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Title: RECONSTITUTED MINERALIZED CARTILAGE TISSUE

FIELD OF THE INVENTION

The present invention relates to a biological material enriched for components of
mineralized cartilage tissue; a mineralized biological material; methods for producing the
biological materials; and m;thods of using the biological materials.
BACKGROUND OF THE INVENTION

Articular cartilage is a spectalized tissue found at the end of articulating bones. It
is responsible for the distribution of load resistance to compressive forces, and the smooth
gliding that is part of joint function. Articular cartilage is joined to its underlying subchondral
bone by a zone of calcified cartilage. The calcified cartilage zone is involved in the distribution
of force across the joint. The calcified zone forms after secondary ossification and acts like a
growth plate during maturation (Oegema Jr. TR and Thompson RC in Articular Cartilage and
Osteoarthritis ed. Kuettmer K. et al., pp. 319-331, 1992). Its thickness is in part a function of
weight bearing as Muller-Gerbl et al. (J. Anat. 154:103, 1987) have shown. In that study they
demonstrated that the percentage of cartilage consisting of calcified cartilage is constant and
varies between individuals between 3 to 8.8% of the cartilage thickness (Quarto et al. J Cell Biol
110:1379, 1990).

Little is kmown about the composition of the calcified cartilage and the metabolism
of chondrocytes within and immediately above the calcified cartilage zone. In vivo, the cells in
this region have alkaline phosphatase activity. While the major collagen is type II, type X
collagen is also present. Cartilage in the calcified zone contains about half the proteoglycans
found within mature articular cartilage deep zones. Researchers have also reported the presence
of osteonectin as well as a unique protein seen only in the calcified zone. The mineral present
in the calcified zone varies between species, but shows the characteristic 1.67 calcium-to-
phosphate ratio of hydroxyapatite (Ocgema et al. in Articular Cartilage and Osteoarthritis, ed.
Kuettner K. et al. pp. 319, 1992). The process of calcification has been found to be very
complex, involving different interacting matrix molecules and careful regulation at the cellular
level through a complex muiti-component system which involves many cellular, hormonal, and
physicochemical processes (Poole et al. Anat. Rec. 224:167, 1989).

Experimental studies have suggested that the calcified cartilage plays a role in the
pathogenesis of the joint discase osteoarthritis. Remodelling of the calcified cartilage with
reduplication of the tidemark (the interface between the calcified and non-calcified cartilage)
is characteristic of osteoarthritis (Hough AJ et al., in Arthritis and Allied Conditions, ed
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McCarty DJ pp. 1571, 1989). It has been postulated that is possible that changes at the
osteoarticular junction may contribute to the development of osteoarthritis. In support of this
concept Thompson et al. (J. Bone Surg. 73A:990, 1991), using an acute transarticular damage
dog model, observed that the dogs develop cartilage degeneration over time if the calcified
cartilage and subchondral bone are damaged. This may be relevant to the pathogenesis of
osteoarthritis in humans as MRI studies have shown that up to 72% of individuals, who injure
their joints, will have subchondral fractures without cartilage damage (Vellet et al., Radiology
178:271, 1991).

Metabolic changes have been identified in osteoarthritis cartilage that suggest
involvement of the deep and/or calcified cartilage in this disease. Increased numbers of matrix
vesicles and matrix vesicle associated enzymes occur in osteoarthritic cartilage (Ali, S.Y. et al.
Fed. Proc. 32:1494-1498, 1971; Lorenteon, R. et al., Acta. Orthop. Scand. 52:684, 1981; and,
Einhorn TA et al, J. Orthop Research 3:160, 1985). In addition, chondrocytes isolated from
osteoarthritic cartilage show increased synthesis of type X collagen (Walker et al. J. Orthop
Research 13:4, 1995).

Study of the calcified cartilage zone has been hampered, in part, by the lack of an in
vitro culture system. Although many types of in vitro mineralizing chondrocyte culture systems
have been described, these cultures use either growth plate chondrocytes (Okihana H et al.,
Histochemical J 25:166, 1993; Nakagawa et al., Calcif. Tissue Int. 53:127, 1993; Kato Y., et al.,
Proc. Natl. Acad. Sci. USA 85: 9552, 1988), embryonic chondrocytes, or embryonic growth
plate chondrocytes; cells whose function in vivo is to form bone (Glaser JH et al., Journal of
Biological Chemistry, 256:12607, 1981; Gerstenfeld LC et al., Journal of Cell Biology, 112:501,
1993; Hascall VC et al., Journal of Biological Chemistry, 251:3511, 1976; Bruckner P et al.,
Journal of Cell Biology, 109:2537, 1989). The tissue formed by these cells is not well suited
to the study of articular cartilage mineralization as the cartilage serves as a template for bone
formation. The cells in the epiphyseal plate cartilage go through a series of cytological changes
as they progress through to calcification. In addition, they are surrounded by small amounts of
matrix which will be permeated by vascular channels (Poole et al. Anat. Rec. 224:167, 1989).
In contrast, the calcified zone of adult cartilage appears to be hyaline cartilage that undergoes
mineralization and does not usually undergo vascular invasion unless there is an underlying
disease process. Therefore, it is not appropriate to extrapolate observations generated from these
mineralizing cultures to the calcified articular cartilage.

U.S. Patent Serial No. 5,326,357 to the present inventor, describes a reconstituted

cartilage tissue characterized by a continuous layer of cartilage tissue having a substantial
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extracellular matrix and possessing zones similar to those found in animal cartilage in vivo, and
methods for preparing the reconstituted cartilage tissue.

Y OF NVENTI

The present inventor has generated an in vitro culture system which mimics the deep
articular cartilage and adjacent calcified cartilage zone of articular cartilage. The cultured
mineralized cartilaginous tissue contains calcium apatite mineral, matrix vesicles, Type X
collagen and it has alkaline phosphatase activity. Polydisperse proteoglycans are synthesized
by the chondrocytes in the mineralized cartilage tissue. The proteoglycans have a larger
hydrodynamic size than the proteoglycans synthesized by articular chondrocytes in reconstituted
non-mineralized cartilage in culture.

Broadly stated the invention relates to a biological material comprising a continuous
layer of cartilaginous tissue reconstituted in vifro which contains components associated with
cartilage mineralization. The invention also broadly contemplates a mineralized biological
material characterized by having a biochemical composition and physiological organization
substantiaily similar to the deep and contiguous calcified cartilage zones of articular cartilage
found in animals in vivo.

