CARTLLAGE | MPLANT / This invention relates to methods of
cul ture of chondrocytes, and in particular to nmethods (®f,pi ratifon of
chondrocyte cultures suitable for use in tissue graftlﬁg . CK ND OF
THE | NVENTI ON Cartil age damage is a ngjor ﬁghrfestatlon of
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Because cgghgggge is a non-vascul arised tissue, it heals very slowy after
i njury, 3 es not regenerate. Al though there have been nmany attenpts to
utilise either cartilage cultured in vitro or isolated chondrocytes

cul tured HR¢KGROMNDIC PPVENTIONT avour devel opment of a cartilage-1like
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be obtai ned using’isol ated chaondrocytes. Pat ent No.
4642120 bin dgseperative plfﬂar;tldeawlwe@t@@nha%t Certilags mpy glso sufter damage as

the result of injury, and damage to the meniscal cartilage of the knee is especially
common in skiers, football players from all codes, basketball players and netball
players. Damage to cartilage at other sites may also result from injury or disease, for
example to the cartilage of the nasal septum or of the ear. In addition to cartilage
damage caused by disease or injury, a cartilaginous structure may be absent or
incomplete as a result of a congenital defect..

Because cartilage is a non-vascularised tissue, it heals very slowly after
injury, and does not regenerate. Although there have been many attempis to utilise
either carﬁlage cultured in vitro or isolated chondrocytes cultured under conditions
adapted to favour development of a cartilage-like three-dimensional architecture as
grafts to repair cartilage damage, their success has been limited by the very small size
of the cartilage fragments which can be cultured, and of the cartilage-like cultured
tissues which can be obtained using isolated chondrocytes.

US Patent No. 4642120 by Nevo and Itay, assigned to Ramot University
Authority for Applied Research and Industrial Development Limited, describes gel
compositions for repairing cartilage or bone defects, comprising embryonal
chondrocytes or other cartilage cell precursors, together with fibrinogen, a protease
inhibitor, and thrombin. The latter three components form a biological glue. US
Patent N0.4846835 by Grande describes transplantation of chondrocytes seeded in a
three-dimensional collagen matrix in order to promote healing of lesions in articular
cartilage. US Patent No.5041138 by Vacanti et al., assigned to Massachusetts Institute
of Technology and Children's Hospital, describes methods for preparing cartilaginous
structures for implantation, comprising growing chrondrocytes on a biodegradable and
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None of the methods hitherto available provides a cartilage implant
which will survive and retain its three-dimensional form for prolonged periods in vivo.
V. Ting et al, "In Vitro Prefabrication of Human Cartilage Shapes Using Fibrin Glue
and Human Chondrocytes" (Annals of Plastic Surgery 40 (4) 416, April 998) stated that
the size and shape of the constructs decreased rapidly:

" After 4 weeks culture in vitro, the volume of the construct
decreased by approximately 75% and lost a significant degree of
some features. - After subcutaneous implantation of the construct
for 4 weeks, further blunting of its features was seen along with
reduction of its volume by approximately half, with a final volume
of roughly 12% of its original volume at time of molding"

Thus there is a great need in the art for improved methods of producing a
cartilage-derived tissue for grafting.

We have now surprisingly found that by using a three-dimensional
support comprising a polymer core, suitably resorbable suture fibres coated with fibrin,
a cartilage-like architecture of any desired three-dimensional shape can be obtained,
with even distribution of chondrocytes, retention of chondrocyte morphology, increase
in collagen content, and delayed degradation of the construct in vitro and in vivo. The
polymer core provides support which enables prolonged retention of the shape of the



which will survive and retain its three-dinensional formfor prol onged
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3 matrix of resorbable material which has been pre-coated by a tissue-compatible protein;

and

d) culturing the chondrocytes under conditions and for a time suitable
to permit the chondrocytes to adhere to and grow into the matrix.

Preferably the chondrocytes are isolated by enzymatic digestion of the
cartilage.

In an alternative aspect, embryonal chondrocytes, pre-chondrocytes or
other chondrocyte precursors such as mesenchymal cells may be used in addition to or
instead of chondrocytes. For example, International patent application No.
PCT/US97/18862 (W098/17791) by Advanced Tissue Sciences, Inc. describes the
isolation of pre-chondrocytes from Wharton's jelly of the umbilical cord and their
mitotic expansion in culture to produce cartilage tissue for therapeutic use. This has the
advantage that the number of starting chondrocytes is not limited by the size of the
tissue sample which can be taken from a donor site. Where chondrocyte precursors are
used a preliminary incubation to permit expansion of cell members and cell
differentiation may be required, and this may be effected as described in
PCT/US97/18862. .

Preferably the three-dimensional resorbable matrix is a resorbable suture
material, such as polygalactin surgical suture material, or collagen-glycosaminoglycan
suture material. The latter is marketed under the trade mark INTEGRA. Such suture
materials are also known as absorbable. Any biologically-compatible sterilizable
material which can be digested by body tissues and therefore will not permanently
remain in the body may be used. Suitable materials are known to persons skilled in the
art.

