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METHODS, INSTRUMENTS AND MATERIALS FOR
CHONDROCYTE CELL TRANSPLANTATION

FIELD OF THE INVENTION

The present invention relates to the field of chondrocyte cell
transplantation, bone and cartilage grafting, healing, joint repéir and the
prevention of arthritic pathologies. In particular, the present invention is
directed to new methods and instruments fo'r- chondrocyte cell
transplantation and cartilage regeneration.

BACKGROUND OF THE INVENTION

More than 500,000 arthroplastic procedures and total joint
replacements are performed each year in the Unite_d States.
Approximately the same number of similar procedures are performed in
Europe. Included in this number in Europe are about 90,000 total knee
replacements and around 50,000 procedures to repair defects in the
knee. These numbers are essentially the same in the U.S. (Praemer A.,
Furner S., Rice, D. P., Musculoskeletal conditions in the United States,
American Academy of Orthopaedic Surgeons, Park Ridge, Ill., 1992,
125).

A method for -regeneratibn treatment of cartilage would be most useful
and could be performed at an earlier stage of joint damage, thus
reducing the number of patients needing artificial joint replacement
surgery. With such preventive methods of treatment, the number of
patients developing osteoarthritis would also decrease.
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Techniques used for resurfacing the cartilage structure in joints have
mainly attempted to induce the repair of cartilage using subchondral
drilling, abrasion and other methods whereby there is excision of
diseased cartilage and subchondral bone, leaving vascularized
cancellous bone exposed (Insall, 1., Clin, Orthop. 1974, 101, 61; Ficat
R. P. et al., Clin Orthop. 1979, 144, 74; Johnson L. L., in Operative
. Arthroscopy, McGinty J. B., Ed., Raven Press, New York, 1991, 341).

Coon and Cahn (Science 1966, 153, 1116) described a technique for the
cultivation of cartilage synthesizing cells from' chick embryo somites.
Later, Cahn and Lasher (PNAS USA 1967, 58, 1131) used the system
for analysis of the involvement of DNA synthesis as a prerequisite for
cartilage differentiation. Chondrocyte cells respond to both EFG and FGF

by growth (Gospodarowicz and Mescher, 1. Cell Physiology) 1977, 93,
117), but ultimately lose their differentiated function (Benya et-al., Cell
1978, 15, 1313). Methods for growing chondrocyte cells were described
and are principally being used with minor adjustments by Brittberg, M.
et al. (new Engl., J. Med. 1994, 331, 889). Cells grown using these
‘methods were used as autologous transplants into knee joints of
patients. Additionally, Kolettas et al. (3. Cell Science 1995, 108, 1991)
examined the expression of cartilage-specific molecules such as
collagens and proteoglycans under prolonged cell culturing. They found
that despite morphological changes during culturing in monolayer
cultures (Aulthouse, A. et al., In vitro Cell Dev. Biol., 1989, 25, 659,
Archer, C. et al., J. Cell Sci. 1990, 97, 361; Hanselmann, H. et al., 1.
Cell Sci. 1994, 107, 17; Bonaventure, 1. et al., Exp. Cell Res. 1994,
212, 97), when compared to suspension cultures grown over agarose
gels, alginate beads or as spinner cultures (retaining a round cell
morphology) tested by various scientists did not change the
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chondrocyte -- expressed markers such as types II and IX collagens and
the large aggregating proteoglycans, aggrecan, versican and link protein
did not change (Kolettas, E. et al., J. Cell Science 1995, 108, 1991).

Wakitani et al. (Tissue Engineering 4 (4), 429 (1989) described the use
of collagen Type I gels in animal experiments to repair cartilage defects.
In all instances, the major problem was the lack of biomechanical
properties required for functional tissue repair.

The articular chondrocytes are specialized mesenchymal derived cells
found exclusively in cartilage. Cai’tilage is an avascular tissue whose
physical properties depend on the extraceliular matrix produced by the
chondrocytes. During endochondral ossification, chondrocytes undergo a
maturation leading to cellular hypertrophy, characterized by the ‘onset
of expression of type X collagen (Upholt, W. B. and Olsen, R. R., In:
Cartilage Molecular Aspects (Hall, B. & Newma'n, S., Eds.) CRC Boca
Raton 1991, 43; Reichenberger, E. et al.,, Dev. Biol. 1991, 148, 562;
Kirsch, T. et al., Differentiation, 1992, 52, 89; Stephens, M, et al., J.
Cell Sci., 1993, 103, 1111). - - o

Excessive degradation of type II collagen in the outer Iayers of articular
surfaces of joints is also caused by osteoarthritis. The collagen network
is accordingly weakened and subsequently develops fibrillation whereby
matrix substances such as proteoglycans are lost and eventually
displaced entirely. Such fibrillation of weakened osteoarthritis cartilage
can reach down to the calcified cartilage and into the subchondral bone
(Kempson, G. E. et al., Biochem. Biophys. Acta 1976, 428, 741; Roth,
V., and Mow, V. C., 1. Bone Joint Surgery, 1980, 62A, 1102; Woo, S. L.-
Y. et al., in Handbook of Bioengineering (R. Skalak and S. Chien Eds),
McGraw-Hill, New York, 1987, pp. 4.1-4.44). |

SUBSTITUTE SHEET (RULE 26)



WO 00/09179 ) PCT/EP99/05993

Descriptions of the basic development, histological and microscopic
anatomy of bone, cértilage_ and other such connective tissues can be
found for example in Whea'ter, Burkitt and Daniels, Functional Histology,
2" Edition (Churchill Livingstone, London 1987, Chp. 4). Descriptions of
the basic histological anatomy of defects in bone, cartilage and other
connective tissue also can be found for example in Wheater, Burkitt,
Stevens and Lowe, Basic Histopathology, (Churchill Livingstone, London,
1985, Chp. 21).