Chondrocytes from the mid and superficial zones of articular cartilage tissue may
be cultured on top of the biological material of the invention to produce a reconstituted
mineralized cartilaginous tissue which comprises the mineralized biological material of the
invention; and a mid and superficial non-mineralized layer adjacent to and contiguous with the
mineralized biological material. The superficial and mid non-mineralized layers have a
biochemical composition and physiological organization similar to the mid and superficial zones
respectively, of articular cartilage found in animals in vivo. Therefore, the reconstituted
mineralized cartilage tissue is substantially similar to articular cartilage tissue in vivo.

The invention also relates to a process for producing the biological material of the
invention comprising isolating chondrocytes from the deep zone of cartilage tissue; forming
a layer of the chondrocytes on a substrate, and; culturing the chondrocytes in growth media
under suitable conditions so that the chondrocytes accumulate matrix and form cartilaginous
tissue which is enriched with components associated with cartilage mineralization.

The process may additionally comprise the steps of culturing the chondrocytes or
cartilaginous tissue in the presence of a mineralizing agent, to form a continuous layer of a
mineralized biological material characterized by having a biochemical composition and
physiological organization substantially similar to the deep and contiguous calcified cartilage

zones of articular cartilage found in animals in vivo.
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In the alternative, the process of the invention may optionally comprise the steps of
culturing chondrocytes isolated from the mid and superficial zones of articular cartilaginous
tissue on top of the cartilaginous tissue in the presence of a mineralizing agent to produce a
reconstituted mineralized cartilage tissue which has a deep mineralized layer, and mid and
superficial non-mineralized layers.

The invention further relates to a mineralized biological material comprising a
continuous layer of mineralized cartilaginous tissue having a biochemical composition and
physiological organization substantially similar to the deep and contiguous calcified cartilage
zones of articular cartilage found in animals in vivo, obtained by (a) isolating chondrocytes from
the deep zone of articular cartilage tissue; forming a layer of the chondrocytes on a substrate;
and (b)(i) culturing the chondrocytes in growth media under suitable conditions so that the
chondrocytes accumulate matrix and form cartilaginous tissue, and culturing the cartilaginous
tissue in the presence of a mineralizing agent, or (ii) culturing the chondrocytes in growth media
in the presence of a mineralizing agent.

The chondrocytes in the biological materials or reconstituted mineralized
cartilaginous tissue may be transformed with recombinant vectors containing an exogenous gene
encoding a biologically active protein which corrects or compensates for a genetic deficiency.
Therefore, the invention also contemplates a mineralized biological material or reconstituted
mineralized cartilaginous tissue wherein chondrocytes in the mineralized biological material or
reconstituted mineralized cartilaginous tissue are transformed with recombinant vectors
containing an exogenous gene encoding a biologically active protein which corrects or
compensates for a genetic deficiency.

The invention still further relates to a system for testing a substance that affects
calcification of articular cartilage tissue comprising: culturing a biological material, mineralized
biological material, or reconstituted mineralized cartilaginous tissue of the invention in the
presence of a substance which is suspected of affecting calcification, and determining the
biochemical composition and/or physiological organization of tissue generated in the culture,
with the biochemical composition and/or physiological organization of the biological material,
mineralized biological material, or reconstituted mineralized cartilaginous tissue cultured in the
absence of the substance. The substance may be added to the culture, or the chondrocytes in the
biological materials or reconstituted mineralized cartilaginous tissue may be genetically
engineered to express the substance i.e. the chondrocytes may serve as an endogenous source
of the substance.

The invention still further relates to a method of using the biological materials and

reconstituted mineralized cartilage tissue of the invention to test pharmaceutical preparations
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for efficacy in the treatment of diseases of the joint and to a method of using the biological
materials and reconstituted mineralized cartilaginous tissue of the present invention as an
implant to replace or repair damaged or deficient cartilage. The invention also contemplates
using the biological materials of the invention in gene therapy.

The invention also contemplates a method of replacing or repairing damaged or
deficient cartilage in a joint of a patient comprising implanting a mineralized biological material
or reconstituted mineralized cartilaginous tissue of the invention in the joint of the patient.
Methods for enhancing healing of a bone fracture in a patient are contemplated which comprise
inserting a mineralized biological material or reconstituted mineralized cartilaginous tissue of
the invention into the site of a fracture.

These and other aspects of the present invention will become evident upon reference
to the following detailed description and attached drawings.

TI F 1

The invention will be better understood with reference to the drawings in which:

Figure 1A is a photomicrograph showing the histological appearance of formalin
fixed and paraffin embedded chondrocyte cultures harvested at two weeks;

Figure 1B is a photomicrograph showing the histological appearance of formalin
fixed and paraffin embedded chondrocyte cultures which had been grown in the presence of g-
glycerophosphate (10mM) and harvested after eight weeks of culture;

Figure 2 is a graph showing alkaline phosphatase activity of cultures of deep
chondrocytes immediately prior to and during matrix mineralization;

Figure 3A is an electron micrograph of cartilaginous tissue showing chondrocytes
(C) and mineral deposits in the extracellular matrix (<) (lead citrate and uranyl acetate,
magnification x 20,000);

Figure 3B is an electron micrograph of mineral deposits and matrix vesicles
(magnification x 11,000); and

’ Figure 3C is an electron diffraction pattern of crystals which is characteristic of
hydroxyapatite.

Figure 4A is an autoradiogram of pepsin extracted ['*C] proline labelled collagens
synthesized by chondrocytes after formation of the cartilaginous tissue (14 days) and when the
tissue was mineralized (28 days);

Figure 4B is an immunoblot showing an analysis of collagens extracted from
mineralized cultures (day 28) using antibodies reactive with type II collagen (II), type I collagen
(D), or type X collagen (X);
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Figure 4C is a proteoglycan elution profile of newly synthesized proteoglycans
extracted from 6 week old mineralized cartilaginous tissue formed in culture (®-); and 7 week
old non-mineralized cartilaginous tissue formed in culture (0-0).

Figure 5 is a photomicrograph of a formalin fixed, paraffin embedded 49 day old
culture showing superficial and midzone chondrocytes cultured on tissue formed by deep cells;
and

Figure 6 is a photomicrograph showing the histological appearance of formalin-fixed
and paraffin-embedded 22 day old chondrocyte culture, which had been grown in the presence
of ATP.