Preferably the tissue-compatible protein is fibrin; more preferably the



construct in vivo. SUMVARY OF THE | NVENTI ON According to a
first aspect, the invention provides a nethod of preparing a cartil age

i npl ant suitable for transplantation into a host, conprising the steps of:
a) harvesting a tissue source of chondrocytes froma donor site;

b) isolating chondrocytes fromthe tissue source; c)
culturing the chondrocytes in the presence of a three-dinensional matrix of
resorbabl e material which has been pre4coated by a tissue-conpatible
protein; and d) culturing the chondrocytes under conditions
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preferably autologous, in order to avoid complications caused by graft rejection. The
tissue to be used as the chondrocyte source may also depend on the defect to be
i-epaired, and may be ear cartilage, nasal septum, or meniscal or articular cartilage. It
will be clearly understood that while it is preferable to use the same type of cartilage as
that which is to be repaired, it is not essential to do so. No significant difference in the
quality of the cartilage formed was observed when different tissue sources were used.

In a second aspect, the invention provides a matrix for chondrocyte
culture, comprising a resorbable polymer material, optionally pre-coated with a tissue-
compatible polymer, and coated with a tissue-compatible protein.

As described above, preferably the resorbable polymer is a resorbable
suture material, such as polygalactin, and the tissue-compatible polymer is a co-
polymer of PGA and PLLA, and the tissue-compatible protein is fibrin.

The matrix can be any desired shape, and for example may be in the
form of an ear or a nose, or a part thereof. We have found that using the constructs
and methods of the invention, the three-dimensional shape is retained in vive for over 6
months following implantation. |

According to a further aspect, the invention provides a method of
preparing a matrix for chondrocyte culture, comprising the steps of:



Preferably the tissue-conpatible proteinis fibrin; nore preferably the

4 fibrinis freshly prepared, nost preferably by the action of thronbin
500 on fi bri nogen. Preferably the matrix is coated with a

ti ssue-conpati ble polynmer prior to being coated with fibrin. Preferably the
ti ssue-conpati ble polynmer is either a polygalactin-poly-L-lactic acid

(PGA- PLLA) co-polynmer or is PLLA The period for which
t he chondrocytes are cultured in the prSesence of the matrix will depend on
the size of the tissue defect to be repaired, but will usually be in the
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omestic animal such as a’horse, bovine, sheep or goat; a companion animal such as a
dog or cat; or a zoo animal such as a felid, canid, bovine or ungulate.
For the purposes of this specification it will be clearly understood that
the word "comprising” means "including but not limited to", and that the word

"comprises" has a corresponding meaning.

BRIEF DESC ION OF G

Figure 1 illustrates a plaster mould A used to form a random tangle of
PGA fibres into the desired three-dimensional shape.

Figure 2 illustrates the apparatus used for spraying fibrin on to the three-
dimensional matrix.

DETAILED D RIPTION OF THE INVENTION _
The invention will now be described in detail by way of example only by
reference to the following non-limiting examples, and to the figures.

Materials
Chemicals

Dulbecco's Modified Eagle's
Medium (DMEM) GIBCO 23700-040
Sodium bicarbonate GIBCO 895-1810IN



In a second aspect, the invention provides a matrix for chondrocyte
culture, conprising a resorbable polynmer material, optionally pre-coated
with a tissue- conpatible polyner, and coated with a tissue-conpatible
pr ot ei n. As descri bed above, preferably the resorbable
polymer is a resorbable suture material, such as polygal actin, and the
ti ssue-conpatible polyner is a co- polgnmer of PGA and PLLA, and the

ti ssue-conpatible protein is fibrin. The matrix can be any
desired spgppjignd for exanple may be in the, form of an, or a nose, or
a part thereof W have found that using the gc%nstruct? met hods of the
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Preferablﬁzthe resorbable material, the poly and the ein are as
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defi ned alb@¢igl bovine serum Accor di ng to aGIRECOt h aspect the invention
provi des inraideed of repairing a cartil age g the step of
grafting ;rhe cda%r@ti | age i npl ant of the inven%igﬁlln |nto %Bgﬁ@ in need of
such treat bin Sigma T-9549
Aprotinin Boehringer Mannheim 981-532
Vicryl suture Ethicon W-9901
Compound of 50% PGA-50% PLLA Medisorb
5050DL High 1.V.
Methylene chloride Sigma
17-3
Trypsin GIBCO
840-7073IL
EDTA Sigma
E-5134
Collagenase type II Sigma
C-6885

The complete medium for growth of chondrocytes contained:

DMEM with glucose 4500 mg/L, glutamine 584 mg/L and HEPES 25mMol

Foetal bovine serum 10%
Penicillin 100 p/cm?
Streptomycin 100 ug/cm?
Non-essential amino acids 0.1 mMol
Proline 0.4 mMol

Ascorbic acid S50 mg/LL



The subject may be a human or an animal. The animal may be a donestic
ani mal such as a horse, bovine, sheep or goat; a conpanion ani mal such as a -
dog or cat; or a zoo animal such as a felid, canid, bovine or ungul ate.