Although the need for chondrocyte cell transplantation has ‘been
described atllength at least in the above mentioned references, there
remains a need for a satisfactory and effective procedure for cartilage
repair either by tra_nsplantation or otherwise.

BRIEF SUMMARY OF THE INVENTION

The present invention provides an implantable article including a
support matrix which can support the grthh and attachment of cells
thereto, and a method of implanting such an article to regenerate cells
at an implantation location. In one embodiment, the present invention
proVides a method for the effective treatment of articulating joint
surfacé cartilage in an animal by the transplantation of an implantable
article including chondrocyte cells r_etained on an absorbable support
matrix. In one embodiment, the support matrix is made from collagen
such as Type I or Type II collagen, and the chondrocyte cells are
autologous or homologous. The implantable article preferably is secured
to the transplantation site by an adhesive or mechanical retention
means. The present invention also is directed to an instrument for
placing and manipulating the implantable article - at the site of
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implantation, and a retention device for securing the implantable article
to the site of implantation.

The present invention is élso directed to an implantable article for
cartilage repair in an animal, the implantable article including
chondrocyte cells retained to an absorbable support matrix and a
method of making same. |

BRIEF DESCCRIPTION OF THE DRAWINGS
The present invention may be better understood by reference to the
- description which follows taken together with the accompanying figures

which illustrate the present invention wherein:

Fig. 1A shows a typical articulating end of a bone in a knee Jomt havmg
an articulating surface with a cartilaginous cap. '

Flg 1B shows a cartilage defect or |nJury to a cartilaginous cap of an
articulating end of a bone. : : :

Fig. 2 shows one embodiment of an implantable article according to the
present invention.

Fig. 3 shows bow the implantable article of Fig. 2 may"be dispdsed: for’
implantation in an arthroscopic introducer such as that shown in Fig. 4.

Fig. 4 shows an arthroscopic introducer for implanting the implantable
article at the site of implantation, according to the present invention.
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Fig. 5 is a drawing schematically illustrating the placement of the

implantable article of Fig. 3 at the site of defect or injury in the

cartilaginous cap using two access channels which can accommodate

arthroscopic instruments.

Fig. 6 is a schematic cross section of cartilage with a defect or injury
which does not extend into the subchondral layer, and an implantable
article according to the present invention secured by adhesive to the
site of defect or injury. |

Fig. 7 is a schematic cross section of cartilage with a defect or injury
which does not extend into the subchondral layer, and an implantable
article secured to the site of defect or injury by a mechanical retainer.

Fig. 8 illustrates one embodiment of the mechanical retainer: used to
secure the implantable article to the site of defect or injury.

Fig. 9 is a schematic cross section of cartilage with .a defect or injury

“which extends into the subchondral layer, and an implantable article

according to the present invention secured by adhesive to the site of
defect or injury.

Fig. 10 is a schematic cross section of cartilage with a defect or injury
which extends into the subchondral layer, and an implantable article’
secured to the site of defect or injury by a mechanical retainer.

Fig 11A is a black and white copy of a color microphotograph of

histological specimen of a solid support matrix at the beginning of
chondrocyte cell growth thereon.
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Fig. 11AA is the color microphotograph of Fig. 11A.

Figure 11B .is a black ‘and white copy of a color microphotograph
showing the support matrix of Fig. 11A loaded with chondrocyte cells
after three weeks of chondrocyte cell growth thereon.

Fig. 11BB is the color microphotograph of Fig. 11 B.

Figure 11C is a photograph showing a support matrix formed of collagen
having chondrocyte cells grown thereon, shown by
immunohistochemical staining.

Figure 11D is a photograph showing a support matrix formed of
collagen, and having -chondrocyte cells grown thereon in a bioreactor
system, shown by immunohistochemical staining. "

DETAILED DESCRIPTION OF THE INVENTION

As discussed above, one joint of the human body where cartilage
damage and defects often occur is the knee. Fig. 1A shows a typical
articulating end of a bone in a human knee joint 10. Knee joint 10 is
formed by the juncture of femur 12 and tibia 14, and healthy cartilage
16 covering the articulating end of femur 12. Fig 1 B shows a circular
area of defect or injury 18 (hereinafter sometimes defect 18) in’
cartilage 16 '

The present invention includes a cartilage .repair implant and
implantation method and apparatus for such an implant. The implant
comprises a support matrix and autologous or homologous chondrocyte
cells retained thereon.
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Generally, the support matrix is a materi_al. which will support
chondrocyte cell growth and which, over time will be absorbed in a body
of a patient receiving the implant. The transplantation procedure may
be by arthroscopic, minimally invasive or open surgery technigue. The
method of the invention also contempiates the use of suitable allogenic
and xenogenic chondrocyte cells for the repair of a cartilage defect.

Fig. 2 shows such an implant. More specifically, an implantable article
20 includes a support matrix 22 having chondrocyte cells 24 retained
thereon. A suitable support matrix 22 will be a solid or gel-like, scaffold
characterized by being able to hold a stable form for a period of time to
enable the growth of chondrocytes cells thereon, both before transplant
and after transplant, and to provide a system ‘similar to the natural
environment of the chondrocyte cells to optimize chondrocyte cell
growth differentiation.