D T F THE

As hereinbefore mentioned, the present invention relates to a biological material
comprising a continuous layer of cartilaginous tissue reconstituted in vitro which contains
components associated with cartilage mineralization. In particular, it contains matrix vesicles,
type X, type I and type II collagens, and it is enriched for chondrocytes with alkaline
phosphatase activity. The cells in the biological material synthesize large sulphated
proteoglycans and they have a larger hydrodynamic size than proteoglycan synthesized by non-
mineralizing articular chondrocyte cultures.

The invention also relates to mineralized biological material having a biochemical
composition and physiological organization substantially similar to the deep and contiguous
calcified cartilage zones of articular cartilage found in animals in vive. The mineralized
biological material is characterized by having mineral deposits both adjacent to the
chondrocytes and within the territorial matrix away from the cells. The mineral deposits form
in relationship to matrix vesicles. Electron diffraction demonstrates that the mineral deposit
crystals are composed of calcium hydroxyapatite. Alkaline phosphatase activity is detected
during mineralization.

The invention also relates to a method for producing a biological material of the
invention comprising isolating chondrocytes from the deep zone of articular cartilage tissue;
forming a layer of the chondrocytes on a substrate, culturing the chondrocytes in growth media
under suitable conditions so that the chondrocytes accumulate matrix and form cartilaginous
tissue which is enriched with components associated with cartilage mineralization. The
chondrocytes or cartilaginous tissue may be additionally cultured in the presence of a
mineralizing agent, to form a continuous layer of mineralized cartilaginous tissue having a
biochemical composition and physiological organization substantially similar to the deep and

contiguous calcified cartilage zones of articular cartilage found in animals in vivo.
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The chondrocytes used in the method of the invention may be isolated from
articular cartilage from animals, preferably humans, bovines, ovines, rabbits, most preferably
humans. The chondrocytes may be isolated from adult or fetal tissue. In one embodiment of
the invention, the chondrocytes are isolated from the metacarpal-carpal joints of calves.

Chondrocytes which are in the deep zone of articular cartilage are preferably
isolated. Such chondrocytes may be obtained by isolating the lower 5-25%, preferably 15% of
the articular cartilage tissue.

In a preferred embodiment of the invention, cells with an alkaline phosphatase
activity of at least about fourfold greater than that detected in the same number of cells obtained
from the entire cartilage, are used to establish the cultures in the method of the invention. For
example, cells with an alkaline phosphatase activity of at least 2 pM PNP/hr/pg DNA, most
preferably at least 14 uM PNP/hr/pg DNA, may be used to establish the cultures in the method
of the invention.

The chondrocytes may be isolated by sequential enzyme digestion techniques, such
as those described in Kandel et al, Biochem. Biophys. Acta. 1035:130, 1990. For example, the
cartilage may be treated with 0.5% protease followed by 0.04% bacterial collagenase.

In accordance with the method of the invention a layer of chondrocytes is formed
on a substrate. Suitable substrates include bone, engineered biomaterials and porous tissue
culture inserts, for example filter inserts. The substrate is optionally coated with an attachment
factor. Attachment factors are known in the art, see for example, Streuli and Bissell, J. Cell.
Biol. 110:1405, 1990 and Buck and Horwitz, Ann, Rev. Cell Biol. 3:179, 1987. Examples of
attachment factors include type I collagen, type II collagen, type IV collagen, a synthetic
peptide of a segment of collagen, preferably a fifteen amino acid sequence
766GTPGPQGIAGQRGV V™ which is present in the «1 chain of collagen (Bhatnagar and Qian,
38th Annual Meeting of the Orthopedic Research Society 17:106, 1992), fibronectin, gelatin,
laminin, polylysine, vitronectin, cytotactin, echinonectin, entactin, tenascin, thrombospondin,
uvomorulin, biglycan, chondroitin sulfate, decorin, dermatan sulfate, heparin, and hyaluronic
acid. A preferred attachment factor which may be used in the method of the invention is
collagen, most preferably type Il collagen. When the substrate is coated it may be air dried and
sterilized.

In a preferred embodiment of the invention the substrate is a tissue culture insert
known as Millicell CM®, (Millipore Corp., Bedford, MA, U.S.A.), pore size 0.4um, coated with
an attachment factor, preferably type II collagen, 0.5 mg/ml 0.012N HCI (Sigma Chemical Co.,
St. Louis, MO, U.S.A)).
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The chondrocytes are seeded on the substrate at a cell density of about to 1x10° to
8 x 10° cells/cm?, preferably 2 x 10° cells/cm? The chondrocytes seeded on the coated or
uncoated substrate are grown in suitable culture conditions. Examples of suitable culture media
are known in the art, such as Ham’s F12 and/or Dulbecco’s modified Eagle’s medium (DMEM).
Preferably DMEM is used after 4-5 days in culture. The culture medium may contain serum, for
example fetal bovine serum in a concentration range of about 2-20% and may further contain
growth factors, and optionally ascorbic acid. The culture media is applied above and below the
substrate. The cells may be cultured at 37°C in a humidified atmosphere supplemented with
CO,. A cofactor for lysyl oxidase to cross-linked collagen, for example copper sulfate, may be
used to retain more collagen and provide thicker cartilage.

In a preferred embodiment of the invention the isolated chondrocytes are grown in
Ham’s F12 media with 5% fetal bovine serum for 5 days, then the medium is changed to DMEM
containing 20% fetal bovine serum, 25mM Hepes buffer and ascorbic acid (100 pg/ml, final
concentration).

The chondrocytes or cartilaginous tissue enriched for components associated with
cartilage mineralization i.e. biological material may be treated with one or more mineralizing
agents which are capable of inducing mineralization. Suitable mineralizing agents include p-
glycerophosphate, ATP, and phosphoethanolamine. The concentration of the mineralizing agent
used in the method of the invention is selected to provide a desired amount of mineralization.
By way of example, the amount of B-glycerophosphate which may be used in the method is
about 2.5 to 10 mM, final concentration. The mineralizing agent is generally applied to the
cultures after 2 days, preferably 14 days, after initially seeding the chondrocytes. Generally the
mineralizing agent is present throughout the culture period to get maximum mineralization. The
cells are cultured for an additional 6 weeks to obtain the mineralized biological material
described herein. The cells may be cultured for less than 6 weeks (or greater than 6 weeks) to
obtain a product which may be suitable for some uses such as transplantation or gene therapy.

The amount of mineralization in the mineralized biological material may be selected
using particular culture conditions. For example, smaller mineral deposits occur when the
cultures are established with fewer numbers of cells from the deep zone of cartilage, for
example, adding increasing numbers of superficial cells back to the deep cultures while still
maintaining the same total cell number, decreases the size of mineral deposits. Mineral
formation may also be enhanced by including ascorbic acid in the culture medium.

