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INTERVERTEBRAL DISC 

FIELD OF THE INVENTION 

0001. The present invention relates to an engineered 
biological material comprising tissue of intervertebral disc; 
constructs comprising one or more engineered biological 
materials, methods for producing the biological materials 
and constructs, and methods of using the biological mate 
rials or constructs. 

BACKGROUND OF THE INVENTION 

0002 The human spine consists of thirty-three vertebral 
bodies of which the distal nine are fused to form the Sacrum 
and coccyx (Simon, SR, et al 1994; Bogduk, N., 1997). The 
24 vertebrae, with the exception of C1 and C2, are each 
separated by an intervertebral disc (IVD). The IVD anchors 
adjacent vertebral bodies and by doing So allows for Spinal 
Stabilization, load bearing, and movement. The interverte 
bral disc is a Specialized Structure consisting of two inter 
dependent tissues, the annulus fibroSuS (AF) and the nucleus 
pulpoSuS (NP) which merge with the the cartilage endplate 
(Bogduk, N., 1997; Eyre, DR, 1979). The composition of 
the AF and nucleus pulpoSuS varies with anatomical Site in 
the tissue and the age of the individual (Eyre, DR, 1979; 
Buckwalter, 1995). The normal function of the disc is 
dependent on maintenance of the composition, organization, 
and integrity of the different components (Chiba, 1998). The 
annulus fibroSuS is responsible for withstanding circumfer 
ential tensile forces while the nucleus pulposus resists 
compressive forces during normal activity (Simon, 1994, 
Bogduk, 1997; Eyre, 1979; Buckwalter, 1995). The disc is 
relatively avascular as only the outer portion of the annulus 
contains blood vessels in adults (Buckwalter, 1995). The 
disc cells rely on diffusion of nutrients from these vessels 
and from blood vessels in the vertebral body. 

0003. The annulus fibrosus Surrounds the nucleus pulpo 
SuS and consists of approximately 10-20 lamellar sheets each 
composed of collagen fibres oriented parallel to each other 
and about 65 from the vertical. Although the angle is the 
Same, the direction of the inclination alternates with each 
sheet such that the fibres in one lamella are 65 to the right, 
while in the next lamella they are 65 to the left. Every 
second lamella has the same orientation (Bogduk, N., 1997). 
This very Specific collagen organization allows the disc to 
rotate and flex. Collagen makes up about 70% of the dry 
weight of the annulus (Buckwalter, 1995). Type I collagen is 
the predominate collagen but types II, III, V, VI and type IX 
collagen are also present in lesser amounts (Bogduk, N., 
1997; Buckwalter, 1995; Nerlich, 1998). The average diam 
eter of the collagen fibril is 50-60 nm as determined by 
transmission electron microscopy (Eyre, 1979). The annulus 
also contains a Small amount of proteoglycans and these also 
have a specific distribution. The proteoglycan content in the 
tissue is lowest in the periphery of the annulus fibroSuS and 
increases in amount towards the nucleus pulpoSuS (Bogduk, 
N., 1997). The major proteoglycan is aggrecan (Bogduk, N., 
1997; Inerot, 1991; Roberts, 1994; Antoniou, 1996; and 
Sztrolovics, 1997). Small proteoglycans such as decorin, 
biglycan, fibromodulin are also present (Gotz, 1997; 
Sztrolovics, 1999). Elastin and other non-collagenous pro 
teins are detected in the disc (Bogduk, 1997). The cellularity 
acroSS the annulus varies, as it is more cellular in the outer 
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third (0.7 ug DNA/gm dry weight) when compared to the 
inner two-thirds (0.1 ug DNA/gm dry weight) of the annulus 
(Bayliss, 1998). 
0004 The nucleus pulposus (NP) is gelatinous type tis 
Sue, which is Surrounded by the annulus fibroSuS and con 
fined by the cartilaginous endplates of the vertebral bodies 
(Bogduk, 1997). It consists of proteoglycans within a loose 
network of collagen and does not show the same degree of 
collagen organization in the matrix as the annulus fibroSuS 
(Eyre, 1979; Aguiar, 1999). Proteoglycans comprise 
approximately up to 65% of the dry weight of the nucleus. 
Aggrecan is the major proteoglycan present in the nucleus 
pulposus and about 60% of it is present in a form that does 
not aggregate. Other proteoglycans, Such as decorin, bigly 
can, and fibromodulin, are also present (Buckwalter, 1995; 
Gotz, 1997; Sztrolovics, 1999; and Oegema, 1993). The 
nucleus pulpoSuS contains predominantly type II collagen 
but there are other collagen types present, Such as III, VI, IX 
and XI (Eyre, 1979; Buckwalter, 1995; Aulisa, 1998). Type 
I collagen has been detected in Small amounts in the nucleus 
pulposus of humans (Eyre, 1979) and rats (Rufai, 1995). The 
average diameter of the collagen fibrils is around 30 nm as 
determined by transmission electron microscopy (Eyre, 
1979). In childhood, the nucleus contains notochordal cells 
but these disappear with age. It has been postulated that 
these cells contribute to the maintenance of the nucleus 
pulpOSuS and their absence in the adult disc explains the high 
prevalence of disc degeneration (Aguiar, 1999). 
0005 The other component of the disc is the cartilage 
endplate, a thin layer of articular cartilage that is integrated 
with the underlying bone of the vertebral body (Bogduk, 
1997). As the endplate covers a portion of the vertebral body 
it confines the nucleus pulpOSuS entirely but only a portion 
of the annulus fibroSuS. The peripheral portion of the annu 
lus fibrosus inserts directly into the bone. The endplate is 
considered part of the disc as it can easily be separated from 
the vertebral body (Bogduk, 1997). Like articular cartilage, 
the endplate consists predominantly of water, proteoglycans 
and collagen (Bogduk, 1997; Antoniou, 1996). The Zone of 
tissue closer to the bone is richer in collagen as compared to 
the Zone closer to the nucleus pulpOSuS, which contains leSS 
collagen and more proteoglycans and water (Bogduk, 1997). 
0006 Intervertebral disc prolapse is a very common 
problem and currently there is no optimal treatment for 
persistent disease. In an autopsy study, 97% of individuals 
50 years or older showed disc degeneration (Miller, 1988). 
It is not known why it is So common, but may be due in part 
to the relative avascularity of the tissue until there is 
prolapse (Ozaki, 1999), mechanical factors (Hadjipavlou, 
1999), the absence of notochordal cells (Aguiar, 199) or 
genetic factors (Kawaguchi, 1999). The back pain that can 
develop as a result of this disease is often Self-limited, but 
a percentage of affected individuals require Surgery (Krae 
mer, 1994; Borenstein, 1999). Although the surgical inter 
vention may relieve pain faster, this procedure does not 
restore disc height or its original load bearing capacity. 
Post-discotomy Syndrome, which is characterized by persis 
tent pain and occurs after disc Surgery, may be treated by 
Spinal fusion. This is a less than optimal treatment as it is not 
always Successful and results in limited flexibility and 
degenerative changes in adjacent vertebrae (Javedan, 1999). 
0007 IVD replacement, with allografts or prosthetic 
devices, has been attempted but met with limited Success 
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(Leivseth, 1999; Hou, 1991; Enker 1993; Bao, 1996; and 
Kostiuk, 1997). Alternative treatments such as laser treat 
ment are now being studied (Zeegers, 1999). Intraspinal 
injection of chymopapain has been used; however, a recent 
study of 51 patients showed that this treatment had no effect 
(Choy, 1998). Although not used currently, gene therapy 
may be another way to treat this disease (Nishida, 1998; 
Nishida, 1999; and Evans & Robbins, 1999). There is clearly 
a need to develop novel approaches to the treatment f disc 
disease. 