Support matrix 22 will be stable for a period of time sufficient to allow
full cartilage repaif and then be absorbed by the body over time, for:
~example, within two to three months without leaving any significant
~ traces and without forming toxic degradation products. The term
"absorbed" is meant to include processes by which the support matrix is
broken down by natural biological processes, and the broken down
support matrix and degradation products thereof are disposed of, for
example, through the lymphatics or blood vessels. Accordingly, support
matrix 22 preferably is a physiologically absorbable, non-antigenic
membrane-like material. Further, support matrix 22 preferably is in a
sheet like form having one relatively smooth side 21 and one relatively
rough side 23. Rough 'side 23, for example, is fibrous and typically faces
cartilage defect 18 and promotes chondrocyte cell ingrowth, while the
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smooth side 21 typically faces away from -cartilage 'defect 18 and
impedes tissue ingrowth. |

In one embodiment, support matrix 22 is formed of polypeptides or
proteins. Preferably, the polypeptides or proteins are obtained from
natural sources, e. g., from mammals. Artificial materials, however,
having physical'and chemical properties comparable to polypeptides or
proteins from natural sources, may also be used to form support matrix
22. It is also preferred that support matrix 22 is reversibly deformable
as it is handled by the user to implantable article 20 can be manipulated
and then returns to its original shape as described below, during one
.aspect of the present invention.

A preferred material from which support matrix 22 can be formed is
collagen such as obtained from equine, porcine, bovine, ovine, and
chicken. Suitable materials from which support matrix 22 can be formed
include Chondro-Cell® (a commercially available type II cbllagen matrix
pad, Ed. Geistlich So6hne, Switzerland), and - Chondro-Gide® (a
commercially available type I collagen matrix pad, Ed. Geistliéh Séhne,
Switzerland). A support matrix 22 formed of collagen Type I is
somewhat stiffer than a support matrix formed from collagen Type 11,
although Type II collagen matrixes may also be used. |

An implantable article as described above may be médé, for example,_
by culturing chondrocyte cells on this support matrix as described in
more detail below. ' |

For an autologous implant, a cartilage biopsy first is harvested by

arthroscopic technique from a non-weight bearing area in a joint of the
patient and transported to the laboratory in a growth media containing
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20% fetal calf serum. The cartilage biopsy is then treated with an
enzyme such as trypsin ethylenediaminetetraacetic acid (EDTA), a
prdteolytic enzyme and binding agent, to isolate and extract cartilage
chondrocyte cells. The extracted chondrocyte cells are then cultured in
the growth media from an initial cell.count of about 50,000 cells to a
final count of about 20 million chondrocyte cells or more.

Three (3) days before reimplantation, the grthh media is exchanged
for a .transplant media which contains 10% autologous sel"um (that is,
~ serum extracted from the patient's blood as described below). Then, the
cultured chondrocyte cells in the transplant media are soaked into and
penetrate support matrix 22, and continue multiplying to form
implantable article 22. Implantable article 22 is then implanted at a site
of cartilage defect 18 in the patient.

It is understood  that defect or injury 18 can be treated directly,
enlarged slightly, or sculpted by surgical procedure prior to implant, to
. accommodate im'plantable article 20. The culturing procedure as well as
the growth and transplant medias are described by way of example, in
detail below, starting first with a description of a laboratory procedure
used to process the harvested cartilage biopsy and to culture the
chondrocyte cells according to the present invention.

Growth media (hereinafter, "the growth media") used to treat the
cartilage biopsy during the culturing process and to grow the cartilage
chrondrocyte cells is prepared by mixing together 2.5 mi gentomycin
suflate (concentration 70 micromole/liter), 4.0 ml amphotericin
(concentration 2.2 micromole/liter; tradename Fungizone®, an
antifungal available from Squibb), 15 ml '1-ascorbic acid (300
| micrordole/liter), 100 ml fetal calf serum (final concentration 20%), and
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the remainder DMEM/F12 media to produce about 400 mi of growth
media. (The same growth media is also used to transport the cartilage
biopsy from the hospital to the laboratory in which the chondrocyte cells
are extracted and multiplied.) ' '

Blood obtained from the patient is centrifuged at approximately 3,000
rpm to separate the biood serum from other blood constituents. The

separated blood serum is saved and used at a later stag'e of the

culturing process and transplant procedure.

Cartilage biopsy previously harvested from a 'patient for 'autofogous
transplantation is shipped in the growth media described above to the
laboratory where it will be cultured. The growth media is decanted to
separate. out the cartilage biopsy, and discarded upon arrival at the

laboratory. The cartilage biopsy is then washed in plain DMEM/F12 at

least three times to remove the film of fetal calf serum on the cartilage
biopsy. '

The cartilage biopsy is then washed in a composition which includes the
growth media described above, to which 28 ml trypsin EDTA
(concentration 0.055) has been added. In this composition it is
incubated for five to ten minutes at 37°C, and 5% CO,. After incubation,

the cartilage biopsy is washed two to three times in the growth media,

to cleanse the biopsy of any of the trypsin enzyme. The cartilage is then
weighed. Typically, the minimum amount of cartilage required to grow
cartilage chondrocyte cells is-about 80 - 100 mg. A somewhat larger
amount, such as 200 to 300 mg, is preferred. After weighing, the
cartilage is placed in a mixture of 2 ml collagenase (concentrétion 5,000
- enzymatic units; a digestive enzyme) in approximately 50 mi plain
DMEM/F12 media, and minced to allow the enzyme to partially digest
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the cartilage. After mincing, the minced cartilage is transferred into a
bottle using a funnel, and approximately 50 ml of the collagenase and
. plaih DMEM/F12 mixture is added to the bottle. The minced cartilage is
then incubated for 17 to 21 hours at 37°C, and 5% CO,.