In the cultures, the earliest calcification is seen around chondrocytes and some of
these cells appear viable histologically even after six weeks in culture. Minimal amounts of

mineralization may occur around occasional single cells during the first weeks of culture.
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Ultrastructural examination demonstrates that the crystal deposits form in relationship to matrix
vesicles. As matrix vesicles are present in the calcified cartilage, this suggests that these cultures
may be mimicking the calcification process as it occurs in vivo. The biochemical composition
of the mineralized tissue is substantially similar to the calcified zone of articular cartilage tissue.
The cells have detectable alkaline phosphatase activity at the initiation of the cultures, and the
amount of alkaline phosphatase increases with time during mineralization.

Chondrocytes from the mid and superficial zones of articular cartilage may be
cultured on top of the biological material of the invention to generate reconstituted cartilage in
vitro that resembles full thickness cartilage in vivo. In an embodiment of the invention,
chondrocytes are isolated from the deep zone of articular cartilage and plated in culture as
described above. The chondrocytes accumulate extracellular matrix to form cartilaginous tissue.
Chondrocytes are then isolated from the mid and superficial zones of articular cartilage and are
plated (e.g. at an optimal concentration of 3x10° cells/cm?) on the cartilaginous tissue formed
by cells from the deep zone. Although cell concentrations as low as 0.2x1 0° cells/cm? can be
used. The cultures are grown in suitable culture conditions in the presence of a mineralizing
agent as described herein. By way of example, the cultures are grown in Hams F12 medium
containing 20% fetal bovine serum, and after about five days the medium is changed to DMEM
with 20% fetal bovine serum supplemented with 10mM B-glycerophosphate, 100pg/ml ascorbic
acid, and 25 mM Hepes buffer. The cultures are then maintained for six weeks or longer. This
results in a reconstituted mineralized cartilage tissue which has a deep mineralized layer and mid
and superficial non-mineralized layers substantially similar to articular cartilage tissue in vivo.

The biological material, mineralized biological material, and reconstituted
mineralized cartilage tissue of the present invention can be used as model systems for in vitro
studies of cartilage structure, function and development, and the calcification process.

In accordance with one embodiment of the invention, the biological material,
mineralized biological material, and reconstituted mineralized cartilage tissue may be used to
test substances which affect calcification. A system for testing for a substance that affects
calcification of articular cartilage tissue in accordance with the invention comprises culturing
a biological material, mineralized biological material or reconstituted mineralized cartilage
tissue of the invention in the presence of a substance which is suspected of affecting
calcification, and determining the biochemical composition and/or physiological organization
of tissue generated in the culture, with the biochemical composition and/or physiological
organization of the biological material, mineralized biological material, or reconstituted

mineralized cartilage tissue cultured in the absence of the substance.
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The substance may be added to the culture or the chondrocytes in the biological
materials or reconstituted mineralized cartilage tissue may be genetically engineered to express
the substance i.e. the chondrocytes may serve as an endogenous source of the substance.
Chondrocytes may be engineered by viral or retroviral-mediated gene transfer to produce a

5 specific substance. The engineered cells are constructed and maintained such that they release
the substance into the medium for the desired period of time for the culture.

The system may be used to analyze the effects of substance(s) on different stages of
calcification. Effects on cells at very early, intermediate, and late stages of calcification may be
evaluated by assessing the biochemical composition and/or physiological organization of the

10 tissue and the mineralization generated in the cultures at various times such as 2, 4, 6 and 8
weeks.

The biochemical composition and/or physiological organization of the tissue
generated in the cultures may be assessed using the methods described herein.

In a preferred embodiment of the invention, the biological materials and

15 reconstituted mineralized cartilage tissue of the present invention may be used in the testing of
pharmaceutical preparations useful in the treatment of diseases of the joint, for example,
osteoarthritis, inflammatory arthropathies, septic arthritis, and crystalline arthropathies.

The biological materials and reconstituted mineralized cartilage tissue of the
invention may also be implanted into the joints of patients to replace or repair damaged or

20 deficient cartilage. The biological materials and reconstituted mineralized cartilage tissue can
be used in the study and treatment of chondrodysplasias. In addition the biological material can
be used to test angiogenic factors as cartilage is normally resistant to vascular infiltration.

It is also contemplated that the biological materials and reconstituted mineralized
cartilage tissue of the present invention can be used to enhance healing of bone fractures when

25 inserted into the site of a fracture.

The invention also contemplates using the biological materials and reconstituted
mineralized cartilage tissue of the invention in gene therapy. Therefore, recombinant vectors
containing an exogenous gene encoding a biologically active protein which is selected to modify
the genotype and phenotype of a cell to be infected may be introduced into chondrocytes in the

30 biological materials and reconstituted mineralized cartilage tissue of the invention. An
exogenous gene coding for a biologically active protein which corrects or compensates for a
genetic deficiency may be introduced into chondrocytes in the biological materials and
reconstituted mineralized cartilage tissue. For example, TIMP (tissue inhibitor of
metalloproteases) could be introduced into the chondrocytes so that the cells secrete this protein

35 and inhibit the metalloproteases synthesized by chondrocytes locally in diseases such as
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osteoarthritis and rheumatoid arthritis. A gene could also be inserted to metabolize iron which
would be useful in the treatment of thalassaemia. The expression of the exogenous gene may be
quantitated by measuring the expression levels of a selectable marker encoded by a selection
gene contained in the recombinant vector.

The following non-limiting examples are illustrative of the present invention:

Examples

The following materials and methods were utilized in the investigations outlined in
the examples:
Chondrocyte Culture: The articular cartilage from the metacarpal-carpal joints of calves was
exposed and the majority of the cartilage was removed and discarded. The remaining deep
articular and calcified cartilage was dissected off the subchondral bone and collected. The
chondrocytes were isolated from this tissue using sequential enzyme digestion and plated at
5x10° cells/cm? on filter inserts (Millipore® CM) coated with type II collagen as described in
U.S. Patent Serial No. 5,326,357 and Boyle, J. et al; Osteoarthritis and Cartilage 3:117-125;
1995 which are incorporated herein in their entirety by reference. The cells were plated in Hams
F12 containing 5% fetal bovine serum, and 25mM Hepes. After 5 days the medium was
changed to Dulbecco’s Modified Eagle’s Medium (DMEM) containing 20% fetal bovine serum,
25 mM Hepes and ascorbic acid (100 pg/ml, final concentration). The medium was changed
every two to three days and fresh ascorbic acid was added each time. After two weeks in culture
p-glycerophosphate (10 mM, final concentration) was added to the medium. In selected
experiments, the concentration of p-glycerophosphate was varied from 0 to 10 mM.