SUMMARY OF THE INVENTION 

0008. The present inventor has produced an engineered 
biological material comprising or enriched for one or more 
tissues of intervertebral disc. 

0009. In particular, the present inventor has produced an 
engineered biological material comprising a continuous 
layer of nucleus pulpoSuS tissue. The tissue formed in Vitro 
was characterized and compared to in Vivo nucleus pulpOSuS 
tissue and it was found to mimic the organization of nucleus 
pulpoSuS tissue in Vivo. In particular, the accumulation of 
Sulfated proteoglycans in the nucleus pulpoSuS tissue con 
tinued up to 10 weeks and this was paralleled by an increase 
in tissue thickness and dry weight. DNA content decreased 
over time. The amount of DNA and proteoglycans per mg 
dry weight of the tissue generated in 10 weeks old cultures 
were substantially the same as for the in vivo tissue. There 
was no significant difference between in Vitro and in vivo 
tissues. The cells in culture Synthesized large proteoglycans 
which were similar in size to those Synthesized by cells in 
nucleus pulposus tissue explant culture as determined by 
Sepharaose CL-2B column chromatography. The cells also 
Synthesized type II collagen. 
0.010 Therefore, in one aspect, the invention relates to an 
engineered biological material comprising a continuous 
layer of nucleus pulpoSuS tissue. In an embodiment, an 
engineered biological material is provided comprising in 
combination a Substrate and a continuous layer of nucleus 
pulpoSuS tissue on the Substrate. 
0011. In an embodiment, the invention provides an engi 
neered biological material comprising in combination 
nucleus pulpOSuS tissue and a Substrate for the nucleus 
pulpoSuS tissue, the nucleus pulpoSuS tissue being reconsti 
tuted on the Substrate in vitro from isolated nucleus pulpoSuS 
cells and being a continuous layer comprising nucleus 
pulpoSuS cells and an extracellular matric containing Sul 
fated proteoglycans and type II collagen. 
0012. In another aspect, the invention relates to an engi 
neered biological material comprising a continuous layer of 
annulus fibroSuS tissue. In an embodiment the biological 
material comprises in combination a Substrate and a con 
tinuous layer of annulus fibroSuS tissue on the Substrate. 
0013 In an embodiment, the invention provides an engi 
neered biological material comprising in combination annu 
lus fibroSuS tissue and a Substrate for the annulus fibroSuS 
tissue, the annulus fibroSuS tissue being reconstituted on the 
Substrate in vitro from isolated annulus fibroSus cells and 
being a continuous layer comprising annulus fibroSuS cells 
and extracellular matrix. 

0.014. In another aspect of the invention an engineered 
biological material is provided comprising a continuous 
layer of nucleus pulpoSuS tissue Surrounded by annulus 
fibroSuS tissue. 
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0015 The invention also relates to nucleus pulposus 
tissue and/or annulus fibroSuS tissue derived from the engi 
neered biological materials of the invention. 
0016 Still further the invention contemplates an inter 
vertebral disc construct comprising nucleus pulpOSuS or 
annulus fibroSuS tissue derived from a biological material of 
the invention fused to a Substrate (e.g. gone Substitute). A 
construct is also provided comprising nucleus pulpoSuS 
tissue derived from a biological material of the invention 
fused to a continuous layer of cartilage tissue on a Substrate. 
The nucleus pulpOSuS tissue may be Surrounded by a con 
tinuous layer of annulus fibroSuS tissue. 
0017. The invention also relates to a process for produc 
ing an engineered biological material of the invention com 
prising isolating nucleus pulpOSuS cells or annulus fibroSuS 
cells from intervertebral disc; forming a layer of the nucleus 
pulpOSuS cells or annulus fibroSuS cells on a Substrate, and; 
culturing the nucleus pulpOSuS cells or annulus fibroSuS cells 
in growth media under Suitable conditions So that the 
nucleus pulpoSuS cells or annulus fibroSuS cells accumulate 
extracellular matrix and form nucleus pulpoSuS tissue or 
annulus fibroSuS tissue, respectively. 
0018. The invention also provides a process for produc 
ing an engineered biological material of the invention com 
prising isolating nucleus pulpOSuS cells and annulus fibroSuS 
cells from intervertebral disc; forming a layer of the nucleus 
pulpOSuS cells Surrounded by the annulus fibroSuS cells on a 
Substrate, and; culturing the nucleus pulpoSuS cells and 
annulus fibroSus cells in growth media under Suitable con 
ditions So that the nucleus pulpoSuS cells and annulus 
fibroSuS cells accumulate extracellular matrix and form 
nucleus pulpoSuS tissue Surrounded by annulus fibroSuS 
tissue. 

0019. In an embodiment the Substrate is selected from the 
group consisting of bone, an engineered biomaterial prefer 
ably an engineered bone Substitute, and porous tissue culture 
inserts. 

0020. The nucleus pulposus cells or annulus fibrosus cells 
in the engineered biological materials or constructs of the 
invention may be transformed with recombinant vectors 
containing an exogenous gene encoding a biologically active 
protein that corrects or compensates for a genetic deficiency, 
or Stimulates cell growth or Stimulates extracellular matrix 
production by cells, or alternatively, encoding a drug. There 
fore, the invention also contemplates an engineered biologi 
cal material or construct of the invention wherein nucleus 
pulpOSuS cells or annulus fibroSuS cells in the biological 
material or construct are transformed with recombinant 
Vectors containing an exogenous gene encoding a biologi 
cally active protein which can correct or compensate for a 
genetic deficiency or have a Stimulatory effect, or encoding 
a drug. 

0021. The invention still further relates to a system for 
testing a Substance or agent that affects nucleus pulpoSuS 
tissue or annulus fibroSuS tissue comprising: generating or 
culturing a biolgoical material, or construct of the invention 
in the presence of a Substance or agent which is Suspected of 
affecting nucleus pulpoSuS tissue or annulus fibroSuS tissue, 
and determining the biochemical composition and/or physi 
ological organization of tissue generated or cultured, with 
the biochemical composition and/or physiological organiza 
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tion of the biological material or construct generated or 
cultured in the absence of the Substance or agent. 
0022. The invention still further relates to a method of 
using the biological materials and constructs of the invention 
to test pharmaceutical preparations for efficacy in the treat 
ment of diseases of intervertebral disc. 

0023 Still another aspect of the present invention pro 
vides a method of conducting a drug discovery busineSS 
comprising: 

0024 (a) identifying agents that affect the biochemi 
cal composition and/or physiological organization of 
an engineered biological material of the invention; 

0025 (b) conducting therapeutic profiling of agents 
identified in Step (a), or further analogs thereof, for 
efficacy and toxicity in animals, and 

0026 (c) formulating a pharmaceutical preparation 
including one or more agents identified in Step (b) as 
having an acceptable therapeutic profile. 

0027. In certain embodiments, the subject method can 
also include a step of establishing a distribution System for 
distributing the pharmaceutical preparation for Sale, and 
may optionally include establishing a Sales group for mar 
keting the pharmaceutical preparation. 
0028. Yet another aspect of the invention provides a 
method of conducting a target discovery busineSS compris 
ing: 

0029 (a) providing one or more engineered biologi 
cal materials for identifying agents by their ability to 
affect the biochemical composition and/or physi 
ological organization of the engineered biological 
material; 

0030) (b) (optionally) conducting therapeutic profil 
ing of agents identified in Step (a) for efficacy and 
toxicity in animals, and 

0031 (c) licensing, to a third party, the rights for 
further drug development and/or Sales for agents 
identified in Step (a), or analogs thereof. 