For the purposes of this specification it will be clearly understood that
the word "conprising” neans "including but not limted to", and that the
word "conprises" has a correspondi ng ne?ning. BRI EF DESCRI PTI ON OF THE

FI GURES Figure 1 illustrates a plaster nould A used to forma
random tangl e of PGA fibres into the desired three-di nensional shape.
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The invention will now be described in detail by way of exanple only by
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Example 1 Preparation of Chondrocytes

A sample of autologous ear cartilage 1 cm x 1 cm x 0.3 cm in size was
taken from the donor site of a rabbit under sterile conditions, transferred immediately to
the laboratory, where it was weighed and its size measured. The cartilage sample was
washed several times with phosphate-buffered saline (PBS) pH 7.4 and excess
connective tissue attached to the cartilage was trimmed off. The cartilage was diced
into Imm3 cubes, which were transferred into a 1.8 ml cryovial. Collagenase solution
as described above (3.85 mg per ml, 10 ml collagenase per gram of tissue) was added,
and the fragments were stirred at 40 rpm for 15 hours at 37°C.  The fragmenis were
then centrifuged at 1000 rpm for 5 minutes at room temperature to remove the
collagenase. The pellet was resuspended with 1.5 ml 0.02% EDTA. After 10 minutes
incubation, the pellets were washed twice with PBS, and then the fragments were .
triturated with a 10ml pipette to disperse the cells.

The isolated chondrocytes in culture medium were counted using a
haemocytometer, and the cells were plated at a density of 1 x 1¢f per cm? in the
complete medium described above. The culture was re-fed with 20 ml culture medium
on a Monday-Wednesday-Friday schedule. The cells were routinely subcultured with
trypsin-EDTA when the culture became pre-confiuent.

Example 2 Preparati mer ¢

Threads of polygalactin 910 (PGA) (0-0 vicryl suture material, W-9901,
Ethicon Co., Somerville, N.J.) were unbraided. A random tangle (matrix) of PGA
fibre was placed into a plaster mould, mould A, with the desired three-dimensional
shape, as shown in Figurel. The mould comprises two complementary pieces, the
convex piece fitting snugly into the dented (concave) piece. The space between the two
pieces is in the shape desired in order to repair the defect. 0.2 ml 2% of a mixture of
50% PGA-50% poly-L-lactic acid(PLLA) in methylene chloride was added to form a
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Example 3 reparation ibrin

Lyophilized fibrinogen was reconstituted with an aprotinin solution of
3,000 KIU/m] and kept for 2-3hours in a water bath at a temperature of 37 C.

5 ml of 1 mM calcium chloride was transferred into a vial containing
lyophilized Thrombin 500 (5 mg per vial), swirled briefly to dissolve the lyophilized
material, and then kept at 37°C as a stock solution until used. Prior to use, 0.1 ml of
the thrombin solution was diluted in 5 ml PBS to form the working solution.

Two syringes respectively holding the fibrinogen and thrombin solutions
were placed into a two-syringe clip and armed with a "V"-shaped connector and a
needle. The device is illustrated in Figure 2. This shows two syringes 1a and 1b with
plunges 2 and 2b respectively. The syringes placed in a two-syringe clip 3 (for
example a Duploject device), with a plunge driver 4, as indicated by the curved arrow.
The V-shaped connector 5 leads the solutions from the two syringes into a single needle
6. The solutions were passed to two separate outlets. The solutions were ejected
simultaneously from a separate nozzle just above each outlet by manual pressure on the
syringe plungers, so that the thrombin and fibrinogen blended optimally in the needle as
they were dispersed into overlapping spraying cones.

Equal volumes of the two sealant components were mixed and _
immediately applied to encapsulate the polymer construct from Example 2 in another
plaster mould, Mould B, which had the same shape as, but was slightly bigger than,
Mould A. The fibrin clots in 1 to 2 minutes. The fibrin was allowed to mature for
2hours, and then the construct was removed from its mould. The polymer-fibrin
construct was placed in a 35 mm petri dish and sterilised by irradiation with 2.5 million
rads.

Example 4 reparation of Chondrocyte-Polymer-Fibrin
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stirring for 2 to 3 weeks to permit cell adhesion and growth into the polymer matrix.

Before transplantation, the units were incubated in serum-free medium for one day and

then washed three times in PBS prior to transplantation, to prevent stimulation of an

jmmune reaction in the host.

Example 5 Implantation into a Host

' The host rabbits were weighed and general anaesthesia was induced with
0.1 ml/kg promex 2 and 0.1 ml/kg ketapex intramuscularly. The rabbits were shaved
on each side of the vertebra, and scrubbed dorsally with betadine. Subcutaneous
pouches (2 cm x 2 cm) were created on each side of the vertebra, using sterile
technique.

The constructs with cultured aﬁto]ogous chondrocytes were manually
circled with a stainless steel ring as marker, then were inserted into the opposite
pouches on the rabbits. The incisions were closed using 3-0 Ethilon sutures. The
rabbits were sacrificed and the explants were removed for analysis on day 10, 60 and
141. '

Example 6

matrix production in vitro and in vivo was examined.

For the in vitro study, cultured human chondrocytes were inoculated into
poly-galactin (PGA) or 50%PGA-50% poly-L-lactic acid (PLLA) with or without fibrin
glue coating, and cultured for 3, 13 and 30 days. In the in vivo study, a total of 12 cell-
polymer constructs were transplanted into three rabbits. Four polymer constructs with
autologous chondrocytes per rabbit were PGA and 50% PGA/50% PLLA units, with or
ﬁvithout fibrin glue coating. The rabbits were sacrificed on days 10, 60 and 141.