Control cultures were established using cells isolated from the entire cartilage as
described in U.S. Patent Serial No. 5,326,357 which is incorporated herein by reference. These
cells were maintained in Hams F12 with 20% fetal bovine serum, 25mM Hepes, and ascorbic
acid but they did not receive B-glycerophosphate.

Histological Assessment of Chondrocyte Cultures: The cultures were harvested at varying
times up to 8 weeks after plating, fixed in 10% buffered formalin and paraffin embedded.
Sections (5 wm) were cut and stained with hematoxylin or eosin to assess the cellularity,
toluidine blue to demonstrate the presence of sulphated proteoglycans, or von Kossa to
demonstrate the mineralization. '

Alkaline Phosphatase Activity: At varying times, the cultures were removed from the filter
into Buffer A (0.1% Triton X, 0.2M Tris HCI pH 7.4, 45.7 mM NaCl) and sonicated for 15 sec.
on ice. The solution was clarified by centrifugation for 20 min at 4°C at 700 xg and stored at
-20°C until used. Alkaline phosphatase activity was determined by mixing aliquots of the
extracts with 0.06M solution of p-nitrophenol phosphate (Sigma Chemical, St. Louis, MO) in
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0.07M sodium barbitone pH 9.3 (BDH Inc., Toronto, Canada) for 1 hr at 37°C. The reaction was
stopped by addition of 50ul of 1.5N NaOH. The assay was done in 96 well plates and analyzed
spectrophotometrically at a wavelength of 405 nm (Titertek Multiskan) (Kato, Y., et al., Proc.
Natl. Acad. Sci. 85:9552-9556, 1988). p-Nitrophenol was used to generate the standard curve.
Results were normalized against DNA content. All experiments were done in triplicate and
repeated at least three times.

DNA Content of Cultures: The cultures were harvested at varying times, and digested with
papain and the DNA content measured using Hoescht 33258 dye (Polysciences Inc. Warrington
PA) and fluorometry as described previously (Boyle et. al., Osteoarthritis and Cartilage, 3:117-
125, 1995). )

Electron Microscopy: The cultures were harvested at four weeks, fixed in 2% glutaraldehyde
in 0.1M sodium cacodylate buffer, post-fixed in 1% osmium tetroxide, dehydrated in graded
ethanol series, followed by propylene oxide and embedded in Spurr epoxy resin. Thin sections
were cut, stained with lead citrate and uranyl acetate and examined ultrastructurally using a
Philips 430 transmission electron microscope. To determine mineral composition, the crystals
were examined by selected area electron diffraction and the pattern generated compared to
known standards.

Analysis of Collagens in the Matrix: To examine collagen synthesis in these cultures, the
chondrocytes were incubated with [*C] proline (4uCi) for 24 hours. The collagens were
extracted with pepsin (100 pg/ml in 0.5M acetic acid) [Worthington Biochemical Corp.,
Freehold, NJ] for 48 hrs at 4°C. The digestion was stopped by addition of 4x Laemmli buffer.
The extract was separated on an 8% SDS-polyacrylamide gel and transferred to nitrocellulose
for Western blot analysis and autoradiography. Blots were incubated with antibodies reactive
with either type I collagen (Southern Biotechnology Assoc., AL, USA), type II collagen
(Southern Biotechnology Assoc., AL., USA), or type X collagen (Gibson, G. Trans. Orthop. Res.
20:28, 1995) overnight. Reactivity was detected using affinity purified goat anti-rabbit IgG
antibody conjugated to alkaline phosphatase. Nitroblue tetrazolium and 5-bromo-4-chloro-3-
indolylphosphate (NBT/BCIP) were added for substrate and colour reaction (GIBCO BRL,
Burlington, Ont, Canada). The blot was then exposed to X-oMat AR film for 1 week.
Analysis of Newly Synthesized Proteoglycans: To analyze proteoglycan biosynthesis in the
mineralized cultures, the cultures were incubated with [3°S] sulphate (1 »Ci/ well) for 24 hrs
prior to harvesting. The proteoglycans were extracted with 4M guanidine HCI in 50mM sodium
acetate, pH 5.8 containing 0.1 M 6-aminohexanoic acid, 50 mM benzamidine HCl, 10 mM
EDTA and 5 mM N-ethylmaleimide for 24 hrs at 4°C. The undigested mineral was removed by

centrifugation for 5 min at 4°C. The proteoglycan monomer size was examined by Sepharose
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CL-2B column chromatography (1x100 cm) under dissoci%tive conditions at 4°C. A flow rate
of 6ml/hr was used. The elution profile was analyzed for its partition coefficient, Kav
[Kav=(Ve-V0)/(Vt-Vo)], where Vi= total volume, Vo= void volume, and Ve= elution volume.
Vt was determined using [**S] SO, and the void volume determined using dextran sulphate.
EXAMPLE 1
CHARACTERIZATION OF THE MINERALIZED CHONDROCYTE CULTURES
Determination of the Enrichment of Chondrocytes from the Deep Zone: As alkaline
phosphatase activity is detected in cells at or above the calcified zone of articular cartilage, this
enzyme was used as a marker to assess the enrichment of these cultures with cells from the deep
cartilage. Cells with an alkaline phosphatase activity of at least 2 uM PNP/hr/10¢ cells, which
represented at least a fourfold increase in alkaline phosphatase activity when compared to the
alkaline phosphatase activity detected in the same number of cells obtained from the entire
cartilage (data not shown), were used to establish the cultures. Cells with alkaline phosphatase
activity less than this did not mineralize as well or as rapidly. On average the alkaline
phosphatase activity of the cells isolated from the deep layer of cartilage was 4.1+ 0.8 pM
PNP/hr/ pg DNA (mean SE). In contrast the alkaline phosphatase activity of cells isolated from
the upper two-thirds of the cartilage which had been dissected off and were not used to establish
the cultures was 0.320.05uM PNP/hr/ pg DNA (mean +SE) which confirms the enrichment of
the cultures with alkaline phosphatase containing chondrocytes.
Histological Appearance of the Chondrocyte Cultures: Figure 1 shows the histological
appearance of formalin and paraffin embedded chondrocyte cultures harvested at two (Figure
1A), and 8 (Figure 1B) weeks. The filter (F) on which the cells are grown is present and at two
weeks the cartilaginous tissue does not show calcification (Von Kossa, magnification x 400).
The chondrocytes during the first two weeks in culture accumulated extracellular
matrix to form a continuous layer of cartilaginous tissue which contained sulphated
proteoglycans as demonstrated histologically by toluidine blue staining (Figure 1A). The cells
in the lower half of the tissue appeared hypertrophic and were surrounded by large lacunae
histologically. Once the tissue had formed, mineralization was induced by the addition of p--
glycerophosphate. The calcification occurred rapidly as the deposits could be visualized by
phase contrast microscopy within one day of adding B-glycerophosphate in many of the
cultures. Histological sections of the cultures demonstrated that the mineralization occurred
around single cells in the lower half of the cartilaginous tissue and the extent of mineralization
increased over time forming a continuous layer of mineralization (Figure 1B). Progressive
mineralization was not observed histologically when the cultures were maintained in Hams F12