0.032 The invention provides methods of using an engi 
neered biological material or tissueS obtained therefrom or 
construct of the present invention as an implant to replace or 
repair damaged or deficient intervertebral disc, and methods 
for repairing damaged or degenerated intervertebral discs. 
Methods of the invention may be used to treat vertebrates 
Suffering from degenerated intervertebral disc conditions, 
and in particular to treat humans with Such conditions. 
0033. Therefore, the invention contemplates a method of 
replacing or repairing damaged or deficient intervertebral 
discs or portions thereof (preferably nucleus pulposus) of a 
patient comprising implanting an engineered biological 
material (or tissue therefrom) or construct of the invention 
into the Site of the damaged or deficient intervertebral disc 
of the patient. Methods for enhancing healing of an inter 
vertebral disc in a patient are contemplated which comprise 
inserting a biological material (or tissue therefrom) or con 
Struct of the invention into the Site of a damaged interver 
tebral disc. 

0034. In an embodiment, the invention provides a method 
for replacing or repairing a degenerated or damaged nucleus 
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pulpOSuS tissue of an intervertebral disc comprising implant 
ing in the disc Space, after the removal of the degenerated or 
damaged nucleus pulpoSuS tissue, an engineered biological 
material of the invention comprising a continuous layer of 
nucleus pulpoSuS tissue or nucleus pulpoSuS tissue obtained 
therefrom. 

0035) In an embodiment, the invention provides a method 
for replacing or repairing a degenerated or damaged annulus 
fibroSuS tissue of an intervertebral disc comprising implant 
ing in the disc Space, after the removal of the degenerated or 
damaged annulus fibroSuS tissue, an engineered biological 
material of the invention comprising a continuous layer of 
annulus fibroSuS tissue or annulus fibroSuS tissue obtained 
therefrom. 

0036). In an aspect of the invention, a method for repair 
ing damaged or degenerated intervertebral disc is provided 
comprising evacuating tissue from the nucleus pulpoSuS 
portion of a degenerated intervertebral disc Space, preparing 
a biological material of the invention using nucleus pulpoSuS 
cells from the vacuated tissue, and implanting the biological 
material in the evacuated nucleus pulpoSuS Space. 
0037. In another aspect of the invention, a method for 
repairing damaged or degenerated intervertebral discS is 
provided comprising evacuating tissue from the annulus 
fibroSuS portion of a degenerated intervertebral disc Space, 
preparing a biological material of the invention using annu 
lus fibroSuS cells from the evacuated tissue, and implanting 
the biological material in the evacuated annulus fibroSuS 
Space. 

0038. The invention also contemplates methods for using 
the biological materials and constructs of the invention in 
gene therapy. 

0039. A biological material or construct of the invention 
can be used as an in vitro model for investigating the 
metabolism and degeneration of nucleus pulpoSuS or annu 
lus fibroSuS cells and tissues. 

0040. These and other aspects of the present invention 
will become evident upon reference to the following detailed 
description and attached drawings. 

DESCRIPTION OF THE DRAWINGS 

0041. The invention will be better understood with ref 
erence to the drawings in which: 
0042 FIG. 1A is a photomicrograph of toluidine blue 
stained section of 10 wk old formalin-fixed, paraffin-em 
bedded nucleus pulpOSuS cell cultures showing the forma 
tion of nucleus pulpOSuS tissue. The filter is still present. 
0043 FIG. 1B is a photomicrograph of in vitro formed 8 
week old nucleus pulposus tissue (toluidine blue, magnifi 
cation x600). 
0044 FIG. 2 shows the determination of culture tissue 
thickness over time. The cultures were harvested, paraffin 
embedded and histological Sections were used to measure 
the nucleus pulpoSuS tissue thickness. The results are 
expressed as meantSEM of three separate experiments and 
each time point was done in triplicate. 

004.5 FIG. 3 shows the determination of culture tissue 
dry weight over time. The cultures were harvested, lyo 
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philized and weighed. The results are expressed as 
meantSEM of three Separate experiments and each time 
point was done in triplicate. 

0046 FIG. 4 shows the measurement of DNA content of 
the nucleus pulpOSuS tissue in culture over time. The results 
are expressed as meantSEM of three separate experiments 
and each time point was done in triplicate. 
0047 FIG. 5 shows the proteoglycan content of the 
nucleus pulpOSuS tissue in culture over time which was 
determined by measuring glycosaminoglycan content. The 
results are expressed as meantSEM of three Separate experi 
ments and each time point was done in triplicate. 
0.048 FIG. 6 shows proteoglycan elution profiles of 
newly Synthesized proteoglycans extracted from 10 week 
old nucleus pulposus cultures (-) and of proteoglycans 
extracted from nucleus pulposus ex-Vivo cultures (o-o). The 
Size (K) of newly Synthesized proteoglycan monomers 
was determined by gel 
0049) text missing or illegible when filed 
0050. The present invention relates to an engineered 
biological material comprising a continuous layer f nucleus 
pulpoSuS tissue. The tissue is characterized by nucleus 
pulpoSuS cells that Synthesize large Sulfated proteoglycans 
and type II collagen characteristic of nucleus pulpoSuS cells 
in Vivo. The tissue in the biological material is also charac 
terized by becoming leSS cellular with age. The nucleus 
pulpoSuS tissue is further characterized by having a three 
dimensional organization that is characteristic of nucleus 
pulpoSuS tissue in Vivo. 
0051. In an embodiment, the engineered biological mate 
rial comprises a continuous layer of nucleus pulpoSuS tissue 
with a thickness of between about 100 to 500 um after 
histological processing. 

0.052 The present invention also relates to an engineered 
biological material comprising a Substrate and a continuous 
layer of nucleus pulpOSuS tissue on the Substrate. 
0053. The invention also relates to an engineered bio 
logical material comprising a Substrate and a continuous 
layer of annulus fibroSuS tissue on the Substrate. The annulus 
fibroSuS cells are characterized by being capable of Synthe 
sizing types I and II collagen and proteoglycans Similar in 
Size to those Synthesized by annulus fibroSuS cells in Vivo. 
The annulus fibrosus tissue is further characterized by 
having a three dimensional organization that is characteristic 
of annulus fibroSuS tissue in Vivo. 

0.054 The invention also relates to a method for produc 
ing an engineered biolgoical material of the invention com 
prising isolating nucleus pulpOSuS cells or annulus fibroSuS 
cells of intervertebral disc; forming a layer of the cells on a 
Substrate; culturing the cells in growth media under Suitable 
conditions So that the cells accumulate intracellular matrix 
and form a continuous layer of nucleus pulpoSuS or annulus 
fibroSuS tissue. 

