor is factor VII. WO 02/00272

PCT/ CAOLMO9B®272 76 77. The use of claim 56, wherein theCcbiCaodomwwsnponent
i s autologous or non-autol ogous. 78. The use of claim56, wherein the

pol ymer conposition is used in a ratiro/parying from1:100 to 100:1 with
respect to the bl ood conponent. 79. The use of claimb56, wherein the

pol ynmer cotiposi ti Oheandet bé hiladeh cayportenteiar eemedilanidatdyponeced issi ng

sound waves, St %%Jn%%%q{%rg_%d\g%]%o@l tiple passes in syringes. 80. The

use of any one ¢ einthe tissue is selected fromthe
group consisting of cartilage, neniscus, |liganent, tendon, bone, skin,

cornea, perjgdontakpetisgues, foscesaes, resect gy s, +3ad UbGENRe1 81
Use of a chitosan solutjon for cell delivery tqQ repair or regenerate a

tissue in WIROTHIPENT 08382 3B &t £k 1 oMerYeReg o8 o 3HW 61 t¢P thsan
and bei ng Jithutadmeaet cdetdhasrmgel domegonsad d sol ution being mxed with
cells prior to being injected into a tissue to be repaired or regenerated.
82. The use of claim81, wherein the chitosan conposition is induced to
t hernmogel bAP addi t Tbe ofusghosphat elaghycer®] phispledine okhgl ucoshymere. 83.
The use of i Y r}l\:h&{ i h 14t ti Nas, & P .5 to
7.8. 84. Th%ﬁ%%%loc al n(?8£1]}?ém§%§§:(‘jn%?ﬂ§o§§ Ilﬂs. a%%e autéta)rfloc_!g;éolljl.'L Y)}?ﬁ?e@
non- aut ol ogbtisng 8BPUTheW RS of SELALANGL, VAFELELAJY h@Te dU st lle seaeeed
fromthe grigupsgonsiesding of primary cells, passaged cells, selected
cells, platelets, stromal cells, stemcells, and genetically nodified
cells.

80. The use of any one claims 56 to 79, wherein the

tissue is selected from the group consisting of cartilage,
meniscus, ligament, tendon, bone, skin, cornea, periodontal

tissues, abscesses, resected tumors, and ulcers.

81. Use of a chitosan solution for cell delivery to
repalir or regenerate a tissue in vivo, said chitosan
solution comprising 0.5-3% w/v of chitosan and being
formulated to be thermogelling, said solution being mixed
with cells prior to being injected into a tissue to be

repailred or regenerated.

82. The use of «claim 81, wherein the chitosan
composition is induced to thermogel by addition of
phosphate, glycerol phosphate or glucosamine.

83. The use of claim 81, wherein the chitosan solution
has a pH between 6.5 to 7.8.

84. The wuse of «c¢laim 81, wherein the cells are

autologous or non-autologous.

85. The use of claim 81, wherein the cells are selected
from the group consisting of primary cells, passaged cells,
selected cells, platelets, stromal cells, stem cells, and

genetically modified cells.



WD 02/ 00272 PCT/ CA01/ 00959 - 77 86. The use of claim 81, wherein the
cells are suspended in a carrier solution. 87. The use of claim 86,
wher ei n tweovemr: er solution conprises hyaluronic acid, PCT/CA01/00959

hydr oxyet hyl cel | ul ose, collagen, alginate, or a water-sol uble polyner. 88.
Use of a gelling chitosan solution for dudlturing cells in vitro, said
chitosan solution conprising 0.5-3% w v of chitosan and bei ng fornul at ed
to be thernogelling, said solution being is mxed with cells prior to

being cultyred innyitra. 89. The of o ¢l ai -wherein t chit n
conpositioéygé indE%éd ?gethéﬁandaﬁiﬁ§ a%%itighgg?lﬂghggﬁhafgsjﬁ?yégggl
phosphat e crusplansisshritne G rigie skitofort] ai m 89, wherein the chitosan
solution has a pH between 6.5 to 7.8. 91. The use of claim89, wherein