instead of DMEM and when the concentration of B-glycerophosphate was less than 2.5 mM
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(data not shown). p-glycerophosphate, at concentrations between 2.5 and 10mM was able to
induce mineralization but at a slower rate. Cultures established using chondrocytes obtained
from full thickness of cartilage or from just the upper two-thirds of the articular cartilage did not
form a continuous layer of mineralized tissue.

Determination of Alkaline Phosphatase Activity of the Cultures: As alkaline phosphatase has
been implicated in apatite crystal formation (Whyte, M.P. Alkaline phosphatase: physiological
role explored in hypophosphatasia. In: Peck WA (ed.). Bone and Mineral Research, 6th Ed.
Elsevier Science Publishers, Amsterdam, 1989:175-218 and Yoon, K.; Golub, E.E.; Rodan, G.A.
Alkaline phosphatase cDNA transfected cells promote calcium and phosphate deposition. In:
Glimcher MJ, Lian JB (eds.) Proceedings of the Third International Conference on the
Chemistry and Biology of Mineralized Tissues. Gordon and Breach Science Publishers, New
York, 1989;643-652) and because under some culture conditions, chondrocytes can lose this
enzyme activity (Xu, Y. et al,, J. Rheum. 21(5):912-919; 1994), the cells in culture were assayed
for the presence of alkaline phosphatase activity.

Figure 2 is a graph showing alkaline phosphatase activity of cultures established
from cells from the deep cartilage after two weeks in culture which was just prior to
mineralization (day 0) and during matrix mineralization. The results are expressed as the mean
+ SE of one representative experiment which was repeated three times. Each time point was
done in triplicate.

As demonstrated in Figure 2, the cultures continued to express alkaline phosphatase
activity during the culture period. The enzyme activity increased over time. The significance of
the increasing alkaline phosphatase activity is unknown but has been shown to occur in other
mineralizing cultures (fTwamoto, M.et al;Dev. Biol. 136:500-507; 1989, Wu, L.N.Y. et al; J. Biol.
Chem. 264(35):21346-21355, 1989).

Ultrastructural Characterization of the Mineral: The mineralized cultures were examined by
electron microscopy to determine whether matrix vesicles, which have been implicated as the
site of initial crystal formation (Wuthier, R.E. Mechanism of matrix vesicle mediated
mineralization of cartilage. ISI Atlas Sci. Biochem. 1:231-241; 1988) are present in the matrix
of these cultures. Ultrastructurally, chondrocytes were surrounded by matrix containing collagen
and proteoglycans (Figure 3A). Matrix vesicles were present in the matrix and crystals were
seen adjacent to matrix vesicles (Figure 3B). The crystals had an ultrastructural morphology
similar to that of hydroxyapatite crystals. Crystal deposits were seen both adjacent to the
chondrocytes and within the territorial matrix away form the cell. Although it is possible that

these latter deposits were actually close to cells which were not in the plane of section. The
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crystals were analyzed by selected area electron diffraction which demonstrated that they were
composed of hydroxyapatite (Figure 3C).

Composition of the Extracellular Matrix: As the extracellular matrix of cartilage contains
characteristic macromolecules such as large proteoglycans (aggrecan) and specific types of
collagens (Lovell, T.P. and Eyre, D.R. Trans. Orthop. Res. Soc. 13:511; 1988; Oegema,T.R.Jr.;
Thompson, R.C. Jr. The zone of calcified cartilage. Its role in osteoarthritis. In: Kuettner, K. eds.
Articular Cartilage and Osteoarthritis. New York: Raven Press; 1992:319-331; and Oegema,
T.R. Jr.; Thompson, R.C. Cartilage-Bone Interface (Tidemark). In: Brandt, K. ed. Cartilage
Changes in Osteoarthritis. Indiana School of Medicine publication. Basel: Ciba-Geigy; 1990:43-
52) the matrix composition of the cultures was examined. To assess the types of collagen in the
matrix, the matrix was digested with pepsin. The pepsin extracts were subjected to SDS PAGE
and either autoradiography or Western blot analysis.

Figure 4A shows an autoradiogram of pepsin extracted [**C]} proline labelled
collagens synthesized by chondrocytes after formation of the cartilaginous tissue (14 days) and
when the tissue was mineralized (28 days). Figures 4A, shows bands indicative of type II, type
X, and type I collagens in the matrix of the mineralizing chondrocyte culture. Bands suggestive
of type XI collagen, which has been detected in the calcified cartilage (Lovell, T.P. and Eyre,
D.R. Trans. Orthop. Res. Soc. 13:511; 1988), were also seen on the autoradiogram.

The presence of the collagens was confirmed by Western blot analysis. In particular,
Figure 4B shows a Western blot analysis of collagens extracted from mineralized cultures (day
28) (E) using antibodies reactive with type II collagen (II), type I collagen (I), or type X collagen
X). The appropriate purified collagen type was used as a standard (S) for each blot. The types
of collagens synthesized by the chondrocytes did not change during matrix mineralization.

To examine the proteoglycans in the matrix, the [**S] SO, labelled proteoglycans
were guanidinium extracted from six week old mineralized cultures. Figure 4C shows the
proteoglycan elution profile of newly synthesized proteoglycans extracted from 42 day old
mineralized cultures. [**S] SO, labelled proteoglycan monomer size was determined by
Sepharose 2B column chromatography under dissociative conditions. Figure 4C is a
representative profile from an experiment that was repeated five times. Analysis by column
chromatography under dissociative conditions demonstrated that the proteoglycans had a large
hydrodynamic size (Kav=0.26+0.03) and were polydisperse (Figure 4C). These proteoglycans
were larger than those synthesized by chondrocytes in non-mineralizing cartilaginous tissue
formed in vitro.