0.055 The cells used in the method of the invention may 
be isolated from intervertebral discs (lumbar discs, thoracic 
discs, or cervical discs) from animals, preferably humans, 
bovines, Ovines, rabbits, most preferably humans. The tissue 
may be isolated from adult or fetal tissue. In one embodi 
ment of the invention, the cells are isolated from interver 
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tebral disc of the lumbar spine of sheep. Intervertebral disc 
tissue may be extracted from a patient being treated, or 
alternatively from a donor, using known Surgical techniques. 
0056. The nucleus pulposus or annulus fibrosus cells may 
be isolated from intervertebral disc tissue by Sequential 
enzyme digestion techniques, Such as those described in 
Boyle et al., Osteoarthritis and Cartilage 3, 117-125, 1995. 
For example, the cells may be treated with 0.5% protease 
followed by 0.1% bacterial collagenase. 
0057. In accordance with the method of the invention a 
continuous layer of cells is placed on a Substrate. Suitable 
Substrates include bone, engineered biomaterials, and 
porous tissue culture inserts, for example filter inserts. 
0058. The substrate is optionally coated with an attach 
ment 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 f attachment factors include type I collagen, type 
II collagen, type IV collagen, a Synthetic peptide of a 
Segment of collagen, (e.g. a fifteen amino acid Sequence 
766GTPGPOGIAGORGVV780 which is present in the C1 
chain of collagen) (Bhatnagar and Qian, 38th Annual Meet 
ing of the Orthopedic Research Society 17:106, 1992), 
fibronectin, gelatin, laminin, polylysine, Vitronectin, cyto 
tactin, echinonectin, entactin, tenascin, thrombospondin, 
uVomorulin, biglycan, chondroitin Sulfate, decorin, derma 
tan Sulfate, and heparin. A preferred attachment factor that 
may be used in the method of the invention is collagen, most 
preferably type II collagen. When the Substrate is coated it 
may be air dried and Sterilized. 
0059. In a preferred embodiment of the invention the 
Substrate is a tissue culture insert known as Millicell CMOE), 
(Millipore Corp., Bedford, Mass., U.S.A.), pore size 0.4 um, 
coated with an attachment factor, preferably type II collagen 
(Sigma Chemical Co., St. Louis, Mo., U.S.A.). 
0060. The substrate may be a bone substitute, in particu 
lar an engineered bone Substitute Such as coral derivatives 
(Interpore International Inc., CA), deproteinized bovine 
bone (Bio-Oss(R), Geistlich Biomaterials, Switzerland), or a 
porous biodegradable biomaterial which is formed from 
sintered calcium polyphosphate (CPP) as described in U.S. 
Ser. No. 6,077,989 to Kandeletal. and PCT Application No. 
PCT/CA97/00331 (WO97/45147 published Dec. 4, 1997). A 
sintered porous CPP can be formed with a preferred pore 
Size and percent porosity through Selection of Sintering 
parameters (time, temperature, starting particle size). Thus, 
Structures can be formed that more closely mimic the 
Structure of the bone into which a composite construct of the 
invention may be placed. Additionally, degradation rates can 
be controlled to Some extent through control of percent 
porosity and pore size (i.e. total free Surface area. In an 
embodiment, the Substrate is an appropriately-sized porous 
disc (e.g. 4 mm diameter and 3 mm thick) that may be 
encased with an inert tubing to help cell retention by 
preventing overflow. 
0061 Cartilage can be formed on, and anchored to, an 
engineered bone substitute, preferably a porous CPP Sub 
Strate. Articular chondrocytes may be cultured on a porous 
CPP disc to form a continuous layer of cartilagneous tissue 
using the method described in U.S. Pat. No. 5,326,357. 
0062) Nucleus pulposus or annulus fibrosus cells may be 
Seeded on a Selected Substrate at a cell density of about to 
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1x10 to 8x10 cells/cm, preferably 2-4x10° cells/cm, 
more preferably 3-3.5x10 cells/cm’ most preferably 3.3x 
10° cells/cm. The cells seeded on a 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. The culture medium may contain 
Serum, for example, heat inactivated fetal bovine Serum in a 
concentration range of about 2-20%, preferably 10-20%, 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. 
0.063. In a preferred embodiment of the invention, the 
isolated cells are grown in DMEM containing 10% fetal 
bovine Serum for about 5 days, the medium is then changed 
to DMEM containing 20% fetal bovine serum, and ascorbic 
acid (100 ug/ml, final concentration) at about 7 days. 
0064. The cells are cultured for an additional 5 weeks to 
obtain the engineered biological material described herein. 
The cells may be cultured for less than 5 weeks, or greater 
than 5 weeks, to obtain a product which may be suitable for 
Some uses Such as transplantation or gene therapy. 
0065 Mechanical force(s) may be administered during in 
Vitro formation of the engineered biological material in 
order to enhance the development of tissues that are highly 
Suited for implantation and physiol gical weight bearing. 
Torsion, compression, and/or shear forces may be applied 
during tissue formatin. Forces, together or alone, may be 
applied, consecutively, simultaneously, or cyclically. The 
mechanical forces may be applied through the use f a 
mechanical Stimulation System that all WS for loading cell 
cultures under Sterile conditions. For example, the Mach 
1TM system (Biosyntech, Montreal) is capable of Supplying 
Simultaneous compressive and linear Shear forces, and can 
include the application of torsional Shear forces. For each 
type of force application, a skilled artisan can determine the 
optimal conditions to induce tissue growth and organization 
(i.e. force amplitude, frequency and duration of Stimulation). 
0.066. In an embodiment of the invention, either sinusoi 
dal compressive or torsional forces are applied to the devel 
oping tissue. Compressive forces may be applied at about 
day 3, in a range of unconstrained loading between 0.1 to 10 
N (approximately corresponding to compressive stresses of 
0.01 to 1 MPa), through a compliant, biocompatible, auto 
clavable elastomer (e.g. medical grade Silicone or polyure 
thane) placed on the actuator to avoid direct contact with the 
cells. The duration of loading may range from 100 to 1200 
cycles/day and may be applied at a frequency of 1.0 Hz. (1 
HZ approximates normal gait frequency of disc loading). 
Minimal numbers of loading cycles may be preferred to 
Stimulate organization of IVD tissues. For example, 20 Sec. 
of 1 MPa of hydrostatic pressure may be sufficient to 
Stimulate proteoglycan Synthesis by inner annulus cells. 
0067 Torsional shear force application may consist of a 
compressive preload followed by varying degrees of cyclic 
torsional shear. Angular deformation amplitudes ranging 
from 0.005 rad to 0.05 radat a frequency of 1 rad/sec, may 
be used (approximately corresponding to a maximal torque 
of 0.5N.mm). Cyclic compressive and torsional shear forces 
may be simultaneously applied. 
0068 The invention also contemplates an intervertebral 
disc construct. The construct may comprise one or both of 
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annulus fibroSuS and nucleus pulpoSuS tissue, with cartilag 
enous tissue and/or a Substrate (e.g. bone Substitute). In one 
embodiment, the construct comprises an engineered bone 
Substitute with cartilagenous tissue formed thereon, and 
nucleus pulpoSuS tissue derived from an engineered biologi 
cal material of the invention fused to the bone Substitute 
cartilagenous tissue. This construct may be prepared by 
culturing articular chondrocytes on porous CPP discs for 
about 3 weeks using the methods described in U.S. Pat. No. 
5,326,357. Simultaneously, nucleus pulposus cells may be 
grown on a Substrate, preferably a filter insert, more pref 
erably a Millipore CMOR filter as described herein. At about 
3 weeks, a piece of nucleus pulpOSuS tissue formed in Vitro 
may be punched out from the Substrate (e.g. Millipore CM(R) 
filter), and placed on the CPP-cartilagenous tissue construct. 
The tissue components may be held together using fibrin 
glue, or other Suitable adhesive, and maintained in culture 
for about 3 weeks. The composite may be harvested to form 
the construct. 

0069. In another embodiment of the invention, the con 
Struct resembles a natural disc. Thus, a Substrate (e.g. bone 
Substitute) may be made with a central depression, and 
articular cartilage tissue may be cultured in the depression. 
Articular cartilage tissue may be cultured in the depression 
using the methods described in U.S. Pat. No. 5,326,357. 
Annulus fibroSuS tissue derived from an engineered biologi 
cal material of the invention (or other Source) may be grown 
on the cartilagenous tissue formed on the Substrate. After 
fusion of the annulus fibroSuS and cartilagenous tissues, a 
plug of annulus fibrosus tissue may be removed from the 
centre f the annulus fibroSuS tissue and replaced with 
nucleus pulpoSuS tissue derived from an engineered bioma 
terial of the invention. The resulting composite comprising 
annulus fibroSus, nucleus pulpoSus, cartilage endplate, and 
Substrate is grown in culture to produce a construct com 
prising fused annulus fibroSuS tissue, nucleus pulpoSuS tis 
Sue, and cartilage tissue, with a Substrate. 