said cells are selected fromthe group consisting of primary cells,
passaged célis, selBet&FScettsClatofdlr CEIeeSint BRFcHAELICTamPYenktt cal | y

modi i ed p&kﬁ®ﬁﬁﬁés'HyhlumbmﬁccﬁéﬂdnEﬂydﬁwxyéﬁﬁylééﬂxuﬂé§eﬁu¢b1£a§@@pded
In a carriler, so

tion, 93. The us f. claim 91, wherein the carrier
sol ution 6gﬁﬁfF§§§ ﬁﬁﬂ%n%ﬁﬁ???ﬁ§1ﬁ£¥ﬁmﬁ?$%%ﬁ$yIcelIulose, col | agen
al ginate, or a water-soluble polyner. 94. A polynmer conposition containing
bet ween O. and 0% Wy af % 1,0, 10Q% cetyld £ higes i.t.h . aver age
mol ecul ar 3%%'ht (gné}ng f%oﬁ%%&%ag{oglc%gggandyﬁﬁgﬁgéd %gnggﬁggﬁghﬁgé
02/ 00272 PCEIGARD1L00959ra, 782195 Chikessel yhetuebe osiorPar séfdcl i md,

3h$¥ein tthﬁﬁ“&foéﬂﬂtb§aﬂi%ﬁﬁiV@éﬁﬂ@ 2Prt Pante @b Eﬂ@rﬂﬁg&ﬁbjgmﬁiﬂ§¢e
urter. said solution being is mixed with cells prior to being

cultured in vitro.

89. The use of «c¢laim 88, wherein the chitosan
composition is induced to thermogel by addition of

phosphate, glycerol phosphate or glucosamine.

90. The use of claim 89, wherein the chitosan solution
has a pH between 6.5 to 7.8.

91. The use of «c¢laim 89, wherein said cells are
selected from the group consisting of primary cells,
passaged cells, selected cells, stromal cells, stem cells,

and genetically modified cells.

92. The use of claim. 89, wherein the cells are

suspended in a carrier solution.

93. The use of claim 91, wherein the carrier solution
comprises hyaluronic acid, hydroxyethylcellulose, collagen,
alginate, or a water-soluble polymer.

94. A polymer composition containing between 0.01 and
10% w/v of 20% to 100% deacetylated chitosan with average
molecular weight ranging from 1lkDa to 10MDa and a blood

component.



96. The pol ynmer conposition of claim95, wherein the organic or inorganic
phosphate buffer is a phosphate or glycerol phosphate containing buffer.
97. The podymer7ronposition of claim 95, wherein the chipoOFanoi/emIss he
conposition is in a soluble state, said conposition having a pH between
6.5 and 7.4. 98. The method of claim 3, "Rherein the site of introduction
in the body has been surgically prepared to renove abnormal tissues. 99.
The net hod IF. cl ai The8,pahgner ncoheokiissve okquilriimg 9epawheirsiaurgieal |y
prepared by..pi | NGO i ot _drilli I j 1] ions or
vascularizé: ;ggﬁggglﬁoagégggggghgﬂng sof%%nﬁﬁéQﬁgﬁﬁﬁggg%iﬁéﬁﬁﬁééééy%o
mgrate i nt3 R site requiring repair.

96. The polymer composition of claim 95, wherein the
organic or inorganic phosphate buffer is a phosphate or

glycerol phosphate containing buffer.

97. The polymer composition of claim 95, wherein the
chitosan in the composition is in a soluble state, said

composition having a pH between 6.5 and 7.4.

98. The method of c¢laim 3, wherein the site of
introduction in the body has been surgically prepared to

remove abnormal tlssues.

99. The method of claim 98, wherein the tissue
requiring repair is surgically prepared by piercing,
abrading or drilling into adjacent tissue regions or
vascularized regions to create channels for the polymer

composition to migrate into the site requiring repair.