Over 30 days of in vitro culture, the average dry weight (DW) of the
coated PGA constructs was 53.8% of the DW on day 3, while the average DW of the
uncoated counterparts decreased to 19.6%. On day 30, the average collagen content



into | MmB cubes, which were transferred into a 1.8 ml cryovial. Collagenase
sol ution as described above (3.85 ng per m, 10 m col |l agenase per gram of
ti ssue) was added, and the fragnments were stirred at 40 rpmfor 15 hours at
37[err]C. The fragnents were then centrifuged at 1000 rpmfor 5 m nutes at
roomtenperature to renove the col |l agenase. The pellet was resuspended with
1.5 mM 0.02% EDTA. After 10 m nutes |ni:¢,1\2at|on the pellets were washed
twice with PBS, and then the fragnents re triturated vvith a |l Orn pipette
to di sperse the

e | at chondro n_cul ture
medi um weltes copigh éjérl‘&g%%? ‘H%Fehﬁ@ﬁt%ﬂgtkérs%&%?&?é@%ﬁ fhe SelﬁPléﬁggd at a

densi 1Y Qonfer of theficofiél Roigkrict (N2 40Tk BiespdREsUbnsiRAAG LESUREAYC. The
culture was re- culture’nmedium on a Monda dnesda Frl day
schedul e. 50k Pldeh| Reiyerge QWi ofdhe coptd sanstpctydegreased Feyééu&% en t he

culture b while A hriedhed BRY Becfeased to 25. B’%equhefavaa Otolkigen Mer
Construct‘sllfl:ags‘ESJO ; hreaggmgf&% x%a?aggt |on (OgO (\)/légr%l

suture na@@tﬁélpefW@QQ)EonS“EF‘hW%Qrz@?GO Bﬁer%l?uné 61\1“93-‘3 ETagRbr ai ded. A
randomta ﬁ‘ﬁia eﬁE@ﬁ ftﬁéuﬁ&%tedfdoﬁﬁﬁrﬂﬁﬁhpl aced into a plaster nould, nould

A wtht esi re ree-di nensi ona ape, as shown in Figurel. The
moul d conpri ses two m@wn@mmﬂm@@sbt andtsize Q;fdh%éﬁliﬂSY@c@ﬂﬁthtB ng snugl y

into the {;L?g{l 18§ %Bﬁ@VtgickPh@&%am Jh‘rae i%ﬁﬂ&gmbéﬂ:%%eﬂe B, in

t he shape sired in order to repal ef ect %0 mxture of

50% PGA- 500 pisilagel formed incthgisiumcoatedigounterparisayPa day 6R) e \u@t wghta@d‘@id to
forma  ,f the coated PGA construct was 666 mg, about 3.17 fold greater than that of the

uncoated counterpart. On dayl41, the WW of the coated 50% PGA-50% PLLA unit
was 424 mg, 3.21-fold that of the uncoated counterpart. The histological appearance of
the constructs presented compact and homogenous extracellular matrix (ECM) in the
coated explanis. In the peripheral layer of fibrin glue-coated constructs, the
chondrocytes appeared spherical. Darker staining with toluidine blue indicated higher
deposition of ECM. In the central area of the same construct, the chondrocytes
appeared spindle-shaped, and less ECM was deposited.

We have found that the fibrin glue forms a coating on the chondrocyte-
polymer constructs which assists in formation of new cartilage. This was demonstrated
by an increase in collagen content, retention of chondrocyte morphology, and -delay in
degradation of the constructs, both in vitro and in vivo.

Without wishing to be bound by any proposed mechanism, we believe
that the fibrin assists in retaining extracellular matrix in the constructs of the invention,
and may also stimulate synthesis of extracellular matrix components by the
chondrocytes. .
It will be apparent to the person skilled in the art that while the invention
has been described in some detail for the purposes of clarity and understanding, various
modifications and alterations to the embodiments and methods described herein may be
made without departing from the scope of the inventive concept disclosed in this
specification.



unit 1 cmx 1 cmx 0.2 cmi
vacuum ten the m xture was| g
constructs can be prepared i f bg

—==p

e met hyl ene chl ori de was renoved under
@‘ Higig(lﬁ roomtenperature. |If desired,

eniently 5 to grat—artime-—Hie——

nunber per batch will depend on denand. The [SOUSHEAET W/@EEN]

PLLA mi xture cross-links the PLA fibres to forma three-dijnensi BRBLACED

|

scaffold. 100% PLLA nmay alternatively be used. Exanple 3
Preparation of Fibrin Ll/]ophi lized fibrinogen was
reconstituted with an aprotinin solution of 3,000 KIUm and kept for

2-3hours in a water bath at a tenperature of 37 C 5m of 1

ur | | s
Thr o n R T Py ON AL A RO BNINE, 1L T yophi 11 zed

material, and then kept at 37[err]C as a. stock solution until used. Prior

touse, 0.1 nl of the thrombin solution was diluted in 5 mM PBS to formthe

wor ki ng sol uti on. Two syringes respectively holding the
fibri nogen and t hr oAlshethedbfipieparing aveartilage amplini switable forwrassplintatiorc| i p and

armed with a (V.- .and a needle. The device is illustrated
in Figur em?a‘?ﬁlstsigﬁgﬁgng\%%nsg ricz);t;ges la and Ib with plunges 2 and 2b
respectively. The syringles pl acecharvesting agissugrsontpe of ichpndtofytes fromxanpl e a
Dupl oj ect device), Withd Oplsﬂglge driver 4, as indicated by the curved
arrow. The V-shaped connector’ 5 | eads the solutions fromthe two syringes

into a single needle 6b) The sol usélating chondrqsyites devnt thet tissus spuaceit e out | et s.