In one embodiment, the incubated minced cartilage is then strained
using 40 pm mesh, centrifuged (at 1054 rpm, or 200 times gravity) for
10 minutes, and washed twice with growth media. The chondrocyte cells
-are then counted to determine their viability, following which the
chondrocyte cells are incubated in the growth media for at least two
weeks at 37°C, and 5% CO,, during which time the growth media was
changed three to four times.

At least three days before re-implantation in the patient, the
chondrocyte cells are removed by trypsinization and centrifugation from
the growth media, and transferred to a transplant media containing
1.25 mi gentomycin sulfate (concentfation 70 micromole/liter), 2.0 mi
amphotericin (concentration 2.2 micromole/liter; tradename Fungizone®
an antifungal available from Squibb), 7.5 ml I-ascorbic acid (300
micromole/liter), 25 ml autologous blood serum (final concentration
10%), and the remainder DMEM/F12 media to produce about 300 ml of
transplant media. '

Support matrix 22 is then cut to a suitable size fitting into the bottom of
a well in a NUNCLON™ cell culture tray, and then placed under aseptic
conditions on the bottom of the well with 1 - 2 mi transplant media. A
sufficient humber of cultivated cartilage chondrocyte cells (e. g. 3 - 10
million chondrocyte cells) in approximately S - 10 mi of the transplant
media, are then soaked into support matrix 22, and incubated

approximately 72 hours at 37°C, and 5% CO; to allow the chondrocyte
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cells to continue to grow. During this incubation, the chondrocyte cells
arrange in clusters and adhere to support matrix 22. Using this method,
it has been found that support matrix 22 supports the growth and
retention of chondrocyte cells thereon in a sufficient number to form
implantable article 20, without significant loss of the biomechanical
properties of support matrix 22. Support matrix 22 also provides an
environment to support continued growth of chondrocyte cells after
implantation of the implantable article at the site of cartilage defect.

In another embodimerit, following the 17 - 21 hour incubation period
-and after determining cell count and viability as discussed above, the
chondrocyte cells are transferred to the transplant media and then
grown directly on support matrix 22 for a period of at least two weeks.

It has been found that implantable article 20 temporarily can be
deformed without mechanical destruction or loss of the chondrocyte
cells adhered to support matrix 22. This deformation is cb'fn_plétely
reversible once implantable article 20 is introduced into the joint or is
placed on the surface to be treated, as described below. |

Accordingly, and in accordance with another aspect of the present
invention, support matrix 22 onto which chondrocyte cells are grown or
loaded in a sufficient number, temporaﬁly can be deformed in a way
that allows its introduction into the working device of an arthroscopé
without mechanical destruction or loss of its chondrocyte cell load.

At the same time it has been found that this matrix can be secured by
adhesive or mechanical retention means, to the cartilage defect area
‘without impairing the flurther /n situ differentiation of the chondrocytes
and the regeneration of the natural cartilage matrix material.
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 Other aspects of the present invention include instruments to place

implantable article 20 at the implantation S§te, and a mechanical
retehtion device to hold implantable article 20 at the implantation site.

In one embodiment of the present invention, the implantation procedure
is performed by an arthroscopic technique. Fig. 3 shows how

implantable article 20 can be rolled across the diameter thereof to form
a spirally would transplant cylindrical so that implantable article 20 can
be delivered to an implantation site through a working channel 26 of an
arthroscopic introducér 28. A suitable arthroscopic introducer is depicted
in Fig. 4.

In Fig. 4, an arthroscopic introducer 30 includes a working channel 32
having a diameter and length suitable to enter the joint of interest and

.. to deliver the desired dimension of implantable article 20. For example,
. for most procedures,  the diameter of working channel 32 is
- .approximately 8 - 20 mm, and the length is approximatety 30 ~ 60 cm. -

Within and longitudinally movable with respect to working channel 32 is
an injection channel 34 accommodating a retractable and removable
needle 36. Injection channel 32 is attached to a handle 38 which is
telescopically depressible at least partially into working channel 32.
Needle 36 extends the length of injection channel 34 and allows fluids to

pass therethrough to the site of implantation. Injection channel 34 is -

 moved within working channel 32 by telescopically moving handle 38

toward or away from the implantation site.
Introducer 30 also includes a cap 40 made of rubber or other suitable

material, slideably engaged on introducer 30. In use, cap 40 surrounds
the site of cartilage defect and excludes fluids, such as blood and other

SUBSTITUTE SHEET (RULE 26)



'PCT/EP99/05993

WO 00/09179 :
- 15 -

natural fluids, froh*\ flowing into the site of cartilage defe(:t. Introducer
30 also has two or more outwardly biased gripping ‘elements 42
attached to handle 38, for grasping, introducing and placing implantable
article 20 at the implantatibn site. In use, as handle 38 is telescopically
-moved toward and away from the user, gripping elements 42 engage
the inside of working channel 32 and are moved toward each other in a
gripping manner (as handle 38 is moved toward the user), and away
from each other to release the grip (as handle 38 is moved away from
the user). Such telescopic movement may be contfolled by a biasing
element (not shown) disposed within handle 38 which allows injection
channel 34 and gripping elements 42 to be slideably advanced and
retracted within working channel 42. '