0070. In a specific embodiment of the invention a cal 
cium polyphosphate porous cylinder may be generated that 
has a central depression on its Surface. Articular chondro 
cytes may be isolated (e.g. from sheep knee joint) (Boyle et 
al, Osteoarthritis and Cartilage 3, 117-125, 1995) and plated 
in the depression. The cells may be grown under the tissue 
culture conditions described in U.S. Pat. No. 5,326,357 for 
about 3 weeks during which time they will form cartilag 
enous tissue. Annulus fibroSuS and nucleus pulpOSuS cells 
may be isolated from sheep lumbar Spine. The nucleus 
pulpOSuS cells may be plated on a Substrate, preferably filter 
inserts (e.g. Millicell CMCR, Millipore Corp) and grown as 
described herein for about 4 weeks. At about 4 weeks, the 
nucleus pulpoSuS tissue formed in vitro has Sufficient 
Strength to be handled. The annulus fibroSuS cells are plated 
on top of the cartilagenous tissue which has formed on the 
CPP porous cylinder. This composite may be grown in 
culture for about 4 weeks under the optimal loading condi 
tions as described herein. At about 4 weeks, a plug of 
annulus fibroSuS tissue (e.g. 1-3 mm, preferably 2 mm 
diameter) is punched out from the centre and a plug of 
nucleus pulposus tissue (obtained from the nucleus pulpoSuS 
tissue culture) is placed in the resulting defect. This com 
posite consisting of annulus fibroSus, nucleus pulpOSus, 
cartilage endplate and CPP may be be grown in culture for 
an additional 4 to 6 weeks as described herein. 
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0071. In an embodiment, nucleus pulposus cells are 
plated in the center of a Substrate (e.g. disc) with annulus 
cells Surrounding them, and grown in culture together in the 
presence or absence of mechanical Stimulation. 
0.072 The engineered biological material and constructs 
of the present invention can be used as model Systems for in 
vitro studies of intervertebral disc (or components thereof 
i.e. annulus fibroSuS and nucleus pulposus tissue) function 
and development. 

0073. In accordance with one embodiment of the inven 
tion, an engineered biological material, may be used to test 
Substances which affect intervertebral disc or components 
thereof (e.g. nucleus pulpoSuS or annulus fibroSus tissue). A 
System for testing a Substance that affects intervertebral disc 
in accordance with the invention comprises generating or 
culturing an engineered biological material or construct of 
the invention in the presence of a Substance which is 
Suspected of affecting intervertebral disc or components 
thereof, and determining the biochemical composition and/ 
or physiological organization of tissue generated or cultured, 
and comparing with the biochemical composition and/or 
physiological organization of the engineered biological 
material in the absence of the Substance. 

0.074 The substance may be added to the culture or the 
cells in the engineered biological materials (nucleus pulpo 
SuS or annulus fibroSuS cells) may be genetically engineered 
to express the Substance i.e. the cells may serve as an 
endogenous Source of the Substance. Cells may be engi 
neered by viral or retroviral-mediated gene transfer using 
methods known in the art to produce a 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. 
0075. The system may be used to analyze the effects of 
Substance(s) on different stages of intervertebral disc devel 
opment. Effects on cells at very early, intermediate, and late 
Stages of development may be evaluated by assessing the 
biochemical composition and/or physi logical organization 
of the tissue generated in the cultures at various times Such 
as 2, 4, 6 and 8 weeks. 
0.076 The biochemical composition and/or physiological 
organization of the tissue generated in the cultures may be 
assessed using the methods described herein. (See, for 
example, the methods described in Example 1) 
0077. In a preferred embodiment of the invention, the 
biological materials of the present invention may be used in 
the testing of pharmaceutical preparations useful in the 
treatment of diseases of intervertebral disc. 

0078. The biological materials of the invention may also 
be implanted into patients to replace or repair damaged or 
deficient intervertebral disc. In particular, the biological 
materials of the invention may be implanted into individuals 
with idiopathic Scoliosis, herniated disc, degenerative disc 
disease, recurrent disc herniation, or spinal Stenosis. 
0079. It is also contemplated that the biological materials 
of the present invention can be used to enhance healing of 
damaged or deficient intervertebral discS when inserted into 
the site of the disc. 

0080. The invention also contemplates using the biologi 
cal materials of the invention in gene therapy. Therefore, 
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recombinant vectors containing an exogenous gene encod 
ing a biologically active protein that is Selected to modify the 
genotype and/or phenotype of a cell to be infected may be 
introduced into cells in the biological materials of the 
invention. An exogenous gene coding for a biologically 
active protein which corrects or compensates for a genetic 
deficiency or a drug may be introduced into cells in the 
biological materials. For example, IGF-I could be intro 
duced into the cells So that the cells Secrete this protein and 
Stimulate production of proteoglycans resulting in disc 
regeneration. The expression of the exogenous gene may be 
quantitated by measuring the expression levels of a Select 
able marker encoded by a Selection gene contained in the 
recombinant vector. 

0081. The following non-limiting examples are illustra 
tive of the present invention: 

EXAMPLE 1. 

0082 The following materials and methods were utilized 
in the investigations outlined in the examples: 

Materials and Methods 

0083) Cell cultures 
0084. The lumber spines from up to 9 month-old sheep 
were removed. The muscle tissue was cleared from the 
Ventral portion of the Spine and then the ligamentous tissue 
Surrounding the disc was carefully excised aseptically and 
discarded. The annulus fibroSuS (AF) and nucleus pulposus 
(NP) were identified and the nucleus pulposus was dissected 
out with blunt forceps and placed in Ham's F12. The 
accuracy of the dissection was determined by Submitting 
random tissue fragments for paraffin embedding and histo 
logical assessment at each harvesting. 
0085. The tissue underwent sequential enzyme digestion 
consisting of 0.5% protease (Sigma Chemical Co., St. Louis, 
Mo., USA) for 1 hr at 37°C., followed by 0.1% collagenase 
(Boehringer Mannheim GmbH, Indianapolis, Ind., USA) 
overnight at 37 C. The cell suspension was then filtered 
through a sterile mesh and plated at a cell density of 
3.3x10/cm’ on filter inserts (Millicell CMRCE) Millipore 
Corp., Bedford, Mass.) precoated with type II collagen 
(Sigma Chemical Co., St. Louis, Mo., USA) as described 
previously (Kandel 1997, Yu 1997). The cells were grown in 
Dulbecco's Modified Eagles medium (DMEM) supple 
mented with 10% fetal bovine serum (FBS). After 5 days the 
FBS was increased to 20% and asorbic acid (100 ug/ml, final 
concentration) was added to the medium at day 7. The 
medium was changed every 2-3 days and fresh ascorbic acid 
was added each time. The cultures were harvested at 2, 4, 6, 
8, and 10 weeks for histologic assessment and biochemical 
analysis. 
0086) Histology 
0087. The nucleus pulposus cell cultures were harvested 
at selected intervals and fixed in 10% formalin. They were 
paraffin-embedded and 5 um Sections were cut and Stained 
with either hematoxylin and eosin or toluidine blue. Tolui 
dine blue Stains Sulphated proteoglycans. 