The solutions were ejecfed sinul ﬂﬂﬁﬂ%: j St

above each outl et by maéual pressctlﬁlre 0 %ﬁ"eﬂ&g‘?f’?‘ﬁg?ﬁfeﬁfﬁgﬁﬁg‘?’ég“H%gt t he

t hronbin and fi bri nogendipicasidaal mgitik wf r¢spriable materiakwhishdgs besregrener e

di'spersed into overl app&&?ed\i@’?ﬁésﬁg—cgﬂlgﬁrgble. rotein: and Equal vol unmes of
r n

the two seal ant conponents e m xed nmedi at el é@appl ied to
encapsul ate the pol ymerdkonst r uctcultpong thesghomdrozyten uagen soaditions gad der #oul d,

Moul d B, which had the ﬁﬁg@uﬁgﬁ,@gi@ﬁg@rgéﬁ%lﬂhﬁeﬁg dtéi‘@&}’intd\/bu' d

A. The fibrin clots in 1 to 2 Ibri'n was a to mature for
2hours, and then the cothetmatEk. was renoved fromits nmould. The-

pol ynmer-fabrin conathghg Wﬁﬁreﬂhﬁﬁgeg chitil@ze3mplaik BSitdble forHfand8en@iieni | | sed
by irradiation with 2.5 mlli1on rads.
into a host, comprising the steps of:

a) isolating embryonal chondrocytes, pre-chondrocytes
or chondrocyte precursors from a tissue source théreof;
b) culturing the cells produced in step (a) for a time and
under conditions suitable to permit said cells to multiply and
differentiate to produce chondrocytes;
c) culturing the chondrocytes in the presence of a three-
dimensional matrix of resorbable material which has been pre-

coated by a tissue-compatible protein; and

d) culturing the chondrocytes under conditions and for a
time suitable to permit the chondrocytes to adhere to and grow into
the matrix.
3. A method according to claim 1 or claim 2, in which the three-
dimensional resorbable matrix is a resorbable suture material.
4, A method according to claim 3, in which the resorbable suture material
is polygalactin.
5. A method according to any one of claims 1 to 4, in which the tissue-
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Exampl e 4 Preparati on of Chondrocyte-Pol ynmer-Fibrin Constructs
9 For plating on to the constructs, chondroqy-t-esf~w.em_m._,,“,_,__w__m.
suspended in nedi Lim nation of 5x10[err] per m Tﬂﬁﬁf‘iﬁﬁm‘w@ﬁ[{mf
was injected with Eslelﬁ”ﬁ@gmﬁtsel | suspension. The constructBERIACS .
i ncubated at 37[err] Ctinta hurs di-fi ed at nosphere contai ni ng” 5 Y% CCFer+
the conpl ete nmedi um descri bed above in glass bottle with stirring for 2
to 3 weeks to permt cell adhesion andgrowth into the pol ymer matri Xx.
Before transplantation, the units were incubated in serumfree medium for
one day coompatible matsrebistibrite tines in PBS prior to transplantation, to
prevent sgimul ati onaGhetifa hasBiilf I°A5! Sfpbeichi3q B2 n whidh' @Bl

S OH . 8
| mpl antation into a, Host rabbits were vvelgéd and

general aenatash Yidh jadisfeescompriblapalymer priar taibeing qonrtsawkittefibrg. 0. 1 ni / kg
ket apex iqt ramuscul arhyhod B&ordiRPEd En)?’\@ﬁeeofﬁ'ﬁiﬁ?q ©'5, SAGhidd R tﬁ&h Lhe
I W t h “bet adi ne.

vertebra, ‘and scrubbed dorsally l_ | ne. Subcut aneous pouches (2 cm x
2 cm) wereomppaiibiepolymer ichpely glacsin-noleLylaeticeasid, coppdymer ex ismoleLtlactimi que.
The const ts with cultured autol ogous chondrocytes were manual ly circl ed
with a stainless steel ring as marker, then were inserted into the opposite
pouches o8. t he rabb#ftmethoacqording topry ore of daigsddtoysiingvidclpti®t hi | on

sutures. ngf@c%ésta%e \ieFifedB6hithd AEH iftD WHiLEHS bRt & (0etrdRpRuRd. f o
anal ysis on day”10, 60 and i .
0, . A method according to any one of claims 1 to 8,
in which the chondrocytes are derived from Wharton's jelly.
10. A method according to any one of claims 1 to 8, in which the
chondrocytes are derived from pre-chondrocytes or chondrocyte precursors.

’

11. A matrix for chondrocyte culture, comprising a resorbable polymer
material, optionally pre-coated with a tissue-compatible polymer, and coated with a
tissue-compatible protein.

12. A matrix according to claim 11, in which the resorbable polymer
material is a resorbable suture material.

13. A matrix according to claim 12, in which the resorbable suture material
is polygalactin.

14, A matrix according to any one of claims 11 to 13, in which the matrix is
coated with a tissue-compatible polymer prior to being coated with fibrin.