Figs. 5 - 7 show a typical arthroscopic procedure for implanting
implantable article 22 at a site of implantation such as knee joint 10.
Defective cartilage 18 is removed from the site of defect, preferably to a -
depth above subchondral layer 44 leaving a weli 46 (See Figs. 6 - 7). -
After cartilage defect 18 is removed the defécf site is prepared to
receive implantable article 22. If the subchondral Iayer" has been
disturbed to the point that bleeding occurs at the implanfation site, the
- site may first be covered with any absorbable material which acts as a
hemostatic barrier. '

Otherwise, site preparation may include injection of a biocompatible
glue through needle 36 into well 46. Such a biocorhpatible glue, seen as
adhesive 48 in Fig. 6, may comprise an organic fibrin glue (e. g.,
Tisseel®, fibrin based adhesive, Baxter, Austria or a fibrin glue prepared
in the surgical theater using autologous blood samples).
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-. Implantable article 20 previously cut to the desired dimension, and
rolled into a spiral cylindrical shape as shoWn in Fig. 5 is then gripped by
gribpi_ng elements 42 and held within the end of érthroscopic introducer
30. Arthroscopic introducer_‘ 30 holding implantable article 20 within its
end, is then advanced to th'e site of .implanta'ti'on through an access
channel 33, released from gripping elements 42, and unrolled using
g'ripping elefnents 42 or allowed to unroll as it exits working channel 32.
Access channel 33 includes one or more channels that allow instruments
sUch as introducer 30 and visualization -instruments, to access the
transplantation site. Using gripping elements 42, implantable article 20
is manipulated such that rough side 23 of implantable article 20 faces
well 46 and is gently held in place in well 46 to allow adhesive 48 to
harden and bind implantable article 20 in well 46.

In another embodiment (Fig.7), mechanical retention means such -as
absorbable pins, énchors, screws or sutures are used to secure
implantable article 20 in well 46. Suitable pins 50 include Ortho-Pin™ (a
commercially available lactide copolymer pin, Ed. Geistlich Séhne,
Switzerland). Fig. 8 shows one embodiment of absorbable pin 50. In
this embodiment, pin 50 incl,ddes head 52, in_tfamedullar channel 54
within shaft 56, and one or more retention rings-=58. The dimensions of
pin 50 will vary with the particular usé,, but, typically, pin 50 is about 10
- 15 mm in length, head 52 is about. 4 mm in diameter, intramedullar
channel 54 is approximately 1.2 mm in diameter, shaft 56 is
approximately 2 mm in diamet_e_r,; a_hd_ retention rings S8 are about 2.5
mm in diameter. Retention rihgs 58 serve to anchor pin 50 into healthy
cartilage surrounding the cartilage defect. Pin 50 is formed from any
material that will not harm the body and can be absorbed or otherwise
broken down by the body after a period of time. For example, pin 50
may be made from polylactide. |
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It is also contemplated to be within the scope of the present invention
to use a combination of adhesive 48 and mechanical retention means
such as pins 50 to secure implantable article 20 in well 46.

As shown in Fig. 6, a second access channel having one or more
channels may be used to aliow access of instruments to the site of
implantation to assist in placement of the implantable article, adhesive
and/or mechanical retention means, or to allow for access or
visualization instruments to the site of implantation. Such a separate
access channel may also be used to perform one or more of the
functions described in relation to arthroscopic introducer 30 or other
arthrascopic instrument. -

As indicated above, where cartilage defect 18 extends into or below
subchondral layer 44, or requires removal of cartilage into or below

- subchondral layer 44 as shown in Figs. 9 and 10, the above procedure is

~ madified to include placement of a hemostatic barrier 62 in well 46 prior
to placement of implantable article 20. Hemostatic barrier 62 inhibits
the growth or invasion of vascular tissue, osteocytes, fibroplasts, 'etc.
into developing cartilage.This is believed to allow hyaline cartilage to
grow at the transplantation site.  Suitable hemostatic barriers will inhibit
vascularization and cellular invasion into the devéloping cartilage to
optimize formation of cartilage and to achieve growth of the full’
thickness of cartilage at the defect site. Preferably, the hemostatic
barrier is stable for an extended period of time to allow full cartilage
repair, and then will be absorbed or otherwise broken down by the body
over time. A suitable hemostatic barrier is Surgicel® W1912 (Ethicon,
Ltd., United Kingdom), an absorbable hemostat formed of oxidized
regenerated sterile cellulose.
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The above described surgical instruments are manufactured from any
material, such as metal and/or ptastic or silicone, suitable for making
dlsposable or multi-use reusable surgical instruments.

Certain aspects of the invention have been exemplified by using an /in
vitro system to study the behéVior of chondrocyte cells when in contact
with different support matrices.This in vitro testing predicts the ability of
certain materials to mechanic_,'allly: withstand the arthroscopic procédure
and also provides information as to chondrocyte cell growing behavior.

These and other aspects of the instant invention may be better
understood from the following examples, which are meant to illustrate
but not to limit the present invention.