0088. The culture tissue thickness was measured mor 
phometrically using light microScopy and a digitized board 
connected to an IBM computer equipped with the Bioquant 
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Image Analysis program. Ten Separate points in each Section 
were examined and three Sections per culture were quanti 
fied. Tissue thickness was calculated by determining the 
mean value of three Separate experiments. 
0089. Determination of dry weight of culture tissue 
0090 The cultures, harvested at various times, and rep 
resentative fragments of the in Vivo nucleus pulpOSuS were 
lyophilized overnight. The lyophilized tissues were weighed 
on an electrical balance (Mettler Instruments, AG, Greif 
ensee-Zurich, Switzerland). 
0091 DNA Quantification 
0092. The cultures at different time points and represen 
tative fragments of the in Vivo nucleus pulpOSuS tissue were 
digested with papain 40 ug/ml in buffer consisting of 20 
mM ammonium acetate, 1 mM ethylenediaminetetraacetic 
acid (EDTA) and 2 mM dithiotreitol for 48 hours at 65° C. 
The DNA content was measured using Hoescht 33258 dye 
(PolySciences, Inc., Warrington, Pa.) and fluorometry (emis 
sion wavelength 365 nm and excitation wavelength 458 
mm) as described by Kim et al. (1988). Calf thymus DNA 
(Sigma Aldrich Co., St. Louis, Mo. USA) was used to 
generate the Standard curve. 
0.093 Quantification of Proteoglycans and Collagen 
0094) Proteoglycan content in the in vitro formed tissue 
and the in Vivo tissue was determined by measuring the 
amount of glycosaminoglycans in the papain digest using 
the dimethylmethylene blue dye binding assssay (Poly 
Sciences Inc., Warrington, Pa.) and spectrophotometry as 
described by Farndale et al. (1986) and modified by Gold 
berg et al (1990). Chondroitin sulphate (Sigma Aldrich Co., 
St. Louis, Mo., USA) was used to generate the standard 
CWC. 

0.095 The collagen content was determined by measuring 
the amount of hydroxyproline in the papain digest of the 
cultures. An aliquot was hydrolyzed overnight at 110 using 
12N hydrochloric acid. The hydroxproline was measured by 
high pressure liquid chromatography using a C18 reverse 
column and a Waters PicoTag amino acid analysis System. 
The amount of collagen was calculated from the hydrox 
yproline content which comprises about 10% of the weight 
of collagen (Berg, R A, 1982, Determination of 3 and 4 
hydroxyproline. In Methods of Enzymology pp. 393-94, Ed. 
by L. W. Cunningham and D. W. Frederiksen, New York, 
Acadmic Press, 1982). 
0.096 Analysis of newly synthesized proteoglycans 
0097. To analyze proteoglycan biosynthesis, 8 week old 
cultures were incubated with SI-Sulphate (4 uCi per well) 
for 24 hours prior to harvesting. Matrix proteoglycans were 
extracted with 4M guanidine hydrochloride in 50 mM 
sodium acetate, pH 5.8 containing protease inhibitors (0.1M 
6-amino-hexanoic acid, 50 mM benzamidine HCl, 10 mM 
EDTA and 5 mM N-ethylmaleimide) for 24 hours at 4° C. 
The proteoglycans were precipitated by the addition of three 
volumes of ice cold ethanol. After 24 hours at 4 C. the 
precipitate was collected, washed with 70% ethanol, and 
resuspended in 4 M guanidium HCl with protease inhibitors. 
Proteoglycan Synthesis was determined by quantitating 

S-sulphate incorporation by a f-scintillation counter. 
The proteoglycan size was determined by Sepharose CL-2B 
column chromatography (1x100 cm) under dissociative con 
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ditions, as described previously (Boyle 1995). Fractions (2 
ml) were collected using a flow rate of 6 ml/hour at 4°C. The 
elution profile was analyzed for its partition coefficient 
Kav-(Ve-Vo)/Vt-Vo), where Vo=void volume, Vt=total 
volume, Ve=elution volume). Vt was determined using 

S-Sulphate and Vo was determined using dextran blue 
2OOO. 

0098. Sheep ex vivo nucleus pulposus explant cultures 
were established as controls. Immediately after being placed 
in culture the cultures were labelled for 24 hours with 

Sl-Sulphate and proteoglycans were extracted identically 
as described for the filter cultures. 

0099 Analysis of collagens 
0100. The 8 week old cultures were harvested and 
digected with pepsin (200 ug/ml in 0.1 N acetic acid, Sigma 
Aldrich Co., St. Louis, Mo., USA) for 72 hours at 4°C. The 
pepsin extracts were separated on a 5% Sodium dodecyl 
sulfate-polyacrylamide gel (SDS-PAGE) and either silver 
stained (Silver Stain Plus Kit, Bio-Rad, Hercules, Calif.) or 
transferred to nitrocellulose membranes (Schleicher & 
Schuell, Keene, N.H., USA) for Western blot analysis. The 
presence of type II collagen was determined by Western blot 
using antibody reactive with type II collagen (4 ug/ml. 
monoclonal clone 6B3; NeoMarkers, Union City, Calif., 
USA). Immunoreactive bands were visualized by a chemi 
luminescence using peroxidase-labelled Secondary antibod 
ies (Western blotting kit, Boehringer Mannheim GmbH, 
Indianapolis, Ind., USA). 
0101 Statistical Analysis 
0102) Student's t-test was used to analyse the data and 
Significance assigned at a p value <0.05. 

Results 

0103). Histologic appearance of cultures 
0104. The nucleus pulposus cultures were examined his 
tologically at 2, 4, 6, 8, and 10 weeks after initiation of the 
cultures to assess matrix accumulation and tissue organiza 
tion. By 2 weeks in cultures, the nucleus pulpoSuS cells 
accumulated extracellular matrix to form a continuous layer 
of tissue which contained Sulfated proteoglycans as demon 
Strated by toluidine blue Staining. Histologically, the extra 
cellular matrix tissue appeared more abundant over time in 
culture (FIG. 1A). The cells were in lacunae similar to the 
in vivo nucleus pulposus tissue (FIGS. 1B). The tissue 
thickness was measured in the histological Sections, and it 
increased in thickness up to 10 weeks in culture. The nucleus 
pulpOSuS tissue which had been dehydrated and paraffin 
embedded, attained a thickness of 308.8+29 um 
(mean-SEM) at 10 wk. (FIG. 2). 
0105 Tissue dry weight 
0106 The dry weight of the in vitro nucleus pulposus 
tissue increased over time up to 10 weeks. The dry weight 
of the tissue, which was 0.87+0.1 mg per culture 
(meani-SEM) at 2 weeks, weighed 2.16+0.2 mg per culture 
(mean-SEM) by 10 weeks (FIG. 3). 
0107 DNA content f the nucleus pulposus tissue 
0108. The DNA content of the nucleus pulposus tissue 
formed in culture was stable during the first 4 weeks in 
culture but then decreased ver the following 6 weeks of 
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culture. By 10 weeks the tissue cellularity had plateaued. 
(FIG. 4). The tissue formed in vitro at 10 weeks contained 
1.25+0.02 ug DNA/mg dry weight (meani-SEM), whereas 
the in vivo nucleus pulposus contained 1.04+0.08 ug DNA/ 
mg dry weight (meantSEM). There was no significant 
difference between the in vitro formed tissue and the in vivo 
tissue. 

0109 Quantification of proteoglycan and collagen con 
tent 

0110 Proteoglycans and collagen are the major macro 
molecules of the nucleus pulpOSuS tissue. The proteoglycan 
and collagen contents in the extracellular matrix of the 
nucleus pulpoSuS tissue in culture were quantified in order to 
examine matrix accumulation. The proteoglycan content, as 
determined by measuring glycosaminoglycan content, 
increased up to 10 weeks (FIG. 5). The tissue formed in 
vitro at 10 weeks contained 301.6+27.7 ug GAG/mg dry 
weight (meantSEM), and 411-65 ug collagen/mg dry 
weight (meantSEM), whereas the in Vivo nucleus pulpoSuS 
contained 320.6+21.2 tug GAG/mg dry weight (meani-SEM) 
and 399+44 ug collagen/mg dry weight (meani-SEM) (Table 
1). There was no significant difference between the in vitro 
formed tissue and the in Vivo tissue. 