15. A matrix according to any one of claims 11 to 14, in which the tissue
compatible polymer is a polygalactin-poly-L-lactic acid copolymer or is poly-L-lactic
acid.

i6. A matrix according to any one of claims 11 to 15, in which the tissue-
compatible protein is fibrin.

17. A method of preparing a matrix for chondrocyte culture, comprising the
steps of:

a) forming a three-dimensional matrix of a resorbable polymer
material in a mould of the desired three-dimensional shape;

b)  optionally coating the matrix with a ﬁssue-compaﬁble polymer; and

¢)  coating the three-dimensional matrix with a tissue-compatible
protein.
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141. Exanple 6 Effect of Fibrin G ue Coating on Formation of New

Cartil age Th m \ﬂ‘n gl ue coating on chondrocyte
growt h and extracel | ul ar nﬂl mﬂim\ E Mlin vitro and in vivo was
exam ned. For=the in Vitfo Study, cultured hupas

chondrocytes were inoculated into poly-galactin (PGA) or SOF@IEH&SK‘?%T HAS BEEN

poly-L-lactic acid (PLLA) with or without fibrin glue coatihg, amREPLACED

cultured for 3, 13 and 30 days. In thd3in vivo study, a total=of T2 &~
pol ymer constructs were transplanted into three rabbits. Four polyner
constructig wth aw nietigduscatimgdoalahdy, frewhichlihe tesorbableRSlymext 50%

PGA/ 50% PLLA, nltse atbijs vmthot fibrin glue coating. The rabbits were
sacri fi cBRIGHI &%195 S ‘ﬁ?{&r&%in Over 30 days of in vitro

cul ture, 19he aver a@emétl;odvaecg’ding(t@\b}amfl?tdmclamnb& dol whizh terssorbattle was

53. 8% of the | e the average DWof the uncoated
counterpé‘r“ﬂ'“é %@A%lﬁ%ﬂ%ﬂa% On day 30, the average col |l agen content
10 per @oated PGA A articducctardivgsioanf @ne 0f ORirhet 7 }(g19 dhovhicliﬂik?mhﬁrbeis t he
aver age coII e co t ed ! For the sponges
consi st i (G &&% ﬁ&fﬁ’ﬁ@gpgﬁﬁggﬁl@?%gé%\% téq i cé)bé sd constructs
gecr easedit o Sg go/%mtamﬂngemﬂphm ,c@ynpdisingts metrbdwcundmgaioahyomncmfeﬂmlst s
ecrease C nstruct was
0- 25" 0. 03 Pafy 37 Shishe® (RUE-PRRaRANT0 a0t By RE G OB HRuRE"C!
uncoat ed 2gount er parA sartilage implant according to ¢laim 24, pnepzrembw@meﬁllod wei ght and
Size of g bk toRh§ bob AP RIaEHET So 11.

23. A cartilage implant according to Claim 21 or 22, in the shape of an ear

OF a nose.
24. A method of repairing a cartilage lesion, comprising the step of grafting

a cartilage implant as defined in any one of Claim 21 to 23, into a subject in need of
such treatment. '

25. A method according to Claim 24, in which the subject is suffering from
cartilage damage caused by inflammation. .
26. A method according to Claim 24, in which the subject is suffering from

cartilage damage caused by degenerative arthritis.

217. A method according to Claim 24, in which the subject is suffering from
cartilage damage caused by trauma.

28. A method according to Claim 24, in which the subject is suffering from a
congenital defect of cartilage.

29. A method according to any one of Claims 24 to 28, in which the subject
is 2 non-human mammal.

30. A method according to any one of Claims 24 to 28, in which the subject
is a human.
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reveal ed that solid, thick, new cartilage forned in each coated construct,
while little or no cartilage formed in their uncoated counterparts. On day
60, the wet weight (WN of the coated PGA construct was 666 ny, about 3.17
fold greater than that of the uncoated counterpart. On dayl 41, the WV of

t he coated 50% PGA-50% PLLA unit was 424 ny, 3.21-fold that of the uncoated
counterpart. The histol ogi cal appearance of the constructs presented
conpact and honpbgenous extracellular ntdrix (ECM in the coated expl ants.
In the peripheral layer of fibrin glue-coated constructs, the chondrocytes
appeared spherical. Darker staining with tol uidine blue indicated hi gher
deposition of ECM In the centxal,~at IMPISANRTE construct, the

chondr ocyt es appeared spi ndl e-Sfaped;—and t€ss £CM was dep05|ted

We have found that the fibrin glue forns a coating on the chondrocyte-

pol ymer constructs which assists |Qg%§$ﬁggﬂfn of new cartilage. This was
denonstrated by an increase in coll ent, retention of chondrocyte
mor phol ogy, and delay in degradation of the constructs, both in vitro and

in vivo. W t.hou
mechani sm we believe ?Wﬁtm‘f éoy F‘%&F%g’a’ilgtihg&s &% ‘{) i Al Sp&g’?e?’aglgq Ml ar
mat ri x i npdriieulgotsinethots of)prepimmmnﬁcﬂundmcyteaamdturmysum‘tﬂe foit wseLin aissue
synthesis o ext ceIIuIar 5 S.
Y arelingar A Spgttdtberaideh § SRR R HoRo by Thj{e, SRRPSKESS .
i nventi onres&wibleqmiyrdexsmauehelj opnomﬂwqardeb:aed withra isee-pumpatﬂﬂs polymmdrarity
and under st andi ar.l ous ica n I t &
enbodi e %ftﬁ 848 S%Fe'%oém?agllgk i ?réi’ B@ the E%roi'a% ?ﬁc}%ﬁ epar ting
from t he mawrpel i3fa rdserbableesntirey mateviat.e ﬂ’fhe clmmtlm elgo iprovidigssa ca;plagef i cation.
implant, comprising a matrix according to the invention, and cultured chondrocytes
adhered to and/or growing into the matrix, and methods of preparing cartilage implants,

and methods of preparing cartilage lesions.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



"THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS 1. A et hod
of preparing a cartilage inplant suitable for transplantation into a host,

conprising the steps of: a) harvesting a
ti ssue source of chondrocytes froma donor site;

b) i sol ati ng chondrocytes fromthe tissue source;

c) culturing the chondrocytes in the presence of a three-

di mensi onal natrix of resorbable materijagy which has been pre-

coated by a tissue-conpatible protein; and d)

culturing the chondrocytes under ons and for

time suitable to permt the chondrocytes to adhere go and grow into
the matrix. 2. A et hod af D )

suitable for transplantation iglia s

a) i sol ating enbr yfaagt+
or chondrocyte precursors fradgs

b) culturing the y;

differentiate to produce cho,
culturing the chondrocytes irz : S 1 G
di rensional matrix of resorbable naterlal mhlch has been pre-
coated by a tissue-conpatible protein; d)
cul turing the chondrocytes under condit ;ns and or a

time suitable to permt the chondrocyt to and grow into

the matrix. 3. A et hod accord g to claiml or claim2, in
whi ch the three- dinensional resorbable matrix is a resorbable suture
material . 4. A met hod according to claim3, in which the

resor babl e suture materi al




is polygal actin. 5. ordln to any one of clainms 1 to
4, in which the tissue- ”‘mir ”ﬁﬂ E 12
conpatible material is fibrin. ; hod accordlg? -.0..any _one
of clainms 1 to 5, in which the matrlx i's coated ‘with a tlssug fﬂ.‘ﬁ%’ﬂ?{er
pol ymer prior to being coated with fi brfn A Ud*aec-e#- th_, g
to any one of clains 1 to 6, in whicht etlssue- conpati bl poly ‘32 |
pol ygal actin-poly-L-lactic acid copolynmer or is poly-L-lactilc acy @i UJEB !
A met hod according to any one of clainms 1 to 7, in which th_ a.‘.ho.nd_r_oc tes

are deri vemmmmmmummmmmmwemrmwmﬁmF@LLQL’? janspl anted. 9. ’
A nmethod according to any one of clains 1 to 8, in which thechorgrecytes |

are derived fromWarton's jelly. 10. A met hod according to any
one of clainms 1 to 8, in which the chondrocytes are derived from f

re- chondr,ocytes or cho recur Pé or
(F:)hondr ocyté cul tur e ﬂffplo ngés%‘ g}tngqblﬁgﬁréFqngBlan@Bw onal | y

pr e- coat edntwia lost, ctam;xmmgcthapteps bf:e pol yrrer and coated with a
ti ssue-conpatible prote

matri x _acc rd| laim11l, in

whi ch the resorbabl e pof‘i/]rrer mat ep’ilré(qun§ AL SUS oS P ECHop H&cgte % Ral . 13.
A matrix according to cldenonsig; in which the resorbable SUturFamerllla![ol S
Egl yigﬁl %f LE t ﬁg matrix™ s ?og?teziis\% ﬁggﬁ?rfcﬁg‘i}'éescfaﬁ%é nﬁ?sg‘fa 5%‘Fr§?\’er prior to
being coated with fibrin) culturing the chondrocytes in the presence of a three-

dimensional matrix of resorbable material which has been pre-

coated by a tissue-compatible protein; and

d) culturing the chondrocytes under conditions and for a

time suitable to permit the chondrocytes to adhere to and grow into

the matrix.

2, A method of preparing a cartilage implant suitable for transplantation
into a host, comprising the steps of:

a) isolating embryonal chondrocytes, pre-chondrocytes

or chondrocyte precursors from a tissue source thereof;

b) culturing the cells produced in step (a) for a time and

under conditions suitable to permit said cells to multiply and

differentiate to produce chondrocytes;

c) culturing the chondrocytes in the presence of a three-

dimensional matrix of resorbable material which has been pre-

coated by a tissue-compatible protein; and

d) culturing the chondrocytes under conditions and for a
time suitable to permit the chondrocytes to adhere to and grow into
the matrix.

3. A method according to claim 1 or claim 2, in which the three-

dimensional resorbable matrix is a resorbable suture material.

4, A method according to claim 3, in which the resorbable suture material

is polygalactin.