Example 1

Chbndrocy_te cells were grown for three weeks in the growth media
described above in a CO; incubator at 37°C and handled in a Class 100
laboratory at Verigen Transplfa'n,ta_tign S_ervice ApS, Copenhagen, DK or
at University of Libeck, -Liitb_eck_, Germany. ‘[Note that other
compositions of growth media may also be used for culturing the
chondrocyte cells.] The cells Were trypsinised using trypsin EDTA for 5
to 10 minutes and counted using Trypan Blue viability staining in a’
Birker-Tirk chamber. The cell count was adjusted to 7.5 x 10°
chondrocyte cells per milliliter. One NUNCLON™ plate was uncovered in
the Class 100 laboratory. | '

A support matrix material, specifically a Chondro-Gide® collagen
membrane, was cut to a suitable size to fit into the bottom of a well in a
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NUNCLON™ " cell _cullture tray. In this case a circle of a size of
approximately 4 cm was placed under aseptic conditions on the bottom
of the well. |

After three weeks, chondrocyte cells were transferred from the growth
media to the transplant media described above, and approximately 5 x
10% chondrocyte celis in 5 mi transplant media were placed directly on
top of the support matrix and dispersed over the surface thereof. The
plate was incubated 'in a CO; incubator at 37°C for 3 days. After this
period the chondrocyte cells had arranged in clusters and .started' to
grow on the support matrix, and could not be removed from the support
matrix by rinsing it with medium or even by mechanically exerting mild
pressure on the matrix. .

At the end of the incubation period, the transplant media was decanted

and the support matrix holding chondrocyte cells grown thereon was

cold refrigerated in 2.5 % glutaraldehyde containing 0.1 M sodium salt -
of dimethylarsinic acid, added as fixative. The support matrix was
stained with Safranin O for histoiogical evaluation. A black and white
- copy of a color microphotograph thereof is shown in Fig. 11A. A color
version of the microphotograph is also submitted as Fig. liAA to better
-illustrate the features of the microphotograph. | |

-Example 2

Chondrocytes were grown for three weeks in the growth media
described above in a CO; incubator at 37°C and handled in a Class 100
laboratory at Verigen Transplantation Service ApS, Copenhagen, DK or
at University of Libeck, Germany. The cells were trypsinised using
trypsin EDTA for 5 to 10 minutes and counted using Trypan Biue
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viability staining in a Blrker-Tirk chamber. The chondrocyte cell count

was adjusted to 5 x 10° chondrocyte cells per milliliter. One NUNCLON™

plate was uncovered in the Cla_ss 100 laboratory.

The Chondro-Gide® support matrix, as in Example 1, was cut to a
suitable size fitting into the t__:ott_or;n of a well-in the NUNCLON™ celi
culture tray. In this case a circié. of approximately 4 cm in diameter was
~ placed under aseptic conditions on the bottom of the well.

After three weeks, the chondrocyte cells were transferred from the
growth_ media to the trahsplant . media described ‘above, and
approximately 5 X 10° cells in 5 m_l '_transp|ant media were placed
directly on top of the'support matrix and dispefse_d over the surface of
the support matrix. The plate was incubated in a Cdz incubator at 37°C
for 3 weeks. E

| At_' the end of the incubation period, the transplant media was decanted,

‘and the support matrix holding.the chondrocyte cells thereon ‘was cold
refrigerated in 2.5 % glutaraidehyde containing 0.1 M sodium ‘salt of
dimethylarsinic acid, added as'ﬁxat_:ive. The support matrix was stained
with Safranin O for histological .e\'/alua._t_ion. For immunohistochemistry,
collagene membranes were fix,ed in nﬁethanol-ac_etone and stained for
aggrecane and Type II collagen using rabbit anti-human type II collagen
and mouse anti-humane aggrgcqne. Primary antibodies were visualized )
using fluorescent secondary a'nti'bddie_s.' A black and white copy of a
color microphotograph theréo'f' is shown in Fig. 11B showing
| chondrocyte cells 24. The colo_:" version is also submitted as Fig. 11BB to
:better illustrate the feéturgs of the micrqphc_itogra_'ph.
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During the three weéks incubation period on tﬁ?&hondro-Gid@ support
matrix, the chondrocyte cells were observed to have grown and
multiplied on the support matrix building clusters in the center of the
carrier and lining up along tr;e surface.

Example 3

Chondrocytes were grown for three weeks in the growth media
described above in a CO3 incubator at 37°C and handled in a Class 100

laboratory at Verigen Transplantation Service ApS, Copenhagen, DK or
at University of Libeck, Germany'. The chondrocyte cells were
trypsinised using trypsin EDTA for 5 to 10 minutes and counted using
Trypan Blue viability staining in a Blrker-Tirk chamber. The
chondrocyte cell count was adjusted to 5 x 10° chondrocyte cells per
milliliter. One NUNCLON™ plate was uncovered in the Class 100
laboratory. ' '

- The Chondro-Gide® support matrix, as in Example 1, was cut to  a
sultable size fitting into the bottom of a well in the NUNCLON™ cell
'.culture tray. In this case a circle of approximately 4 ¢cm in dia'm'e'ter Was
placed under aseptic conditions on the bottom of the well.

After three weeks, the chondrocyte cells were transferred from the

growth media to the transplant media described above, and '
approximately 5 x 10% cells in 5 ml transplant media were placed
directly on top of the support matrix and dispersed over the surface of
the'support'matrix. The plate was incubated in a CO; incubator at 37°C
for 3 weeks. | o |
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The support matrix holding the grown chondrocyte cells was then
incubated with collagenase for 16 hdurs. The support matrix holding the
chondrocyte cells was -then centrifuged. Cells were seeded on a
NUNCLON™ plate and an a.liquot cdunted -usin'_g:Trypan Blue viability
staining in a-Blirker-Tiirk chamber. A microphotograph thereof is shown
in Fig. 11C. The total calculai;ed cell number was found to be 6 x 10°
and the viability was > 95%. |

Example 4

Animal studies were performed in the facilities of the University of
- Lubeck, Germany.