The studies illustrated herein describe an articular chondrocyte culture system in

which cartilaginous tissue is formed in vitro which can be induced to mineralize. The
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chondrocytes used to establish these cultures differ from previously described non-mineralizing
articular chondrocyte cultures in that the chondrocytes were obtained from the deep zone (lower
15%) of articular cartilage and not from the entire cartilage. This region was selected for cell
isolation for two reasons. Firstly, it contains cells with alkaline phosphatase activity, an enzyme
which is involved in mineralization (Yoon, K.; Golub, E.E.; Rodan, G.A. Alkaline phosphatase
cDNA transfected cells promote calcium and phosphate deposition. In: Glimcher MJ, Lian JB
(eds.) Proceedings of the Third International Conference on the Chemistry and Biology of
Mineralized Tissues. Gordon and Breach Science Publishers, New York, 1989;643-652) and
secondly, this region of cartilage can undergo mineralization in vivo indicating that the cells
have the potential to synthesize matrix components that favor mineralization under the
appropriate conditions.

The results suggest that the mineralizing chondrocyte cultures contain, as has been
examined to date, some of the same components as the calcified cartilage (Gannon, J.M.et al,
J. Orthop. Res. 9:485-494; 1991; Oegema, T.R. Jr.; Thompson, R.C. Jr. The zone of calcified
cartilage. Its role in osteoarthritis. In: Kuettner, K. eds. Articular Cartilage and Osteoarthritis.
New York: Raven Press; 1992:319-331; Oegema,T.R. Jr.; Thompson, R.C. Cartilage-Bone
Interface (Tidemark). In: Brandt, K.ed. Cartilage Changes in Osteoarthritis. Indiana School of
Medicine publication. Basel: Ciba-Geigy; 1990:43-52; and Wardale J.R. and Duance, V.C,, J.
Cell. Sci. 105:975-984; 1993.), in particular those thought to be involved in cartilage
mineralization, such as matrix vesicles, type X collagen and alkaline phosphatase activity
(Poole, R.A. et al.,, Anat. Rec. 224:167-179; 1989). The crystals that formed in these
mineralizing cultures were hydroxyapatite, the crystal type present in calcified cartilage.
Furthermore, similar to calcified cartilage in vivo, ultrastructural examination demonstrated that
the crystal deposits formed in relationship to matrix vesicles. Although the components that
have been shown to be involved in mineralization were present in these cultures, B-
glycerophosphate was required for the progressive mineralization of the matrix. It has been
suggested that the calcification which occurs in the presence of p-glycerophosphate, which is
acting as a phosphate donor, may be artefactual (Bruckner, P. et al; J. Cell. Biol. 109:2537-2545,
1989), but this is unlikely to be the situation in these cultures. It was found that the amount of
mineralization could be influenced by the number of cells from the deep zone in the culture. If
the cultures were established at the same plating density but the deep cells were diluted with
increasing numbers of chondrocytes isolated from the superficial zone, this resulted in a
decrease in the size of mineral deposits as determined by light microscopic examination of
histological sections of the cultures (data not shown). Furthermore although  p-

glycerophosphate was required, a low concentration of B-glycerophosphate (2.5mM) was
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sufficient to induce mineralization.

The chondrocytes in these cultures maintained their phenotype as they synthesized
type II collagen and large sulphated proteoglycans, which are characteristic of differentiated
chondrocytes. However, type I collagen was also present. This collagen type is not usually
detected in normal hyaline (non-mineralized) cartilage and under some culture conditions its
synthesis is considered suggestive of chondrocyte dedifferentiation. Immunofluorescence
studies have shown that type I collagen is present in the calcified zone of articular cartilage
(Wardale, JR. and Duance, V.C.; J. Cell. Sci. 105:975-984; 1993 ) so its synthesis by
chondrocytes in these cultures likely reflect the cell phenotype. The proteoglycans synthesized
by the chondrocytes in mineralizing culture had a larger hydrodynamic size than proteoglycans
synthesized by non-mineralizing articular chondrocytes (cells obtained from full thickness
cartilage) grown on filter inserts (Boyle, J.et al; Osteoarthritis and Cartilage 3:117-125; 1995).
Studies examining the size of proteoglycans extracted from the different layers of articular
cartilage from superficial to deep have demonstrated that the hydrodynamic size of the
proteoglycans under dissociative conditions were similar but not identical in size in all zones
(Korver, G.H.V. et al;Matrix 10:394-401; 1990; Mitrovic, D.R. and Darmon, N. Osteoarthritis
and Cartilage 2:119-131,1994). The hydrodynamic size of the proteoglycans synthesized by
chondrocytes in the deep zone of human articular cartilage had a (K, ranging from 0.18 to 0.22
(Mitrovic, D.R.and Darmon, Osteoarthritis and Cartilage 2:119-131; 1994). The cells of other
types of mineralizing cartilage, such as epiphyseal plate chondrocytes and embryonic limb bud
cells, have also been shown to synthesize large proteoglycans (Hascall, V.C.et al; J. Biol. Chem.
251:3511-3519; 1976; Plaas, A.H.K. and Sandy, J.D. Matrix 13:135-147; 1993; and Silbermann,
M. et al; Bone 8:117-126; 1987). For epiphyseal chondrocytes, the hydrodynamic size of the
proteoglycans synthesized varied depending on the location of the cell in the growth plate
(Plaas, A.HK. and Sandy, J.D. Matrix 13:135-147, 1993). Embryonic mesenchymal cells that
differentiate into chondrocytes synthesize proteoglycans other than aggrecan (Plaas, A.H.K. and
Sandy, J.D.; Matrix 13:135-147; 1993; and Shaklee, P.N. and Conrad, H.E. J. Biol. Chem.
260:16064-16067; 1985). Versican (PG-M) is one the proteoglycans which has been identified
and its characterization demonstrated that it has a larger core protein than aggrecan (Plaas,
AHK. and Sandy, J.D. Matrix 13:135-147; 1993). Versican has also been detected in
osteoarthritic articular cartilage (Nishida,Y et al.; Osteoarthritis and Cartilage 2:43-49; 1994).