0111 Analysis of the proteoglycans and collagens 
0112 AS large proteoglycans and type II collagen are the 
main macromolecules present in the matrix of nucleus 
pulpoSuS tissue, the proteoglycans and collagens present in 
the nucleus pulpoSuS tissue formed in vitro were analyzed to 
determined whether the phenotype of these cells was 
retained under these culture conditions. To determine the 
size of the proteoglycans retained in the matrix, the Sl 
Sulphate labeled proteoglycans were guanidinium extracted 
from 8 week old culture. As shown in FIG. 6, analysis by 
column chromatography under dissociative conditions dem 
onstrated that the proteoglycan monomers have a large 
hydrodynamic size (K=0.26+0.03, meaniSD), which was 
Similar in size to those Synthesized by cells in the ex vivo 
tissue cultures (K=0.22+0.02, meaniSD, ps-0.05). Nucleus 
pulpoSuS cells in vitro and in Vivo were also Synthesizing a 
Smaller population of proteoglycan with a K around 0.7. 
0113 Pepsin extracts of 10 week old tissue formed in 
vitro were analyzed by SDS-PAGE and autoradiography. A 
band Similar in size to the C1 (II) chain of type II collagen 
was seen. Western blot analysis of these extracts confirmed 
the presence of type II collagen (FIG. 7). 
0114 Discussion 
0115) A cell culture system is described herein in which 
nucleus pulpOSuS cells isolated from sheep lumbar Spines 
and grown on Millipore CM(R) filter inserts accumulate 
extracellular matrix and form a continuous layer of nucleus 
pulpoSuS tissue. The nucleus pulpOSuS cells in these cultures 
maintained their phenotype as they Synthesized large Sul 
fated PGs and type II collagen which are characteristic of 
nucleus pulpoSuS cells. Cells isolated from rabbit nucleus 
pulpoSuS also generated tissue in culture under Similar 
conditions. 

0116. The composition of the in vitro formed tissue was 
Similar to the in Vivo nucleus pulpoSuS tissue. The cellularity 
and proteoglycan content at 10 weeks was comparable to the 
in Vivo tissue. The predominate proteoglycan in the nucleus 
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pulposus is aggrecan (Melrose 1994, Oegema 1979), and the 
cells in filter culture Synthesized large proteoglycans in 
keeping with this type of proteoglycan. The size of pro 
teoglycans Synthesized by the nucleus pulpoSuS cells in Vitro 
was similar to that Synthesized by the nucleus pulpOSuS cells 
in ex-Vivo culture as determined by column chromatogra 
phy. AS well a Smaller amount of proteoglycans with a K. 
of approximately 0.7 were also detected. Proteoglycans of 
this size may represent degradation products or the presence 
of the Small proteoglycans, Such as decorin, fibromodulin, 
which have been shown to be present in the nucleus pulpo 
sus (Melrose 1994; Inkinen 1998; Jahnke 1988; Sztrolovics 
1999; Gotz, 1997). 
0117 The cellularity of the in vitro tissue decreased 
between 4 and 10 weeks of culture and in doing So more 
closely approximates the cellularity of the in Vivo tissue. The 
nucleus pulpoSuS in Vivo has been shown to become leSS 
cellular with age (Trout 1982; Buckwalter 1995). Other 
studies have shown that DNA content increases with time 
when nucleus pulpoSuS cells were cultured in either mono 
layer or alginate gel. In these culture Systems the cells do not 
Synthesize Sufficient matrix to form a continuous layer of 
tissue, So it is possible that the nucleus pulpOSuS cells are in 
a different microenvironment than those present in the in 
vivo tissue (Chiba 1997, Sato 1999, Ichimura 1991). 
0118. This new culture system has several advantages 
over other culture Systems in that the nucleus pulpOSuS cells 
do not dedifferentiate, as indicated by the maintenance of 
their phenotype during the time period Studied, and form a 
continuous layer of tissue which is amenable to histological 
and biochemical assessment. In addition the nucleus pulpo 
SuS cells under these culture conditions maintain their phe 
notype. Other methods to culture nucleus pulpoSuS cells 
have been described and include growing cells in monolayer 
(Ichimura 1991) or encapsulated within alginate (Chelberg 
1995; Chiba 1997, Sato 1999 Maldonado 1992). However, 
these do not result in tissue formation and So do not mimic 
the organization of the nucleus pulpOSuS tissue i.e. they do 
not accumulate Sufficient extracellular matrix to form a 
continuous layer of tissue and So do not form a three 
dimensional Structure. For example, nucleus pulpoSuS cells 
grown in monolayer or Suspension culture do not accum 
mulate Sufficient extracellular matrix to form a continuous 
layer of tissue (Ichimura 1991, Osada 1996). Nucleus pull 
poSuS cells grown in alginate or agarose beads reamin 
Spherical and accumulate mainly type II collagen and large 
proteoglycans but still do not form tissue (Chiba 1997, 1998, 
Maldonado 1992, Chelberg 1995). Furthermore, it has been 
shown that molecules of up to 200,000 molecular weight are 
able to diffuse out of alginate and this may influence what is 
retained within the matrix of these cultures (Kupchik 1983). 
Kusior L J et al (1999) has reported that nucleus pulposus 
cells embedded in biocompatible polymers, Such as polyg 
lycolic acid and calcium alginate, will form tissue. However, 
the cell Seeded Scaffolds had to be implanted in nude mice 
for tissue formation to occur. Although organ culture of the 
intervertebral disc has been used to study metabolism of the 
whole tissue it can not been maintained at a comparable 
metabolism level to the in vivo tissue. (Urban 1981, Thomp 
son 1991). Recently an alternative approach was described 
by Chiba et al. (1998) in which an intact disc was surrounded 
with alginate, however this method did not entirely inhibit 
the matrix loSS that occurs during the first few days of 
culture. 
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0119). In conclusion, these studies demonstrate that the 
nucleus pulpoSuS cells grown on filters generate tissue 
Similar to the in Vivo tissue for the features examined. 

EXAMPLE 2 

0120 Formation of disc construct 
0121 The possible formation of a composite of nucleus 
pulpoSuS tissue fused to cartilage which is anchored to the 
porous CPP was investigated. Articular chondrocytes were 
plated on the porous CPP discs and allowed to grow for 3 
weeks. Simultaneously nucleus pulpoSuS cells were grown 
on Millipore CMCR filters as described above. At 3 weeks, a 
piece of nucleus pulpoSuS tissue formed in Vitro was 
punched out from the Millipore CMCR filter and placed on 
the CPP-cartilagenous tissue construct that had been pre 
pared. The tissue components were held together using fibrin 
glue and maintained in culture for 3 weeks. The composite 
was harvested and light microscopical examination of the 
processed constructs showed that Substantial fusion of 
nucleus pulpOSuS tissue with the underlying cartilagenous 
tissue occurred. 