Four 7 mm diameter round cartilage defects were induced in ‘the
.. cartilage of the knees bf two sheep.’-AIl interventions were performed in
. L.v. Ketanest/Rompun total anésfhesia. The defects were induced by
.. drilling two holes ih the cartilage of the weight bearing areas of the
. medial femur condyle, and two holes in the area:of the femuropatellar-
and tibiofemural arti_cula_t_ions. In the two areas of damage, one of each
" of the two holes extended through the tidemark of the cartilage and
subchondral layer over the bone, While the remaining hole at each area
did not extend through the tidemark of the caftilage and subchondral
layer.

At the séfne time a piece of cartilage had been harvested from a non-
weight bearing area of the sheep knees.

The chondrocyte cells produced from this cartilage were grown on a
~ support matrix according to Example 3 for a period of six weeks.
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The chondrocyte céll’§ loaded on a Chondro-Gide® support matrix were
then implanted via an arthroscopic surgery technique. Fixation occurred
in one sheep by gluing the matrix to the treated area wi_t'h fibrin glue,
and in the other sheep the. matrix was fixed using polylactide pins as

described above according to the present invention.

The sheep were kept isolated and the knee was kept in a fixed dressing
for one week. )

Afterwards the sheep were free to move around. Evaluation of the joint
showed a healing of the defect, the attachment of the cell-support
matrix implant to the site of cartilage defect, and regeneration of the
cartilage at the site of cartilage defect.

‘Although the ‘above discussion pertains in p'arl: to a process for gkowi'ng
chondrocyte cells on a support matrix in glassware such as a NUNCLON™
plate and changing the growth or transplant media as required for
proper cell culturing, the present invention also includes a method of
growing chondrocyte cells on a support matrix in a bioreactor -suCh as
bioreactor Model No. 1302 available from MinuCells GMBH Ltd., D-
93077 Bad Abbach, Germany. Using a bioreactor, constant flow of
growth or transplant media is passed by ‘the suppor’f i'natrix, and
chondrocyte cells can be grown on the support matrix at a faster rate
without having to replace the growth or transplant media, for example, -
every 24 to 96 hours as required when using the NUNCLON™ plate. It is
understood that using such a bioreactor causes angled growth of the
chondrocyte celis due to flow of the growth or transplant media through
the bioreactor. A microphotograph of chondrocyte cells grown on the
support matrix in the bioreactor is shown in Fig. 11D.
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Culturing of the chondrocyte cells, whether cultured in glassware or on
a support matrix, can take place in the growth media for the entire cell
culturing process or in the trén_splant media for the entire cell culturing
process. That i.s,_ no transfér of the chondrocyte celis from the growth
media to the transplant media is required. The chondrocyte cells can be
transferred from the growth'media to the transplant media, and vice
versa at anyl point in the cultpring process depending on the particular
‘condition of the chondrocyte- cells, the stage of growth of the
chondrocyte cells, and/or the condition of the patient. The chondrocyte
cells, whether in the growth media or in transplant rhedia, need to be
soaked into the support matrix for a period of only about 2-3 hours
before transplantation to allow attachment of .'_a sufficient number of
chondrocyte cells to the support matrix. |

~ Where a bioreactor is not used, it is also understood that the -growth
- media or transplant media, vyhi_c_h_,ever is being used at the particular
.stage of the culturing process, must be replaced, for example, about
every 24 to 96 hours depen__ding, for example, on the number and
viability of the cells.

While this invention has been described with respect to specific
embodiménts the-reof-_, it is n"pt limited thereto. In its most general
sense, this invention encompassés essentially any article (and use
thereof) comprising a s'upport”matrix_, preferably flexible and preferably
absorbable in a living body, which support matrix acts as a support for
living cells, which are typically grown thereon for some minimum period
of time and attached thereto. Su_;h_ attachment may be by virtue of cell
growth penetrating the surface '.c_)_f the mat,rix_.-' Preferably, aiso the
support matrix provides sufficien; physical integrity to the implantable
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article to facilitate*its manipulation, such as thé manipulation necessary
to implant it into a living body.

The subjoined claims theréfore are intended to be construed to cover
not only those embodiments of this invention disclosed above but also
to cover all such embodiments, variants and equivalents of the
invention as may be made by those skilled in the art to which the
invention pertains, which embodiments, variant and equivalents are
within the true spirit and scope of this invention. |
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What is Claimed:

1.

"A method for the treatfnent of a cartilage defect site in an animal,

by transplantation of an implantable article at the site of cartilage
defect, the method compri,_si_n_'g= the steps of:

| (a) providing an implantable article comprising chondrocyte cells

retained on a support matrix, the support matrix being
absorbable by said animal; and

(b) securing the implantable article at the site of cartilage defect.

A method according to claim 1, further compr_isi'ng before said step
(b), removing defective cartilage from the ¢ar_tilage defect site but
leaving sufficient cartilage material to preVent bleeding from the
cartilage at the cartilage defect site. )

A method according to claim 1, further comprising placing a

hemostatic barrier adjacent the site of defect before said step (b).

A method according to claim 1 wherein the support matrix is a
sheet-like member capable of supporting growth .of the
chondrocyte cells and of providing physical integrity to the’
implantable article to facilitate manipulation tﬁereof.

A method according to c_laim_ 1, wherein the support matrix
comprises polypeptides or proteins.

I
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6.

10.

11,

12.

13.

14,

- 27 -

A CEE .
A method a’céﬁ‘dr-ding to claim 1 wherein the support matrix is

coliagen.

" A method according to claim 6, wherein the collagen is selected

from the group consisting essentially of equine, porcine, bovine
ovine, and chicken collagen.