In conclusion, the mineralizing articular chondrocytes cultures maintain their
phenotype in vivo and should be useful as a model to examine the metabolism of cells from the

deep zone of articular cartilage and the mineralization of cartilaginous tissue.
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EXAMPLE 2

Chondrocytes from the mid and superficial zones of articular cartilage were cultured
on top of the mineralized cartilaginous tissue described above. Chondrocyte cultures are grown
in Hams F12 medium containing 20% fetal bovine serum as described above, and after about
five days the medium is changed to DMEM with 20% fetal bovine serum supplemented with
10mM p-glycerophosphate, 100ug/ml ascorbic acid, and 25 mM Hepes buffer. The cultures are
then maintained for six weeks or longer. This results in a reconstituted mineralized cartilage
tissue which has a deep mineralized layer and mid and superficial non-mineralized layers
substantially similar to articular cartilage tissue in vivo. In particular, Figure 5 is a
photomicrograph of 49 day old culture showing superficial and midzone chondrocytes cultured
on cartilaginous tissue formed by the deep cells. Cartilaginous tissue is present and mineral
deposits are present in the tissue generated by the deep cells only (Von Kossa stain).

Figure 6 is a photomicrograph showing the histological appearance of formalin-fixed
and paraffin-embedded chondrocyte culture. The cultures have been incubated for 8 days in the
presence of ATP, and mineralization () is seen in the lower zone of the tissue. The filter insert
is still present beneath the cartilaginous tissue (F).

Having illustrated and described the principles of the invention in a preferred
embodiment, it should be appreciated to those skilled in the art that the invention can be
modified in arrangement and detail without departure from such principles. We claim all
modifications coming within the scope of the following claims.

All publications, patents and patent applications are herein incorporated by reference
in their entirety to the same extent as if each individual publication, patent or patent application

was specifically and individually indicated to be incorporated by reference in its entirety.
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ICLAIM: :

1. An isolated and purificd mineratized biclogical material consisting of a

continous layer of mineralization characterized by chondrocytes having alkaline

A

phosphatase activity and surtounced by matrix containing type I, type 1T and lype X
ccllagens, suiphated proteoglycans having a lurge hydrodynamic size, matrix vesicles
and calciuin hydroxyapatite crystal.

~
& .

An ixolated and purified mineralized biologicad materiad consisting essentially of
a continuous layer of mineralivailon churucterized by chondrocytes having alkaline
pbosphatase activity and surrounded by muatrix containing type I, type II and tyre X
collagens, sulphated proteogiycans having a large hydrodynumic size, matrix vesicles
and calcium hydroxyapatite crystal depesits.

10

15 3. An isolxicd and purificd mincralived biological material as claimed in claim )

wherein the chondrocytes are transformed with recombinunt vectors containing an

exeganous gene encoding a biclogically active protein which correets or compensates
for a gonetic deficiency,

20 4.

A method for producing an isoluted and purified minesalized biclogical material
a5 cluimed in claimn | comiprising (o) isolating chondrocyies from the lower 13% of

animal articular cartifage dssue having cn alkaline phosphatase activity of at least 2 pM

PNFEArfug TNAS (b) forming a layer of the chondrocytes on a substraic wherein ke

substrate is bone, an cagincored biomateriad or a porous tissue cuwinue insery; (¢)

culfuring the chondrocyies in growth mwdia under suituble conditiens so

that the
chondrocytes

accurmulale mutrin end  form  carilaginous tissue  which comtains
compopcnts associated with carlilage mineralizaticn, and (d) cularing (he cartilfaginous
tizsue in the presencs of a mineralizing agent selected from the group consisting of B-

glycercphaosphate, ATP, and phosphocthanolamine, to form a continuces layer of
mincratized cartilaginous tissue comprising of a continous layer of mineralization

characterized by chondrocytes having alkaline phosphatase activity and surrounded by
raalrix containing type 1, type 1T and type X collagens, sulphated protenglycans having
a large hydrodynamic size, matrix vesicles and calcium hydroxyapafile orystal doposits,

30

A methed as claddmed in clam 4 whorein the chondroeytes are isolated by

‘cnneD SHEET
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sequential cnzyme digestion technigues.

6. A methed as claimed in claim 4 whereia the chondrocytes are sceded on the
substrale at a cell density of about 1 x 10° 10 8 x 10° cells/em?,

7. A mothod as claimwd in claim 4 which further comprises tansforming

chondrocytes in the mineralized biologival muterial with recombinant vectors cuntaining

&l exogenous gens cncoding a biolegically active protein which corrects or
compensates for a genetic deficiency,

8. A method for producing an isolated and purificd minerdized biclogical mutesial

as claimed in claim 7 which further comprises after step (¢) cultwing chordrocytes
isolated from the mid arg superficial zones of animai articular cartilage tssue on the
cartifaginous tssue in the presence of a mineralizing apent w0 farm a maleriad
comprising a mincrialized biclogical material comptising & continous layer of
mincratization characterized by chondroeyles sumounded by matrix couanining type I,
type I and type X collagens, sulphated proteaglycans having a lurge hydrodynumic
size, matrix vesicles and caleinm hydroxyapatite crysta deposits, and a mid and
supcrficizl non-minerialized layer adjacent to and continous with the mineralized

biological matesial correspending to the mid and superficial Jayers of articular cartilage
in vivo,

5. A method for testing for a substance that affects caleification of aricular

cartitage tissue comprising coculturing an isolated and purilied mincralived biclogical
material as claimed in claim 1 in the presence of & substance which is suspected of
affecting  calcification, and  dotermining  the  bicchernical cotuposition  and/or
physiological orgarization of the mineralized biological material generated in the
coculture, with the biochemical composition and/or physiological organization of the
mineralized biological material cullured in the abscace of the substance.

10. A method as claimed in claim 9, wherein the substance is addcd to the

ceculture, or chondrocyics in the isclated and puwrifted mineralized biclogical muteriat
are genetically engineered to express the substance.

11 A method as claimed in claim 9 whercin the substunce is & phurmacsutical

preparation which is suspected of being useful in the treatzient of diseases of the joind,

e o e
ArabidEZD SHEET
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13, A method of replacing or repairing damnaged or deflcient curtilage in 3 jotnd of a
patient comprising implanting an isclated and purified miseralized blological materia) as
claned inclaim 1 or 2 in the joint uf the patient.

13, A methed of enbancing healing of a bone fractwe in a palient comprising

mserting an isclated and purified mineralized biological material as clabmed in claim 1 or
2 into the site of 3 fractwe.
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