EXAMPLE 3 

0.122 Generation of intervertebral disc-CCP biomate 
rial construct 

0123. One half of a spinal unit consists of an interverte 
bral disc fused to a cartilage endplate integrated with Sub 
chondral bone. To more closely mimic a natural disc, CPP 
will be generated with a central depression on its Surface, the 
diameter of which will depend on the diameter of the CPP 
cyclinder and with a depth of 0.5 mm. Articular chondro 
cytes can be isolated from sheep knee joint as described 
previously (Boyle et al., 1995) and plated in this depression. 
The cells will be grown under Standard tissue culture con 
ditions for 3 weeks during which time they will form 
cartilagenous tissue. Annulus fibroSuS and nucleus pulpoSuS 
cells will be isolated from sheep lumbar spine. The nucleus 
pulposus cells will be plated on filter inserts (Millicell CMOR), 
Millipore Corp) and grown as described above for 4 wks 
(see Example 1). At 4 weeks the nucleus pulposus tissue 
formed in vitro has sufficient strength to be handled. The 
annulus fibroSuS cells will be plated on top of the cartilag 
enous tissue which has formed on the CPP porous cylinder. 
This composite will be grown in culture for 4 weeks under 
the optimal loading conditions described herein. At 4 weeks 
a 2 mm diameter plug of annulus fibroSuS tissue will be 
punched out from the centre and a plug of nucleus pulpOSuS 
tissue (obtained from the nucleus pulposus tissue culture) 
will be placed in the resulting defect. In preliminary Studies, 
no dead cells were Seen at the edge of the punched out 
nucleus pulpOSuS tissue Suggesting that this manipulation 
does not damage the tissue. This composite consisting of 
annulus fibroSus, nucleus pulpoSus, cartilage endplate and 
CPP will then be grown in culture for an additional 4 to 6 
wks under loading as defined above. 

0.124 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. All modifications coming within the 
Scope of the following claims are claimed. 
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0.125 All publications, patents and patent applications 
referred to herein are 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. 

TABLE 1. 

Comparison of 10 week olf in vitrogenerated nucleus pulposus tissue 
with in vivo nucleus pulposus tissue 

tig mg dry weight 

in vitro in vivo 

DNA 1.25 + 0.02 1.04 O.08 
GAG 301.6 27.7 320.6 - 21.2 
COLLAGEN 411 it 65 399 44 

0.126 The dry weight, and DNA, glycosaminoglycans 
(GAG) and collagen (hydroxyproline) contents were deter 
mined as described in Example 1. The analyses were per 
formed on three different Samples from each of three Sepa 
rate experiments. The data are expressed as meantSEM of 
the three experiments. 
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We claim: 
1. An engineered biological material comprising one or 

more tissues of intervertebral disc. 
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2. An engineered biological material as claimed in claim 
1 characterized by a continuous layer of nucleus pulpOSuS 
tissue. 

3. An engineered biological material as claimed in claim 
1 characterized by a continuous layer of annulus fibroSuS 
tissue. 

4. An engineered biological material as claimed in claim 
1, 2, or 3 further characterized by the presence of extracel 
lular matrix, large proteoglycans and collagen. 

5. An engineered biological material as claimed in claim 
2 or 4 wherein the continuous layer of nucleus pulpoSuS 
tissue is on a Substrate. 

6. An engineered biological material as claimed in claim 
3 or 4 wherein the continuous layer of annulus fibrosus 
tissue is on a Substrate. 

7. An engineered biological material as claimed in claim 
5 or 6 wherein the substrate is selected from the group 
consisting of bone, an engineered biomaterial, preferably an 
engineered bone Substitute, and porous tissue culture inserts. 

8. Nucleus pulpOSuS tissue obtained from an engineered 
biological material of claim 2 or 5. 

9. Annulus fibroSuS tissue obtained from an engineered 
biological material of claim 3 or 6. 

10. An intervertebral disc construct comprising nucleus 
pulpOSuS tissue as claimed in claim 8 or annulus fibroSuS 
tissue as claimed in claim 9 fused to a Substrate. 

11. An intervertebral disc construct comprising nucleus 
pulpOSuS tissue as claimed in claim 8 fused to a continuous 
layer of cartilage tissue on a Substrate. 

12. An intervertebral disc construct as claimed in claim 11 
wherein the nucleus pulpoSuS tissue is Surrounded by a 
continuous layer of annulus fibroSuS tissue. 

13. A process for producing an engineered biological 
material as claimed in claim 1 comprising: 

(a) isolating nucleus pulposus cells or annulus fibroSuS 
cells from intervertebral disc; 

(b) forming a layer of the nucleus pulpoSuS cells or 
annulus fibroSuS cells on a Substrate, and; 

(c) culturing the nucleus pulpoSuS cells or annulus fibro 
SuS cells in growth media under Suitable conditions. So 
that the nucleus pulpoSuS cells or annulus fibroSuS cells 
accumulate extracellular matrix and form a continuous 
layer of nucleus pulpOSuS tissue or annulus fibroSuS 
tissue. 

14. A process for producing an engineered biological 
material as claimed in claim 1 comprising: 

(a) isolating nucleus pulposus cells and annulus fibroSuS 
cells from intervertebral disc; 

(b) forming a layer of the nucleus pulposus cells Sur 
rounded by the annulus fibroSuS cells on a Substrate; 
and 

(c) culturing the nucleus pulpoSuS cells and annulus 
fibroSuS cells in growth media under Suitable condi 
tions So that the nucleus pulpoSuS cells and annulus 
fibroSuS cells accumulate extracellular matrix and form 
nucleus pulpoSuS tissue Surrounded by annulus fibroSuS 
tissue. 

15. A process as claimed in claim 13 or 14 wherein the 
Substrate is Selected from the group consisting of bone, an 
engineered biomaterial preferably an engineered bone Sub 
Stitute, and porous tissue culture inserts. 
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16. An engineered biological material or intervertebral 
disc construct as claimed in any preceding claim wherein 
cells of the nucleus pulpoSuS tissue or annulus fibroSuS tissue 
are transformed with recombinant vectors containing an 
exogenous gene encoding a biologically active protein that 
corrects or compensates for a genetic deficiency, or Stimu 
lates cell growth or Stimulates extracellular matrix produc 
tion by cells, or encodes a drug. 

17. A System for testing a Substance that affects nucleus 
pulpoSuS cells or annulus fibroSuS cells comprising: 

(a) generating or culturing an engineered biological mate 
rial, or construct as claimed in any preceding claim in 
the presence of a Substance which is Suspected of 
affecting nucleus pulpOSuS tissue or annulus fibrous 
tissue, and 

(b) determining the biochemical composition and/or 
physiological organization of tissue generated or cul 
tured with the biochemical composition and/or physi 
ological organization of the biological material or con 
Struct generated or cultured in the absence of the 
Substance. 

18. A method of using an engineered biological material 
or construct as claimed in any preceding claim to test 
pharmaceutical preparations for efficacy in the treatment of 
diseases of intervertebral disc. 

19. A method of replacing or repairing damaged or 
deficient intervertebral discs or portions thereof of a patient 
comprising implanting an engineered biological material, 
nucleus pulpOSuS tissue, annulus fibroSuS tissue, or construct 
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as claimed in any preceding claim into the Site of the 
damaged or deficient intervertebral disc or portions thereof, 
of the patient. 

20. A method for enhancing healing of an intervertebral 
disc in a patient which comprises inserting an engineered 
biological material, nucleus pulpoSuS tissue, annulus fibro 
SuS tissue, or construct as claimed in any preceding claim 
into the Site of a damaged intervertebral disc. 

21. A method for repairing damaged or degenerated 
intervertebral discS comprising evacuating tissue from a 
nucleus pulpOSuS portion of a degenerated intervertebral disc 
Space, preparing an engineered biological material in accor 
dance with a proceSS as claimed in claim 13 using nucleus 
pulpOSuS cells from the evacuated tissue, and implanting the 
engineered biological material in the Space where the tissue 
was evacuated. 

22. A method for investigating the metabolism or degen 
eration of nucleus pulpoSuS or annulus fibroSuS cells or 
tissue using an engineered biological material or construct as 
claimed in any preceding claim as an in vitro model. 

23. A gene therapy method comprising using an engi 
neered biological material or construct as claimed in any 
preceding claim. 

24. Use of an engineered biological material, nucleus 
pulpOSuS tissue, annulus fibroSuS tissue, or construct as 
claimed in any preceding claim as an implant to replace or 
repair damaged or deficient intervertebral disc. 