A method according to claim 6, wherein the collagen is porcine
collagen. |

A method according to claim 6, wherein the collagen is collagen
Type 1.

A method according to claim 6, wherein the collagen is'collagen' :
Type II. -

A method according to claim 1, wherein the support matrix is solid
member.

A method according to claim 1, wherein the support matrix is gel-
like. |

A method according to claim 1 wherein in said step (b) the
implantable article is secured to the site of defect with an adhesive.

A method according to claim 13, wherein the adhesive is a fibrin
glue. '

* C. L N S *
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15. A method according to claim 1, wherein in said step (b) the
implantable article is secured to the site of defect with absorbable
“mechanical retention means. |
16." A method according to .claim 15, wherein said mechanical retention

means is a pin.
17. A method according to claim 1, wherein the animal is human.

18. An instrument for introducing an implantable article comprising
chondrocyte cells on a support matrix, to a site of cartilage defect
in an animal, the instrument comprising: |

(a) a tubular outer sheath, said sheath having a proximal end
adapted to be disposed at a 'user_ end of the instrument, and a
distal end adapted to be disposed at the site of cartilage
defect; ' '

- (b) é handle and telescoping element disposed at least partially
within said proximal end of said sheath;

(c) an injection channel partially _disposéd ‘within said handle and
extending from said proximal end to said distal end of said
sheath; and '

'(d) gripping elements attached to said telescoping element and
adapted to grip and release the implantable article upon
telescopic movement of said handle in said sheath.

19. An instrument according to claim 18, the instrument further
comprising a cap slideably attached to said proximal end of said

N L L LILLL
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20.
" animal, comprising a support matrix and chondrocyte cells retained

21.

22.

23.

24.

25.

26.

27.
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sheath and é“ﬁépted to exclude fluids erm the site of cartilage
defect. '
An implantable article for cartilage repair by implantation in an

on said support matrix, wherein said suppo'rt matrix is absorbable
by the animal. ' '

An implantable article according to claim 20, wherein said support
matrix is a sheet-like member capable of supporting growth of the
chondrocyte cells and of providing physical integrity to the
implantable article to facilitate manipulation thereof.

An implantable article according to claim 20, wherein said support
matrix comprises polypeptides or proteins. '

An implantable article according to claim 20, wherein said support
matrix is collagen. | i )

An implantable article according to claim 23, wherein said"collagen '
is selected from the group consisting essentially of equine, porcihe, '
bovine, ovine, and chicken collagen.

An implantable article according to claim 23, wherein said collagen
is porcine collagen. -

An implantable article according to claim 20, wherein said support
matrix is solid. '

An implantable article according to claim 20, wherein said support
matrix is gel-like.

-
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28. An implantable article according to claim 23, wherein said collagen
is collagen Type 1.

29. .'An implantable article according to claim 23, wherein said collagen
is collagen Type 1I1.

-30. An implantable article according to claim 20, wherein said
implantable article is reversibly deformable.

31. An implantable article according to claim 20, wherein said support
matrix has a rough side.

32. An implantable article according to claim 31, wherein said rough
side is porous.

33. An implantable article according to claim 20, wherein said support
matrix has a smooth side.

- 34. An implantable article according to claim 20, wherein said support
matrix has a rough side and a smooth side. -

35. A method of making an implantable article comprising chondrocyte
cells retained on a support matrix, the method comprising the steps
of:

(a) harvesting cartilage chondrocyte cells from a host;

(b) culturing the chondrocyte cells in a media;

AR R
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(c) providing“a support matrix comprising a solid or semi-solid
member capable of supporting growth of the chondrocyte cells
thereon; and

(d) adding the cultured chondrocyte cells to the support matrix to
allow further culturing of the chondrocyte cells on the support
matrix and retention of the chondrocyte cells on the support
matrix.

36. A method according to claim 35, wherein the support matrix is a
sheet-like article. | ' '

37. A method according to claim 35, wherein the support matrix
comprises polypeptides or proteins.

38. A method according to claim 35, wherein the support matrix is
collagen. '

39. A method according to claim 38, wherein the collagen is selected
from the group consisting essentially of equine, porcine, bovine,
ovine, and chicken collagen. | |

40. A method according to claim 38, wherein the collagen is porcine
collagen.

41. A method according to claim 38, wherein the collagen is tollagen
type L. |

42. A method according to claim 38, wherein the collagen is collagen

type II..
R
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43.
44,
45.

46.
- ‘adhered to a flexible support matrix capabl_e_'of supporting growth

47.

48.

- 32 -

A method according to claim 35, wherein the support matrix is

solid.

" A method according to claim 35, wherein thg support matrix is gel-

like.

A method according to claim 35, wherein ‘the support matrix is
absorbable.

An article of manufacture comprising living g:ells disposed on and

of said cells, said growth penetrating the surface of said matrix
whereby, upon said growth, said cells are adhered to said matrix.

An article according to claim 46, wherein said support matrix is
adapted, when disposed in an animal body, to be absorbed into

~said animal body by natural biological processes.

An element for mechanically securing an implantable article to a
site of implantation in an animal body, and being absorbable by the
animal, said element comprising:

(a) a longitudinal tubular shaft having a proximal end and a distal
end;

(b) a head attached to said proximal end of said shaft and adapted
to cover said implantable article; and

(c) at least one retention ring disposed on said shaft between said
proximal end and said distal end, and adapted to anchor said
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implan_t'a‘tﬁzfgﬁ’- article and said elérﬁ':ént to the site of
implantation.

49. An element according to claim 48, wherein said element is formed
from polylactide.

* c L M § *
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