5. A method according to any one of claims 1 to 4, in which the tissue-
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15. .. A matrix accor di ng to any one of claims 11.to 14, in which the

ti ssue conpatible polymer is a lelﬂm iy - L-lact e B,_QJ

is poly-L-lactic acid. 16. am"ﬂ@[n

augor di ng waﬂy-Taﬁé;*.foff:liﬁﬂi”
11 to 15, in which the tissue- corrpcatltble peotein is flbj{)n F

| A
|

nmet hod of preparing a matrix for chondrocyte cul ture, Vs r?rw:'t Adilst eps
of : a) fornming a three-dilensional matri if _a resor babl
polymer material in a mould of the desired three- dlnené!onal shape;

b) opt i seaipatiblegnatema) is fibrimatri x with a tissue- corrpat‘ +-bl-e--polymer.; and

o coat i the thr ' [ Lssue;c i bl e, roteln
Ty ga EINE RS aRUIRIELAR e (G obe 8 s LGS ERRR R PetifBanl e
pol yner nmoéﬁCﬁaYlth & tissuewompatible epobmmlrpemnm being coatdd with fibrin. A met hod I
accordin oclalm I rhabl e ture materia
i's pol ygglﬁactl n. ]Peri}'Eho?i a%b&]g&%eto H%%%gr%ﬂﬁsgiﬁga hlﬁgﬁg U¥PSi s 17 to
19, in mm@nlp@hblermimsr ip 8 polygalactinpoly-alackis acid-copalyater ok és pulyrRLt@ri or to
bei ng coatgggwith fibrin. 21. A cartilage inplant, conprising a
matri x according to any one of clains 11 to 16, and cultured chondrocyt es
adhered t &-and/ or grl%meﬁ@dlaﬁtl@dmgéomaym&ofelmms 1to 7, in which dhet i | ag;a [ Irrpl ant
accordin C e c ai ns
1o 11, " SyondioBnER st oPRERRLR ot Y whth Ml b e BB 55 i

t he shape %f an ear Pgmeg'loﬂ@g,@ordmg to any one of claims 1 to 8,

in which the chondrocytes are derived from Wharton's jelly.

10. A method according to any one of claims 1 to 8, in which the
chondrocytes are derived from pre-chondrocytes or chondrocyte precursors.

11. A matrix for chondrocyte culture, comprising a resorbable polymer
material, optionally pre-coated with a tissue-compatible polymer, and coated with a
tissue-compatible protein.

12. A matrix according to claim 11, in which the resorbable polymer
material is a resorbable suture material.

13. A matrix according to claim 12, in which the resorbable suture material
is polygalactin.

14, A matrix according to any one of claims 11 to 13, in which the matrix is
coated with a tissue-compatible polymer prior to being coated with fibrin.

15. A matrix according to any one of claims 11 to 14, in which the tissue
compatible polymer is a polygalactin-poly-L-lactic acid copolymer or is poly-L-lactic
acid.

16. A matrix according to any one of claims 11 to 15, in which the tissue-
compatible protein is fibrin.

17. A method of preparing a matrix for chondrocyte culture, comprising the
steps of:

a)  forming a three-dimensional matrix of a resorbable polymer
material in a mould of the desired three-dimensional shape;

b)  optionally coating the matrix with a ﬁssue—compatible polymer; and

¢)  coating the three-dimensional matrix with a tissue-compatible
protein.



. , _ e e .
24. - A nethod of repairing a
grafting a cartiage inplant a

cormrﬂiﬂ)m@ Iih”r‘ff\;%gg Qf'
! rH #)ne of{ Grat-m2++ linto

a subject in need of such treatmemt tJo

d ai rr{ 24, in which the subject is sufferl ng from cartj | ag@%g\?‘rﬁgq@% ed

by inflammation. 26. A et hod ccordlngto‘CI aim.24, _in cr t he
subject is suffering fromcartil age danage caused by dege nerative

arthritis. g27. A.met had accor.di Claim Wh—{—he»———
subj ect i d8sutferi ng* F}gg}%dcagﬁa gaé%@gl%%‘é%‘&h?)?spf Eapo pger A
met hod ac aoateliialgs b mesOrlzbie ﬂmMna:tanalhe subject is rslm(‘jferl ngdf rom a
congeni t al,qdef ect of tilage...29. . . A od ,accordin any one
of Caims 24 o 28, 4ﬁ1%m9ﬂ&g9qrﬂglgst8&l%1]%rﬂa%”fé Hﬁﬁﬂﬁﬁ?@ﬁﬁﬁﬁ %biﬁge _
A et hod aunmcmataglaltspuiygmwnof Clains 24 to 28, in which the subject is a
human.

20.

A method according to any one of claims 17 to 19, in which the matrix is
coated with a tissue-compatible polymer prior to being coated with fibrin.

21. A cartilage implant, comprising a matrix according to any one of claims
11 to 16, and cultured chondrocytes adhered to and/or growing into the matrix.

22, A cartilage implant according to claim 21, prepared by a method
according to any one of claims 1 to 11.

23. A cartilage implant according to Claim 21 or 22, in the shape of an ear
Or a nose.
24 e—A-method-of repairing-a-cartilage lesion; comprising the -siep-of-grafting

a\cEET tlage implant as defined in any one of Claim 21 to 23, into a subject in need of
such treats ent.

25.
cartilage damage caused by inflammation.

method according to Claim 24, in which the subject is suffering from

26. A method cording to Claim 24, in which the subject is suffering from
cartilage damage caused b;\&é“g nerative arthritis.

27. A method according te,Claim 24, in which the subject is suffering from

cartilage damage caused by trauma.
28. A method according to Claim 24sjn which the subject is suffering from a
congenital defect of cartilage. N
29. A method according to any one of Claims 24 to 28, in which the subject
is a non-human mammal. N
30. A method according to any one of Claims 24 to 28, "iimz_hich the subject

is a human.




